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S1. The study basins
Ganges basin: The Bhagirathi and Alaknanda rivers merge and take the name Ganges at Devprayag in the Uttarakhand State of India. The headwaters of the Bhagirathi River reside in the Gangotri glacier at an elevation of about 7000 m above sea level (a.s.l.); the Alaknanda river originates from the foot of the Satopanth and Bhagirath Kharak glaciers at an elevation of around 3900 m a.s.l. A few tributaries of the Ganges River originate in Nepal and join the main Ganges River at different locations in India. The Ganges then flows through India and Bangladesh and confluences with the Brahmaputra River. The total length of the river from Devprayag to the sea is 2525 km. The total area of the river basin is nearly 1.09 million km2 accounting 26% of the total area of India, 32% of Bangladesh and 100% of Nepal and is home of around 448 million inhabitants (India-WRIS, 2014b; FAO, 2011). Except for the high-altitude Himalayan region, the minimum temperature in the coldest month (January) never goes below 8°C; the mean temperature in the winter months lies between 15°-21°C and in summer between 23°-31°C. The precipitation is governed by the south-west monsoon and nearly 80% of annual precipitation concentrates during the distinct monsoon season in July-September. The mean annual precipitation varies from 760 mm in the western front of the basin to 2290 mm in the lower Gangetic region; more than 84% of the basin receives an annual precipitation of over 1000 mm. Agricultures dominate the land use in the basin, accounting 68% of the total area. There are 75 dams and reservoirs in the Ganges basins. The mean discharge of Ganges measured at the Hardinge Bridge station is 11300 m3/s (Masood et al., 2015).
Brahmaputra basin: The Brahmaputra River originates from a glacier in the Kailas range in Tibet (China) at an elevation of 5300 m a.s.l. and traverses a distance of 2900 km (Immerzeel, 2008) through Tibet (China), India and Bangladesh before it confluences with the Ganges at Goalanda (Bangladesh), 160 km upstream of the river mouth of the combined Ganges-Brahmaputra-Meghna river system at Bay of Bengal (FAO, 2011). Although the main Brahmaputra does not enter into Bhutan, nearly 96% of the entire country fall inside the Brahmaputra River Basin (India-WRIS, 2014a).  The total area of the Brahmaputra basin is about 543400 km² with approximately 130 million inhabitants living in the basin (Ray et al., 2015; FAO, 2011). About 44% of the Brahmaputra basin resides in Tibetan plateau (TP) with elevation above 3500 m a.s.l., the Himalaya belt (HB) covers 29% of the basin with elevations between 100-3500m a.s.l., and the rest (27%) lies in the Floodplains (FP) with elevation less than 100 m a.s.l. (Immerzeel, 2008). The average temperature and precipitation vary within these three zones – Tibetan plateau, Himalayan belt, and floodplains. In TP, the basin average temperatures range from -10°C in winter to 7°C in summer; in the HB the winter temperature is around 2°C and summer temperature is 15°C on average. The FP zone is the warmest with mean temperatures ranging 17°C in winter and 27°C in summer. The TP zone of the basin receives a mean annual precipitation of 734 mm/yr; the average precipitation in the HB zone is 1349 mm/yr; and in the FP zone is 2354 mm/yr (Immerzeel, 2008). 60-70% of the precipitation is driven by the monsoon and occurs in the months from June to September. The mean streamflow at Bahadurabad gauging station is nearly 20,000 m3/s and can surpass 140,000 m3/s during monsoon (Ray et al., 2015; Papa et al., 2010; FAO, 2011). The total number of dams, both for hydropower and irrigation purposes, in this basin is six.
S2. Correlation between parameters and model output variables
In order to understand the relationships between the parameters and the response variables, we analysed the correlations of their long-term means with the parameter values of 1,000 reference samples from the sensitivity analysis (Sect. 3.3). In general, most of the parameters show high correlations with all four response variables although they may have low relative influences according to the sensitivity analysis (non-influential parameters in Table S 1 in grey). Negative and positive correlations align with our expectation. For example, in the case of the soil water capacity multiplier SL-MSM, higher values of the parameter lead increased evapotranspiration, resulting in reduced streamflow. and the higher soil water storage leads to a larger seasonal TWSA amplitude. Also, the SWSA amplitude decreases as SL-MSM increased because of the low streamflow. Although in most cases, the correlation between the variables and parameters is consistent in both basins in terms of direction and magnitude, differences in correlations are observed for certain parameters and output variables, indicating differences in the hydrological process in the two basins. 
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Table S1: Correlation between parameters and change in model response due to change in parameter values (N = 1000). For streamflow and evapotranspiration, mean values between 1990 and 2019 are considered and mean seasonal amplitudes in the same simulation period for TWSA and SWSA. Quantities are suppressed in grey colour if the parameter was not selected for calibration and highlighted in bold face if the correlations are in opposite directions in two basins
	
