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Preface

O O This volume of Occasional Papers, Number 37 in the series, is a report of a
forum entitled“ Researching Eruption Clouds of Volcanic Idand Chains’, which was
held under the auspices of the Kagoshima University Research Center for the Pacific
Islands on 9-10 November 2002. On the first day of the forum, lectures open to the genera
public were given by four speakers about volcanic history in the islands of south-west
Japan, satellite observation of volcanic clouds, the measurement of volcanic gas at
Miyakejima, and simulation studies of the gas dispersion. On the second day, seventeen
presentations of recent results on related problems were done in the following sessions:
00 0 Session 1. Volcanic activities at Miyakegjiima

00 0O Session 2. Dispersion analysis of volcanic gas

00O 0 Session 3. Volcanic activities of South-West Idands in Japan

00O O Session 4. Monitoring volcanoes from satellites

00O The forum was supplemented with posters and computer demonstrations related to
the talks, the web sites for volcano watching and invitations to volcanic islands. Thus,
the forum contributed to strengthen the ties between the specialists and peoples in-
and outside Kagoshima prefecture, including inhabitants now evacuated from Miyakejima.
The forum was organized as a domestic one except for one tak in English, S15,
and a few foreign participants. In each report in this volume, an English abstract is
attached at the end.

0O O An important purpose of this forum was interdisciplinary discussions among volcanolo-
gists, simulation analysts on atmospheric dispersion, and satellite remote sensing research-
ers. Many talks were focused on the problem of the extraordinary e€jection of volcanic
gas at Miyakegjima since the summer of 2000. Approaches from various directions to clarify
this problem may serve as basic scientific understandings of the phenomena for the
reconstruction of the lives in Miyakejima in near future. The other point of focus
was the observation of eruption clouds, from space and the ground, at volcanic islands
in Japan and others belonging to the circum-Pacific 'Ring of Fire. The establishment
of continuous monitoring systems and the elaboration of the detection methods are
very important both for the disaster prevention around the volcanoes and the safety
of the ar routes near the chains of volcanic idands around the Pacific Ocean. This
forum may be regarded as an important step in this direction.

0o0oo0bgobdJdanuay 9, 2003

0000000000000 000000OKIise KiNosHITA, Editor
0000000000 00D0000000O Faculty of Education, Kagoshima University
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Tephra name Abbrevation *Cage Calendar/ Categories of
calibrated age age estimation

Shinmoedake Showa Ash Kr-5mS AD 1959 (a)
Snkurafimﬂ Taisho/P1 Sz-Ts/P1 AD 1914 (@)
Shinmoedake Bunka Ash Kr-SmB AD 1822 (a)
Shinmoedake Meiwa Pumice Kr-SmM AD1771~72 (a)
Shinmoedake Kyoho Pumice Sr-SmK AD1716~17 (a)
Sakurajima Bunmei/P3 Sz-Bm/P3 AD 1471~76 (a)
Ohachi Ash Kr-Oh 14~17C (a), ()
Takaharu Scoria Kr-Th AD 1235 (a)
Miyasugi Ash Kr-Ms 10C (a), ()
Katazoe Scoria Kr-Kz AD 788 (a)
Nakadake Ash Kr-Nkd 2.3kaBP ~ 2.4 cal ka BP ~ ©
Mi-ike Tephra Kr-M 4.2 ka BP 4.6 cal ka BP (c)
Maeyama Pumice Kr-My 4.9 ka BP 5.6 cal ka BP ©

Oji Scoria Kr-Gj 6.0 ka BP 6.8 cal ka BP ©
Mochiharu Ash Kr-Mh 6.9 cal ka BP (d)
Ushinosune Ash (upper) Kr-UsU ~7.1 cal ka BP @)
Kikai-Akahoya Tephra K-Ah 6.5 ka BP 7.3 cal ka BP (b)
‘Ushinosune Ash (lower) Kr-UsL 6.7 ka BP ~ 7.6 cal ka BP ~ (c)
Kamamuta Scoria Kr-Km 7.4 ka BP 8.1 cal ka BP (c)
Setao Pumice Kr-5t 9.2 ka BP 10.4 cal ka BP (©)
Sakurajima-Satsuma/P14 Tephra 52-5/P14 11 ka BP 12.8 cal ka BP (c)
Kobayashi Pumice Kr-Kb 14 ka BP 16.7 cal ka BP (c)
Karakunidake Scoria Kr-Kr 22 cal ka BP ()
Aira-Tn Tephra AT 24.5 ka BP 29 cal ka BP ®)

000000000000 D0O00O0DOOOOoooO
(@OO000MoOOOO0D0OO(EPO0D0O000D000O0oO0oooNWOOoOD

Tephra name Abbrevation “Cage Calendar/ Categories of
calibrated age age estimation
Sakurajima Taisho/P1 5z-Ts/P1 AD 1914 (a)
Sakurajima An-ei/ P2 Sz-An/P2 AD 1779~1782 (a)
Sakurajima Bunmei/P3 Sz-Bm/P3 AD 1471~1476 (a)
Sakurajima Tenpyohoji/ P4 Sz-Tn/P4 AD 764~766 (a)
Sakurajima Minamidake Ash Sz-Mn 4.0~1.7 ka BP 4.5~1.6 cal ka BP (©)
Sakurajima P5 Sz-P5 49 ka BP 5.6 cal ka BP ()
Sakurajima P6 Sz-P6 3.5 ka BP 3.8 cal ka BP (c)
Sakurajima Takatoge2/ P7 Sz-Tk2/P7 4.5 ka BP 5.0 cal ka BP (b)
ITkedako Tephra Ik 5.6 ka BP 6.4 cal ka BP (c)
Sakurajima P8 Sz-P8 5.7 ka BP 6.5 cal ka BP (©
Kikai-Akahoya Tephra K-Ah 6.5 ka BP 7.3 cal ka BP (b)
Sakurajima P9 5z-P9 7.5 cal ka BP (d)
Sakurajima P10 Sz-P10 7.7 cal ka BP (d)
Sakurajima Sueyoshi/ P11 Sz-8y/ P11 8.0 cal ka BP (e
Yonemaru Tephra A-Yn 7.3kaBP 8.1 cal ka BP (©)
Sumiyoshi-ike Scoria A-Sm 8.2 cal ka BP (d)
Sakurajima Uwaba/ P12 Sz-Ub/ P12 8.0 ka BP 9.0 cal ka BP (©
Sakurajima Takatoge3/ P13 Sz-Tk3/P13 9.4 ka BP 10.6 cal ka BP ()
Shinjima Pumice A-5j 11 ka BP 12.8 cal ka BP (c)
Sakurajima-Satsuma/P14 Tephra  5z-8/P14 11 ka BP 12.8 cal ka BP ()
Takano Base Surge A-Tkn 16 ka BP 19.1 cal ka BP (©)
Sakurajima Takatoge4/ P15 Sz-Tk4/ P15 21 ka BP 24 cal ka BP (c)
Sakurajima Takatoge5/ P16 Sz-Tk5/P16 22 ka BP 25 cal ka BP (c)
Sakurajima Takatoge6/ P17 5z-Tk6/P17 23 ka BP 26 cal ka BP ()
Aira-Tn Tephra AT 24.5ka BP 29 cal ka BP (b)
Kenashino Tephra A-Kn 25.3 ka BP 30 cal ka BP ()
Fukaminato Tephra A-Fkm 26.5 ka BP 31 cal ka BP (c)

