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Synopsis
This paper is a preliminary report that describes the outline of targets and present

results of our research project.

Problems on volcanic information and education for

mitigation of volcanic hazards fairly became clear by a workshop and educational

activity.

Present results on new tools applied for volcano monitoring at active

volcanoes in southern Kyushu are described; geomagnetic observation, remote sensing

for volcanic gases, and so on.
seismic datais described.

Basic concept of a system of information processing on
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1. Introduction

There are 108 active volcanoes in Japan, and 5
volcanoes have erupted on average, and severa
volcanoes indicate abnormal activity each year.
Among them, 3 to 4 volcanoes have induced severe
hazards or threatened people every decade, eg.
eruptions at Unzen volcano (1991-1994), Usu
volcano (2000) and Miyakejima volcano (2000-) and
volcano-seismic crisis at Iwate volcano (1998). Since
eruption gects huge amount of volcanic materials
and completely destroys everything around a volcano,
people must evacuate from hazardous zone to safety
area before eruption. Therefore, forecasting of
volcanic eruptions, volcanic hazard maps, and plan
for volcanic disaster prevention are essential tools for
mitigation of volcanic disasters.

In Japan, the Japan Meteorologica Agency
(JIMA) has responsibility for volcano monitoring and

has issued volcanic information to publics in volcano
crises. To cover insufficient ability of JMA in
volcano monitoring and evaluation of volcanic
activity, the Coordinating Committee for Prediction
of Volcanic Eruptions (CCPVE) was organized in
1974. Universities, Coast Guard, and other
institutions are the members, and CCPVE has
evauated significant volcanic activity and given
statements which have been announced as volcanic
information of JMA. This system has worked
effectively in case of the 2000 eruptions at Usu and
Miyakejima volcanoes, where volcanic aerts were
issued just after detection of significant earthquake
swarms, and people evacuated in safety area before
the onset of eruptions.

Miyakglima and Usu volcanoes are rather
exceptional, because most of Japanese volcanoes
indicate no significant seismic precursors just before
eruptions, and it is difficult to evaluate volcanic



activity only by seismic data and to issue clear
statement on the possibility of eruptions. At present,
local governments and people at most volcanoes are
urged to respond volcanic crises, accepting
incomplete and ambiguous vol canic information.

In this study, we will treat two topics. Thefirst
one is related to volcanic information and public
education for mitigation of volcanic disaster. The
second one is improvement in quality and ability of
prediction of volcanic eruptions, e.g. new methods of
volcano monitoring and evaluation method of
volcanic activity, including quick information system
on volcanic activity. In this paper, we will report
the outline of research activity during past 2 years.

2. Volcano information and public education

2.1 Workshop on volcanic information

On March 11, 2003, ‘ Sakurajima Workshop on
Information for Mitigation of Volcanic Hazards
supported by 21%Century COE program for DPRI,
Kyoto University, was held a Sakurgima,
Kagoshima (Ishihara ed., 2003). The main purposes
of the workshop are to exchange knowledge and
experiences in recent volcano crises at Usu, Iwate,
Miyakejiima, and Suwanosgiima volcanoes, and to
clarify problems related to volcanic information and
research topics in near future. 65 participants came
from JMA, loca governments, universities, Japan
Coast Guard, Ministry of Land and Transportation,
mass media and ingtitutions. Totally 14 papers were
presented.
[1] Revised definition and classification of active
volcanoes in Japan, based on their past activity
(Uhira, IMA-Headquarter)
[2] Volcano information and effective communica-
tion among disaster prevention organizations in the
2000 eruption of Usu volcano (Miyamura, JMA-
Sapporo)
[3] Volcanic disaster of the 2000 Usu eruption and
response of autonomy (Tanabe, Sobetsu Town
Office)
[4] The point of hazard mitigation at Usu volcano:
Support for communities through communication
(Okada, Hokkaido Univ.)
[5] Volcano information and countermeasure for the
volcanic unrest a Iwate volcano since 1998
(Yoshikawa, IMA-Sendai)
[6] Mitigation of volcanic hazards and response done
by universities (Hamaguchi, Tohoku Univ.)
[7] Volcano information and monitoring of Miyake-
jimavolcano (Usui, IMA-Tokyo)
[8] Response of Tokyo Metropolitan Government
and relationship with volcanologists for the 2000
Miyakejima eruption (Sasai and Miyazaki, Tokyo
Metropolitan Gov.)
[9] Volcanic activity and volcanic information at
Suwanosejima volcano in 2002 (Hiramatsu, JMA-
Fukuoka)
[10] Volcano

