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Figure S1. Validation of streamflow simulation. Comparison of annual maximum flow simulations with observations in 22 sub-basins. Note that in Ganga and Brahmaputra basins, monthly flows are used for model calibration due to the unavailability of daily flow.
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Figure S2. Spatial distribution of precipitation intensity. Figures (a-g) show the fraction of basin area receiving zero rainfall (< 1mm precipitation), low-intensity precipitation ( 1mm and <35 mm), and high-intensity precipitation (35 mm) in each basin. The fractions estimated based on the median of 1959-2020 daily monsoon season precipitation (JJAS). The boxes indicate the 25th and 75th percentiles, the horizontal line indicates the median and the whiskers correspond to 5th and 95th percentiles.
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Figure S3. Sensitivity analysis. Figure (a) shows the heatmap of the sensitivity of widespread flooding probability to the changes in catchment fraction threshold from 0.5 to 1. We used 0.5 as the threshold for the main study as the are-weighted fraction of 0.5 captures half of the contributing area in any basin. Figure (b) shows the heatmap of the sensitivity of WF probability to different peak over thresholds (POT) used for identifying the high flow events. The POT threshold varies from 98 to 99.9. We used the 99 percentile threshold, which picks approximately one event annually. 






Tables
Table S1. Calibration parameters and results. Table 1 shows the parameters used for calibrating the VIC model and the correlation (R) and Nash Sutcliffe Efficiency (NSE) [Nash & Sutcliffe, 1970]. We used seven parameters that includes infiltration parameter (Binf), fraction of non-linear baseflow (Ds), maximum baseflow velocity (Dsmax), fraction of maximum soil moisture corresponding to non-linear baseflow (Ws), and soil depth of top 3 layers (D1 -D3).
	Sl No.
	Basin
	Subbasin
	Binf
	Ds
	Dsmax
	Ws
	D1
	D2
	D3
	Period
	R
	NSE