Otsuka Pumice A-Ot 30 ka BP 32.5 cal ka BP (c)
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Tephra name Abbrevation o age Calendar/ Categories of
calibrated age age estimation
Kaimondake 12b Kmi12b AD 885 (a)
Kaimondake 12a/ Murasaki-gora Km12a AD 874 (a)
Kaimondake 11/ Ao-gora Km11 7C (a)
Kaimondake 10 Km10 1.7 cal ka BP (d)
Kaimondake 9/ Anshi-gora Km% 2.0 ka BP 1.9 cal ka BP (c)
Kaimondake 8 Km8 2.0 cal ka BP (@)
Kaimondake 7 Km?7 2.3 cal ka BP (d)
Kaimondake 6 Kmé 2.5 cal ka BP (d)
Kaimondake 5 Km5 3.0 cal ka BP (d)
Kaimondake 4/ Hai-gora Km4 3.4 cal ka BP (d)
Kaimondake 3 Km3 3.7 cal ka BP (d)
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Tephra name Abbrevation “C age Calendar/ Categories of
calibrated age age estimation
Iodake Tephra Group (upper) K-IoU ~ 0.4 ka BP ~ cal AD 1600 (©
Inamuradake Tephra Group K-In 3.6 ~ 3.0ka BP 3.9 ~ 3.2 cal ka BP (c)
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Kikai-Akahoya Tephra K-Ah 6.5 ka BP 7.3 cal ka BP (b)
Sakurafima-Satsuma/P14 Tephra 5z-5/P14 11 ka BP 12.8 cal ka BP (c)

Kikai-Komoriko Tephra Group K-Km 13 ~ 8.0 kaBP 16 ~ 9.0 cal ka BP (c)
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Eruptive history of active volcanoes in southern Kyushu and
Nansei Shoto islands, Japan

Tetsuo KOBAYASHI™ and Mitsuru OKUNG’
“Faculty of Science, Kagoshima University
OFaculty of Science, Fukuoka University
“E-mail: koba@sci.kagoshima-u.ac.jp

Abstract

0 0 Many active volcanoes and caldera volcanoes are aligned from southern Kyushu
to Nansel Shoto islands. Among them, Sakurgjima and Suwanosgjima volcanoes
are very active even at present. However, other volcanoes also have been active,
and have repeatedly erupted during the last 30,000 years. When the eruptive history
of these volcanoes is summarized, some interesting scientific phenomena, such as the
interlock of eruptions, the relation between earthquakes and eruptions, and the
earthquakes that happened during the eruptions, become clear.
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Satellite observation of volcanoes and their clouds
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Satellite observation of volcanoes and their clouds

Kisei KINOSHITA
Faculty of Education, Kagoshima University
E-mail: kisel@edu.kagoshima-u.ac.jp

Abstract

0 O Meteorological satellite data with their frequent observations are useful for the
understanding of volcanic eruptions and the flow of the gas and clouds. In order
to study the details of the clouds, volcanic topographies and properties of their
surfaces, the earth observation satellites with high spatial resolution are important.
We discuss satellite images of Sakurgjiima and other volcanoes in the south-west
islands of Japan. We aso discuss the recent activities of Miyakgima, where a
great amount of gas has been emitted.
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Extremely large amount of volcanic gas emission
from Miyakejima volcano, Japan
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OTokyo Institute of Technology
“E-mail: kazahaya-k@aist.go.jp

Abstract

0 0An extremely large amount of volcanic gas has been released since mid-August
2000 from the volcanic island of Miyakejima, Japan, after the formation of a summit
caldera. In late-2000, the emission rate of SOz measured by airborne COSPEC
averaged 42 kt/d, which is an order of magnitude larger than that of other volcanoes.
00 The SOz flux exceeds the global SOz emission from volcanoes (26 kt/d). The
degassing continues in 2002 and still exceeds 10 kt/d. The total SO: emitted was
16 Mt as of August 2002, and necessary amount of the degassed magma is estimated
to be 2.2km® Here we present both observational results and a simple degassing
model, which explain the gigantic SO2 emission from a magma chamber. This
large and continuous degassing phenomenon is interpreted as the result of degassing-
induced magma convection in conduits with a large diameter, which might have
been created during the caldera collapse.
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Numerical investigation of the behavior of volcanic smokes
from Miyake-jima in stably stratified fluids
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Numerical investigation of the behavior of volcanic smokes
from Miyake-jima in stably stratified fluids

Takanori UcHIDA’ and Yuji OHYA
Research Institute for Applied Mechanics, Kyushu University
"E-mail: takanori@riam.kyushu-u.ac.jp

Abstract
OOIn order to develop an overal efficient and accurate model of simulating
an unsteady three-dimensional airflow over complex terrain with characteristic
length scales of the order of kilometers, we have been examining the large-
eddy simulation (LES) technique using a finite-difference method (FDM). These
LES codes are referred to as the RIAM-COMPACT (Research Institute for Applied
Mechanics, Kyushu University, Computational Prediction of Airflow over Complex
Terrain), and are based on two grid systems and corresponding variable arrange-
ment: one is an orthogonal staggered grid; the other is a generalized curvilinear
collocated grid. In this paper, using the RIAM-COMPACT with a generaized
curvilinear collocated grid, we have performed the calculations of stably stratified
airflows over an isolated steep hill. A strong wind area caused by a lee wave
was clearly seen near the first trough behind the hill. Next, we made calculations
of stably stratified airflows over Mt. Miyake. Particularly, the behavior of the
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passive particles released from the top of Mt. Miyake was clearly investigated.
Furthermore, the investigation of scalar transport and dispersion was conducted.
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Dynamics of ejected volcanic gasses from Miyakejima Volcano

Akihiko TERADAY™ and Yoshiaki IDAZ
1Earthquake Research Institute, University of Tokyo
2Himeji Institute of Technology
*E-mail: terada@eri.u-tokyo.ac.jp

Abstract
00O Translucent volcanic gasses were gected from the top of the cone that was
formed in the south of the collapsed crater. These gases ascended with entrained
ambient air and became saturated at about 200m above the cone. Above the top
of the wall of the collapsed crater, these volcanic gasses have some characteristics
of a thermal. On the long term since September 2000, the maximum heights,
ascending velocities and width of the gected clouds have tended to decrease slowly.
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Sulfur dioxide observation with ASTER and MODIS at
Miyakejima volcano, Japan

Minoru URrai
Geological Survey of Japan,
National Institute of Advanced Industrial Science and Technology
E-mail: urai-minoru@aist.go.jp

Abstract

00 The author estimates the two-dimensional spatial distribution of volcanic SOz
using space borne multispectral scanners operated in the thermal infrared region
such as ASTER and MODIS. The author proposes a method to estimate wind velocity
and plume height using an aong-track stereoscopic pair image. Volcanic SO2 flux
can be estimated from the spatial distribution of SOz and wind velocity. Since
ASTER has both the Thermal Infrared Radiometer (TIR) and the nadir-backward
stereoscopic viewing function, we can estimate the volcanic SOz flux by the ASTER
data alone. These methods are applied to the Miyakejima volcano, Japan. The SOz
flux derived from ASTER is around 5 x10* ton/day, which is larger than that derived
from COSPEC.
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Composition and size distribution of submicrometer aerosol particles
observed at Mt. Fuji in the volcanic plumes from Miyake-jima
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Atmospheric Environment and Applied Meteorologica Research Department,
Meteorological Research Institute
*E-mail: hnaoe@mri-jma.go.jp
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Composition and size distribution of submicrometer aerosol particles
observed at Mt. Fuji in the volcanic plumes from Miyake-jima