information and aert level of

Sakurgjimavolcano (Daiku et al., IMA-Kagoshima)
[11] Volcanic processes of large eruptions and
information at Sakurajima (Ishihara, Kyoto Univ.)
[12] Investigation on alert level of active volcanoes
in Japan —Present and future view- (Y amasato, JIMA-
Headquarter)
[13] User requirements on volcanic information
(Hayashi et al., IMA-Headquarter)
[14] Reguests on volcanic information from local
governments (Higashi, Kagoshima Prefecture Gov.)
Summary of active discussion are as follows:
(1) Contents and essential parts of ‘Volcanic
information’ are not easy to understand for staff of
local governments and people. Who are the users of
volcanic information? And to whom issue of volcanic
information is oriented? Detail explanation should
be done by JMA, and lesson on volcanological terms
is expected to staff of local governments and
residents at active volcanoes.
(2) Local governments expect to get ‘additional
information and advice from volcanologists of
universities. They need the other line of information
in addition to volcanic information from JMA.
(3) ‘Alert level of volcanic activity’ which will be
soon applied by IMA to 5 volcanoes was appreciated
by most of participants. Application to other
volcanoes and is expected, after negotiation on the
criteria of alert level with related autonomy is done.
(4) Communication systems among residents, local
government, scientists and so on at volcanoes are
important for mitigation of volcanic hazards.

2.2 Practical Public Education

Daisuke Fukushima, a COE researcher, has
continued practical activity to get procedures on how
to stimulate interest of residents toward Sakurajima
volcano and how to transfer knowledge for mitigation
of volcanic hazards, based on ‘Ecomuseum’ concept
(Fukushima and Ishihara, 2004). His activity
includes lectures for students and adults, lecture and
field tours for member of Sakurgiima Friend
Association organized by him. He collected
questionnaire from attendants and analyzed it. He
temporarily got some conclusions. Lecture and
education directly oriented to hazard mitigation are
not necessarily effective. Combined program of
lectures with field tours are more effective for
education on disaster, and the contents of the
program should include culture and nature of
Sakurgjima

3. Development of evaluation method of volcanic
activity

Southern Kyushu is the most active volcanic
zone in Japan (Fig.1l). Both Sakurgima and
Suwanosegjima volcanoes have intermittently erupted
for about half a century. Satsumalwojima has
emitted continuously huge amount of volcanic gases
over one thousand years, started emission of volcanic



ash in 1997. Kuchinoerabujima volcano, which
repeated strong phreatic explosions, indicated gradual
increase in volcanic activity.  Thus, southern
Kyushu is the best test field to develop monitoring
and evaluation methods on volcanic activity. In
addition, Kagoshima prefecture  government
published volcanic hazard maps and made plan for
mitigation of volcanic hazards for these volcanoes

(Table 1).
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Fig.1 Active volcanoes in southern Kyushu. Open
triangles are those added as active volcanoes by
revised definition of active volcanoesin 2003.