	Ganges
	Brahmaputra

	Parameter
	Q mean
	TWSA mean
amplitude
	ET mean

	SWSA mean
amplitude
	Q mean


	TWSA mean amplitude
	ET mean
	SWSA mean
amplitude

	EP-PTh
	-0.99
	-0.98
	0.99
	-0.95
	-0.98
	0.38
	0.98
	-0.96

	EP-PTa
	-0.97
	-0.92
	0.97
	-0.91
	-0.95
	-0.93
	0.95
	-0.93

	CA-MC
	-0.87
	0.60
	0.87
	-0.87
	-0.74
	-0.71
	0.74
	-0.77

	CA-LAIM
	-0.83
	0.48
	0.83
	-0.83
	-0.70
	-0.69
	0.70
	-0.72

	SN-FT
	0.78
	-0.78
	-0.82
	-0.03
	0.75
	-0.56
	-0.75
	0.64

	SN-MT
	0.97
	-0.66
	-0.97
	0.94
	0.88
	0.83
	-0.88
	0.90

	SN-DM
	-0.88
	-0.01
	0.87
	-0.88
	-0.84
	-0.83
	0.84
	-0.87

	SN-TG
	0.98
	-0.53
	-0.98
	0.87
	0.92
	0.77
	-0.92
	0.85

	SL-RC
	-0.85
	0.78
	0.86
	-0.68
	-0.80
	0.40
	0.80
	-0.40

	SL-MSM
	-0.97
	0.98
	0.97
	-0.96
	-0.94
	0.93
	0.94
	-0.96

	SL-MEP
	-0.89
	-0.83
	0.89
	-0.89
	-0.77
	-0.76
	0.77
	-0.79

	SW-RRM
	-0.90
	0.98
	0.83
	0.98
	0.91
	0.99
	-0.37
	0.99

	SW-LD
	-0.78
	0.90
	0.83
	0.92
	0.93
	0.96
	0.45
	0.96

	SW-WD
	0.83
	0.95
	-0.88
	0.95
	0.93
	0.93
	-0.91
	0.93

	SW-DC
	0.94
	0.56
	-0.93
	0.49
	0.87
	0.65
	-0.88
	0.66

	SW-ERM
	-0.95
	0.83
	0.95
	0.95
	-0.94
	-0.91
	0.94
	-0.61

	GW-RFM
	-0.53
	0.82
	0.36
	-0.78
	-0.76
	0.85
	0.75
	-0.93

	GW-MM
	-0.58
	0.93
	0.33
	-0.93
	0.26
	0.97
	0.63
	-0.89

	GW-CP
	-0.76
	-0.76
	0.83
	0.73
	-0.61
	-0.56
	0.70
	0.81

	GW-DC
	0.82
	0.82
	-0.87
	0.93
	-0.60
	0.61
	-0.83
	0.95

	NA-SM
	-1.00
	0.96
	-0.91
	0.93
	-1.00
	-0.97
	-0.71
	-0.97

	NA-GM
	-0.99
	0.82
	-0.93
	0.71
	-0.99
	0.99
	0.81
	0.77
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[bookmark: _Ref142874144][bookmark: _Hlk146839184]Table S2: The effects of WGHM parameters on four response variables and their signatures in the Ganges basin, presented as relative percentages of the ‘total effect’ (i.e., sum of effects of all parameters). The ‘Total Effect’ is given in units [m3s-1] for streamflow and [mm] for other variables. The effects of the selected parameters are shown in boldfaces.
	
	Parameter Effect (% of Total Effect)

	
	Monthly time series
	Annual time-series
	Monthly means
	Seasonal amplitude

	Parameters
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA

	EP-PTh
	7.4
	2.7
	24.7
	3.8
	11.7
	1.3
	19.8
	3.7
	7.8
	6.9
	25.6
	3.9
	8.8
	7.5
	41.0
	4.5

	EP-PTa
	0.8
	0.8
	3.8
	0.8
	1.3
	0.7
	2.2
	1.5
	0.8
	1.3
	3.5
	0.6
	1.1
	1.9
	6.3
	0.9

