Warming-Induced Changes in Potential Surface Water Availability across Indian Dams
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Figure S1.  Catchment boundary and location of 5687 dams in 18 major river basins in India.  
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Figure S2: Mean seasonal cycle of precipitation in CMIP6-GCMs (red) and observations (black) during the period 1951–2014. With biases ranging from -10 mm to 10 mm, we selected four models (IPSL-CM6A-LR, MIROC6, CMCC-ESM2, INM-CM5-0) to analyse future water availability and hydrological components. 
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Figure S3:  Interannual variability of annual, monsoon, and dry season potential water availability (Total runoff) across Indian dam catchments during the observed period (1951–2022). The black boxes in the panels (a-c) indicate a few selected representative regions. The black line represents the zone-averaged monsoon potential water availability, the grey shaded band shows the spatial variability among dam catchments (±1 standard deviation), and the red dashed line denotes the trend.
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Figure S4: Changes (%) in monsoon precipitation, rainy days, evapotranspiration, R/P, and ET/P across the dams during the pre-1986 period (1951-1986), and post-1986 period (1987-2022). (a, b) Changes (%) in monsoon precipitation for each dam catchment during the 1951-1986 and 1987-2022 periods, (c, d) changes (%) in monsoon rainy days for each dam catchment during the 1951-1986 and 1987-2022 periods, (e, f) changes (%) in monsoon evapotranspiration for each dam catchment during the 1951-1986 and 1987-2022 periods, (g, h) changes (%) in monsoon R/P for each dam catchment during the 1951-1986 and 1987-2022 periods, and (i, j) changes (%) in monsoon ET/P for each dam catchment during the 1951-1986 and 1987-2022 periods. The histogram in panels (a-j) refers to the number of dams in each bin or category, where the x-axis represents the changes (%), and the y-axis represents the number of dam catchments. The black boxes in the panels indicate a few selected representative regions.
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Figure S5: Frequency of monsoon precipitation deficit and surplus across the dams during the pre-1986 period (1951-1986) and the post-1986 period (1987-2022). (a,b)  The frequency of monsoon precipitation deficit for each dam catchment during the period 1951-1986 and 1987-2022. (c) Difference in frequency of monsoon precipitation deficit occurred during the post-1986 and pre-1986 periods [panel b-panel a].  (d,e) The frequency of monsoon precipitation surplus for each dam catchment during the period 1951-1986 and 1987-2022. (f) Difference in frequency of monsoon precipitation surplus occurred during the post-1986 and pre-1986 periods [panel e-panel d]. The histogram in the panels shows the number of dams in each bin or category, where the x-axis represents the frequency of monsoon precipitation deficit (panels a-b) and surplus (panels d-e), as well as the difference in frequency of monsoon precipitation deficit  (panel c) and surplus (panel f).  The y-axis represents the number of dam catchments. The black boxes in the panels indicate a few selected representative regions.
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Figure S6: Same as Figure S5 but for the two-year consecutive frequency of monsoon precipitation deficit and surplus across the dams during the pre-1986 period (1951-1986) and the post-1986 period (1987-2022). 
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Figure S7: Same as Figure S5 but for the three-year consecutive frequency of monsoon precipitation deficit and surplus across the dams during the pre-1986 period (1951-1986) and the post-1986 period (1987-2022).
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Figure S8: Frequency of monsoon-potential water availability deficit and surplus across the dams in the pre-1986 period (1951-1986) and the post-1986 period (1987-2022). (a,b) The frequency of potential water availability deficit for each dam catchment during the periods 1951-1986 and 1987-2022. (c) Difference in the frequency of potential water availability deficits between the post-1986 and pre-1986 periods [panel b-panel a].  (d,e) The frequency of potential water availability surplus for each dam catchment during the period 1951-1986 and 1987-2022. (f) Difference in the frequency of monsoon-potential water availability surplus between the post-1986 and pre-1986 periods [panel e-panel d]. The histogram in the panels shows the number of dams in each bin or category, where the x-axis represents the frequency of monsoon potential water availability deficit (panels a-b) and surplus (panels d-e), as well as the difference in frequency of monsoon potential water availability deficit  (panel c) and surplus (panel f).  The y-axis represents the number of dam catchments. The black boxes in the panels indicate a few selected representative regions.
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Figure S9: Same as Figure S8 but for Two-year consecutive frequency of monsoon potential water availability deficit and surplus across the dams during the pre-1986 period (1951-1986) and the post-1986 period (1987-2022). 
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Figure S10: Same as Figure S8 but for the three-year consecutive frequency of monsoon potential water availability deficit and surplus across the dams during the pre-1986 period (1951-1986) and the post-1986 period (1987-2022). 
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Figure S11: Changes (%) in monsoon R/P and ET/P across the dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios.  (a-d) Changes (%) in monsoon R/P in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (e-h) Changes (%) in monsoon R/P in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. (i-l) Changes (%) in monsoon ET/P in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (m-p) Changes (%) in monsoon ET/P in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. The black boxes in the panels indicate a few selected representative regions. The black boxes in the panels indicate a few selected representative regions.
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Figure S12: Changes (%) in monsoon evapotranspiration across the dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios.  (a-d) Changes (%) in monsoon evapotranspiration in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (e-h) Changes (%) in monsoon evapotranspiration in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. The black boxes in the panels  indicate a few selected representative regions
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Figure S13: Changes (%) in frequency of monsoon precipitation deficit and surplus across dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios. (a-d) Changes (%) in the frequency of monsoon precipitation deficit in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (e-h) Changes (%) in the frequency of monsoon precipitation deficit in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. (i-l) Changes (%) in the frequency of monsoon precipitation surplus in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (m-p) changes (%) in the frequency of monsoon precipitation surplus in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. The black boxes in the panels indicate a few selected representative regions.
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Figure S14: Same as Figure S13 but for Changes (%) in frequency of consecutive two-year monsoon precipitation deficit and surplus across dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios. 
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Figure S15: Same as Figure S13 but for Changes (%) in frequency of consecutive three-year monsoon precipitation deficit and surplus across the dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios. 
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Figure S16: Changes (%) in frequency of monsoon potential water availability deficit and surplus during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios. (a-d) Changes (%) in the frequency of monsoon potential water availability deficit in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (e-h) Changes (%) in the frequency of monsoon potential water availability deficit in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. (i-l) Changes (%) in the frequency of monsoon potential water availability surplus in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the mid-period. (m-p) Changes (%) in the frequency of monsoon potential water availability surplus in SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 during the end-period. The histograms in the panels show the number of dams in each bin or category, with the x-axis showing changes (%) in the frequency of monsoon potential water availability deficits and surpluses, and the y-axis showing the number of dam catchments. The black boxes in the panels indicate a few selected representative regions.
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Figure S17: Same as Figure S16 but for changes (%) in frequency of consecutive two-year monsoon potential water availability deficit and surplus across dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios. 
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Figure S18: Same as Figure S16 but for changes (%) in frequency of consecutive three-year monsoon potential water availability deficit and surplus across the dams during the mid-period (2031-2065) and end-period (2066-2100) across all SSP scenarios. 


