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ABSTRACT 
 
The eruption of Miyakejima volcano started on 8 July 2000. As of September 2002, SO2 emissions measured by 
COSPEC average 11000 t/day. As the volcanic gas tends to behave together with the plume, we may infer the advection 
of the gas from the observation of the plume. Ground observations have been performed from Mikurajima using CCD 
cameras since September 2000. These pictures clarify the vertical structure of volcanic clouds. The horizontal 
dispersion of the clouds is well shown in NOAA/AVHRR, Terra/MODIS and other satellite images. Ash-rich clouds at 
the first stage are well detected by the difference image of NOAA/AVHRR 5 and 4, while vapor-rich clouds are 
insensitive to the difference. Instead, the latter are detected by the difference of AVHRR 1 and 2, and discriminated 
well from meteorological clouds in many cases. MODIS data is sensitive to the ash and sulfates of Miyakejima plumes 
in the 8.6 µm channel, and can detect the fine structure of the plumes with its high-resolution visible channels.  
Miyakejima plumes contain large quantities of volcanic gases, and their daily monitoring using satellites and ground 
observations in conjunction with upper wind data helps to understand high concentration events of sulfur dioxide 
downstream from the volcano. 
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1. INTRODUCTION 
 
In this paper, we discuss volcanic clouds at Miyakejima from 
August 2000 to September 2002, making use of satellite data, 
ground-based images from Mikurajima, measured ground level SO2 
concentrations, and upper air observations. 

Miyakejima volcano (814 m a.s.l), about 160 km south of Tokyo 
(Figure 1), is located on the boundary of the Pacific Ocean plate 
and the Philippine Sea plate. Many volcanoes exist in this Izu-
Ogasawara island arc. 

Miyakejima started eruptive activities on 8 July 2000. Large 
eruptions were recorded on 10, 18 and 29 August 2000, with 
volcanic cloud altitudes of about 8, 15 and 8 km, respectively. The 
volcanic clouds on 18 and 29 August were detected by GMS-
5/VISSR and NOAA/AVHRR using the ‘Aerosol Vapor Index’ 
(see 2.1.1). Terra/MODIS detected the eruption of the 29th very 
clearly. These satellites and other satellites such as SPOT and 
LANDSAT have detected plumes on many other days. Since 
28August 2000, volcanic clouds and gas caused high concentration 
events of SO2 at many ground stations on the main islands of Japan 
100-400 km away from Miyakejima, and caused health concerns. 

*Contact. kisei@edu.kagoshima-u.ac.jp; Phone+81-99-285-7803, 
Kagoshima University, 1-20-6, Korimoto, Kagoshima 890-0065, JAPAN.  

An evacuation order for Miyakejima inhabitants was announced officia
Miyakejima were also a concern for aviation near the busy airports of T
Figure 1 Map of Miyakejima, Japan  
+: Narita Airport, x: Haneda Airport
lly on 1 September 2000. Volcanic gases from 
okyo [1], as was volcanic ash. 
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In September 2000, large eruptions were not recorded, and the height of volcanic clouds was below 3000 m above sea 
level. However SO2 flux monitoring by COSPEC (Correlation Spectrometer) was 20,000 - 30,000 t/day, SO2 density on 
Miyakejima exceeded 10 ppm, and the smell of SO2 and H2S was reported on the main island of Japan, mainly in the 
Kanto area which includes Tokyo. 

From October 2000, ash-rich volcanic clouds have rarely been observed, with cloud heights below 1500 m. The SO2 
flux average from January to August 2002 is 11000 tons / day, measured by COSPEC. Two years have passed since the 
Miyakejima evacuations on 1 September 2000, but residents are currently only returning to the island for day visits. 

2. METHOD OF ANALYSIS 
 
2.1 NOAA/AVHRR 

NOAA/AVHRR data is received at 
Kagoshima University. The AVHRR 
sensor has 5 bands. A comparison of wave-
length of NOAA/AVHRR, GMS-5 and 
MODIS is shown in Figure  2 

2.1.1 AEROSOL VAPOR INDEX 

The split-window method for volcanic ash 
detection, using the difference of AVHRR 
channels 4 and 5, has been established for 
some time [2]. The transmissivity of vapor 
of AVHRR-5 (11.5 µm - 12.5 µm) is lower 
than of AVHRR-4 (10.3 µm - 11.3 µm), so 
the difference is almost proportionate to the 
transmitted water vapor content. However, si
distribution. A similar response is expected fr
This technique has been very useful for ident
studies [3-5]. 