	CA-MC
	1.4
	0.9
	3.1
	1.1
	2.3
	0.9
	3.9
	1.1
	1.5
	1.0
	3.0
	1.1
	1.4
	0.7
	1.7
	1.2

	CA-LAIM
	1.5
	1.0
	3.2
	1.2
	2.4
	1.0
	4.0
	1.3
	1.5
	1.0
	3.1
	1.1
	1.5
	0.8
	1.7
	1.3

	SN-FT
	0.5
	1.5
	0.6
	0.5
	0.5
	1.8
	0.5
	0.6
	0.4
	0.4
	0.4
	0.4
	0.5
	0.6
	0.6
	0.3

	SN-MT
	1.9
	3.0
	2.4
	1.8
	1.8
	3.7
	2.8
	1.4
	1.9
	1.4
	2.3
	1.8
	2.2
	1.4
	2.7
	1.8

	SN-DM
	0.6
	1.6
	0.8
	0.6
	0.6
	2.0
	0.8
	0.7
	0.5
	0.4
	0.6
	0.5
	0.7
	0.5
	0.9
	0.6

	SN-TG
	2.9
	3.2
	5.1
	2.0
	3.7
	3.8
	6.3
	1.7
	2.9
	1.4
	5.1
	2.0
	2.8
	1.5
	5.5
	1.4

	SL-RC
	6.4
	4.7
	14.1
	5.1
	11.0
	5.1
	18.9
	6.2
	6.7
	4.0
	14.4
	4.8
	5.1
	4.9
	8.2
	4.1

	SL-MSM
	13.3
	7.5
	29.4
	11.9
	16.9
	3.5
	28.4
	5.8
	13.5
	19.4
	29.4
	12.9
	15.9
	22.9
	18.1
	14.3

	SL-MEP
	2.5
	1.8
	8.3
	1.8
	4.0
	1.6
	6.8
	2.0
	2.6
	2.9
	8.0
	1.8
	2.8
	2.9
	10.5
	2.1

	SW-RRM
	12.0
	3.8
	0.0
	12.8
	0.3
	0.8
	0.0
	6.8
	11.0
	10.8
	0.0
	14.1
	9.3
	15.3
	0.0
	18.3

	SW-LD
	1.1
	0.7
	0.1
	2.3
	0.3
	0.5
	0.1
	4.6
	1.0
	1.3
	0.1
	1.8
	1.8
	1.1
	0.1
	1.5

	SW-WD
	8.8
	3.9
	0.4
	13.0
	1.3
	1.7
	0.6
	14.8
	8.5
	10.2
	0.4
	13.3
	11.3
	10.0
	0.2
	11.9

	SW-DC
	5.3
	2.4
	1.3
	7.8
	1.3
	1.0
	1.6
	8.8
	4.9
	6.1
	1.3
	8.0
	5.5
	5.0
	0.7
	5.7

	SW-ERM
	0.3
	0.2
	0.6
	0.6
	0.5
	0.2
	0.9
	1.6
	0.3
	0.3
	0.7
	0.4
	0.2
	0.2
	0.3
	0.4

	GW-RFM
	3.4
	3.1
	0.2
	4.7
	0.6
	3.0
	0.1
	2.0
	3.4
	4.4
	0.2
	5.2
	4.5
	3.9
	0.2
	5.0

	GW-MM
	7.9
	10.6
	0.2
	9.3
	1.9
	11.3
	0.2
	4.4
	7.9
	10.2
	0.2
	10.3
	11.8
	8.5
	0.2
	11.6

	GW-CP
	0.2
	0.7
	0.5
	0.2
	0.2
	0.9
	0.4
	0.3
	0.1
	0.3
	0.4
	0.1
	0.2
	0.2
	0.6
	0.2

	GW-DC
	3.9
	3.3
	0.2
	6.6
	1.7
	2.9
	0.2
	5.0
	4.0
	5.4
	0.2
	7.3
	5.1
	3.2
	0.1
	6.6

	NA-SM
	12.3
	2.9
	0.6
	8.5
	24.4
	2.5
	0.8
	16.8
	13.1
	4.9
	0.6
	6.4
	4.9
	3.9
	0.3
	4.0

	NA-GM
	5.4
	39.7
	0.4
	3.9
	11.4
	49.5
	0.6
	9.0
	5.7
	6.0
	0.4
	2.5
	2.9
	3.0
	0.2
	2.1

	Sum
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0

	Total Effect
	69673.5
	714.0
	82.8
	214.5
	30759.8
	570.4
	51.7
	67.5
	64423.2
	238.1
	77.7
	183.1
	121316.8
	507.1
	110.0
	428.1



[bookmark: _Ref142697845]Table S3: The effects of WGHM parameters on four response variables and their signatures in the Brahmaputra basin, presented as relative percentages of the ‘total effect’ (i.e., sum of effects of all parameters). The ‘Total Effect’ is given in units [m3s-1] for streamflow and [mm] for other variables. The effects of the selected parameters are shown in boldfaces.
	
	Parameter Effect (% of Total Effect)

	
	Monthly time series
	Annual time-series
	Monthly means
	Seasonal amplitude

	Parameters
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA

	EP-PTh
	15.8
	3.5
	31.3
	6.5
	28.9
	4.1
	32.5
	10.0
	17.0
	3.3
	32.7
	6.1
	14.1
	3.5
	36.9
	6.1

	EP-PTa
	0.5
	0.6
	1.8
	0.7
	0.7
	0.5
	0.9
	0.9
	0.5
	0.7
	1.4
	0.7
	0.4
	1.0
	3.3
	0.9