Hiroaki NAoE* and Kikuo OKADA
Atmospheric Environment and Applied Meteorological Research Department,
Meteorological Research Institute
*E-mail: hnaoe@mri-jma.go.jp

Abstract
00 In September 2000, individual aerosol particles were collected with an electro-
static aerosol sampler at the summit of Mt. Fuji (3776 m above sea level) and
the number-size distribution and composition were examined by electron microscopy.
0 O During the first half of the campaign (September 13-15), high number proportions
of sulfuric-acid containing particles with the mode radius of 0.06um were observed
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in the radius range of 0.02 to 0.2um when a humid maritime air-mass came from
the south. Sulfate and sulfur dioxide also showed high concentrations in this period.
These results suggested that the volcanic plumes of Miyake-jima were transported
up to the summit of Mt. Fuji. On the other hand, during the latter half (September
18-20), low proportions of sulfuric-acid containing particles in total particles were
measured when the dry continental air-mass came from the west. It is suggested
that in the free troposphere volcanic SOz plays an important role in the enhancement
of aerosols in the accumulation mode.
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Satellite imagery of Miyakejima plumes and high concentration
events of volcanic gas
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Satellite imagery of Miyakejima plumes and high concentration
events of volcanic gas

Naoko l1iNnO™ , Megumi KoYAMADA? , Kisal KINOSHITA?
and Chikara KANAGAKI?
Department of Mechanical Engineering, Kagoshima University
2Faculty of Education, Kagoshima University
*E-mail: iino@mech.kagoshima-u.ac.jp

Abstract
O0lt has been identified by our previous studies that SO. high concentration
episodes at Miyakegiima are observed at the volcanic gas-measuring stations located
in the lee of strong winds.
0 O In this report, we discuss cases of the high concentration events, observed during
September - December 2001, the causes of which were not clear in our previous
studies, by analyzing the atmospheric conditions and the remote monitoring videos
taken a Miyakegjima. We also report several cases with satellite images during
January - July 2002. For these cases we examined SO. concentrations, upper wind
data, ground observation images, weather maps, and atmospheric stabilities.
00 Our results are that when the high concentration events caused by strong winds
were observed, the atmosphere was neutral or stable. On the other hand, when
high concentrations were not observed, the atmosphere was stable and there were
no significant temperature inversions at altitudes between the summit and plume
height.
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Estimation of surface SO: gas density of Miyake Island

Masaru CHIBA™O Hidetaka SasakiO Naoko SEINO and Junji SATO
Atmospheric Environment and Applied Meteorological Research Department,
Meteorological Research Institute, Meteorological Agency of Japan
*E-mail: mchiba@mri-jma.go.jp
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Sasaki H, N. Seino, J. Sato and M. Chiba (2002): Development of a Dispersion
Model for Volcanic Gas over Miyake Island, J. Met. Soc. Japan, 80, 1279-
1288.

Estimation of surface SO: gas density of Miyake Island

Masaru CHIBAD Hidetaka SasakiO Naoko SEINO and Junji SATO
Atmospheric Environment and Applied Meteorological Research Department,
Meteorological Research Institute, Meteorological Agency of Japan
*E-mail: mchiba@mri-jma.go.jp

Abstract
00 We developed a method of estimating the ground level density of volcanic
gases from Miyakejima, using a numerical model. We used a 100 meter grid nested
within the territory spectrum model of the meteorologica agency (RSM) and a
non-hydrostatic model. The plume model adopts a Lagranian approach, and gives
the spouting speed and density as a function of the radius from the crater center.
The spread by sub-grid scale vortices was estimated vertically with a diffusion
coefficient from the weather model, and horizontally using a random walk approach
which gives a diffusion coefficient of 200m?/sec. We were able to approximately
obtain reproducibility for 4 observed cases. We also performed sensitivity experiments
with stability, and wind direction and speed. When the wind is weak, there is a
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considerable difference in surface concentrations between day and night, with high
concentrations at night. When the wind is strong, the diurnal differences are small.
With high atmospheric stabilities, the gas concentrations at the surface are high
over a wide area leeward of the volcano, especially in north easterly winds.
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Volcanic gas diffusion at Mt. Aso and Mt. Adatara
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Institute for Environmental Management Technology,
National Institute of Advanced Industrial Science and Technology
E-mail: kondo-hrk@aist.go.jp
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Volcanic gas diffusion at Mt. Aso and Mt. Adatara

Hiroaki Konpo
Institute for Environmental Management Technology,
National Institute of Advanced Industrial Science and Technology
E-mail: kondo-hrk@aist.go.jp

Abstract
00 Three volcanic gas disasters occurred in 1997 at Mt. Hakkoda, Mt. Adatara
and Mt. Aso, and 9 people were killed. The volcanic gas of these three disasters
was CO,, H.S, and SO., respectively. Here numerical simulation and physical model
experiments were conducted to analyze the volcanic gas diffusion in the vicinity
of the crater.
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Numerical simulation of volcanic gases from the Miyake Island by chemical
transport model coupled with mesoscale meteorological model
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Numerical simulation of volcanic gases from the Miyake Island by
chemical transport model coupled with mesoscale meteorological model

Masato NIsSHIZAWA

Japan Atomic Energy Research Institute
E-mail: mnishi @sakura.tokaijaeri.go.jp

Abstract
O0A three-dimensional chemical transport model coupled with a mesoscale mete-
orologicad model has been used to simulate the behavior of the volcanic gases
from Mt. Oyama on Miyake Island from August to September 2000. The simulation
shows that cyclones typhoons, fronts, and traveling anticyclones around Japan have
olayed an important role in advecting the volcanic gases to Honshu.
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Simulation of three-dimensional volcanic plume:
Application of Lagrangian particle model
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Simulation of three-dimensional volcanic plume:
Application of Lagrangian particle model

Yasuhiro YosHipa®", Itsushi Uno?, Kise KinosHita3 and
Megumi Kovamapa3
Unterdisciplinary Graduate School of Engineering Sciences, Kyushu University
2Research Institute for Applied Mechanics, Kyushu University
3Faculty of Education, Kagoshima University
*E-mail: yasuhiro@riam.kyushu-u.ac.jp

Abstract

0O0A Lagrangian particle model was applied to understand the transport phenomena
of volcanic plumes from Miyakejima and Sakurgjima. The model was used during
March and April, 2001. Satellite images and surface SO. observation data were
used to validate the model performance. the model showed that the highest SO.
peak observed were mainly influenced by Miyakegjima volcanic plume. It was found
that the volcanic plumes from Miyakejima and Sakurajima could reach to the Korean
Peninsula and the central part of Japan Sea depending on the synoptic weather
conditions.
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Volcanic activity and geothermal measurement by infrared scan-
ners at some volcanoes in Satsunan Islands, Southwest Japan
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Abstract

0O 0O Aerial geothermal measurements were conducted at  Satsuma-lwojima, Kuchierabujima,
Kuchinoshima, Nakanoshima and Suwanosgjima volcanoes in the Satsunan Islands, Southwest
Japan by using infrared scanners on February 2, 2001. The volcanoes are classified
into 3 categories by heat discharge rate. Rank A: heat discharge rates are more
than several ten MW at Satsuma-lwojima and Suwanosegjima, where eruptive activities
have continued for long term, and maximum temperatures exceed 400°C . Rank
B: heat discharge rates are around 20 MW at Kuchierabujima and Nakanoshima,
where phreatic eruptions have repeated in the time interval of several to severd
tens of years. Rank C: heat discharge rate of less than 1MW at Kuchinoshima
with long-term quiescence period of thousands years.



