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Abstract: In this paper, we propose a lava flow simulation program to predict the range of lava flows area
and thickness of lava flows during volcanic eruptions. The map information is represented as a ‘cell’ with
observed values per fixed area such as DEM and a lava flow prediction algorithm using a cellular
automata model is performed to predict the flow of lava flows. To obtain quantitative data of lava flows,
fluid properties of lava flows are defined as Bingham plastic fluid and derived equation is applied to the
rules of cellular automata. To verify the program, we use a 30m resolution DEM provided by USGS. We
compared simulation results with real lava flows for the Pu'u'O'o crater area in Hawaii, which has erupted
since May 24, 2016.
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Table 1. Definition of parameters used in Bingham
plastic fluid

Symbols Description
S, Yield Strength
P Density
g Gravity
n Viscosity
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Fig. 1. Structure of neighborhood in Cellular Automata
(Left: von Neumann neighborhood, Right: Moore
neighborhood). In this program, we use the moore
neighborhood structure.
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Fig. 2. Terrain Modeling in our lava flow simulation
program(Red object: lava, z: Altitude, h: lava thickness).
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Table 2. Typical parameters used in lava flow prediction
program

Symbols Description

£ Emissivity
c, Specific heat

o Stefan-Bolzmann constant
A Area

0,1(Cop) = O(Cop) — AQ, (Cy)

where
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(Vicari et al., 2007).
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Table 3. Simulation input parameters

Parameter Value Unit
DEM Resolution 30 m
Average eruption rate 10 m s
Lava density 2600 kg - m?
Lava viscosity 100 Pa-s
Eruption temperature 1600 K
Solidification temperature 900 K
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Fig. 3. Observed temporal evolution of lava flow emplacement and simulated lava flows on the Pu'u'O'o crater.
(a)~(c): actual lava path, (d)~(f): simulated lava path. (a): 30 days after eruption, (b): 36 days after eruption, (c): 64
days after eruption, (d): 5000 steps, (e): 10000 steps, (f): 30000 steps.
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