NOAA/AVHRR images received at Kagoshim
into 16-bit data where the value n(i) of therma
centigrade as T(i) = -50 + 0.1×n(i), i = 4, 5 .In
define the Aerosol Vapor Index (AVI) as  

AVI = n(5) - n(4) + 200, for NOAA/AVHRR

AVI = IR2 – IR1 + 100,  for GMS/VISSR (s

When the layer of the volcanic ash is nearly o
standard AVI enhancement. The method is 
available to diagnose albedo variations (see 2.
rich, and were detected by AVI images. 
Figure 2 Comparison of wavelengths sensed by Terra/MODIS, GMS-
5/VISSR and NOAA/AVHRR 
licates give the opposite effect, depending upon grain size and altitude 
om sulfuric acid aerosols in the area downstream from the eruption [2].  
ifying volcanic clouds from Mt Sakurajima and Mt Aso in our previous 

a University are provided as 10-bit data. The original data are converted 
l infrared band i corresponds to the brightness temperature T(i) in degrees 
 this study, as an expression of the brightness temperature difference, we 

  

ee 2.2) 

paque, AVI becomes high, and ash can be distinguished in white on the 
particularly important during the night when visible channels are not 
1.2). During August 2000, the volcanic clouds from Miyakejima were ash 
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2.1.2   AVHRR BAND 1, 2 & 3A DIFFERENCES 

In mid-September 2000, the volcanic clouds became white and vapor rich, and it became difficult to detect them using 
the Aerosol Vapor Index. Volcanic clouds from Miyakejima were recognized as bright objects in visible and near 
infrared images. The difference of visible (band 1) and near-infrared (band 2) channels can distinguish volcanic clouds 
from thin meteorological clouds, because of the smaller particle size of sulfuric acid aerosols. However, meteorological 
clouds and volcanic clouds appeared the same as each other using this technique. 

Figure 3 shows the profile of each band along a line crossing volcanic cloud and meteorological cloud. Volcanic cloud 
is not detected in band 4 and 5, but is detected in band 1 and 2. Band 3B has been shown to be useful for volcanic ash 
detection during daylight hours [6].  Band 3A is also useful [7], being more sensitive to meteorological clouds than 
volcanic clouds. We were able to identify the volcanic clouds by making color images of R: G: B= bands1:2:3A. 

 

Figure 3 A cross section showing each band’s reflectivity across land, sea, and 
meteorological and volcanic clouds on 10 August 2002 13:09 JST [7]. 

2.2 GMS-5 
 
We obtained and analyzed GMS-5/VISSR data from the Japan Weather Association for the three large eruptions during 
August 2000. The GMS-5/VISSR sensor, operated by the Japan Meteorological Agency, has visible (VIS) and thermal 
infrared (IR1 and IR2) bands. GMS images at one-hour intervals are suitable for seeing the development of large 
eruptions. Many images that we have analyzed are shown in the following home page (in English): 
http://www.mech.kagoshima-u.ac.jp/lab/netu/miyake008/Miy00e-GMS.htm 

2.3 MODIS 
 
Terra/MODIS data has now been available from NASA for over two years, allowing a number of volcanic eruptions to 
be studied.  With the imminent addition of Aqua/MODIS, these high quality data will be exceedingly useful for plume 
tracking and analysis.  MODIS data has two great strengths - high resolution (nominally 250 meter) visible channels 
for daytime analysis of plume structure, and the presence of every infrared channel known to be useful for detection of 
volcanic ash and gases (1 km resolution) [8].  MODIS is also used for global ‘hot spot’ monitoring of active volcanism 
with encouraging results [9].  However, the utility of MODIS for operational use in volcanic cloud monitoring has still 
been the subject of some uncertainty [10]. 