000000000000 0NIhIImodoOorTs
ooboooooooooo

S10 PR 8 S D TR DRI

Oo0ooooo*000oopoooooooooog
goboogoboooooooon
ggbobooooooooboooboboa

Monitoring of volcanic gas emission from Satsuma-Iwojima volcano

Hiroshi SHINOHARA*, Kohel KAzZAHAYA, Genji SAITO
Nobuo MATsusHIMA and Yoshihisa KAWANABE
Geological Survey of Japan,

National Institute of Advanced Industrial Science and Technology
*E-mail: shinohara-h@aist.go.jp

2 B
gobooboobobooboobobbobooboobooboboooboobo
000000000000 0oOOCo00000000O0DO0oOoOoosSe.0oon
O+ tondeyD OO0 0D O0D0OOOO0OO0OMODOOOOOOOOODOOOOOOOn
goboobooboboooboobobboobooboobooboboooboobo
oooobooboboooboobobobooboooboobooboboooboobo
ooooboobobooobooboboboboooboobooboboooboobo
moooooboobooo

1. [FUBIC
ooooboobobooobooboobooobooboobooooboobo
oooobooboboooboobobobooboomooboobooooboobo
bbb ooooooooanooogo
OO00000000000000OKawanabe and SaitoD IO O O0O0O000OOCOO0OO
ooooboobooboooboobobobobooobDooboobooooboobo
gbooboobobooboobobbooboobooboboboobooboobo
goooboboooooboooooboooooboboooobooboooooDooobo
OO0oO0oO0ooOo0o00ooO0O00bOOoOo00DOoOoO00DOOOODpOIDd Kanzeki e al.d
Urmarmoooooobgoooboooobobooobboooboooobooboo
000000000 shinohara er o OO0

000000000 Kanzaki er o/ [DOTOO0 000000 O0DOOO0OOOCOO0OOO
goboobooboboobgoobobbooboobooboooboobooboobo
00000000000000000000000000000DCo00000oon
00000000000 shinchara e o/.00I0 00 000O0O0OCOO0ODOOOODO
gobooboobobooboobobobobooboobooboobooboobo



gooooooooo oo

oooobooboboooboobobobobooboobooboboooboobo
gogobobbooogouobobbouooobobooooobbbooooboboon
goooo

130°60'E

L
50km
D
31°N

TR,
BRWLFS 2

—\ i
\/_ N ../F\' 100
)
S 100

bal b TR
ARG

@) 1980% 10.A b) 1994 & 11 B ¢) 1996 & 10 A 11 1

000000000000000000000000Shinchara et «/.0010000MI000
gboboobooooobobobobooboooooobobobobobooboooobOoo

2. KORARR

2. 1 1990 FLFDZE1LE
gooboooboboodpnoboooobogoooboboobmoboooobooboo
gooobooboboobgoobobbooboobooboooobooboobo
goobOomooobboooboboboboboboooooooooooobbbbbbbo
oo ooboobgoobobooboobooboobooboobooboobo
gobooboobobooboobobboobooboobooboooboobo



oo goboooooboobocooo

oooobooboboooboobobobobooboobooboboooboobo
gobbogooboboboobbooguoobooobboouobbooobobooo
Shinohara e 001D 0000000000 0ODOODO0OODOODOODOODOOODOO
oooobooboboMmbooboboboboooboooboobooooboobo
ggoboboooooooobooooobooo

2. 2 MEx
gmoooooooobooooooboobooooboboboobooboooooDOoobo
gbooboobobooboobobboobooboobooooboobuoobo
gbooboobobooboobobboobooboobooooboobuoobo
oboooboobobommoummoooobooboobooooboooboobo
gooobooboboobgoobobbooboobooboooobooboobo
gboooboobobooboobobmoooboobooooboooboobo
goooboobobbooboobuooboboboboobooboobobooom
gobooboobobooboobobbooboobooooobooboobo
oooggoooooooogooooobooogoooooooooooooooon
oobooboboobooboboboobooboEePMADDODDOODOODO
gobooboobobooboobobbobooboobooboboooboobo
O000000D0O0000DbO00O00bODOOdcristobaited tridymaited O 000 O
OkaolinteD O OOOOOODOOOODOODOODOOODOOCODOOOCDOOOOmO
gooobooboboooboobobboobooboobooboboooboobo
oooobooboboooboobobbooboobooboobobobooboobo
oooobooboboooboobobbooboobooboobobobooboobo
oooobooboboooboobobobooboooboobooboboooboobo
oooobooog

Cr Qtz 30 July 1998
Qtz:Quartz
Cr:Cristobalite
> Tr:Tridymite
‘@ Qtz
% Tr
E
_
©
]
o
Tr Tt Cr o
Qtz
JM Cr_n_Cr rQ‘zQTZ Qtz
IIIIIIIlllllllllIFIIIIIIIIIllIllIlllIlIlIlIlIIlIll
20 20 (°) 40 60

0000 00MO000000000000000 Shinohara et al., 11000 M



gooooooooo oo

00000000000000000000Shinochara et «l.001100 O [

Temp. H20 CO; SO HS HC Hz N2 Ar CO 6D 5“0 o&"C AETs AETc
0°CO (p mol/mol) 0 %0 0 %0 0 %0 OCO O0CO
[ [EERREEN i OO 0o oo oofb M om M (REN| (REN]
o [EEEREEN| [EEEE NN 0 01O O M 0m M [EEE] [EEE]
oo 0o oo oo OO OO0 OO oo 0O 0m m [} [}
I [EERRREN 1 I o 0Im Oom M om0 gom (EEE]
N [EEEREEN] [EEEE NN 0 0o OO M 0m M gom 0Od [EEE]
N [EEEREEN] I O 0 IO OO0 Ood om ™ o (NEE]
I [EERRREN 1 I I OIm Orm Ood o om o gom (EEE]
T [EEEREEN| I OIrd 0o OO OO0 M DM M gom 0OOd [NEE]
N [EERRREN] I O 0 0o OO0 O0d 0om O dm om (EEN] NN
[ [EERREEN 1 0T I 010 0o Ood om0 gom 0md (RN}
o [EERRREN T OO 0o 0O oo M 0 M 0 b0m ool OO 0oooo

3. KA RERA

oo ooboobooboooboobooboooobooboobo
00O 0O Giggenbach and Gogud LTI OO OOO0OODOOODOODOODOCOOODOOO
o00o0doob0obOOo0o0o0oobOobOoboboooobDOoboceccuoooHCODO
goboobooboboooboobobooboobooboobooboooboobo
gobooboobobooboobobbobooboobooboboooboobo
ooobboooboboobo™mobbooooboooboboooobomooboboo
ooooboobobooboobobboobooboobooboboooboobo
oooobooboboobooboobobboobooo
gcosPECUUODDOOODOO0ODbDbOOObbOOoOnDOoOobDbOoODbDOUbOton
oooMoobobboooobobbooobo™mobobobobboooobboaa
ooooboobobooobooboboboboooboobooboboooboaa
0000000odoCo000oo00o0o0oo0o0ooo0o0oooooooooon
OO0 0o000000000000000000000M00oo0000o0ooooco
ooooboog

__1000 : ' ' —T 2000
O

&,

Y Temperature L

3 900 o L

B o o Iy o 1500 %
2 o iF ! g
§ o[ S
+ 800+ 1000 =
2 I 5
= 1 =
2 o] S
S 700 - 500 @M
pE: SO flux r

[ 7]

@

=)

