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From Volcano observation to Volcanic Disaster Risk Reduction
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Synopsis

This paper describes the characteristics of volcanic eruptions obtained from observations at
Sakurajima, Satsuma-Iwojima, Kuchinoerabujima, and Suwanosejima in the Ryukyu Islands, and
Guntur and Merapi volcanoes in Indonesia, and how the characteristics of volcanic activity revealed
by the observation can be linked to forecasting eruption and hazard assessment. Since 1955,
Sakurajima has been experiencing Vulcanian eruptions that cause damage due to falling volcanic
bombs and air-shocks. Tiltmeters and strainmeters installed in underground tunnels have enabled
us to detect the uplift and inflation of the volcanic body as a precursor to a Vulcanian eruption. B-
type earthquakes that precede a Vulcanian eruption are accompanied by Strombolian eruptions and
degassing. This results in the formation of a lava dome and underlying gas pocket. Volatile content
is an important parameter in forecasting eruption style. As on Sakurajima, the segregation of
hypocenters of A-type and B-type earthquakes is identified at Satsuma-Iwojima and ground uplift
preceding eruptions is detected at Suwanosejima. The precursors to the 2015 eruption at
Kuchinoerabujima were stronger than those of the 2014 eruption. It was necessary to forecast the
hazard factors and their extent from the observed phenomena, however the alert zone based on the
observation could not extend prior to the 2015 eruption. The energy of seismic activity preceding
the 2010 eruption at Merapi Volcano allows to forecast the extent of pyroclastic flow that occurred
after the seismicity. A support system for decision making was developed in Indonesia to utilize
the forecasting for warning announcements. It is necessary to evaluate the types of hazards and
their extent from observation data. Hazard assessment is important for Sakurajima, where a large-
scale eruption is expected to occur in the future based on the amount of ground uplift in the Aira

caldera, and should be reflected to alert zone of Level 5 (evacuation) warnings issued by the JMA.
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Fig. 1 Annual numbers of explosive eruption at
Sakurajima (top) and annual emission of volcanic ash
during the period from 1955 to 2023. The explosive
eruption is discriminated by air-shock 210 Pa at

Harutayama, 2.7 km from the Minamidake crater.
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Fig. 2 Flight distance of volcanic blocks ejected by
Vulcanian eruptions at Minamidake crater of

Sakurajima.
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Fig. 3 Location of underground tunnels at Sakurajima
volcano. Yellow squares indicate underground
tunnels. “K” and “M” are craters of Kitadake and

Minamidake.
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Fig. 4 A model of Vulcanian eruptions based on
decompression and vesiculation of high-pressure

magma.
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Fig. 5 A model of Vulcanian eruptions based on
decompression and vesiculation of high-pressure

magma.
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Fig. 6 Transition of eruption style from ash emission
to Strombolian eruption. Upper graph in each panel
shows strain change in Harutayama (Fig. 3)
underground tunnel. Red and blue curves represent
radial and tangential components to the Minamidake
crater, respectively. Lower graph in each panel shows
change of infrasound amplitude. Grey and red dots
represent ash emission and Strombolian eruption,
respectively. Ash emission and Strombolian eruption

are discriminated by waveform pattern.
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Fig. 7 Hypocenter distribution at Satsuma-Iwojima

volcano. Blue and red dots represent the locations of
A-type and B-type earthquakes, respectively. Crosses

are locations of seismometer.
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Fig. 8 Seismogram associated with eruption at

Suwanosejima  volcano. Upper:  Displacement
seismogram integrated from velocity seismogram

(STS-2). Lower: Low-pass filtered displacement.
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Fig. 10 Increase in volcanic activity prior to the
eruption on May 29, 2015. Upper: Daily number of
volcanic earthquakes. Gray and black bars indicate
counts by Kyoto University and JMA, respectively.
Middle: Displacement of GEONET site 970725 (Fig.
1), referred to the 970727 on Yakushima. Curve shows
running average of vertical displacement in 30 days.
Power outage due to eruptive activity interrupted the
observation from June to November 2015. Lower:
Discharge rate of SO2 (Mori et al., 2017).
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Fig. 11 Epicenter distribution of VT earthquakes at
Guntur volcano, West Java, Indonesia. Crosses

indicate seismic stations.
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Guntur volcano, West Java, Indonesia. Crosses

indicate seismic stations.
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Fig. 15 Ground deformation of Aira caldera and
eruptive activity at Sakurajima volcano. Top: Vertical
ground deformation at BM.2474 referred to BM. 2469
(Kagoshima city). The green line is the black line
magnified by a factor of 10. The scale is shown on the
right axis. Bottom: Annual eruptive volume (DRE).
Gray bars are estimation based on number of

vulcanian eruptions.
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Fig. 16 Disaster due to the Taisho eruption in 1914. Grey area is covered by lava flow. Dashed lines indicate

pyroclastic flow. Grey curve is pumice and ash fall with thickness >30 cm. Numerals represent number of casualties.

Modified from Sakurajima Taisho Eruption 100th Anniversary Commemorative Book.
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