Table 1 Monitoring and hazard maps at volcanoes in
Kagoshima prefecture

Volcano Monitoring Hazard map  Last eruption
Kirishima JMA, Univ. Published 1991
Sakurajima JMA, Univ. Published 1955
Kaimon Univ. 885
Satsumarlonia JMA, Univ. Published 1998
Kuchinoerabujima Univ. Published 1980
Nakanoshima Univ. Published 1949
Suwanosgjima JMA, Univ. Published 1949

2.1 Research on the evaluation of eruption
potential at Kuchinoerabujima volcano.
Kuchinoerabujima volcano originated strong
phreatic explosions in 1841, 1931, 1933 and 1966.
Many residents were killed and some communities
were destroyed completely by eruptions and mud

flows. The 1966 eruption was followed severa
minor eruptions until 1980. Sakurgjima Volcano
Research Center started seismic observation in 1992
using an interactive personal computer system
(lguchi, 1991), as eruption potential is expected to
increase in a decade. Volcanic earthquakes have
actually increased since July 1999 (Fig.2).

Joint Observation by universities was carried out
in 2000-2001 to get baseline data on seismic,
geodetic, geomagnetic, geotherma and geochemical
observation (Sakurgjima Volcano Research Center,
2002). Most of observation data and results of
research suggested consistently that the storage of
eruption energy might be located 0.5-1 km under the
summit crater, e.g. location of micro-earthquakes was
concentrated at a zone shallower than 1 km under the
crater and no earthquakes deeper part. It was aso
recognized that seismic and geodetic data are not
enough to evaluate eruption potential for phreatic
explosions, and geomagnetic and geochemical
observation are required to be continued to detect
geothermal state under the volcano.

Continuous observation of geomagnetic force
around the summit crater was initiated using satellite
telecommunication in late of 2000 (Kanda et a.,
2001) and the method of data processing is devel oped
(Kanda and Fujii, 2003). Geomagnetic changes at a
rate of afew nT/y started in the mid of 2001, which
suggested demagnetization of volcanic body at a
depth shallower than 1km due to temperature
increase, probably, up to 400 or more Therate
of geomagnetic changes at stations around the crater
has been accelerated up to 10 nT/y since January
2003. Then new fumaroles appeared on the wall of
the summit crater in February, and CO was detected
in volcanic gases, which suggested temperature in the
subsurface of the summit areaincreased significantly.
Volcanic processes of the volcano are summarized as
follows:

1) 1991-June, 1999: Normal state

2) Mid of 1999- mid of 2001: Temporal increase in
internal pressure at shallow part indicated by seismic
and GPS data

3) Mid of 2001-December 2002: Temperature
gradually increased under the crater suggested by
geomagnetic changes and gradual increase in
seismicity.

4) January 2003-: Hydrothermal system under the
crater has been activated indicated by new fumaroles
and temperature increase on the crater wall,
acceleration of geomagnetic change and change in
chemical components of volcanic gases.

Thus it was revedled that geomagnetic
observation is powerful tool to evaluate geothermal
state at shallow part of active volcanoes. However,
it is ill unsolved problem how to evaluate
quantitatively heat energy accumulated under the
crater from the data of geomagnetic changes, and
whether phreatic explosions is triggered mainly by



the heat energy accumulation or excited by additional
intrusion of magma.

Residents reported that they recognized volcanic
rumblings or weak earthquakes immediately before
some of former explosions. To forecast eruptions, we
need both quick information processing of seismic
data and information on abnormal phenomena from
residents.
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Fig.2 Monthly number of volcanic earthquakes at
Kuchinoerabujima volcano

2.2 Geochemical tools for monitoring of volcanic
gases and volatilesin magma

Monitoring of gas flux and gas components from
active volcanoes and evauation of volatiles in
magma are considered as the most important tools for
evauation of volcanic activity and forecasting
volcanic eruptions for geochemists, since most of
eruptions are excited by gases dissolved from magma.

Recently, a new portable instrument for
measurement of SO2 emission is produced;
differential optical absorption spectrometer (DOAYS).
The size, weight and consumed electric power of
DOAS are much smaller than the former type, that is,
COSPEC (Correlation spectrometer), as brought and
operated by a single person at volcanoes. Takeshi
Mori, a COE researcher, made experimental
observation at Sakurgiima and Suwanosgiima to
check its performance of instrument and reliability of
obtained data with colleagues (Mori et al, 2004).
There are no significant difference in data between
DOAS and COSPEC and also no discrepancy in data
among three sets of DOAS. It is aso verified by
continuous monitoring for several hours performed at
the summit of Suwanosgjimathat DOAS is useful for
observation of temporal changes in SO2 emission
rate.

