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Table S1. Volcanic eruptions with a volcanic explosivity index of 3 or higher in the western SPO over the study period (https://volcano.si.edu/).
	Volcano name
	Date
	Max VEI

	Hunga
	15 Jan., 2022 
	5

	Unnamed
	6–8 Aug., 2019
	3

	Ulawun
	26 Jun., 2019
	4

	Tinakula
	21 Oct., 2017
	3

	Ambae
	13 Oct., 2017 – 30 Oct., 2018
	3

	Manam
	31 Jul., 2015
	4

	Rabaul
	29 Aug., 2014
	3

	Karkar
	29 Jan. – 15 Mar., 2013
	3

	Manam
	 12 Feb., 2013
	3

	Karkar
	1 Feb., 2012
	3

	Rabaul
	7 Oct., 2006
	4

	Manam
	28 Jan., 2005
	4













Table S2. Bulk rock and glass analyses from Hunga 2022 eruption material. 
	
	SiO2
	TiO2
	Al2O3
	Fe2O3
	MnO
	MgO
	CaO
	Na2O
	K2O
	SO3
	P2O5
	LOI
	SUM

	
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%

	Bulk XRF analysis of ash (collected after a little bit of rainfall, but not completely saturated – Nukualofa, Tongatapu, Tonga)
	
	
	
	
	
	
	
	
	
	
	
	
	

	HT9 – bulk
	55.62
	0.54
	14.95
	10.62
	0.18
	4.03
	9.03
	2.80
	0.55
	<0.01
	0.09
	1.53
	99.92

	XRF analysis of bulk pumice separated from the ash, de-ionised water washed, picked – sampled from Fu’amotu airport, Tongatapu, Tonga 
	
	
	
	
	
	
	
	
	
	
	
	

	HT1 – powdered pumice
	56.92
	0.56
	15.33
	10.83
	0.18
	3.89
	9.17
	2.03
	0.52
	<0.01
	0.10
	0.39
	99.92

	
	SiO2
	Al2O3 
	TiO2 
	MnO 
	FeO 
	MgO 
	CaO 
	Na2O 
	K2O
	P2O5 
	SO3 
	K
	

	
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	wt%
	ppm
	

	Electron microprobe analysis of glass from Hunga eruption 2022 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean value (n=330)
	61.41
	14.97
	0.54
	0.20
	8.45
	3.65
	8.35
	2.08
	0.55
	0.08
	0.13
	4572
	

	1 Standard Deviation (1SD)
	3.97
	0.92
	0.05
	0.02
	0.70
	0.84
	0.58
	0.24
	0.09
	0.02
	0.08
	729.5
	





Table S3. Data used for comparison from previous publication. 
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	SiO2
	Fe2O3
	Na2O
	K2O
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	wt%
	wt%
	wt%
	wt%

	XRF analysis of bulk ash from Hunga eruption 2009 (Brenna et al., 2022) 

	Mean value (n=8, 1SD)
	59.01 ± 0.1
	11.78 ± 0.06
	2.17 ± 0.09
	0.52 ± 0.01

	XRF analysis of bulk ash from Hunga eruption 2014–15 (Brenna et al., 2022) 

	Mean value (n=26, 1SD)
	58.99 ± 0.1
	11.79 ± 0.05
	2.20 ± 0.08
	0.52 ± 0.01

	ICP-AES analysis of bulk ash from Ambae eruption 2017 (Moussallam et al., 2019)

	Mean value (n=6, 1SD)
	50.47 ± 1.41
	10.09 ± 0.18
	3.07 ± 0.33
	1.79 ± 0.07

	Electron Microprobe analysis of glass from Ambae eruption 2017 (Moussallam et al., 2019)

	Mean value (n=89, 1SD)
	52.13 ± 0.43
	10.55 ± 0.29
	3.57 ± 0.14
	2.33 ± 0.11

	Electron Microprobe analysis of glass from Ambae eruption 2018 (Moussallam et al., 2019)

	Mean value (n=22, 1SD)
	51.77 ± 0.28
	10.46 ± 0.31
	3.53 ± 0.11
	2.22 ± 0.11

	XRF analysis of bulk ash from Hunga eruption 2022 (Whiteside et al., 2023) 