	1
	Cauvery
	Kollegal
	0.04
	0.10
	15.00
	0.90
	0.25
	2.80
	1.00
	1991-10
	0.62
	0.23

	2
	Ganga
	Farakka
	0.40
	0.10
	1.00
	0.99
	0.20
	3.00
	3.00
	1956-72
	0.98
	0.95

	3
	Godavari
	Balharsha
	0.90
	0.43
	28.86
	1.00
	0.25
	1.50
	1.14
	1990-06
	0.79
	0.60

	4
	Godavari
	Dhalegaon
	0.40
	0.57
	24.36
	1.00
	0.20
	1.47
	1.41
	1975-79
	0.69
	0.47

	5
	Godavari
	Ghugus
	0.90
	0.81
	29.88
	1.00
	0.25
	1.50
	0.33
	1992-00
	0.78
	0.60

	6
	Godavari
	Perur
	0.00
	0.76
	22.07
	1.00
	0.50
	5.00
	3.99
	2010-16
	0.92
	0.80

	7
	Godavari
	Polavarm
	0.00
	0.76
	22.07
	1.00
	0.50
	5.00
	3.99
	2010-16
	0.94
	0.66

	8
	Godavari
	Tekra
	0.63
	0.16
	30.00
	1.00
	0.25
	1.50
	0.43
	1992-05
	0.91
	0.74

	9
	Godavari
	Pathagudem
	0.90
	0.69
	29.92
	0.97
	0.25
	1.50
	1.50
	2010-15
	0.81
	0.62

	10
	Godavari
	Yelli
	0.48
	0.00
	0.00
	0.85
	0.25
	1.48
	0.82
	1983-92
	0.76
	0.56

	11
	Brahmaputra
	Bhadurabad
	0.90
	0.01
	0.00
	0.81
	0.20
	0.89
	2.26
	1969-75
	0.94
	0.80

	12
	Krishna
	Bawapuram
	0.26
	0.01
	0.00
	0.65
	0.50
	2.03
	1.87
	1990-04
	0.64
	0.39

	13
	Krishna
	Karad
	0.90
	0.94
	29.99
	1.00
	0.20
	0.20
	0.53
	2001-08
	0.76
	0.55

	14
	Krishna
	Malkhed
	0.37
	0.12
	0.00
	0.67
	0.24
	0.97
	0.10
	1997-02
	0.65
	0.41

	15
	Krishna
	Takli
	0.43
	0.50
	0.18
	0.72
	0.20
	0.71
	1.02
	1980-89
	0.76
	0.58

	16
	Krishna
	Yadgir
	0.53
	0.35
	29.86
	1.00
	0.20
	1.02
	1.25
	1985-98
	0.82
	0.60

	17
	Krishna
	Haralahalli
	0.75
	0.29
	29.78
	1.00
	0.25
	1.50
	1.33
	2006-10
	0.94
	0.83

	18
	Mahanadi
	Basantpur
	0.90
	0.00
	0.00
	0.42
	0.25
	1.50
	1.50
	2000-16
	0.85
	0.67

	19
	Mahanadi
	Simga
	0.90
	0.47
	30.00
	0.99
	0.25
	1.50
	1.43
	2008-14
	0.80
	0.60

	20
	Narmada
	Handia
	0.90
	0.04
	30.00
	1.00
	0.25
	1.50
	0.21
	2000-16
	0.84
	0.68

	21
	Narmada
	Mandleshwar
	0.69
	0.01
	0.00
	0.85
	0.23
	1.11
	1.13
	1995-05
	0.83
	0.68

	22
	Narmada
	Sandiya
	0.90
	0.43
	29.10
	0.99
	0.20
	1.39
	0.89
	2010-16
	0.86
	0.73

	23
	Narmada
	Hoshangabad
	0.90
	0.12
	28.88
	1.00
	0.25
	1.50
	1.21
	2002-10
	0.82
	0.65



Table S2. Details of the statistical models. The table shows the generalized extreme value distribution parameters fitted to the annual maximum flow time series at each sub-basin. We conducted the likelihood ratio test to determine the best-fit model. We used 95% significance level to test the null hypothesis of no trend between the stationary and non-stationary models. The Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) which is the lowest for the best-fit model, is also shown.
	Sl No.
	Basin
	Model
	AIC
	BIC
	P-value
	Chi-square
critical value
	Likelihood-ratio