T 600

I I Ll 1
1960 1970 1980 1990 2000
Year

0000000000 SO:0000000Shinochara er «l.001T00 00O M



oo goboooooboobocooo

0o000ooo000ooo0ooooo0o0ooo0ooooooooooooDooooon
00000oo000oo00oooooooo0oooooooDoooooDoooon
0000000000000 000DO000Sdt0 er o, IDMODOOOODOODOO
0000000 00oo000ooo00oooo00ooooooDoooooDoooon
0000000000000 0oooo0ooo00ooo00o0oDoooooDooooon
0000000000000 0oooo0ooo00ooo00o0oDoooooDooooon
0000000000000 000O0D0000DO0DOoOD0D0DOO0ODODO0oDO00DbDOD0O0
oooooooooooOoooooooooDooooooDobooooo
goooooooooooobooOoUooooOoooooOooDbbooooDooooo
goooooooooooobooOoUooooOoooooOooDbbooooDooooo
goooooOoOoOoooOoUobOooOoUobDOooO0OobDoOo0OoDooooDooooo
gooooooOoOoooOdoUoboooO0UooOooU0oboooU0OoDbooooDoOoOoo
gooooooOoOoooOdoUoboooO0UooOooU0oboooU0OoDbooooDoOoOoo
goooooOo0O0oooOdoUobOOoOoO0U0bDOooU0U0obDOoOoUOOoDoOoUOoDoOoooo
goooooOo0oO0oopoOoUobOOooO0UooOooUOUobOoOo0O0oDooUOoDoOoooo
goooooOo0oO0oopoOoUobOOooO0UooOooUOUobOoOo0O0oDooUOoDoOoooo
goooooOo0O0oooOdUobOooO0U0oOOooO0UoDooo0OoDooooDoOoooo
goo0oooOo0O0oooOdUobOOoOoO0U0oOOooU0U0obOoOoOOoDoOooOoDoOoooo
gooopooOo0O0oooO0UoOoooOoUooOOooO0U0obooOoOOoDooooDoOoooo
gooopooOo0O0oooO0UoOoooOoUooOOooO0U0obooOoOOoDooooDoOoooo
0oodooopOooOoOooOoooooUdUoUooDoDoodUoooDooogooooo
O Apparent Equilibrium Temperature D AETO OO DO OODOOOOODOOOOODODOOO
OoOoOopoooooooooooon

OOOOAETsOSO + 3H2= H:S + 2H 00 000000000
OOOOAETCOCO + H:O0 = CO: + HOOOOOOODOOOO

gogobobbooogouoobbooooobobooooobbbuoooobobooo
gogobobbooogouoobbooooobobooooobbbuoooobobooo

4. F&H
ooooboobooboooboobobobobooobDooboobooooboobo
gbooboobobooboobobbooboobooboboboobooboobo
gbooboobobooboobobboobooboobooooboobuoobo
gbooboobobooboobobboobooboobooooboobuoobo
gobooboobobooboobobobooboobooboooobooboobo
gbooobooboboobgoobobboobooboobooooboooboobo
gboobobobobooboobobbooboobooboboobooboobon
gooobooboboobgoobobbooboobooboooobooboobo
gobooboobobooboobobooboobooboooboobooboobo
goboobooboboobooboobobo



gooooooooo ra

SE R

Giggenbach, W. F. and R. L. Goguel (1989): Collection and analysis of geothermal
and volcanic water and gas discharges, Chem. Div. DSIR Rept. CD 2401, 81.

0o oobgooboboooboobo, oobooooa

Kanzaki, T., M. Yoshida, M. Nomura, H. Kakihana, and Y. Ozawa (1979): Boron
isotopic composition of fumarolic condensates and sassolites from Satsuma-lwo-
jima, Japan, Geochim. Cosmochim. Acta, 43, 1859-1863.

Kazahaya, K., H. Shinohara, and G. Saito (2002): Degassing mechanism and magma
system of Satsuma-lwojima volcano by volatile studies. a summary, Earth Planet
Space, 54, 327-335.

Kawanabe, Y. and G. Saito (2002): Volcanic activity of the Satsuma-lwojima area
during the past 6500 years, Earth Planet Space, 54, 295-301.

goodobooooboboobobmmmmboooboobboobooobboobbobbboo
ommoooo

Saito, G., K. Kazahaya, H. Shinohara, J. Stimac, and Y. Kawanabe (2001): Variation
of volatile concentration in a magma system of Satsumalwojima volcano de-
duced from melt inclusion analyses, J. Volcanol. Geotherm. Res., 108, 11-31.

Shinohara, H., W. F. Giggenbach, K. Kazahaya and J. W. Hedenquist (1993):
Geochemistry of volcanic gases and hot springs of Satsuma-lwojima, Japan:
Following Matsuo, Geochem. J., 27, 271-285.

Shinohara, H., K. Kazahaya, G. Saito, N. Matsushima and K. Kawanabe (2002):
Degassing activity from Iwodake rhyolitic cone, Satsuma-lwojima volcano,
Japan: Formation of a new degassing vent, 1990-1999, Earth Planet Space,
54, 175-185.

Monitoring of volcanic gas emission from Satsuma-Iwojima volcano

Hiroshi SHinoHara*, Kohel KazaHnava, Genji Saito
Nobuo MatsusHima and Yoshihisa KawanaBe
Geological Survey of Japan,

National Institute of Advanced Industrial Science and Technology
*E-mail: shinohara-h@aist.go.jp

Abstract
0 O Satsuma-lwojima has continued active emission of high temperature volcanic
gases for more than several hundreds of years. The highest temperature has been
up to 900°C and SOz emission rate has ranged from 300-500 ton/d. In recent
years after 1990, a new degassing vent formed at the bottom of the summit crater
floor and the vent enlarged emitting volcanic ashes. The ash was composed of
minerals formed by acid alteration but not fresh magma, and is believed to be
blown off by the active volcanic gas flow. The highest temperature of fumaroles
and volcanic gas emission rate also showed contemporaneous changes with the
vent formation, but the volcanic gas composition remained constant for these 10 years.
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Continual observation and analysis of Io-dake plumes

Kiseil KINosHITA™ [0 Michitakall ToMIYAMALO Shoichil MACHIDAZ and
HiroyukiO TAKAHARAS
1Faculity of Education, Kagoshima University
2Nittetsu Mining Consultants Co., Ltd., 3BMetal Mining Agency of Japan
*E-mail: kisei@edu.kagoshima-u.ac.jp

Abstract
0 Records of volcanic plumes from lo-dake at Satsuma-lojima Island, to the
south of Kyushu, Japan, have been taken with digital and video cameras since
the Summer of 1998. Basic properties of the plumes during January 2001 and
July 2002 are discussed.
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Products of the 2000-2002 eruptions of Suwanosejima Volcano

Taketo SHIMANO
Earthquake Research Institute, University of Tokyo
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Products of the 2000-2002 eruptions of Suwanosejima Volcano

SHIMANOD Taketo
Earthquake Research Institute, University of Tokyo
E-mail: shimano@eri.u-tokyo.ac.jp

Abstract

00 Falen from recent activity at Suwanosgjima volcano consists of two types of
scoria fragments (C and D types), and free crystals. C type grains are fresh
transparent glassy scoriae with low crystal content, whereas D type grains are opaque
scoria with high crystalinity. The maximum height of ash plume and the content
of C type grains are in good correlation. The changes of glass composition indicate
that crystalization of microlites accounts for the difference of C and D types. It
is suggested that the plume height is mainly controlled by the erupted amount
of less crystalline magma
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Ground observation and satellite images of Suwanosejima plumes
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Ground observation and satellite images of Suwanosejima plumes

Chikara KANAGAKI™, Kisal KINOSHITA”, Akira MINAKA®, Satoshi TSUCHIDA?,
Hiroshi YAKIWARA? and Takahiro Fukuzumi®
'Faculty of Education, Kagoshima University
’Faculty of Science, Kagoshima University
SNakanoshima Astronomical Observatory
“E-mail: chikara@edu.kagoshima-u.ac.jp

Abstract

0 O Suwanosgjima, an active volcano, is located 220 km south of Kagoshima city,
in Kyushu, Japan. The eruption clouds have been recorded by live camera from
Nakanoshima, 25 km NE of Suwanosgjima, since 6 Aug. 2002.

