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Abstract

Continuous recording of volcanic clouds at Io-dake taken with digital and video cameras has been car-
ried out since 1998 in Satsuma-lojima, and also with automated monitoring system using a web camera
since 2003. The results of the photo observation with one-hour interval for three years during 2000 and
2002, supplemented with video records with ten-minute interval, were summarized concerning the behav-
ior of the volcanic clouds, with special attention to their heights. lo-dake was almost always ejecting vol-
canic clouds with rather constant strength from the summit crater, while explosive eruptions were rarely
seen. The cloud height seemed to be affected by wind velocity above the summit crater. That is, cloud
height and wind velocity were roughly in reciprocal proportion to each other. In addition to this, an extra-
rise in summer time was observed, compared with other seasons. The summit is often covered with a cap
cloud in humid weather, especially in the summer.
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Introduction

Recently, Satsuma-Iojima has displayed a little activity in eruption throughout the
year. As Satsuma-lojima is an isolated island, it is expected that the behavior of vol-
canic clouds is strongly affected by wind, to say nothing of atmospheric pressure, tem-
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perature of air and volcanic gases, inversion layer, internal pressure of magma,
structure of vent, property of emissions and magnitude of eruptions. The characteristic
features of the volcanic clouds influenced by wind make easy to connect and visualize
both geological and meteorological phenomena. Therefore, they are considered to be
good teaching materials for the people, including primary school and junior high
school students who are interested in volcanic activity.

The purpose of this work is to write up the automatic observation of volcanic
clouds at Satsuma-lojima, with special attention to their heights in relation to wind ve-
locity during January 2000 and December 2002. Since November 4" 2003, the vol-
canic activity level for main active volcanoes in Japan has been announced by Japan
Meteorological Agency (YAMASATO et al., 2004). At present, the volcanic activity for
Satsuma-Iojima is defined as level 2, which means a little active. Japan Meteorological
Agency started an automatic observation of the height of volcanic clouds by a camera
with ultra-high sensitivity on November 16" 2002. UcHIDA and SAKAI (2002) reported
seismic observations of volcanic earthquakes at Satsuma-lojima since September
1997. SHINOHARA et al. (2002, 2003) reported degassing activity at Satsuma-Iojima in
recent years. For the real time monitoring by the respective agency, studies of archived
records of a long-time observation of volcanic clouds in this paper may serve as a ba-
sis for the understanding of the ejection activity of the volcano.

Geographical and Geological Aspects of Satsuma-Iojima

Satsuma-lojima is a volcanic island located about 40 km SSW of the southern tip
of Satsuma peninsula (Fig. 1). The island lies at the northwest edge of Kikai caldera,
which measures 17 X 20 km?, and is one of the large calderas in southern Kyushu
(MatsumoTro 1943). Most of the caldera except for three islands, Satsuma-Iojima,
Take-shima and Shin-Iojima, lies below the sea level.

The landform of Satsuma-lojima shows the history of volcanic activity of this re-
gion (ONO et al. 1982). Yahazu-yama volcano, which is a pre-caldera volcano with ba-
salt and andesite lava flows, is cut by the caldera-bounding cliff where structure of
stratovolcano is well exposed. Rhyolite and dacite lava flows which lie on Yahazu-
yama volcano form the plateau west of the caldera rim.

About 7,300 years ago, a very big eruption occurred and an enormous amount of
pyroclastic materials were erupted in this district (MACHIDA and Aral, 2003). The
large depression, resulting from the absence of underlying magma, formed the present
Kikai caldera. Akahoya, a very fine, yellow to orange colored ash that is a good
marker-tephra for the early Jomon age, is from this eruption (MACHIDA 1977).

Inside the caldera rim, Inamura-dake volcano is a central cone in the center of the
island, 236 m high, comprising basaltic scoria, lava flows and a mafic andesite lava,
which started up its activity after formation of Kikai caldera. The volcano ceased its
activity before 3,000 y.B.P.. lo-dake volcano located in the east of the island is another
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Fig. 1. Topographic map of Satsuma-lojima modified after SHINOHARA et al. (2003). Filled square is the lo-
cation of digital and video cameras. The location of the vents (V1-V4), estimated from photos and
video pictures taken by these cameras, are shown in the map. Broken lines show the rim of Kikai Cal-
dera.

cone, above the sea level, of Kikai caldera. It began to erupt after Inamura-dake vol-
cano, and then has built itself up to a steep stratovolcano of rhyolite, 704 m high, and
is now giving off strong sulfurous fumes and water vapor near the summit crater and
the flank. Explosive eruptions with volcanic ash or bombs sometimes occur. Most ash
clouds are thrown up to a height of less than 1 km and fall back on to the volcano or
hang over the sea, depending on both the direction and velocity of the wind. The dis-
section by deep radial valleys is remarkable in contrast with Inamura-dake. Alluvium
and fan deposits cover the crater floor between caldera wall and post-caldera cones.

Acidic hot spring waters are gushing copiously from the seashore of the island,
which produce discolored seawater. Chemical composition of the mixtures of the pre-
cipitates and the coexistent solutions reflect that of the hot spring water (NOGAMI e al.
1993).

