Table S1. (I) AERONET data (location; data period) during event periods a for training NGAI b, and (II) AERONET and nearby PM2.5 and meteorological data c used for establishing AOD-PM2.5 relationships d. 
	[bookmark: _Hlk52485140]Dataset
	Mineral Dust
	Urban/Industrial Pollution
	Biomass Burning

	Ⅰ
	N=450
	N=442
	N=523

	
	Dalanzadgad (43.8N, 104.4E; 1997–2012)
	Beijing (40.0N, 116.4E; 2001–2012)
	Mukdahan (16.6N, 104.7E; 2003–2010)

	
	Solar Village (24.9N, 46.4E; 1998–2012)
	Hong Kong (22.3N, 114.2E;  2005–2012)
	Pimai (15.2N, 102.6E; 2003–2008;)

	
	Tamanrasset (22.8N, 5.5E; 2006–2012)
	Taipei (25.0N, 121.5E; 2002–2012)
	

	Ⅱ
	N=262
	N=740
	N=524

	
	Beijing (40.0N, 116.4E; 2010–2015)
	Beijing (40.0N, 116.4E; 2010–2015)
	Chiang Mai (18.8N, 99.0E; 2016–2017)

	
	
	Hanoi (21.0N, 105.8E; 2015–2017)
	

	aThe definition of event periods in this study for MD:  spring season, for BB: Mar. to May, for U/I: Aug. and Sep (or autumn); bⅠ= For aerosol type classification, AERONET Level 2.0 daily averages were used; cIn Beijing, PM2.5 and RH stations are 7.6 km and 6.5 km from the AERONET site; 2.8 and 3.3 km from the Chiang Mai site; 3.2 and 2.9 km from the site in Nghia Do, Hanoi; dⅡ= For the AOD-PM2.5 relationship, AERONET Level 2.0 all points, and corresponding PM2.5 and RH measurements were used. 
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Figure S1. Covariation of AE and AOD.
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Figure S2. Covariation of  and AOD.
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Figure S3. AOD-PM2.5 relationship: comparison between AERONET AOD (0.44 µm) and corresponding PM2.5 measurements in (a) Beijing for MD, (b) Beijing and Hanoi for U/I, and (c) Chiang Mai for BB. (d) to (f) are the same as (a) to (c) but after NGAI classification. The black, blue, and red lines are the regression equations, 95% confidence bands on the regression, and 95% prediction bands. 
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Figure S4 (a) 2-parameter fit for obtaining the hygroscopic growth factor of U/I aerosols. Error bars in the y-direction represent fitting errors on the growth factors, while ranges in the x-direction represent the standard deviation of specific RH levels. (b) A case study in Beijing, Jun. 2020. Measured vs. AOD-derived PM2.5 mass concentrations during a U/I dominant period before classification (black) and after considering the aerosol type and hygroscopicity effects (red).
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