Table S1: Details of CMIP6-GCMs used in this study and selected Best-GCMs (in blue color font). 
	Sr No
	Model Name
	Latitude resolution (degree)
	Longitude resolution (degree)
	Institute/Country
	References

	1
	ACCESS-CM2
	1.250
	1.875
	CSIRO‐ARCCSS/Australia
	Dix et al., 2019

	2
	ACCESS-ESM1-5
	1.250
	1.875
	CSIRO/Australia
	Ziehn et al., 2019

	3
	CMCC-ESM2
	0.94
	1.25
	CMCC/Italy
	Lovato et al. 2022
	4
	FGOALS-g3
	2.00
	2.25
	CAS (Chinese Academy of Sciences)/China
	Li et al. 2020
	5
	GFDL-ESM4
	1.25
	1.00
	Geophysical Fluid Dynamics Laboratory/USA
		



	Dunne et al. 2020



	
	INM-CM4-8
	1.500
	2.000
	INM/ Russia
	Volodin et al., 2019a

	6
	INM-CM5-0
	1.500
	2.000
	INM/ Russia
	Volodin et al. 2019b

	8
	IPSL-CM6A-LR
	1.260
	2.500
	IPSL/France
	Boucher et al. 2018

	9
	MIROC6
	1.400
	1.406
	MIROC/Japan
	Tatebe and Watanabe, 2018
	10
	MPI-ESM1-2-HR
	0.935
	0.938
	MPI-M/Germany
	Jungclaus et al., 2019

	11
	MPI-ESM1-2-LR
	1.865
	1.875
	MPI-M/Germany
	Wieners et al. 2019

	12
	MRI-ESM2-0
	1.122
	1.125
	MRI/Japan
	Yukimoto et al. 2019
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