	CA-MC
	1.6
	1.0
	2.8
	1.3
	2.7
	1.0
	3.0
	1.8
	1.6
	1.0
	2.8
	1.2
	1.2
	1.1
	2.6
	1.2

	CA-LAIM
	1.7
	1.0
	3.0
	1.4
	2.8
	1.1
	3.2
	2.0
	1.6
	1.1
	2.9
	1.3
	1.2
	1.1
	2.7
	1.3

	SN-FT
	1.3
	4.4
	2.5
	2.1
	1.9
	7.4
	2.1
	3.9
	1.2
	0.8
	2.1
	1.5
	1.2
	1.2
	2.5
	1.5

	SN-MT
	5.0
	8.8
	10.4
	7.4
	8.5
	14.5
	9.5
	10.1
	5.1
	3.5
	10.1
	6.9
	4.5
	3.7
	11.1
	6.5

	SN-DM
	1.3
	4.6
	2.8
	2.1
	2.1
	7.8
	2.3
	3.7
	1.2
	0.9
	2.4
	1.6
	1.1
	1.3
	3.1
	1.4

	SN-TG
	6.9
	10.5
	14.7
	5.6
	12.6
	17.8
	14.4
	9.7
	7.2
	2.6
	14.8
	4.3
	6.0
	3.1
	17.0
	4.6

	SL-RC
	6.6
	2.9
	10.4
	3.4
	10.8
	2.7
	12.2
	5.3
	6.7
	3.2
	10.6
	2.9
	3.7
	2.9
	5.3
	2.1

	SL-MSM
	9.7
	10.3
	13.0
	4.9
	11.7
	6.1
	13.2
	3.3
	9.7
	15.1
	12.8
	5.3
	12.1
	15.2
	9.3
	6.3

	SL-MEP
	2.7
	1.7
	5.6
	1.3
	4.6
	1.1
	5.2
	1.7
	2.8
	2.4
	5.8
	1.3
	2.3
	1.4
	4.5
	1.4

	SW-RRM
	11.0
	8.0
	0.0
	17.4
	0.3
	2.1
	0.0
	7.6
	8.7
	12.3
	0.0
	19.8
	8.5
	17.0
	0.0
	24.9

	SW-LD
	1.0
	1.7
	0.0
	3.8
	0.2
	2.7
	0.0
	9.6
	0.9
	1.1
	0.0
	1.8
	1.0
	1.2
	0.0
	1.7

	SW-WD
	5.0
	4.8
	0.3
	10.4
	0.8
	2.2
	0.3
	7.8
	4.9
	7.1
	0.3
	11.4
	7.0
	6.9
	0.2
	9.1

	SW-DC
	3.9
	4.0
	0.4
	8.5
	1.0
	2.6
	0.5
	9.3
	3.7
	5.5
	0.4
	8.8
	3.9
	4.9
	0.1
	6.7

	SW-ERM
	0.1
	0.2
	0.2
	0.4
	0.3
	0.3
	0.3
	1.1
	0.1
	0.1
	0.3
	0.2
	0.1
	0.2
	0.1
	0.1

	GW-RFM
	5.0
	5.1
	0.4
	6.5
	0.7
	2.1
	0.3
	1.7
	5.3
	7.8
	0.4
	7.6
	6.8
	7.6
	0.6
	7.6

	GW-MM
	10.9
	11.2
	0.0
	6.5
	1.5
	5.6
	0.0
	1.3
	11.3
	16.8
	0.0
	7.5
	15.0
	17.6
	0.0
	6.7

	GW-CP
	0.2
	0.8
	0.3
	0.3
	0.2
	1.2
	0.2
	0.3
	0.1
	0.3
	0.2
	0.3
	0.1
	0.2
	0.5
	0.3

	GW-DC
	6.8
	8.8
	0.0
	6.3
	1.9
	7.5
	0.0
	2.6
	7.3
	11.2
	0.0
	7.4
	8.2
	5.8
	0.0
	7.3

	NA-SM
	2.3
	1.3
	0.0
	2.7
	4.3
	1.6
	0.0
	5.7
	2.4
	1.2
	0.0
	1.9
	1.1
	1.4
	0.0
	1.9

	NA-GM
	0.7
	5.0
	0.0
	0.5
	1.4
	8.1
	0.0
	0.6
	0.7
	1.7
	0.0
	0.5
	0.3
	1.7
	0.0
	0.4

	Sum
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0

	Total Effect
	29366.0
	273.4
	73.9
	125.4
	12780.0
	154.6
	58.0
	42.4
	26868.7
	167.2
	70.1
	104.5
	50927.4
	355.3
	93.4
	246.2



Table S4. Correlations among the parameters of the acceptable Pareto solutions considering observation uncertainties of the Ganges basin
	
	Pearson Correlation Coefficient (r)

	
	P-PM
	EP-PTh
	SL-MSM
	SL-RC
	GW-MM
	SW-RRM
	SW-WD
	SW-DC
	NA-GM
	NA-SM

	P-PM
	1
	0.06
	-0.06
	0.35
	0.28
	-0.30
	0.01
	-0.20
	-0.20
	0.02

	EP-PTh
	0.06
	1
	0.07
	-0.12
	-0.10
	0.07
	-0.04
	-0.05
	0.04
	0.05

	SL-MSM
	-0.06
	0.07
	1
	-0.24
	-0.17
	-0.03
	0.08
	-0.02
	0.11
	-0.07

	SL-RC
	0.35
	-0.12
	-0.24
	1
	-0.10
	-0.08
	-0.04
	-0.05
	-0.04
	-0.14

	GW-MM
	0.28
	-0.10
	-0.17
	-0.10
	1
	0.18
	-0.04
	-0.02
	-0.20
	0.32

	SW-RRM
	-0.30
	0.07
	-0.03
	-0.08
	0.18
	1
	-0.15
	-0.22
	-0.07
	0.02

	SW-WD
	0.01
	-0.04
	0.08
	-0.04
	-0.04
	-0.15
	1
	-0.10
	-0.12
	-0.03

	SW-DC
	-0.20
	-0.05
	-0.02
	-0.05
	-0.02
	-0.22
	-0.10
	1
	-0.01
	0.10

	NA-GM
	-0.20
	0.04
	0.11
	-0.04
	-0.20
	-0.07
	-0.12
	-0.01
	1
	-0.22

	NA-SM
	0.02
	0.05
	-0.07
	-0.14
	0.32
	0.02
	-0.03
	0.10
	-0.22
	1



[bookmark: _Ref146286901]Table S5. Correlations among the parameters of the acceptable Pareto solutions considering observation uncertainties of the Brahmaputra basin
	