0 O Visual data of live camera and photo pictures, remote sensing data from satellites
relate flow and dispersion of volcanic clouds to the upper wind at the nearby summit.
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Prevention and mitigation of aerial volcanic hazard
—Regional watch and countermeasure for volcanic ash cloud
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Prevention and mitigation of aerial volcanic hazard
—Regional watch and countermeasure for volcanic ash cloud

Yoshihirod SAWADA
Nagasaki Marine Observatory, Japan Meteorological Agency
E-mail: y-sawad-a@met.kishou.go.jp

Abstract

00 The increases of distance, time and frequency of flight operation of large aircraft
with many passengers since the beginning of 1980 also caused the increases of severe
incidents of aviation safety by encounters of aircraft with volcanic ash cloud,
generating sudden power-loss of jet-engines and damage of aircraft. To prevent
and mitigate such aerial volcanic disaster, the system to urgently inform to the cockpit
from the ground about the findings of ash cloud, observed cloud-extent, estimated
top-altitude and forecast of cloud-dispersion has been established in the world. O
0 O Detection and tracking of ash cloud are effectively conducted with satellite
images of NOAA, GOES and GMS. However, there are till subjects to be solved
for detection, discrimination and prompt estimation of top altitude of ash cloud.
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S15  Monitoring volcanic eruptions in Indonesia
and the Southwest Pacific
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Abstract
00 We briefly describe current operational remote sensing at the Darwin Volcanic
Ash Advisory Centre. The region has been particularly active during the second
pat of 2002, and we show GMS-5 NOAA/AVHRR-16, and Aqua/MODIS data
from eruptions of Raung (Java, Indonesia), and Ruang (Sangihe Islands, Indonesia).
We aso show a possible! volcanic thunderstorm’ from Rabaul, Papua New Guinea,
in 1999. The higher spatial resolution of polar orbiting instruments is important
for examination of eruption details and detection of small eruptions, but the high
temporal resolution of geostationary satellites is critical for an effective warning
service. The' split-window’ method is the primary method of volcanic ash detection.
GMS-5 can be effective at detecting ash with the split-window method, particularly
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in the eruption at Ruang. False alarms caused by the stratospheric temperature
inversion and poor instrument calibration can be minimised with the enhancement
techniques used in Darwin. The availability of more spectral bands in polar orbiting
satellites can help us understand the nature of eruption clouds. The 0.415um re-
flective band on Aqua/MODIS observed the Ruang eruption distinctly, and the 1.6pum
band on NOAA-16/AVHRR clearly distinguished the Ruang eruption cloud from
glaciated meteorological cloud.

1. Introduction

0 O Volcanic eruptions in the southwest Pacific and Indian Ocean area pose a danger
for aircraft because of the hazardous effects of volcanic ash (JoHNsON
and CASADEVALL, 1994). Volcanic Ash Advisory Centres issue advisories of volcanic
clouds to aviation and meteorological authorities as well as commercia airlines, under
the International Airways Volcano Watch (ICAO, 2000). In the western Pacific and
eastern Indian Ocean, four Volcanic Ash Advisory Centres are responsible for forecasting
the dispersion of volcanic ash cloud (Fig.1).

7 NOT|

MONITORED Fig.l Boundaries between the areas of re-

sponsibility of Volcanic Ash Advisory
3 wr;;mn. Centres (VAACS) in the region, after
| v ICAO (2000). The locations of the vol-
R canoes discussed in this paper are also
- A, EE shown.

L
\ | Pk VAACDDDD00000000000000C

L ARG 0000000000000 mRaungo OO
Y RuangO 0O Rabaul0 a0O0 00O

00 TupPER and KINOSHITA (2003) describe aircraft and ground observations of
volcanic eruptions in the region, the necessity for resourcing ground-based observations,
and also show many images of eruptions in the region. Here we explore the operational
remote sensing techniques currently used in the Darwin Volcanic Ash Advisory Centre,
and show three recent eruptions. Indonesian volcanoes had been relatively inactive
since the eruptions of Rinjani (Lombok) and Merapi (Java) in 1994, so the recent
activity in the region provides a good opportunity to evaluate current techniques.

2. Satellite observation methods

00 The' split-window' method (PrATA, 1989ab) is the primary tool for discriminating
volcanic ash from meteorological cloud. The introduction of the GMS5 satellite in
1995 provided the first opportunity to use this techniqgue on a geostationary platform
in the western Pacific. Despite lower resolution and band separation than the NOAA/AVHRR
satellites, GMS-5 was shown to have potential for ash discrimination with the Ruapehu
eruptions in New Zealand (PotTts and TokuNo, 1999). TokuNoO (2000) compared the
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effectiveness of GMS-5, NOAA/AVHRR, and the (at that stage) forthcoming MTSAT
for theoretical cases.

0O 0O The limitations of the split-window method are well known and are important in
the moist tropics (Rose et al, 1995, Ports and EBERT, 1996, SiMPsON efr al, 2000,
PrATA et al, 2001). To supplement the split-window method, visible and infrared imagery
is used extensively. The skill of the satellite analysts is extremely important for proper
imagery interpretation. The complexity of, and variation between, volcanic clouds has
so far precluded the development of a functional, automatic detection system.

0 O The Darwin Volcanic Ash Advisory Centre is co-located with the Darwin Regional
Specialised Meteorological Centre in the Bureau of Meteorology’ s Northern Territory
Regiona Office. GMS5 and NOAA/AVHRR data are received localy and displayed
using the University of Wisconsin's' McIDAS system, which is the standard operational
display system in the Australian Bureau of Meteorology.

0 O The implementation of the split-window method at the Darwin Volcanic Ash Advisory
Centre has two important features. Firstly, the split-window imagery is combined with
infrared imagery to provide a display that shows' normal’ clouds in the standard infrared
enhancement, but shows negative brightness temperature differences in varying shades
of green to red. Secondly, the tendency of technique to show false alarms with high
tropical thunderstorm tops, due to convection penetrating the tropopause and calibration
errors a very cold temperatures (PoTTs and EBERT, 1996), has been almost eliminated.
This is achieved by imposing a more negative detection threshold at very cold temperatures.
Ash detection using the split window technique requires semi-transparent cloud that
does not have very cold brightness temperatures, so this modification does not reduce
the probability of ash detection.

00 To supplement operational imagery, additional imagery is used for post-analysis,
such as SPOT Quicklook data from the CRISP facility (CARN and OPPENHEIMER, 2000),
and MODIS and TOMS data from NASA.

3. Examples of operational methodology

3-1. Rabaul, Papua New Guinea, 21 September 1999

0 O One of the difficulties in the tropics is that small eruptions or even just hot volcanoes
can interact with the moist atmosphere to produce convective activity, which may or
may not include volcanic ash. OswaLT et a (1996) observed this phenomenon repeatedly
during the post-paroxysmal eruptions of Pinatubo in the Philippines in September 1991.