Volatile components trapped into volcanic ash
particles were analyzed, using ash samples of
Sakurgjima collected by SVRC during the past 30
years, and compared with eruption styles. Volcanic
ash emitted during swarms of B-type earthquake
contained higher amount of chlorine than that emitted
by explosive eruptions. This supports the hypothesis

derived from geophysical observation that swarms of
B-type earthquakes might be originated by extrusion
of fresh magma (Ishiharaand Iguchi, 1989).

2.3 Development of an automated information

system on volcanic earthquakes and activity
It is well known that volcanic earthquakes and

tremors observed at active volcanoes are classified
into severa types, and predominant types of seismic
events change with the progress of volcanic activity
including amplitude and number of volcano-seismic
events. Classification of volcano-seismic events
and statistical evaluation of the data is useful for
forecasting volcanic eruptions (e.g. Nishi, 1984;
Hidayati et al, 1998). Nishi (1988) proposed and
developed a prototype of automated data processing
system for volcanic earthquakes. It is composed of
two parts: the one is classification of seismic events
using severa parameters and the other one is
statistical evaluation of volcanic activity. The main
parameters using classification are

[1] Arrival times of triggered events

[2] Maximum amplitudes

[3] Spectra of seismic waves

[4] Duration

[5] Amplitude of air shocks, and combined parame-
ters among seismic stations.

Using these parameters, each event was classified
into ‘A-type earthquakes, ‘B-type earthquake',
‘Explosion’, ‘Eruption’, ‘Volcanic tremor’, ‘C-type
tremor’, ‘Debris flow’ and ‘Not volcanic'. He tried
to evauate statistically the possibility of explosions
in next 24 hours, using the data of B-type
earthquakes. The results were partly satisfactory for
a short time, but not necessarily acceptable
throughout a long time, because the quantitative
relationship between B-type earthquakes and
explosions changes with stage of activity. Later,
more reliable forecasting system, ‘Automated
Warning System for Summit Explosions was
developed using deformation data (Kamo and
Ishihara, 1989), and the system has been used by
Kagoshima Meteorological Observatory.

Volcano monitoring system a Sakurgjima
Volcano Research Center (SVRC) has expanded to
island volcanoes in Kyushu (Fig. 1). New seismic
data processing system is now being developing,
based on Nishi's trial. The concepts and purpose
are, however, different from hisidea. The purpose
is not ‘forecasting eruptions’ but ‘informing levels of
volcanic activity’ to researchers working at volcanoes,
volcano experts, autonomies and others. The
outline of the concept isillustrated in Fig. 3.

(1) Classification of seismic events at each volcano is
done in a similar way as Nishi did, though types of
seismic events at each volcano are differ from those
at other volcanoes.

(2) Short daily reports are regularly transmitted to



researchers and others by hand-phones or e-mails.
Detail data are accessible through internets. When
earthquake swarm or large earthquakes are detected,
rapid reports are transmitted.

(3) Information of three levelsisin consideration: for
volcano experts [level A], for governmenta use
[level B], and for residents[level C].

Now, this system isin test operation at SVRC. We
have several problems to be solved on practical use
of this system, e.g. check of result of classification of
volcanic earthquakes, criteria for evaluation of
eruption potential and some technical problems.
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Fig.3 Concept of information system on volcanic
activity

4. Concluding Remarks

It became fairly clear through the workshop and
practical activity on public education; what people
expect for volcanic information and how we should
transfer knowledge on mitigation of volcanic hazards.
Some tools were newly put into volcano monitoring
and a system of information processing on volcanic
data was introduced. It is our task in this project to
improve the evaluation methods of volcanic activity
from volcanological point of views, and to develop
the information system useful for mitigation of
volcanic hazards.
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