We have obtained MODIS passes over many Miyakejima plumes, and analyzed visible data, and used brightness 
temperatures from bands 28, 29, 30, 31 and 32 to create channel differenced images over the plumes.  Although the 
MODIS passes are separated by several hours from the closest NOAA/AVHRR images, we are able to simulate an 
AVHRR/MODIS comparison using channels 31 and 32 on MODIS to approximate channels 4 and 5 on AVHRR.  

In general, we have found that many plumes can still only be detected during the day with visible images.  For the 
larger events however, the channel 29-32 difference on MODIS proves to be sensitive at detecting the plumes, and often 
detects plumes when the 31-32 difference (AVHRR equivalent) detects nothing.  Channel 29 is thought to be sensitive 
to both sulfates and ash. 



Page 4 of 10 

2.4 OTHER SATELLITES 

Images of the Miyakejima plume by LANDSAT and SPOT are on the NASDA EOC Web, and can be effectively 
compared with NOAA and GMS-5 images:  
http://www.eoc.nasda.go.jp/guide/topics/news/miyake/miyake_iland_j.html (Japanese only). SeaWiFS images can be 
seen in the NASA home page at: http://visibleearth.nasa.gov/Sensors/OrbView-2/ SeaWiFS.html 

The Geological Survey of Japan analyzed the ASTER data, and estimated the discharge quantity of SO2 at Miyakejima 
from the wind velocity which was calculated from stereo function of ASTER 
(http://www.gsj.jp/~urai/miyake_so2/so2.html (Japanese only)). This is unprecedented in the world. COSPEC 
measurements are straight line observations, but ASTER can observe a broad surface, and during the night. This is an 
effective way to observe the remote volcanoes, particularly in developing countries where there are less surface 
observations. 

2.5 CONTINUOUS MEASUREMENT OF SO2 

In November 2000, the Tokyo Metropolitan Government began installing SO2 and H2S measurement stations on 
Miyakejima, with 10 stations presently operating. Figure 4 is a map of the stations in Miyakejima, and Table 1 lists the 
station details. 

Table 1 Gas measurement stations and installed month 

 

 

Figure 4 Map of the measurement stations in Miyakejima. 
Black square: observation points, +: Crater of Miyakejima 

2.6 GROUND OBSERVATIONS 

The Earthquake Research Institute (ERI), in order to analyze the motion of eruptive volcanic clouds, used a monitoring 
camera at Tsubota Miyakejima (about 3 km southeast from the crater) from 12 August 2000 to 4 September 2000. It 
automatically photographed the volcano every 10 seconds, catching the eruption of August 29 remarkably well. From 
August 2000 to May 2002, ERI also observed the eruptions from Mikurajima, about 20km SSE from Miyakejima, using 
a CCD camera. A portion of the images are released on the Web. Figure 5 is a map of the observation point and sample 
of camera image from Mikurajima, from the site: (Japanese only) http://www.eri.u-tokyo.ac.jp/topics/MIYAKE/kansi/  

2.7 UPPER AIR OBSERVATIONS 

The nearest station that observed the upper air with radiosondes is Hachijojima ( J in Figure 6). The wind field around 
Miyakejima is well approximated by the Hachijojima winds in most cases. Since the height of Miyakejima is 814 m, we 
used the Hachijojima wind data obtained at 925 hPa, equivalent to about 830 m above sea level. The observations are 
performed 4 times / day, at 03, 09, 15, 21 Japanese Standard Time (UTC + 9 hours)  
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Figure 5 Map of the observation point and a sample image from 
Mikurajima on 9 February 2001, 13:22 JST 

 

Figure 6 Observation points of upper air in the central part of 
Japan, denoted as H: Hamamatsu, J: Hachijojima, 
S: Shionomisaki, T: Tateno and W: Wajima 

2.7 INFORMATION ON THE WEB 

Total SO2 emission estimates, obtained by COSPEC are shown at GSJ:  
http://staff.aist.go.jp/kazahaya-k/miyakegas/COSPEC.html (in English). Items such as volcanic activities and plume 
photos are collected from Internet news and related at: 
http://www.gsj.jp/~imiyagi/Works/Event/Miyake2000/index.html (in English). In particular, the reports of habitants 
about the smells of H2S and/or SO2 are obtained via Internet BBS: 
http://www.jah.ne.jp/~chili/camp/nagaya.cgi?room=005 (in Japanese). From the AEROS Bulletin, environmental 
atmospheric data can be seen in real time at http://w-soramame.nies.go.jp/ (in Japanese). 