Rabaul, Papua New Guinea, GMS-5
IR1, 21 September 1999, 0730 UTC.

Rabaul Fig.2 Possible volcanic thunderstorm’ from

gbooboooooooboboboboos oodg
00" 00000Q00ODooomoarm UTe
O000m GMSS5000000000o0a
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Fig. 2 shows a possible example of this a Rabaul in 1999. In this event, the volcano
was known to be unusualy active, with a vent opening on the Tavurvur cone on 17
September and giving continuous emissions of dark grey ash clouds for the next eight
days (SMITHSONIAN INSTITUTION, 1999).

00O The cloud in Fig. 2 has the appearance of a cumulonimbus. Ash was not detected
using the split-window technique, and there were no ground reports of explosions relating
to this event. Visua observations of volcanic clouds are aways restricted during the
night, so the event could not be verified from the ground. The Darwin Volcanic Ash
Advisory Centre inferred that the cloud was associated with the volcano based solely
on the location of the isolated cloud exactly over Rabaul, and the unusual timing of
the thunderstorm.

3-2. Raung, East Java, Indonesia, 25 August 2002

O0OA NOAA-16/AVHRR image of an eruption from Raung is shown in Fig. 3. The
eruption generated an ash cloud reported to approximately 30,000 feet (approx. 9000
metres) by an internationa passenger aircraft.

Fig.3 Eruption of Raung, east Java, Indonesia. NOAA-16/ AVHRR image,
0612 UTC, 25 August 2002. a) Band 2, b) Band 4, c) T4- T5 image,
white indicates negative. The right hand arrow indicates the location
of the volcano, the left arrow indicates the maximum plume extent at
this time. The observatory for this volcano is 7 km to the southeast,
covered in cloud.

N0 0 0M0Momo UTCoO0 00000000000 Raungd OO NOAA-16/
AVHRROODOOOODDa@OOOOObOOOODCDOODODO0D0O0DDO0O0O0000
gboboboooboooobooboboboboooooooboboboboooboonoog
O000000000RaungUOO0O00O0O0O0OO0OO0OO0OD00O0OOOOOOOO

O O Height estimation is a critically important factor in understanding the evolution
of clouds from each eruption. SawapA (1987, 2002) has highlighted serious problems
in reliable height estimation, and TuPPER and KINOSHITA (2003) give more
examples and discuss the reasons for some height estimation errors. It is often problematic
to use blackbody temperatures when estimating the height of volcanic clouds (OPPEN-
HEIMER, 1998). Note that observations are usualy reported to a round number in the
unit that the observer is most familiar with - so aircraft reports will tend to be 15,000,
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20,000, 25,000 feet and so on above mean sea level, while volcanological reports
might be 500, 1000, 2000, or 5000 metres above the summit height. Often precise eruption
heights reported in literature may be the result of a literal conversion of an approximate
measure in another unit. In this case, no ground report of the eruption was made,
as the observatory 7 km to the southeast was covered in cloud. The eruption cloud
was very dark on visible images (33d), and moderately cold on infrared imagery (3b),
with a minimum brightness temperature of about 259 K.

0 O Fig.3(c) is a split-window image, with negative 11-12 um (T4 - T5) differences shown
in grey to white shades. The western part of the eruption cloud shows brightly because
it is diffusing, and the split window technique detects the ash easily. Because the
cloud is ill dense close to the volcano, the split window technique is ineffective
and the ash is not detected there (PRATA et al, 2001).

Fig.4 Scatter diagram over area of Fig. 3. T4 -
T5 differences are plotted against the
T4 brightness temperature. The distinctive

Oo0O0’W shape of an ash cloud is evident,
as is the positive T4-T5 bias from low
level water vapour.

oo

T4 -T5 (°K}

Fig30O00OO0O0o0OOooO0oOoooooooo
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OO0 Scatter diagrams are used in operations in Darwin to examine the results of
the split-window method over a suspected eruption cloud (Prata et a, 2001). In Fig.
4, the main body of the ash cloud is visible as & U’ shaped curve of T4 -T5, with
the strongest difference of -550K (marked with® b'). At higher temperatures, the
effect of absorption by water vapour near the ground is strongly evident (marked &)-
in fact the positive difference of T4 - T5 is commonly used to estimate the amount
of water vapour in the atmosphere. The operationa use of scatter diagrams enables
instant diagnosis of the effect that water vapour is having upon volcanic ash detection
(PraTA et al, 2001). Examination of the diagram also suggests that a representative
black body temperature to use for the cloud top would be about 255[K, consistent
with an altitude of approximately 7500 metres based on temperature sonde data

3-3. Ruang, Sangihe Islands, Indonesia, 25 September 2002

0O O This eruption has many interesting aspects that are under investigation. TUPPER
and KINOsHITA (2003) noted how well the dispersing ash and gas clouds were observed
by the MODIS instruments, and also discussed the difficulty of ground based height
estimation for this eruption. Fig. 5 @ shows another interesting MODIS observation,



(RN A. C. Tupeer, J. P. DaveyoR. J. PoTTs

from the Aqua/lMODIS pass over the young eruption cloud. The cloud has a low
albedo in al of the visble bands on MODIS, to varying degrees. However, in the
0.415 pm band, normally used for ocean colour measurement, all clouds in the surrounding
area appear quite saturated, giving a very high contrast with the eruption cloud. The
response in this band will be worth exploring for other eruptions, athough if it only
occurs for clouds with an obvioudy low abedo in other visible channels, then it will
have limited operational benefit.

O0OFig5 b) is a NOAA-16 pass over the eruption cloud shortly afterwards, shown
with channel 3A (1.6 pum), which is normally used for snow and ice discrimination.
This band is already known to be useful for plume identification (KINOSHITA et al,
2002). In the figure some of the many glaciated thunderstorm clouds are marked with
arrows, and all appear dark coloured because of the response of the channd to the
ice in the clouds. The eruption cloud, however, actually shows brighter in the central
and highest part, although dslightly darker around the edges where it is thought there
is a higher ice content. Using this channel, we may be able to objectively measure
the relative ice content in the tops of optically thick eruption clouds.

Fig.5 The eruption of Ruang, seen in & 0.415 um band of Aqua/MODIS
a 0450 UTC, 25 September 2002, and b) NOAA-16/AVHRR 3A (1.6
pm) at 0531 UTC, 25 September 2002. Glaciated thunderstorm clouds,
appearing dark, are indicated by arrows in b).

D0 0 00 O Ruang0 0 0 @) MIDUTCO Aqua/MODISOOOD pmd 000000
b) CTOUTCO NOAA-16/AVHRRO3A 00 ymM Ob) 0000000000000
OOoo0oo0oO0o0o0oOo

00 An abbreviated GMS5 sequence from the eruption is shown in Fig. 6. The
enhancement shown here is the operationa infrared and split-window enhancement dis
cussed earlier. In the greyscale reproductions, a weak split window signal appears
white and a strong signa appears dark grey. Five different levels of cloud are shown
here, with' A’ lowest (near ground level) and’ E' highest (perhaps over 20 km high).
In visble imagery, the’ A’ level can be subdivided further with a sheared, bifurcating
plume evident before the major eruption. The speed of movement varies from approxi-
mately 60 km/h towards the west for the’ B’ level cloud in the mid-troposphere, to



Monitoring volcanic eruptions in Indonesia and the Southwest Pacific NEN]

60 km/h eastwards for the’ E' plume which is presumed to be moving with stratospheric
winds. The' D’ level cloud, probably at just above tropopause height, is drifting slowly
westwards with an average speed of 9 km/h.