	Pearson Correlation Coefficient (r)

	
	P-PM
	EP-PTh
	SN-FT
	SN-MT
	SN-DM
	SN-TG
	SL-MSM
	SL-RC
	GW-RFM
	GW-MM
	GW-DC
	SW-RRM
	SW-LD
	SW-WD
	SW-DC
	NA-GM

	P-PM
	1
	-0.02
	-0.01
	-0.26
	-0.25
	-0.28
	0.01
	-0.12
	0.28
	-0.29
	-0.34
	-0.03
	0.01
	0.14
	-0.08
	-0.03

	EP-PTh
	-0.02
	1
	0.23
	-0.27
	0.15
	0.70
	0.27
	-0.36
	-0.44
	0.45
	0.31
	-0.40
	0.24
	0.03
	0.13
	-0.33

	SN-FT
	-0.01
	0.23
	1
	0.02
	0.17
	-0.03
	-0.11
	-0.19
	-0.10
	0.07
	-0.01
	0.00
	0.12
	0.01
	-0.13
	-0.10

	SN-MT
	-0.26
	-0.27
	0.02
	1
	0.15
	-0.45
	0.00
	0.09
	0.20
	-0.23
	-0.01
	0.26
	-0.24
	-0.14
	-0.23
	0.14

	SN-DM
	-0.25
	0.15
	0.17
	0.15
	1
	0.39
	0.18
	0.01
	-0.51
	0.52
	0.55
	-0.44
	0.38
	0.00
	0.12
	-0.18

	SN-TG
	-0.28
	0.70
	-0.03
	-0.45
	0.39
	1
	0.27
	-0.05
	-0.72
	0.78
	0.64
	-0.63
	0.38
	0.03
	0.26
	-0.33

	SL-MSM
	0.01
	0.27
	-0.11
	0.00
	0.18
	0.27
	1
	-0.11
	-0.27
	0.20
	0.33
	-0.24
	0.06
	-0.16
	0.03
	-0.06

	SL-RC
	-0.12
	-0.36
	-0.19
	0.09
	0.01
	-0.05
	-0.11
	1
	-0.09
	0.05
	0.11
	-0.11
	-0.12
	0.06
	0.15
	0.14

	GW-RFM
	0.28
	-0.44
	-0.10
	0.20
	-0.51
	-0.72
	-0.27
	-0.09
	1
	-0.90
	-0.76
	0.75
	-0.39
	0.00
	-0.14
	0.36

	GW-MM
	-0.29
	0.45
	0.07
	-0.23
	0.52
	0.78
	0.20
	0.05
	-0.90
	1
	0.79
	-0.69
	0.33
	-0.03
	0.11
	-0.33

	GW-DC
	-0.34
	0.31
	-0.01
	-0.01
	0.55
	0.64
	0.33
	0.11
	-0.76
	0.79
	1
	-0.63
	0.23
	-0.14
	0.14
	-0.29

	SW-RRM
	-0.03
	-0.40
	0.00
	0.26
	-0.44
	-0.63
	-0.24
	-0.11
	0.75
	-0.69
	-0.63
	1
	-0.40
	-0.37
	-0.33
	0.29

	SW-LD
	0.01
	0.24
	0.12
	-0.24
	0.38
	0.38
	0.06
	-0.12
	-0.39
	0.33
	0.23
	-0.40
	1
	-0.03
	0.20
	-0.38

	SW-WD
	0.14
	0.03
	0.01
	-0.14
	0.00
	0.03
	-0.16
	0.06
	0.00
	-0.03
	-0.14
	-0.37
	-0.03
	1
	0.31
	-0.01

	SW-DC
	-0.08
	0.13
	-0.13
	-0.23
	0.12
	0.26
	0.03
	0.15
	-0.14
	0.11
	0.14
	-0.33
	0.20
	0.31
	1
	-0.21

	NA-GM
	-0.03
	-0.33
	-0.10
	0.14
	-0.18
	-0.33
	-0.06
	0.14
	0.36
	-0.33
	-0.29
	0.29
	-0.38
	-0.01
	-0.21
	1



[bookmark: _Ref142872656]Table S6. Parameter dispersion (range) in the compromise solutions among replications, presented as the ratio to the a-priori parameter range (Table 2) in the Ganges River Basin.
	
	The ratio of the parameter range in the compromise solutions to the a-priori range

	
	Q
	T
	E
	S
	QT
	QE
	QS
	TE
	TS
	ES
	QTE
	QTS
	QES
	TES
	QTES

	P-PM
	14.5
	0.5
	1.9
	21.9
	1.7
	1.3
	1.1
	1.9
	12.7
	2.2
	1.8
	3.1
	1.7
	1.3
	4.1

	EP-PTh
	87.1
	0.1
	2.7
	100.0
	0.1
	1.5
	46.4
	2.2
	0.0a
	2.1
	2.0
	2.4
	11.1
	5.2
	16.6

	SL-MSM
	37.8
	14.7
	8.9
	0.4
	1.2
	9.1
	0.5
	4.2
	0.1
	0.2
	13.4
	5.2
	7.4
	0.8
	4.3

	SL-RC
	12.7
	0.1
	6.7
	0.1
	1.5
	33.7
	0.0a
	0.9
	6.9
	1.9
	2.3
	8.4
	11.2
	5.0
	16.5

