Increased aerosol scattering drives recent monsoon rainfall decrease over northern India
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Supplementary Information

Table S1 Experiment design of CAM4 simulations
	Experiment
	Total mass of aerosols
	Aerosol composition

	aer_control_1980s
	1980s level
	1980s level

	aer_control_2010s
	2010s level
	2010s level

	aer_frac_2010s
	1980s level
	2010s level

	aer_frac_1980s
	2010s level
	1980s level




Table S2 List of CMIP6 models, experiments and the number of ensemble members analyzed in this study50-62
	Model
	AMIP
	historical
	hist-GHG
	hist-aer
	Reference

	ACCESS-ESM1-5
	3
	20
	3
	3
	Ziehn et al., 2019

	BCC-CSM2-MR
	3
	3
	3
	3
	Wu et al., 2018

	CESM2
	10
	11
	3
	2
	Danabasoglu, 2019

	CNRM-CM6-1
	1
	30
	10
	10
	Vordoire, 2018

	CanESM5
	7
	65
	50
	30
	Swart et al., 2019

	FGOALS-g3
	5
	6
	3
	3
	Li, 2019

	GFDL-ESM4
	1
	3
	1
	1
	Krasting et al., 2018

	GISS-E2-1-G
	20
	46
	10
	10
	NASA/GISS, 2018

	HadGEM3-GC31-LL
	5
	4
	4
	4
	Ridley et al, 2019

	IPSL-CM6A-LR
	21
	32
	10
	10
	Boucher et al., 2018

	MIROC6
	10
	50
	3
	3
	Tatebe & Watanabe, 2018

	MRI-ESM2-0
	3
	6
	5
	5
	Yukimoto et al., 2019

	NorESM2-LM
	1
	3
	3
	3
	Seland et al., 2019
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Figure S1 Topography of South Asia and definition of the Gangetic region. The yellow, cyan and blue line represent the contour of 100m, 150m and 200m, respectively. The red line represents the region of the Gangetic Plain.
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Figure S2 Observed JJAS precipitation trends and time series from 1979 to 2019 in South Asia. a, b, c, d precipitation trend maps from GPCP, GPCC, CMAP and PREC/L precipitation datasets, respectively. Trends are calculated by Sen’s slope, and grid boxes with black dots pass the Mann-Kendall test at 95% confidence level. e, time series of regional mean JJAS precipitation from observation datasets. The region is shown as the red contour in Fig. S1. The black dotted line represents the linear regression of the mean time series. The linear trends and the p values are calculated by Sen’s slope.
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[bookmark: _GoBack]Figure S3 Observed aerosol optical properties at Kanpur station in northern India. a, single scattering albedo at 440nm obtained from AERONET level 1.5 monthly product. c, absorbing aerosol optical depth at 440nm obtained from AERONET level 1.5 monthly product. b, d, similar to a, c, but at 870nm. The black dotted lines represent the results of linear regression, and the trends and p values are calculated by Sen’s Slope from 2001 to 2020.
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Figure S4 AOD and SSA change of CAM4 experiments. a, d, AOD and SSA change induced by aerosol changes from 1980s to 2010s level. b, e, similar to a, d, but the aerosol total amount changed from 1980s to 2010s level while the aerosol composition controlled at 1980s level. c, f, similar to a, d, but the aerosol total amount controlled at 1980s level while the aerosol composition changed from 1980s to 2010s level. The units of changes are converted into trends assuming the time period is 30 years. Grid boxes with black dots pass the Student’s t-test at 95% confidence level.
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Figure S5 Changes of moisture budget terms of CAM4 experiments. a, d, g, j, evaporation, horizontal moisture advection, vertical moisture advection and residual changes due to aerosol change from 1980s to 2010s level. b, e, h, k, similar to a, d, g, j, but for changes due to increased AOD. c, f, i, l, similar to a, d, g, j, but for changes due to SSA increase. Grid boxes with black dots pass the Student’s t-test at 90% confidence level. 
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Figure S6 Comparison of summer monsoon precipitation trends of CMIP6 multi-model-mean simulations from 1980 to 2014. a, b, c, & d, precipitation trend from AMIP, historical, hist-GHG and hist-aer simulations, respectively. Linear trends are calculated with Sen’s slope. Grid boxes with black dots pass the Mann-Kendall test at 95% confidence level.
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