	1
	Brahmaputra
	NS Type VI
	1068.21
	1081.35
	5.8E-06
	7.81
	27.0

	2
	Brahmaputra
	NS Type IV
	976.96
	985.71
	4.1E-12
	3.84
	48.09

	3
	Brahmaputra
	NS Type VI
	1269.54
	1282.67
	2.5E-10
	7.81
	47.6

	4
	Brahmaputra
	NS Type VI
	1226.65
	1239.79
	1.1E-04
	8.81
	20.92

	5
	Brahmaputra
	NS Type II
	1224.90
	1235.85
	7.4E-03
	5.99
	9.80

	6
	Brahmaputra
	Stationary
	956.89
	963.46
	Not Significant

	7
	Brahmaputra
	NS Type I
	1052.68
	1059.25
	3.3E-03
	3.84
	8.63

	8
	Brahmaputra
	Stationary
	1113.71
	1120.28
	Not Significant

	9
	Brahmaputra
	NS Type VI
	1151.07
	1164.21
	9.1E-05
	7.81
	21.30

	10
	Brahmaputra
	Stationary
	1310.03
	1316.60
	Not Significant

	11
	Brahmaputra
	Stationary
	1251.99
	1258.56
	Not Significant

	12
	Brahmaputra
	Stationary
	1194.75
	1201.32
	Not Significant

	13
	Brahmaputra
	Stationary
	1461.23
	1467.80
	Not Significant

	14
	Brahmaputra
	Stationary
	1332.58
	1339.15
	Not Significant

	15
	Cauvery
	Stationary
	1015.77
	1022.34
	Not Significant

	16
	Cauvery
	Stationary
	1017.87
	1024.44
	Not Significant

	17
	Cauvery
	NS Type 6
	934.53
	941.10
	2.5E-02
	7.81
	9.3359

	18
	Cauvery
	NS Type II
	922.11
	933.06
	1.7E-03
	5.99
	12.79

	19
	Cauvery
	NS Type VI
	1022.88
	1036.02
	Not Significant

	20
	Cauvery
	NS Type IV
	1091.91
	1100.67
	9.3E-07
	3.84
	24.06

	21
	Cauvery
	NS Type II
	1122.28
	1133.23
	5.0E-05
	5.99
	19.82

	22
	Ganga
	Stationary
	1123.59
	1130.16
	Not Significant

	23
	Ganga
	Stationary
	1322.34
	1328.90
	Not Significant

	24
	Ganga
	Stationary
	1051.15
	1057.72
	Not Significant

	25
	Ganga
	Stationary
	1224.05
	1230.62
	Not Significant

	26
	Ganga
	Stationary
	1189.14
	1195.71
	Not Significant3

	27
	Ganga
	Stationary
	1091.34
	1097.91
	Not Significant

	28
	Ganga
	Stationary
	1252.43
	1259.00
	Not Significant

	29
	Ganga
	NS Type II
	1177.58
	1188.53
	1.4E-02
	5.99
	8.59

	30
	Ganga
	Stationary
	1156.43
	1163.00
	Not Significant

	31
	Ganga
	Stationary
	1281.07
	1287.64
	Not Significant

	32
	Ganga
	Stationary
	1279.15
	1285.72
	Not Significant

	33
	Ganga
	Stationary
	1374.00
	1380.57
	Not Significant

	34
	Ganga
	NS Type II
	1262.82
	1273.77
	4.8E-03
	5.99
	10.70

	35
	Ganga
	Stationary
	1414.59
	1421.16
	Not Significant

	36
	Ganga
	Stationary
	1434.34
	1440.91
	Not Significant

	37
	Ganga
	Stationary
	1437.71
	1444.28
	Not Significant

	38
	Ganga
	Stationary
	1196.64
	1203.21
	Not Significant

	39
	Godavari
	Stationary
	1168.85
	1175.42
	Not Significant

	40
	Godavari
	Stationary
	1057.14
	1063.71
	Not Significant

	41
	Godavari
	Stationary
	1339.09
	1345.66
	Not Significant

	42
	Godavari
	Stationary
	1248.54
	1255.11
	Not Significant

	43
	Godavari
	Stationary
	1272.15
	1278.72
	Not Significant

	44
	Godavari
	Stationary
	1020.51
	1027.07
	Not Significant

	45
	Godavari
	Stationary
	1428.51
	1435.08
	Not Significant

	46
	Godavari
	Stationary
	1077.37
	1083.94
	Not Significant

	47
	Godavari
	Stationary
	1382.06
	1388.63
	Not Significant

	48
	Godavari
	Stationary
	1430.89
	1437.46
	Not Significant

	49
	Krishna
	Stationary
	1101.11
	1107.68
	Not Significant

	50
	Krishna
	Stationary
	1161.11
	1167.68
	Not Significant

	51
	Krishna
	Stationary
	1128.58
	1135.14
	Not Significant

	52
	Krishna
	Stationary
	1190.68
	1197.25
	Not Significant

	53
	Krishna
	Stationary
	922.95
	929.52
	Not Significant

	54
	Krishna
	Stationary
	1237.58
	1244.15
	Not Significant

	55
	Krishna
	Stationary
	1252.60
	1259.17
	Not Significant

	56
	Krishna
	Stationary
	1266.37
	1272.94
	Not Significant

	57
	Krishna
	Stationary
	954.27
	960.83
	Not Significant

	58
	Krishna
	NS Type II
	852.41
	863.36
	7.6E-03
	5.99
	9.77

	59
	Mahanadi
	Stationary
	1322.99
	1329.56
	Not Significant

	60
	Mahanadi
	Stationary
	1172.44
	1179.01
	Not Significant

	61
	Mahanadi
	Stationary
	1109.98
	1116.55
	Not Significant

	62
	Mahanadi
	Stationary
	1133.87
	1140.44
	Not Significant

	63
	Mahanadi
	NS Type VI
	968.33
	981.47
	1.0E-03
	7.81
	16.18

	64
	Mahanadi
	Stationary
	1041.54
	1048.11
	Not Significant

	65
	Mahanadi
	NS Type VI
	902.93
	916.07
	4.6E-03
	7.81
	13.02

	66
	Mahanadi
	Stationary
	1312.34
	1318.91
	Not Significant

	67
	Narmada
	NS Type IV
	1081.45
	1090.21
	1.5E-02
	3.84
	5.91

	68
	Narmada
	Stationary
	1183.83
	1190.40
	Not Significant

	69
	Narmada
	Stationary
	1251.26
	1257.83
	Not Significant

	70
	Narmada
	NS Type II
	1122.46
	1133.40
	4.2E-03
	5.99
	10.97

	71
	Narmada
	NS Type V
	1031.45
	1042.40
	1.1E-03
	5.99
	13.56

	72
	Narmada
	Stationary
	1314.79
	1321.36
	Not Significant

	73
	Narmada
	Stationary
	1338.28
	1344.84
	Not Significant



Table S4. The Maximum baseflow index (BFImax) used for estimating the baseflow at the 73 subbasins. We computed BFImax using a backward pass as in Collischonn & Fan (2012).
	Sl No.
	Station
	BFImax