	GW-MM
	62.4
	22.0
	3.8
	56.8
	11.5
	23.4
	4.8
	11.1
	6.6
	1.7
	20.7
	23.6
	4.7
	7.4
	20.2

	SW-RRM
	15.9
	10.4
	78.7
	0.0a
	1.2
	4.1
	3.4
	0.0a
	0.0a
	0.0a
	14.6
	5.4
	6.8
	0.1
	11.0

	SW-WD
	27.5
	20.3
	28.2
	0.0a
	5.7
	27.3
	0.0a
	21.9
	0.2
	0.0a
	5.6
	1.2
	0.6
	0.1
	1.1

	SW-DC
	100.0
	100.0
	0.0a
	100.0
	48.2
	0.3
	0.5
	1.8
	99.9
	0.0a
	0.9
	18.7
	21.6
	0.1
	39.5

	NA-GM
	33.7
	14.5
	92.4
	2.6
	1.0
	2.7
	13.3
	1.4
	0.2
	0.3
	51.6
	4.9
	78.0
	1.1
	33.2

	NA-SM
	27.2
	16.1
	46.6
	9.9
	5.8
	4.8
	1.1
	22.6
	30.3
	11.1
	38.5
	20.2
	12.4
	23.4
	23.2

	Average
	41.9
	19.9
	30.0
	36.5
	7.8
	10.8
	8.9
	7.6
	19.6
	2.8
	15.1
	9.3
	15.6
	4.5
	17.0


a very small value close to 0 but not equals 0
[bookmark: _Ref142872664]Table S7. Parameter dispersion (range) in the compromise solutions among replications, presented as the ratio to the a-priori parameter range (Table 2) in the Brahmaputra River Basin.
	
	The ratio of the parameter range in the compromise solutions to the a-priori range

	
	Q
	T
	E
	S
	QT
	QE
	QS
	TE
	TS
	ES
	QTE
	QTS
	QES
	TES
	QTES

	P-PM
	8.0
	55.3
	78.0
	43.5
	7.7
	2.1
	5.8
	48.8
	44.4
	20.5
	1.6
	6.2
	2.9
	27.5
	2.1

	EP-PTh
	79.6
	72.5
	73.2
	81.6
	91.2
	52.2
	59.5
	63.1
	70.4
	59.3
	26.4
	91.5
	49.9
	68.8
	31.2

	SN-FT
	27.9
	70.1
	99.5
	53.5
	30.5
	92.4
	28.5
	98.2
	43.5
	45.8
	34.9
	20.0
	25.8
	81.8
	23.3

	SN-MT
	5.8
	80.3
	12.7
	27.3
	9.3
	8.6
	24.9
	19.6
	11.7
	16.9
	8.2
	12.8
	20.2
	13.0
	5.6

	SN-DM
	36.6
	74.2
	30.4
	84.9
	84.0
	73.8
	76.8
	44.0
	90.1
	71.0
	97.6
	72.3
	74.7
	60.0
	58.0

	SN-TG
	1.7
	100.0
	62.2
	9.0
	22.7
	33.6
	1.9
	32.2
	95.8
	46.2
	21.1
	7.0
	26.0
	43.9
	10.5

	SL-MSM
	59.7
	85.5
	0.9
	41.6
	68.7
	4.7
	42.7
	3.4
	61.3
	34.7
	1.8
	44.2
	1.3
	8.2
	9.8

	SL-RC
	4.3
	53.3
	97.0
	57.9
	4.8
	21.9
	11.5
	62.6
	46.3
	100.0
	2.2
	3.1
	4.3
	72.5
	3.4

	GW-RFM
	50.6
	95.0
	98.9
	77.5
	78.8
	28.9
	21.8
	62.6
	79.2
	46.2
	66.9
	13.4
	13.1
	63.6
	11.8

	GW-MM
	44.4
	86.0
	96.3
	82.7
	74.2
	22.5
	19.3
	23.3
	78.4
	47.8
	84.1
	5.3
	10.0
	72.7
	39.1

	GW-DC
	31.2
	59.2
	77.0
	47.5
	68.3
	31.9
	12.4
	0.1
	48.9
	64.9
	57.0
	28.8
	9.5
	47.6
	35.0

	SW-RRM
	22.4
	79.6
	84.5
	10.2
	72.0
	28.4
	7.6
	39.8
	10.9
	18.4
	68.1
	32.0
	7.1
	11.9
	14.7

	SW-LD
	32.5
	85.8
	28.9
	99.5
	98.2
	34.5
	93.2
	94.7
	94.1
	96.4
	69.5
	97.1
	47.3
	96.0
	88.9

	SW-WD
	63.4
	98.5
	47.5
	48.9
	32.5
	30.7
	13.6
	59.7
	57.1
	44.9
	54.1
	15.9
	10.5
	50.8
	16.9

	SW-DC
	53.5
	99.9
	81.2
	50.7
	26.7
	75.2
	2.1
	100.0
	64.8
	88.0
	13.6
	99.9
	5.0
	47.0
	13.3

	Average
	34.8
	79.7
	64.5
	54.4
	51.3
	36.1
	28.1
	50.1
	59.8
	53.4
	40.5
	36.6
	20.5
	51.0
	24.2
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Table S8: NSE, Correlation (r), and KGE scores of the overall compromise solution of the calibration experiments of the Ganges basin in the calibration period. KGE is computed as , following Kling et al. (2012)  for streamflow and evapotranspiration. For the variables TWSA and SWSA KGE was adapted from Gupta et al. (2009) by omitting the β-term, . Here, , , , and r is the Pearson’s correlation coefficient. 
	
