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Numerical treatment of dry bed problem in the model of pyroclastic flows based on the
1-D shallow-water equations
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During explosive volcanic eruptions, a mixture of pyroclasts and volcanic gases is released from the vent. When the mixture
loses its upward momentum before the density of the mixture becomes lower than the atmospheric density, the mixture forms
a pyroclastic flow. Dynamics of pyroclastic flows can be approximated by that of an inviscid gravity current. The dynamics
of inviscid gravity currents are controlled by an inertial-buoyancy balance on the front (e.g., Benjamin, 1968); we refer to this
condition as ”the front condition”. The front condition, and hence, the dynamics of the inviscid gravity currents strongly depends
on the density ratio of the current (ρc) to the ambient (ρa) (e.g., Ungarish, 2009). Whenρc/ρa∼1, the current is characterized
by a high front, whereas a front height does not develop whenρc/ρaÀ1. In pyroclastic flows, because density ratioρc/ρa varies
spatially and temporally, the dynamics of pyroclastic flows becomes complicated; the basic features of pyroclastic flows, such as
the run-out distance, have not been fully understood. The aim of our study is to develop a unified model of the inviscid gravity
currents for various density ratioρc/ρa.

In general, the dynamics of shallow inviscid gravity currents can be described by the shallow-water equations. There are two
numerical models to solve the shallow-water equations: ”shock front condition model” (SFC model) and ”artificial bed-wetting
model” (ABW model). SFC model is a model, in which the front condition is applied to the boundary condition (e.g., Ungarish,
2009). The boundary condition is given as a function ofρc/ρa. On the other hand, in ABW model, an artificial wet bed with
the height ofεh0 is set on the dry bed in order to express the front condition, whereh0 is a characteristic height scale (e.g.,
Toro, 2001; Larrieu et al., 2006; Doyle et al., 2007). This model has the only parameterε for the front condition. Although the
front condition, and hence the appropriate value ofε must be a function ofρc/ρa, the relationship betweenε andρc/ρa has not
been studied. In order to resolve these problems, we carried out parameter studies using the two models for solving a simple
”one-dimensional (1-D) dam-break problem”.

On the basis of systematic comparisons between the results of SFC model and ABW model, we found the relationship between
the parameterε andρc/ρa : ε∼8.62·10−2·(ρc/ρa)−1.87. We also found that the application of ABW model should be limited to
15<ρc/ρa. In the case of 1<ρc/ρa<15, an unphysical shock wave propagates into the artificial bed so that the velocity and height
of the current substantially deviate from the solution satisfying the correct front condition.
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