	1
	Brahmaputra
	0.78

	2
	Brahmaputra
	0.78

	3
	Brahmaputra
	0.62

	4
	Brahmaputra
	0.78

	5
	Brahmaputra
	0.69

	6
	Brahmaputra
	0.61

	7
	Brahmaputra
	0.61

	8
	Brahmaputra
	0.77

	9
	Brahmaputra
	0.76

	10
	Brahmaputra
	0.79

	11
	Brahmaputra
	0.74

	12
	Brahmaputra
	0.71

	13
	Brahmaputra
	0.80

	14
	Brahmaputra
	0.78

	15
	Cauvery
	0.80

	16
	Cauvery
	0.80

	17
	Cauvery
	0.57

	18
	Cauvery
	0.39

	19
	Cauvery
	0.80

	20
	Cauvery
	0.77

	21
	Cauvery
	0.75

	22
	Ganga
	0.80

	23
	Ganga
	0.66

	24
	Ganga
	0.72

	25
	Ganga
	0.74

	26
	Ganga
	0.74

	27
	Ganga
	0.80

	28
	Ganga
	0.80

	29
	Ganga
	0.80

	30
	Ganga
	0.80

	31
	Ganga
	0.80

	32
	Ganga
	0.80

	33
	Ganga
	0.79

	34
	Ganga
	0.80

	35
	Ganga
	0.80

	36
	Ganga
	0.80

	37
	Ganga
	0.80

	38
	Ganga
	0.77

	39
	Godavari
	0.53

	40
	Godavari
	0.80

	41
	Godavari
	0.47

	42
	Godavari
	0.37

	43
	Godavari
	0.62

	44
	Godavari
	0.80

	45
	Godavari
	0.80

	46
	Godavari
	0.80

	47
	Godavari
	0.74

	48
	Godavari
	0.80

	49
	Krishna
	0.73

	50
	Krishna
	0.46

	51
	Krishna
	0.64

	52
	Krishna
	0.47

	53
	Krishna
	0.71

	54
	Krishna
	0.65

	55
	Krishna
	0.71

	56
	Krishna
	0.77

	57
	Krishna
	0.24

	58
	Krishna
	0.57

	59
	Mahanadi
	0.80

	60
	Mahanadi
	0.73

	61
	Mahanadi
	0.74

	62
	Mahanadi
	0.76

	63
	Mahanadi
	0.77

	64
	Mahanadi
	0.79

	65
	Mahanadi
	0.76

	66
	Mahanadi
	0.80

	67
	Narmada
	0.47

	68
	Narmada
	0.42

	69
	Narmada
	0.40

	70
	Narmada
	0.36

	71
	Narmada
	0.46

	72
	Narmada
	0.53

	73
	Narmada
	0.59



Table S5. Total high flow events and WF probability. The table shows the total number of high flow and WF events within a basin and the annual and monsoon season (JJAS) WF probability.
	Sl. No
	Basin
	Total events
	WF events
	WF probability
	WF probability (JJAS)

	1
	Ganga
	242
	7
	2.89
	3.11

	2
	Brahmaputra
	367
	29
	7.90
	9.15

	3
	Godavari
	134
	29
	21.64
	22.66

	4
	Krishna
	175
	28
	16.00
	18.03

	5
	Mahanadi
	183
	57
	31.15
	32.39

	6
	Narmada
	138
	48
	34.78
	35.04

	7
	Cauvery
	115
	21
	18.26
	30.77



Table S6. Inter-storm distance. The table shows the climatology of the median inter-storm distance between precipitation >5mm from 1959-2020 in the seven major basins.
	Sl. No
	Basin
	Median Inter-storm Distance

	1
	Ganga
	6

	2
	Brahmaputra
	3

	3
	Godavari
	4

	4
	Krishna
	6

	5
	Mahanadi
	3

	6
	Narmada
	4

	7
	Cauvery
	7








Table S7. Association of SST and widespread floods. The table shows the years in which widespread floods with the return period in any subbasin exceeding 20 in each basin coincide with El Nino, La Nina, positive Indian Ocean Dipole (IOD) and negative IOD. Note that only years in which the SST anomalies in the Nino 3.4 region do not cross  standard deviations from the climatology are categorized as neutral years.
	Basin
	El Nino (16)
	La Nina (18)
	Neutral (24)
	PIOD (10)
	NIOD (11)

	Ganga (3)
	0
	1
	2
	0
	0

	Brahmaputra (11)
	4
	6
	3
	0
	3

	Godavari (6)
	1
	0
	4
	2
	0

	Krishna (7)
	3
	2
	2
	2
	1

	Mahanadi (10)
	1
	4
	4
	1
	1

	Narmada (10)
	1
	5
	3
	2
	1

	Cauvery (7)
	2
	1
	4
	3
	0
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