Automated Recording System

Investigations of volcanic clouds provide important information about volcanic
activities. Since July 23" 1998, recordings of volcanic plumes at Io-dake have been
continuously taken with digital and video cameras installed at the Mishima-Mura gym-
nasium lying about 3 km WSW of the crater of lo-dake (Fig. 1). Moreover, in Febru-
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Fig. 2. Typical images by (a) digital camera, SHARP MD-PS1 and (b) digital video camera, SONY DCR-
TRV900.

ary 2003, an automated monitoring system, composed of a web camera head and a
computer connected to the Internet, has been constructed at the Mishima-Mura Devel-
opment Center neighboring on the gymnasium. Each of these three cameras which
faces the summit of lo-dake is inside the buildings, and taking images through the win-
dow glasses. Methods of continuous monitoring of volcanic clouds from the ground in
general are discussed in KINOSHITA et al. (2004).

For the automatic long-time recording with one-hour interval, a digital camera
SHARP MD-PS1 was used successfully during July 1998 and February 2003, by ex-
changing the MD media every three months. In order to supplement this, video cam-
eras were used for the interval recording, which had been often exchanged for new
apparatus because of the mechanical trouble at early stages. Since the end of Septem-
ber 1999, a video camera SONY DCR-TRV900 was working quite well until July
2003, with a half second recording at ten-minute interval, running about three months
with one mini DV tape. Time-condensed records may reveal dynamical features of the
atmospheric flow in quick motion. The discussion in this paper is based on the photos
and video pictures, such as shown in Fig. 2 (a) and (b), taken by these cameras. We
note that somewhat wider view is obtained by the video records, while the digital
photo view is enough to observe daily activities of the volcano. The database of digital
photos has been exhibited in an Internet homepage in Japanese,
http://arist.edu.kagoshima-u.ac.jp/volc/iwo/.

Results and Discussion

Typical features of volcanic clouds

In Figs. 3-7, typical features of the volcanic clouds are shown from the records in
2002. Fig. 3 is a stationary cloud with a constant ejection strength, which was the
dominant type of the clouds. Stagnation of the plume such as Fig. 4 was seen in weak
wind, while downdraft along the mountain lee wave was seen under strong wind, such
as shown in Fig. 5. Although the ejection of volcanic cloud was rather constant most
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Fig. 3. Stationary cloud (02/11/19 17h). Fig. 4. Stagnation (02/3/13 11h).
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Fig. 5. Downdraft (02/7/8 9h). Fig. 6. Sequential eruption (02/6/1 19h).

of the time in this year, sequential and isolated eruption clouds were detected such as
shown in Figs. 6 and 7. The summit was often covered with a cap cloud from June to
the beginning of September.

Volcanic clouds used for the analysis were seen at center (Vi) and right (V2) of
the summit of lo-dake (Fig. 8). Except for Vi and V2, the other vents on Io-dake vol-
cano, which were detectable from the images taken with the automated monitoring sys-
tem, were placed in east (V3) and the flank faced west (Va) (Figs. 9 and 10,
respectively). Some examples of the cloud were mixing after lifted up independently
from Vi and V2, or waving vertically or horizontally.

Computer simulation of volcanic cloud

A computational program that provides the outline of volcanic plume by a wire-
frame (KINOSHITA and YosHIDA 1990) is used for the analysis of the lo-dake plume
(Fig. 11 (a) and (b)). On the assumption that the plume flows display horizontal move-
ments because of crosswind after getting the final heights, the wire frame of the plume
envelope is constructed as follows. We define the x-axis along the horizontal direction
of the plume at the stabilized height, and the y- and z-axes perpendicular to X in hori-
zontal and vertical directions, respectively, with the origin above the vent. We describe
the cross section of the plume at x by an ellipse with the horizontal and vertical radii
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Fig. 8. Plumes from vents Vi and V2 (02/9/8 7h).

Fig. 9. Vent V3 (02/3/30 16h). Fig. 10. Vent V4 (02/12/8 12h).

given by Ry(x) = ax? + ¢, R«(x) = bx? + ¢, where the constants a, b, ¢, p and q are ob-
tained from the fits to the observed data. For the height estimate, horizontal levels with
100 m interval from 800 m above the sea surface are shown along the north-south di-
rection, and at 1000 m along east-west direction. The levels to fit the wind direction
are also shown with 100 m interval from 750 m. The centers of these levels are located
on a vertical line above the bottom of the crater. Lines connecting the peak position,
the bottom of the vent and other ground points are also shown. Values for height and
outline of volcanic cloud and wind direction are determined by operating parameters
of the program. Synthesis of a real image and a cloud drawn by computer simulation
allows calculation of the height and flow direction of the cloud in question.