	Mean value (n=9, 1SD)
	54.78 ± 1.01
	10.42 ± 0.14
	2.31 ± 0.14
	0.47 ± 0.04

	Electron Microprobe analysis of glass from Rabaul eruption 2006 (Bernard and Bouvet de Maisonneuve, 2020) 

	Mean value (n=22, 1SD)
	64.45 ± 2.30
	6.17 ± 1.21
	4.76 ± 0.68
	3.18 ± 0.36
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Figure S1. (a) A map of the western SPO with volcanoes, highlighted. Contours indicate bathymetry derived from the ETOPO2. (b) OMI-derived mean SO2 total column amounts in the western SPO averaged over last 19 years (2004–2022). Brown triangle markers indicate the volcanoes and orange triangle markers indicate the coal-plants.

[image: Histogram

Description automatically generated]
[bookmark: OLE_LINK1]Figure S2. The number of pixels (0.25° x 0.25° grid) with SO2 values that exceed 99.9th percentile (0.931 DU).
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Figure S3. True color images on (a) 7 October 2006, (b) 20 and 27 July 2018, (c) 25 June 2019, and (d) 14 January 2022.
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[bookmark: OLE_LINK4]Figure S4. The spatial distribution of daily SO2 total column over the period of (a) 7⎼13 October, 2006, (b) 20 July ⎼ 4 August, 2018, (c) 26 June ⎼ 4 July, 2019, and (d) 15⎼20 January, 2022, with surface wind (at 925 hPa).  
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[bookmark: OLE_LINK3]Figure S5. The vertical distribution of CALIPSO-derived total attenuated backscattering coefficients in (a) 2006 (C1: 8 October, C2: 9 October), (b) 2018 (C1: 28 July, C2: 29 July), (c) 2019 (C1: 28 June, C2: 30 June), and (d) 2022 (C1: 16 January, C2: 17 January) along the orbits shown in Figure 3A. Arrows indicate the presence of volcanic ash plumes.



[image: ]
Figure S6. Classification of volcanic ash samples discussed here according to (a) silicon-potassium content (Ewart, 1982) and to (b) total alkali-silica content (Bas et al., 1986). Data from the eruption of Hunga in 2022 are from this work. Data from the eruptions in Tonga from 2009 and 2014/2015 are from Brenna et al. (2022), with data on the Vanuatu eruptions from Moussallam et al. (2019), and data for the Rabaul eruption in 2006 from Bernard and Bouvet de Maisonneuve (2020). 
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Figure S7. Fe2O3 content (wt%) in selected volcanic ash samples from the western SPO. Error bars (1 SD) are presented when larger than symbol size. Data from the eruption of Hunga in 2022 are from this work and where highlighted from Whiteside et al. (2023). Data from the eruptions in Tonga from 2009 and 2014/2015 are from Brenna et al. (2022), with data on the Vanuatu eruptions from Moussallam et al. (2019) and for the Rabaul 2006 eruption from Bernard and Bouvet de Maisonneuve (2020). 
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[bookmark: bookmark=id.1fob9te][bookmark: _heading=h.3znysh7][bookmark: OLE_LINK8][bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9]Figure S8. (a) The spatial distribution of 5 day-mean surface zonal current anomalies in the waters surrounded by Vanuatu, New Caledonia, and Fiji (difference of surface zonal current between 2022 and climatological value of 2004 to 2021). The arrows indicate the 5 day-mean current for 1⎼5, 6⎼10, 11⎼15, 16⎼20, 21⎼25, and 26⎼30 of January 2022, respectively. (b) Area-averaged timeseries of surface precipitation rate in the waters surrounded by Vanuatu, New Caledonia, and Fiji (blue box shown in Figure 2D). Red markers indicate the precipitation rate in 2022 and grey markers indicate the climatological mean precipitation rate and 1SD over the period of 2004 to 2021, respectively. (c) Area-averaged timeseries of MLD (blue box shown in Figure 2D). Red markers indicate the MLD in 2022. Grey and cyan markers indicate the climatological mean MLD and 1SD over the period of 2004 to 2021 and 2020 to 2021, respectively. 
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