	Ganges

	
	Q
	TWSA
	ET
	SWSA

	
	NSE
	r
	KGE
	NSE
	r
	KGE
	NSE
	r
	KGE
	NSE
	r
	KGE

	Q
	0.97
	0.98
	0.95
	-2.16
	0.91
	0.85
	0.31
	0.97
	0.33
	0.45
	0.87
	0.56

	T
	0.70
	0.97
	0.45
	0.85
	0.93
	0.90
	0.88
	0.94
	0.89
	0.65
	0.82
	0.63

	E
	-15.41
	0.97
	-2.26
	0.27
	0.83
	0.54
	0.96
	0.98
	0.97
	-3.60
	0.93
	-1.04

	S
	-0.54
	0.92
	0.03
	0.45
	0.84
	0.35
	0.05
	0.92
	-0.13
	0.92
	0.96
	0.96

	QT
	0.95
	0.98
	0.88
	0.84
	0.93
	0.89
	0.87
	0.94
	0.89
	0.63
	0.81
	0.60

	QE
	0.96
	0.98
	0.91
	-5.89
	0.98
	0.75
	0.93
	0.97
	0.94
	-0.13
	0.61
	0.55

	QS
	0.94
	0.97
	0.94
	-27.02
	0.57
	0.51
	-0.36
	0.92
	-0.27
	0.89
	0.94
	0.94

	TE
	0.52
	0.97
	0.33
	0.85
	0.92
	0.90
	0.93
	0.97
	0.95
	0.61
	0.79
	0.61

	TS
	-2.44
	0.94
	-0.56
	0.81
	0.90
	0.88
	0.88
	0.97
	0.87
	0.88
	0.94
	0.91

	ES
	-6.23
	0.95
	-1.35
	0.66
	0.90
	0.70
	0.94
	0.98
	0.92
	0.89
	0.95
	0.94

	QTE
	0.94
	0.97
	0.85
	0.84
	0.92
	0.89
	0.92
	0.96
	0.95
	0.58
	0.79
	0.53

	QTS
	0.93
	0.98
	0.71
	0.80
	0.90
	0.79
	0.65
	0.96
	0.66
	0.80
	0.89
	0.85

	QES
	0.94
	0.98
	0.90
	-20.40
	0.84
	0.61
	0.88
	0.96
	0.84
	0.77
	0.88
	0.82

	TES
	-3.45
	0.95
	-0.75
	0.81
	0.91
	0.90
	0.93
	0.97
	0.94
	0.88
	0.94
	0.94

	QTES
	0.91
	0.98
	0.76
	0.81
	0.92
	0.83
	0.88
	0.96
	0.89
	0.77
	0.88
	0.82



[bookmark: _Ref142705437]Table S9: NSE, Correlation (r), and KGE scores of the overall compromise solution of the calibration experiments of the Brahmaputra basin in the calibration period
	