O0OThe B' and” D' clouds give very strong ash responses in the split window algorithm.
“ A’ is smal and low and is not detected, and’ C' appears to be a shalow cloud
with high ice content as well as ash, with no ash detected using the split-window algorithm.
‘ E is thought to have contained SO (from GOME imagery, http://www-iup.physik.uni-
bremen.de/gomenrt/), but ash was not detected with the split window algorithm. TOMS
imagery detected SO. and ash from the westward moving clouds, but not cloud’ E'

Fig.6 GMS-5 images of the Ruang eruption, with frames a-c at 0545 UTC, 1040
UTC, and 1640 UTC respectively on 25 September 2002, and frames
d -f a 0045, 0440, and 0640 UTC on 26 September 2002. This is
the combined IR / Split-window enhancement from Darwin Volcanic
Ash Advisory Centre, converted to greyscale. Five different altitudes
of eruption cloud are identified here, with® A’ lowest and’ E highest.

Ruang 0 0 0 GMS50 00 a~cO0I00 0O 0MO 0OONoIOoOr UTCO o o0
d~f 000 0000 0O UuTCO 0 o000 oooooooooooo
D0o0ooOoOoooosplitwindowO D000 O0O00O00O0O00O0OOOOOOOOOO
0000000000000 AdO0OO00OO0EBEODODOOOOOOOOOO
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(S. Carn, personad communication). In operational work, all volcanic clouds are assumed
to contain ash, but certainly in this case the movement of the B’ and’ D’ clouds
determined the main warning strategy.

Fig.7 NOAA-16/AVHRR image from 1830 UTC, 25 September, 2002, showing
Ruang eruption clouds and* false alarms . Frame a) shows the combined
IR / split-window without filtering out false alarms. The ash clouds
are arrowed on the right, and the false alarms are arrowed on the
left. Frame b) shows the same image after filtering for false alarms.

Ruang0 000000 0" 0000000000000 UTCO NOAA-16/AVHRRO OO
a 000000000000000000000 splittwindowOOODODOODOOODOOO
00000000000000000b) O0O000000000000000

0 O Fig.7 shows the 1830 UTC NOAA-16 pass over the area, with two dlightly different
enhancements shown. Fig 7 a) is the infrared / split-window combination previously
used at Darwin Volcanic Ash Advisory Centre, without the filtering of fase aarms
from high meteorological cloud tops. The deep convection on the left of the image
erroneously shows ash in the central, cold areas. Fig 7 b) is the same area after cold
cloud false alarms are filtered out. The area identified as ash in the known volcanic clouds
has not changed, but the thunderstorm tops now appear normally.
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Fig.8 Scatter diagrams as in Fig.4 for NOAA-16/AVHRR, 1830 UTC, (black,
small dots), and GMS-5, 1840 UTC 25 September 2002 (grey, large dots),
over the region of the eruption and the surrounding meteorological
clouds. The arrows indicate diagram features characteristic of volcanic
ash clouds.

I00 0000 0 NOAA-16/AVHRROOID UTCOO O O O 000 GMS-5001T
uTCOUOoOO0OO000o00000o0o0o0oo0o0oooooooooooooooon
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31K

Fig.9 Scatter diagram for Aqua/MODIS, 1710 UTC, 25 September 2002, over
a similar area to Fig.8, and overlaid (in black) on the data from Fig.8

(in grey).
OO0 00Mmoo AquelMODISOMID UTCO O 0000000 o0ooooooooo
dodddddooooooooooooooo

O0OFig8 is a scatter diagram for the area, with the NOAA-16 data in black, and
the lower resolution GMS-5 data overlad in grey. Both satellites identify the ash
clouds (arrowed) very well. The NOAA data has a higher water vapour response (@)
than GMS-5 (b), which is expected because the two infrared channels have greater
separation on AVHRR. The calibration problems at cold temperatures are evident from
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the negative values near 210 [K. Fig. 9 is another scatter diagram of Aqua/MODIS
data from 80 minutes earlier, using the 11 and 12 pm channels. The MODIS channel
response is not quite equivalent to the AVHRR channels. T(11 um)-T(12 pm) for MODIS
data aso appears to be less negative than AVHRR for very cold temperatures.

4. Discussion and Conclusions

0 0O The performance of the split window technique using GMS-5 during the eruption
of Ruang in particular, illustrates how important geostationary instruments are for Volcanic
Ash Advisory Centre operations. The relatively high temporal resolution alows the tracking
of rapid cloud evolution, and more than compensates for the reduced sensitivity of
the instrument. With careful application of the split-window agorithm, fase adarms can
be minimised, and meteorologists can use their skills in satellite analysis to identify
volcanic clouds not identified by the split-window agorithm. Thorough training of mete-
orologists in volcanic cloud identification and behaviour is very important to support
operational work.

O O Smaller eruptions can only be effectively observed by higher resolution, high temporal
resolution satellites. The need for high temporal resolution exists mainly in the close
vicinity of the volcanoes, as older, drifting ash clouds usually evolve slowly compared
to fresh eruption cloud. During the night or in cloudy conditions, many small eruptions
will not be identified using current meteorological satellite systems, and ground based
observations are the only effective way to warn for ash cloud.” Volcanic thunderstorms
will aso be difficult to identify in most circumstances.

0O O Height measurement of volcanic clouds remains a difficult and important issue.
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A study on satellite image dissemination system for volcano
monitoring

Kohel CHO'0O Shoya MiTsumoTtol Haruhisa SHIMODA
andO Yoshiaki MATSUMAE
Tokai University Research and Information Center
*E-mail: kcho@keyaki.cc.u-tokai.ac.jp

Abstract
0O O Toka University is receiving data from various earth observation satellites such
as TerradMODIS, SeaStar/SeaWiFS, NOAA/AVHRR, GMS/VISSR, at its ground
station in Kumamoto.
0O O The authors are studying various ways to utilize these satellite images for
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near-real time monitoring of volcanoes. Three case studies are presented in this
paper, which are 1) eruption monitoring of Mt. Pinatubo with MOS-1 data, 2) near
real time NOAA image browsing system for volcano monitoring and 3)wide
area monitoring with NOAA data exchange via internet.
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Quantitative estimation of volcanic plume activity and volcano
monitoring

Keiichi Fukul
0 Seismology and Volcanology Research Department,
Meteorological Research Institute
E-mail: kfukui@mri-jma.go.jp
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Quantitative estimation of volcanic plume activity and volcano
monitoring

Keiichi Fukul
00 Seismology and Volcanology Research Department,
Meteorological Research Institute
E-mail: kfukui@mri-jma.go.jp

Abstract
0 O The Japan Meteorological Agency started volcanic plume observation in Asama
and Aso volcanoes about 70 years ago. Plume observation was carried out at 17
active volcanoes by 1962. Many precursor changes of the eruption were caught
by these observations. At present, monitoring video cameras are installed at 22 active
volcanoes, and video images can be monitored through Internet. Seasonal variations
affect the plume development and the monitoring of the volcanic activity. However,
it is possible to estimate the quantity from meteorological data. It is possible to
estimate thermal energy discharged from the volcano and H20O emission by using
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the video image analyses of the volcanic plume. The end-of-eruption was predicted
from these data in the 2000 eruption of Usu volcano, and the data is utilized for
the evaluation of the degassing activity of Miyakgima volcano which began 2000.
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