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Additional information for Tephra2 simulations

Plume heights for scenarios Cont-exp and Int-exp and the lower bounds of Min-exp were informed by GVP bulletins for eruptions in the Gede plus analogue volcano dataset. For Cont-exp and Int-exp the upper bounds of the plume height distributions were taken as the maximum reported height for the phase described in the bulletins. For the lower bounds we did not use the minimum reported heights since very low values were reported in some cases (c. 25m). To identify a lower bound for these scenarios we used the lower bound of the modal VEI (allowing each eruption to count only once), which are three and two for Cont-exp and Int-exp respectively. This approach was also used for the lower limit for Min-exp (modal VEI =2). The plume height range for Maj-exp was defined in Bebbington and Jenkins., (2022), (10-20 km) as was the upper limit for Min-exp (10 km) and the lower limit for Pl-exp (20 km). 


Information on the total erupted mass from eruptions at our analogue volcanoes is not available, therefore for eruption scenarios Min-exp - Pl-exp we used the column heights to calculate erupted volumes using the relationship developed by Mastin et al., (2009).  Volume was then converted to mass using a density of 935 kg/m3 (Bear-Crozier et al., 2012). For our prolonged eruption scenarios, we used the Vulcanian setting within TephraProb (Biass et al., 2016), in doing so the erupted mass of each explosion is calculated from the sampled plume height using the thermal equation of Bonadonna et al., (2002). 

Total grain size distribution (TGSD) is one of the most difficult eruption source parameters to constrain, requiring interpolation from widespread field data (Pioli et al., 2019). TGSD information is not available for any of our analogue volcanoes, we therefore expanded the search to look at eruptions globally with characteristics that fit with our eruptive scenarios for Gede (Table 1).

Strombolian (Cont-exp) or vulcanian (Int-exp) style eruptions consist of a series of discrete explosions that can last from days to years. In our analogue set, phase durations ranged from 1-850 and 1-1605 days for Cont-exp and Int-exp respectively. For the eruption duration we used a uniform distribution bounded by the 25th-75th percentile durations. For the repose interval between explosions, we used a log-normal distribution between 20 mins – 1 hour for Cont-exp and 1 hour-24 hours for Int-exp, which gives preference to the lower repose times (Sandri et al., 2014; and Biass et al., 2016).

Table 1. Input parameters for tephra fall simulations conducted using Tephra2 run through the matlab probabilistic wrapper TephraProb (Biass et al., 2016). 
	
	Continuously explosive
	Intermittently explosive
	Minor explosive
	Major explosive
	Plinian explosive

	Wind
	10 years (2014-2023) ECMWF ERA5

	Grid
	2 km x 2 km
	1 km x 1 km

	Number of simulations
	5,000
(1 season scenario produced a huge amount of data, 1.25TB)
	10,000

	Seasonality
	Dry season April-November
Rainy season December-March

	Plume ht (m above vent)
	3,000- 7,000
(analogues)
	1,000-8,000 (analogues)
	1,000- 10,000
(analogues and Bebbington & Jenkins., 2022)
	10,000-20,000 (Bebbington & Jenkins., 2022)
	20,000- 30,000
(Bebbington & Jenkins., 2022)

	Duration
	1-13 days
(25th-75th percentile from Gede & analogues)
(uniform dist)

	1-18 days
(25th-75th percentile from Gede & analogues)
(uniform dist)

	1-6 hours
(Newhall & Self., 1982)

	Erupted mass
	Calculated in TephraProb from plume height using the thermal equation of Bonadonna et al., (2002)
	 -

	 -

	 -


	Repose interval
	20 mins-1 hour
(analogues)
(lognormal dist)
	1 hour- 24 hours (analogues)
(lognormal dist)


	

	Particle size bounds
	-3-5
	-2-8
	-2-8
	-5-10
	-4-4

	Median grain size
	0.5
-0.5-1.5
	3
2-4

	3
2-4

	2.7
1.7-3.7
	1.35
0.35-2.35

	Standard deviation
	3.7
2.7-4.7
	2
1-3
	2
1-3
	2.4
1.4-3.4
	1.16
0.16-2.16

	
	Etna 2002 (Andronico et al., 2008)
	Souffriere St Vincent 1979 (Brazier et al., 1982)
	Souffriere St Vincent 1979 (Brazier et al., 1982)
	Chaiten 2011 (Alfano et al., 2016)
	Pinatubo 1991 (Volentik, 2009)

	Aggregation
	30-70% of particles <63m
Sparks et al., (1997) suggest that most particles <63m fall as aggregates

	Eddy constant
	0.04 

	Diffusion coefficient
	4900

	1636

	3183


	Fall time threshold
	5000
(Fuego 1974, Biass et al., 2016)
	2044
(Cotopaxi layer 5, Biass & Bonadonna, 2011)


	5911
(Cotopaxi layer 3, Biass & Bonadonna, 2011)

	Lithic density
	2300 kg/
(Fieldwork at Gede, Bear-Crozier et al., 2012

	Pumice density
	935 kg/
(Fieldwork at Gede, Bear-Crozier et al., 2012)

	Column steps
	150
Reflects a maximum distance between vertical point sources of 200m

	Particle steps
	20
Reflects a maximum bin width of 0.75 phi, in line with the work of Bonadonna et al ., 2002

	Plume model
	Beta distribution  = 1,  = 1
Uniform mass distribution, after Bonadonna et al., (2002)
	Beta distribution  = 3,  = 1.5
The majority of mass is released at around 80% the total height
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