3. SATELLITE IMAGERY AND SO2 CONCENTRATION 
 
3.1 ERUPTION OF 18 AUGUST 2000 

The eruption of 18 August 2000 at 17:02 JST was analyzed with GMS-5/VISSR (Figure 7). The plume spreading to the 
east-southeast could be observed by hourly AVI images. We analyzed also the eruption of August 10 and August 29 
2000 by GMS-5/VISSR. 

 

Figure 7 

AVI images by GMS-
5/VISSR after the 
eruption of August 18 
2000, 17:02 JST. One 
hour intervals 18 – 24 
JST.  The location of 
Miyakejima is marked 
with an arrow. 
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3.2 ERUPTION OF 29 AUGUST 2000  

On this day, Miyakejima erupted at 04:35 JST. The AVI picture at 5:28 JST has caught a puff which has not spread far 
(Figure 8). On the AVI image 08:04 JST, the puff, with a clearly defined boundary, is spreading to the north east 
(Figure 9) The height of the cloud was reported as above 5000m, so we believe that the volcanic cloud is ash-rich and 
high, and the column quantity of vapor of the air above the cloud was small. Ground observations of August 29 from 
ERI are shown in Figure 10, at 1 minute intervals. For comparison, the eruption image which NHK reported for the 
picture which was drawn up using the 3d system of Satellite Image Presentation System for Education (SiPSE)[12] 
shows the plume flowing northeast, with a height of 9.7 km (Figure 11). 

 

Figure 8 AVI image at 29 Aug. 2000 5:28 JST       
by NOAA12 

 

Figure 9 The same as Fig.10 at 08:04 JST by NOAA15 

 

 

(Upper) 5h23m44s - 27m44s JST, (Lower) 05h48m34s-52m34s JST. One minute intervals. 

Figure 10 Ground observation images of Miyakejima on 29 Aug.2000 by ERI 



 

 

 

 

 

 

Figure 11 Comparison of the eruption cloud at 9:00JST 
on 29 Aug. 2000 by NHK (left) and the 3D image by 

SiPSE(right) 

 

 

Figure 12 MODIS images on 29 August 2000
10:40JST. The location of Miyakejima is denoted
by an arrow in figures 12 b-e. 
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Figure 12 shows a MODIS pass over Miyakejima on 29 
August 2000, two and a half hours after the image of Figure 9. 
Fortunately, there was very little meteorological cloud on this 
day. The areas of denser cloud are clearly evident on the 250 
meter resolution visible image (band 2) on panel a. Panels b to 
e show contrast-stretched difference images, comparing bands 
28, 29, 30, and 31 to 32.  Band 28 is known to be sensitive to 
mid-to-high level SO2, 29 to ash, SO2 and SO4, 30 to SO4 and 
O3, and 31 to ash [8].  In this middle to high level eruption, 
we can see how the different channel combinations have 
performed, with the 29-32 and 30-32 differences giving 
particularly strong signals.  Quite notable is that the 31-32 
difference field gives a very weak signal, suggesting either 
that there is little ash remaining or that the 31-32 difference is 
less sensitive than the AVI analysis of Figure 9. The slightly 
different areas shown by each difference image suggests some 
gas separation and evolution in the plume (notable is the lack 
of any material detected in the 30-32 image close to 
Miyakejima) 

3.3 SHAPE OF PLUME AND SO2 
CONCENTRATION IN FRESH WINDS 

When the upper wind at 925hPa in Hachijojima exceeds 10 
m/sec, the plume tends to extend in an elongated shape under 
the influence of the strong westerlies. In these cases, a 
mountain lee wave is formed, and the volcanic gases descend 
with the plume to the island surface before dispersing over the 
sea.  This results in a sudden high concentration of SO2 
downwind from the volcano.  Figure 13 shows a NOAA-14 
b1-b2 image from 12 December 2000 at 15:12 JST. The upper 
wind velocity at 15:00 JST was 17 m/sec. Figure 14 shows a 
similar situation almost a year later, on 1 - 3 December 2001. 
A lee wave was formed, and SO2 concentrations were detected 
at A2 and B1 stations on the east side of the crater. 