Io-dake plume heights and flow directions recorded between 2000 and 2002 were
estimated by the simulations. Photos by digital camera were used for the simulation,
which were supplemented by video pictures in case of absence of photo or eruption
clouds extending beyond the scope of the camera. In this paper, plume height stands
for the distance from the summit of lo-dake to the top of the plume.
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Fig. 11. (a) A sample of wire frame diagram and lines used for the computer simulation. (b) An example of
a result by computer simulation superimposed on a real image (02/6/9 15h). To outline the shape of Io-
dake, the summit peak, the bottom (566 m) of the crater, and the points on the seashore at 1800 m
NNW and 1200 m SSW from the bottom of the crater are connected by lines. Vertical line to indicate
the peak of Inamura-dake (240 m) and a horizontal line at the infinity are also shown. North-south and
the wind directions are expressed by black and gray lines, respectively, which are drawn for each 100
meters staggered with 50 meters portions in height. The lowest gray line shows 750 meters above sea
level. At the height of 1000 meters, east-west direction is indicated by a short gray line. Additional
three short lines along the north-south direction are drawn for each 50 meters above the summit peak.

Seasonal dependence of Io-dake cloud heights from 2000 to 2002

Fig. 12 shows maximum, minimum and mean values for the month of cloud
heights in 2000. The mean from February to June is lower than the other seasons, espe-
cially from July to September. These mean values of the cloud heights tend to be
higher in summer and lower in winter also in 2001 and 2002 (Figs. 14 and 16).

Since the behavior of volcanic cloud is much affected by upper wind around the
cloud height, it may be valuable to compare the plume flow with the radiosonde-de-
rived wind data provided by Kagoshima Local Meteorological Observatory, 83 km
NNE from Satsuma-Iojima. The use of nearest station data is reasonable as the upper
winds are rather uniform with horizontal change less than 100 km.

Figs. 13, 15 and 19 show the mean for the month of the wind velocity at pressure
levels of 900 hPa at 9:00 and 15:00 JST (Japanese Standard Time = UTC + 9 hours) at
Kagoshima in 2000, 2001 and 2002, respectively. Among the standard pressure levels,
925, 900, 850 hPa and so on, the pressure of 900 hPa nearly corresponds to 1000 me-
ters above sea level, and the mean for the year of cloud height of lo-dake is about 300
m (Figs. 17 and 18). Therefore, the wind data at 900 hPa may be suitable to discuss
the transport and diffusion of volcanic cloud at lIo-dake. The mean wind velocity at
15:00 for the month tend to be a little lower than at 9:00 (Figs. 13, 15 and 19). Both of
the mean wind velocity at 9:00 and 15:00 in winter are higher than the other seasons.

The results which were obtained in the way described above are compiled in Fig.
20. Regardless of cloud height, wind velocity data at pressure level of 900 hPa is used
here as a reference of the upper wind. Although the distribution of plots seems to be
somewhat broad in each year, it appears to be that the maximum cloud height falls off
inverse of the wind velocity as a whole.
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Fig. 12. Maximum, minimum and mean for the month of cloud height in 2000. Broken lines: maximum

and minimum. Solid line: mean. Data in January is absent from this chart because of lacking sufficient
record in the period.
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Fig. 13. The mean for the month of upper wind velocity at the pressure level of 900 hPa at 9:00 and 15:00

JST in 2000 at Kagoshima. The upper wind data were obtained by Kagoshima Local Meteorological
Observatory.
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Fig. 14. Maximum, minimum and mean for the month of cloud height in 2001. Broken lines: maximum
and minimum. Solid line: mean. Data in June is absent from this chart.
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Fig. 15. The mean for the month of wind velocity at the pressure level of 900 hPa at 9:00 and 15:00 JST
in 2001 at Kagoshima.
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Fig. 16. Maximum, minimum and mean for the month of cloud height in 2002. Broken lines: maximum
and minimum. Solid line: mean. Data in October is absent from this chart.
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Fig. 17. Histogram of the mean for the day of cloud height in 2002.
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Fig. 18. Histogram of the maximum for the day of cloud height in 2002.
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Fig. 19. The mean for the month of wind velocity at the pressure level of 900 hPa at 9:00 and 15:00 JST
in 2002 at Kagoshima.
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els of 900 hPa when the cloud reached the highest altitude during the day.
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Summary

From the analysis of the cloud heights from 2000 to 2002, it seems reasonable to
conclude that the cloud height shows a tendency to increase in summer. Data from Ka-
goshima Local Meteorological Observatory represents an increase of mean of wind ve-
locity in winter. We can see that the maximum cloud height varies in inverse proportion
to the wind velocity at that time. These results lead to the conclusion that cloud height
is strongly influenced by wind velocity. On the other hand, as seen in May and Octo-
ber 2000, the minimum of the wind velocity does not correspond the maximum of the
height. Thus, the rising of volcanic cloud may be affected by seasonal atmospheric
condition in addition to the wind velocity.

We started the search for hot spots at the crater wall by a near-infrared version of
the video camera since 2003 (KINOSHITA et al. 2004). Further information about Io-
dake cloud can be expected by multiple-point observation and analysis. Outline of this
paper in Japanese was reported in YAMAMOTO et al. (2004). Previous research up to
this paper is summarized in KINOSHITA et al. (2003).
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