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1 Data

The calibrated parameters with the high sensitivity correspond to the basal friction angle, fluid
friction coefficient, and environmental drag coefficient. We considered a solid-phase density of 2.8
(g/cm3) due to the Osorno volcano has a basalt-andesite composition.

Symbol Parameter Value units ‘ Source/reference ‘
Ps Solid material density 2800 kg/m?> Oyarzun (2019)
and Somos-

Valenzuela et al.,

2020
Py Fluid material density 1000 kg/m?> Standard for
water
¢ Internal friction angle * 32.4 Degree This study,
laboratory

measurements of

in-situ sample
o Basal friction angle 6 Degree Mergili et al.
2018a
C Virtual mass 0.5 - Mergili et al.
2017
Ur Terminal velocity 1 m/s Mergili et al.
2017
p Parameter for combination 0.5 - Mergili et al.
of solid- and fluid-like 2018a
contributions to drag
resistance
Re, Particle Reynolds number 1 - Mergili et al.
2017 and
Oyarzun 2019

J Exponent for drag 1 - Mergili et al.



2017 and
Oyarzun (2019)

Ngr Quasi-Reynolds number 4,5 - Oyarzun (2019)
Ngra Mobility number 3 - Oyarzun (2019)
and Somos-

Valenzuela et al.

(2020)
X Viscous shearing 0 - Mergili et al.
coefficient for fluid 2017
3 Solid concentration 0 - Oyarzun (2019)
distribution with depth and Somos-
Valenzuela et al.
(2020)
Cap Ambient drag coefficient 0,02 - Zwinger et al.
(2003)
Ce Entrainment coefficient -6,69 kgt Oyarzun (2019)
and Somos-

Valenzuela et al.

(2020)
Crr Fluid friction coefficient 0,001 Oyarzun (2019)
and Mergili et al.

2020

Table S1. Model parameters used in r.avaflow.

2 Methodology

Hydrogram No
Diffusive control Yes
Volume conservation Yes

Surface control Yes



Drag exponent Linear

Step Save time (t) 10

Simulation lenght (s) 500

Flow stop No

Name Petrohue

DEM ASTER or SRTM
Water content range 40% - 70%

Table S2. Model setup in r.avaflow

2.1 Model output

The main output results correspond to the flow height each 10 s of simulation, maximum height

reached by the flow, pressure, topography variations, flow velocity and flow volume.

3 Additional results



3.1 Simulations

3.1.1 Simulation with SRTM
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Figure S1. Left: Simulation with r.avaflow using 40% of initial water content. Right: Simulation

with r.avaflow using 45% of initial water content.



I e -678 [ PR

Figure S2. Left: Simulation with r.avaflow using 50% of initial water content. Right: Simulation

with r.avaflow using 55% of initial water content.
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Figure S3. Left: Simulation with r.avaflow using 60% of initial water content. Right: Simulation

with r.avaflow using 65% of initial water content.
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Figure S4. Left: Simulation with r.avaflow using 70% of initial water content.

3.1.2 Simulation with ASTER GDEM
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Figure S5. Left: Simulation with r.avaflow using 40% of initial water content. Right: Simulation

with r.avaflow using 45% of initial water content.
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Figure S6. Left: Simulation with r.avaflow using 50% of initial water content. Right: Simulation

with r.avaflow using 55% of initial water content.
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Figure S7. Left: Simulation with r.avaflow using 60% of initial water content. Right: Simulation

with r.avaflow using 65% of initial water content.
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Figure S8. Simulation with r.avaflow using 70% of initial water content.

4  Summary

DEM ASTER GDEM
Simulation 195 = 40% 7.699.909 8,06 5,55 1,63 16.670 468.172
Simulation 196 | 45% 7.752.633 | 8,06 5,75 1,10 16.670 464.564
Simulation 159 = 50% 7.656.355 | 8,05 5,94 1,74 16.670 475.812
Simulation 197 | 55% 7.533.716 | 8,04 6,14 1,62 16.670 485.413
Simulation 160 = 60% 7.631.139 8,08 6,34 2,13 16.670 499.523
Simulation 198 | 65% 7.797.333 | 8,08 6,54 1,13 16.670 499.363
Simulation 161 = 70% 7.827.133 8,05 6,74 1,58 16.670 517.670
DEM SRTM
Simulation 95 40% 8.364.900 | 8,78 6,33 1,87 16.670 483.828
Simulation 96 45% 8.547.565 | 8,78 6,55 1,60 16.670 499.563




Simulation 43 50% 8.300.874 8,78 6,78 1,64 16.670 507.000

Simulation 97 55% 8.483.538 | 8,78 7,01 1,28 16.670 527.344
Simulation 44 60% 8.308.406 @ 8,78 7,23 1,33 16.670 528.373
Simulation 98 65% 8.643.605 | 8,79 7,46 1,43 16.670 533.413
Simulation 45 70% 8.600.293 | 8,80 7,69 1,59 16.670 544.903

Figure S9. Results of r.avaflow using ASTER and SRTM models.

DEM ASTER GDEM with respect to back-analysis height

Simulation 195 -8% 63%
Simulation 196 -8% 10%
Simulation 159 -7% 16%
Simulation 197 -8% 8%
Simulation 160 -1% 42%
Simulation 198 -1% -25%
Simulation 161 -7% 5%
DEM SRTM with respect to back-analysis height 8.7 15
Simulation 95 1% 25%
Simulation 96 1% 7%
Simulation 43 1% 9%
Simulation 97 1% -15%
Simulation 44 1% -11%
Simulation 98 1% -5%
Simulation 45 1% 6%

Figure S10. r.avaflow error.
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