 

Figure 13  The b1-b2 image of NOAA/AVHRR                  
on 12 Dec.2000 15:12 JST 
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Figure 14  SO2 graph and NOAA b1-b2 images on 1-3 December 2001. 

 

F

Figure 15 shows two MODIS passes, three days apart in 
September 2000, with the 29-32 difference shown only (the 
other infrared differences showed nothing at all - the 29-32 
difference is consistently the most obvious in the images 
that we have examined).  Both images show a strongly 
bifurcated plume.  The bifurcated plume of 21 September 
has equally weighted branches, and occurred with a 
mountain top wind of approximately 10 m/s from the east 
northeast (925 hPa wind measured at Hachijojima at 21:00 
JST), and with little directional shear with height.  The 18 
September plume, however, occurred in an environment 
with a little more directional shear (10 m/s from the west 
southwest at 925 hPa, shearing to 12 m/s from the south 
southwest at 850 hPa, measured at Hachijojima at 09:00 
JST).  In this environment, one branch of the bifurcation 
tends to be favored over the other as the plume rises 
through the flow, as has happened for the northern branch 
in this example [11]. The sensitivity of the MODIS data and 
the number of plumes captured during the eruptions 
suggests a broad scope for further investigations. Analysis 
of these data is continuing. 

3.4 SHAPE OF PLUMES AND SO2 
CONCENTRATION IN LIGHT WINDS 

When the winds are relatively calm, no lee wave is formed, 
and the SO2 density recorded on the island is low. Figure  
16 is a NOAA image on 17 April 2001; showing a 
meandering plume due to the frequent changes of wind 
direction. The wind velocity from this day was 3 - 6 m/s, 
and SO2 was not detected on the island. 
 

igure. 15 MODIS images on 18 and 21 September 2000
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However, in cases where the plume drifts northwards with calm 
winds and reaches mainland Japan, it can be affected by the afternoon 
mixing caused by atmospheric convection. When a typhoon is in the 
area, the environmental flow over a wide area can be changed, also 
affecting the plumes from Miyakejima. 

Figure  17 is the NOAA image on 14 August 2001. According to the 
AEROS bulletin, SO2 values at 06:00 JST was 423 ppb in Sodegaura, 
Chiba prefecture. At 7:27 JST (Figure  17), the plume has reached 
the entire peninsula. However, SO2 was not detected on Miyakejima. 
Figure  18 is a NOAA image on 1 September 2002. According to 
AEROS, 149 ppb SO2 was detected at 14:00 JST at Fujisawa in 
Kanagawa prefecture. At this stage Typhoon 15 “Rusa” passed to the 
west of Japan. 

 

Figure  17 NOAA image on 14 August 2001 7:27 JST,       
+: Sodegaura 

Figure  

4. CONCLUSIONS 
 
From analyzing SO2 continuous measurement data, satellite data, upper
conclude the following: 

1 AVI is useful for detection of ash-rich volcanic clouds by GMS
NOAA band 1 and 2 is useful for vapor - rich volcanic cloud. MODIS d
these data and future events. MODIS channel 29 (8.4 - 8.7 µm) was show

2 The advection of the plume and the volcanic gases is controll
highly separated from plumes. The advection of volcanic gases can be in

3 When there is a calm wind, the plume rises several hundred
volcanic gas and plume rise together, there is almost no danger of v
peripheral sea. However, downwind of the plume on the mainland, volc
of daytime convection. 

4 When the plume disperses in a high wind without rising, it is
crater. Because the high density gas is advected a great distance, the narr
experiencing volcanic gases. 

 
 

Figure. 16 NOAA image on 17 April 2001
 

18 NOAA image on 1 September 2002 12:29 JST,   
+: Fujisawa 

 wind data and ground based images, we may 

-5 and NOAA. We found that the difference of 
ata shows great potential for further analysis of 
n to be particularly sensitive. 

ed in the upper wind. The volcanic gas is not 
ferred from the visible plumes. 

 meters or more from the crater. Because the 
olcanic gas on the island coast and over the 
anic gases can affect areas under the influence 

 blown in a narrow area downstream from the 
ow area downwind of the plume is in danger of 
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