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Eruption Scenarios and Probabilistic Forecasting

Setsuya NaKkADA™

Deterministic eruption scenarios may mislead taking countermeasures for coming hazards. Preparing the event tree

covering all phenomena which may happen in future eruptions even with low probability for the volcano is important not

only for forecasting eruptions but also for disaster prevention. Eruption event trees can be prepared in various concepts,

for example, eruption type, scale, hazard type, impact direction or area and so on. The probability tree is the event tree
equipped with probabilities for the branches. Probability trees by USGS and European scientists include the cumulative
trees, trees based on scientists’ elicitation and Bayesian trees. Introduction of the eruption event trees into the Japanese

volcanologist community began around 2009. Then, event trees were prepared for Izu-Oshima, Miyakejima,

Sakurajima, Usu, and Izu-Tobu volcanoes. Reasons for branching and time scales of events were also discussed and

shown on the event trees together with probabilities. The event tree for Sinabung volcano, Indonesia, as an example of

lava dome-forming eruptions was drawn in 2011, based on the geological study. On-going lava dome/flow eruption at

this volcano just followed the most probable scenario. For Sakurajima volcano, a conceptual event tree was drawn for

understanding the anomalies controlling the eruption scale.

Key words: event tree, probabilistic tree, conceptual event tree, eruption rate
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Fig. 1. Probability tree for the activity of Merapi volcano, prepared in June 2006 (Pallister et al., 2013). The cumulative
probabilities are shown in the boxes and are the product of the individual probability. Values beneath the boxes are the
individual probabilities for the particular event not related to the probabilities of the previous steps in the tree. Actual course
of eruption in 2006 is shown in heavy lined boxes. #1 to #5 indicate different areas impacted or scales of eruption. Branches
are prepared in terms of lava extrusion rate, pressurization within the dome or the upper conduit and eruption scenarios.
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ACTUAL COURSE OF ERUPTION
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Probability tree for the activity of Soufriére Hills volcano, Montserrat, prepared in the early stage of eruption

(Aspinall, 2006). A broad solid arrow indicates the actual course of eruption. The expert elicitation for fore-
casting was carried out two times on 30 March and 27 August 1996. The end branches of this tree summarize the
anticipated relative probabilities of potentially lethal pyroclastic flow and surge (PF) hazards in different areas.
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MIYAKEJIMA VOLCANO
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Eruption event tree of Miyakejima volcano.
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1ZU-TOBU VOLCANOES
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Fig. 4. Probability tree of magma ascent and eruption scenarios for Izu-Tobu volcanoes (Shizuoka Prefecture, 2011).
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Event tree for Sinabung volcano which was first prepared in 2011 (modified from Yoshimoto et al., 2013).
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Fig. 6. Eruption event tree for Usu volcano. Every eruption which occurred at Usu volcano accompanied formation

of lava dome or cryptodome with pyroclastic flow/surge and lahar.
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Fig. 7.

Relationship of the eruption rates and durations for Usu volcano and other recent eruptions. The volumes of

magma intruded in the shallow area (Hiromitsu Oshima, in preparation) were considered for recent four

eruptions (shown with *) when the eruption rates were estimated. When eruption durations are overestimated, the
plots may migrate parallel to oblique dashed lines (equi-volume lines). Data for Kelud and Sinabung are from
unpublished archives of ERI, Nishinoshima from Maeno ef al. (in review), for Shinmoedake and Unzen from Nakada
et al. (2013) and Nakada et al. (1999), respectively, and for Puyehue and Lamington from Pallister e al. (2013).
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Fig. 8.
latively large and huge eruptions occurred at Sakurajima

Conceptual event tree for Sakurajima volcano. Re-

every 30 years and 100 years, respectively.
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