	Brahmaputra

	
	Q
	TWSA
	ET
	SWSA

	
	NSE
	r
	KGE
	NSE
	r
	KGE
	NSE
	r
	KGE
	NSE
	r
	KGE

	Q
	0.95
	0.98
	0.98
	0.76
	0.94
	0.84
	0.93
	0.96
	0.96
	0.79
	0.94
	0.75

	T
	0.93
	0.97
	0.87
	0.97
	0.99
	0.98
	0.79
	0.98
	0.83
	0.61
	0.96
	0.47

	E
	0.90
	0.97
	0.80
	0.92
	0.96
	0.87
	0.96
	0.98
	0.94
	0.91
	0.96
	0.93

	S
	0.24
	0.95
	0.59
	0.70
	0.97
	0.88
	0.75
	0.93
	0.85
	0.95
	0.97
	0.97

	QT
	0.95
	0.98
	0.94
	0.96
	0.98
	0.96
	0.74
	0.98
	0.71
	0.84
	0.96
	0.75

	QE
	0.95
	0.98
	0.97
	0.81
	0.94
	0.83
	0.96
	0.98
	0.95
	0.85
	0.94
	0.89

	QS
	0.95
	0.97
	0.97
	0.70
	0.95
	0.95
	0.60
	0.97
	0.77
	0.94
	0.97
	0.96

	TE
	0.90
	0.97
	0.84
	0.97
	0.98
	0.97
	0.96
	0.98
	0.95
	0.79
	0.97
	0.66

	TS
	0.87
	0.97
	0.84
	0.96
	0.98
	0.93
	0.94
	0.98
	0.92
	0.94
	0.97
	0.96

	ES
	0.22
	0.96
	0.54
	0.81
	0.95
	0.84
	0.96
	0.98
	0.95
	0.94
	0.97
	0.96

	QTE
	0.95
	0.98
	0.90
	0.96
	0.98
	0.98
	0.96
	0.98
	0.94
	0.88
	0.96
	0.83

	QTS
	0.95
	0.97
	0.93
	0.96
	0.98
	0.95
	0.78
	0.98
	0.79
	0.94
	0.97
	0.96

	QES
	0.95
	0.98
	0.97
	0.89
	0.96
	0.91
	0.96
	0.98
	0.95
	0.94
	0.97
	0.95

	TES
	0.70
	0.97
	0.75
	0.96
	0.98
	0.96
	0.96
	0.98
	0.93
	0.94
	0.97
	0.97

	QTES
	0.94
	0.98
	0.87
	0.96
	0.98
	0.98
	0.96
	0.98
	0.95
	0.94
	0.97
	0.97



[bookmark: _Ref142705448]Table S10: Bias Ratio (R. Bias; β) and Variance Ratio (R. Var; γ for Q and ET, α for TWSA and SWSA) scores of the overall compromise solution of the calibration experiments of the Ganges and the Brahmaputra basin in the calibration period. For the definition of α, β, and γ, see the caption of Table S8
	
	(R. Bias / R. Var)

	
	Ganges
	Brahmaputra

	
	Q
	TWSA
	ET
	SWSA
	Q
	TWSA
	ET
	SWSA

	Q
	1.01/0.96
	 - /0.88
	0.65/1.57
	 - /1.42
	1.00/0.99
	 - /1.15
	0.98/1.00
	 - /1.24

	T
	1.51/0.79
	 - /0.93
	0.98/0.90
	 - /0.68
	0.97/1.12
	 - /0.98
	0.84/1.04
	 - /1.53

	E
	4.26/0.90
	 - /1.42
	0.99/1.02
	 - /3.04
	0.85/1.12
	 - /0.87
	0.99/1.06
	 - /1.05

	S
	1.96/0.88
	 - /0.37
	0.66/2.07
	 - /0.98
	1.37/1.18
	 - /0.89
	0.87/0.96
	 - /0.98

	QT
	1.06/0.90
	 - /0.91
	0.95/0.92
	 - /0.64
	0.98/1.05
	 - /0.97
	0.81/1.21
	 - /1.25

	QE
	1.04/0.92
	 - /1.25
	0.98/1.04
	 - /1.23
	1.01/0.98
	 - /1.16
	0.99/1.05
	 - /1.09

	QS
	1.00/0.95
	 - /1.25
	0.53/2.18
	 - /0.98
	0.99/1.01
	 - /1.00
	0.78/1.04
	 - /0.97

	TE
	1.64/0.79
	 - /0.94
	0.98/1.03
	 - /0.67
	1.01/1.16
	 - /0.97
	1.00/1.05
	 - /1.34

	TS
	2.55/0.85
	 - /0.93
	0.88/1.04
	 - /0.94
	1.07/1.14
	 - /0.94
	1.03/1.07
	 - /0.97

	ES
	3.34/0.79
	 - /1.28
	0.96/1.06
	 - /1.03
	1.46/1.03
	 - /1.15
	0.99/1.05
	 - /0.97

	QTE
	1.09/0.88
	 - /0.93
	0.98/1.01
	 - /0.58
	0.96/1.09
	 - /1.01
	0.99/1.06
	 - /1.17

	QTS
	1.21/0.81
	 - /0.82
	0.77/1.25
	 - /0.90
	0.97/1.06
	 - /0.96
	0.83/1.13
	 - /0.97

	QES
	1.10/0.98
	 - /1.35
	0.92/1.13
	 - /0.87
	0.99/1.01
	 - /1.08
	0.99/1.05
	 - /0.97

	TES
	2.74/0.86
	 - /0.99
	0.95/0.99
	 - /0.98
	1.20/1.15
	 - /0.96
	0.99/1.06
	 - /0.98

	QTES
	1.22/0.91
	 - /0.86
	0.90/1.04
	 - /0.87
	0.96/1.12
	 - /1.01
	0.99/1.05
	 - /0.99



[image: ]
Figure S1. Comparison of simulations of the four response variables - streamflow, TWSA, ET, and SWSA, using the overall compromise solution of the experiments in the Ganges basin (a) and the Brahmaputra basin (b). For each variable, two years have been chosen for that there is no missing value for the entire year and the seasonal amplitude is the lowest (left column of each subplot) and the highest (right column of the subplot).
[bookmark: _Ref143877502]
Table S11: Average Uncertainty Bandwidth (AUBW) of observation and ensemble of  the ‘acceptable’ solutions considering observation uncertainties. AUBW is expressed as % for Q and ET variables and for TWSA and SWSA in mm. AUBW is computed according to  Jin et al. (2010) as ; for observations, the observed value at time-step t is used as the mean. For TWSA and SWSA, AUBW is computed without the denominator term as  .
	
	
	Average Uncertainty Bandwidth (AUBW)

	
	
	Observations
	Candidates for compromise solutions

	Variables
	[unit]
	Ganges
	Brahmaputra
	Ganges
	Brahmaputra

	Q 
	-
	41.7%
	41.7%
	65.1%
	32.8%

	TWSA
	mm
	53.9
	56.7
	50.7
	51.1

	ET
	-
	53.4%
	50.5%
	32.2%
	23.8%

	SWSA
	mm
	29.3
	43.3
	32.1
	[bookmark: _Hlk142403290]35.5
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