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Abstract: Ground-based observation of eruption clouds, 
combined with satellite imagery, is very important for 
understanding their properties under various volcanic and 
meteorological conditions. Real time monitoring 
contributes greatly to aviation safety, since height 
information is essential for dispersion model prediction. 
The near-infrared camera serves to improve the 
observation because it is less sensitive to atmospheric haze 
and able to detect hot anomalies. We report here the 
monitoring of eruption clouds at Mayon volcano in the 
Philippines, and Suwanosejima, Satsuma-Iojima and 
Sakurajima volcanoes in southwest Japan. We also discuss 
volcanic clouds and gas at Miyakejima near Tokyo. 
  
1. Introduction 
 Volcanic clouds are often obscured on satellite 
imagery by meteorological cloud, or are too small-scale to 
detect. For aviation safety, a ground-based observation 
network is very useful for detecting ash ejections, and 
obtaining the vertical structure of the clouds. The flow and 
dispersion of volcanic clouds can be clarified by combined 
studies of ground observation and satellite images. Here 
we report our works in this direction concerning volcanoes 
in Japan and the Philippines. More details are described in 
the papers in a booklet of Kagoshima group [1]. 
 
2. Methods of ground-based observation 
2-1. Near-infrared and visible observations 
 The near-infrared (NIR) band is widely used in 
satellite imagery, as it has quite different properties of 
surface reflection and atmospheric transportation 
compared with visible bands. The use of visible-cut filter 
in the cameras with CCD or CMOS sensor enables us to 
get NIR images in ground-based observation [2]. We are 

using a film type filter IR-84, which shields the light with 
wavelength < 840 nm. There are the following advantages 
for NIR over conventional visible observations, though the 
colour information is lacking: (i) The images are not so 
obscured by haze and mist. (ii) They may distinguish 
aerosols more clearly than visible images. (iii) They may 
detect very hot anomalies. (iv) They may detect vegetation 
damage by ash, gas and lava. 

Fig. 1 shows a comparison of NIR and visible 
images of Takachiho peak at Kirishima volcanoes 48 km 
away.  We may see topographic features owing to the 
shading in NIR image, while we only see the outline of the 
mountain in visible image.  

 
Fig. 1. Takachiho peak in Kirishima volcanoes observed from 48 
km away in Kagoshima City on 14 Jan. 2004. (a) NIR image with 
IR-84 and ND400 filters in night-shot mode of SONY 
DCR-TRV30. (b) Conventional visible image.  

 
2-2. Methods of automatic recording and monitoring 
 Since the features of volcanic clouds change 
with day and time, long period recording is necessary. 
Time-lapse recordings may be appropriate for the 
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phenomena, except for very quick ones such as lightning. 
For this purpose, there are basically two alternatives [2] as 
follows. 
(A) Long-time automatic camera recordings: Video 
camera recording for 100 days is possible in a two hour 
videocassette by recording 0.5 sec. with 10 min. interval. 
Memories with large capacity are able to store quite large 
number of digital camera photos for a few to several 
months with an hourly interval.  
(B) Camera-computer system for monitoring and 
archiving: A web-camera with a personal computer or a 
network-camera alone is able to serve as a real time 
monitor accessible remotely via an Internet connection. 
For time-lapse recording and archiving, a server with 
enough storage capacity is necessary in the system. 

For both (A) and (B), a stable electric power 
supply is essential, and an uninterrupted power supply 
(UPS) must be used.  

 
3. Mayon volcano 
 After the gigantic Pinatubo eruption in 1991, 
Mt. Mayon (2462 m) near Legaspi in southeast Luzon has 
been the most active volcano in the Philippines (Fig. 2). It 
erupted in 1993 and 1999-2001 with pyroclastic and lava 
flows, as seen by the lack of vegetation in Fig. 3. In the 
latter eruptions, the appearance of hot lava in nighttime 
was detected by a video camera by using night-shot mode. 

 
Fig. 2. Location of Mayon volcano. 

 
Fig. 3. NIR image of Mayon volcano observed from 

Legaspi airport 11.5 km south from the summit. 

3-1. Interval recordings with visible-spectrum cameras 
 Automatic interval recording at Mt. Mayon 
began on 22 June 2003 as joint work of the Philippine 
Institute of Volcanology and Seismology(PHIVOLCS) and 
the Kagoshima group. Digital and video cameras were set in 
an observatory on Lignon Hill situated at 11 km SSE of the 
summit crater. Fig. 4 exhibits a few video scenes of the 
plume flow, which depends on the wind around the summit 
height. From the records for eight months, it was found that 
cloud-free scenes are generally limited to morning and 
evening, as clouds develop to cover the summit during 
sunny days, following the tropical diurnal mesoscale 
convection cycle. This indicates the difficulty of satellite 
monitoring of volcanic eruptions in the moist tropical areas.  

 
Fig. 4. Typical scenes of the plumes at Mayon volcano. 

(a) Horizontal flow for fresh wind, 
(b) Rise and flow under mild wind. 

 

3-2. Network camera system to take NIR and visible images 
 On 24 February 2004, we installed a network 
camera system that has NIR and visible cameras in 
parallel, as shown in Fig. 5, except for the Internet 
connection.  

 

Fig. 5. Network camera system. 



 

 

 The system started to operate as a local 
network, to store visible images every ten minutes during 
5:30 and 18:30, and near-infrared images every one-hour 
continuously in a network-attached storage (NAS).  

Since April 2004, the network camera system 
is connected with the Internet, and real time access is 
possible from Quezon and Kagoshima. It should be noted, 
however, that the Internet is often disconnected by the 
shutdown of a server in the route whenever there are 
thunderstorms to avoid power surges and spikes. We are 
planning to construct a semi-real time homepage for 
worldwide access. A preliminary report of volcanic cloud 
observation at Mt. Mayon is given in [3]. 

 
4. Island volcanoes in southwest Japan  
 There is a chain of island volcanoes in the 
Nansei Islands in southwest Japan (Fig. 6). Among them, 
Suwanosejima volcano is the most eruptive in Japan in 
these years, while Satsuma-Iojima volcano is continuously 
ejecting plumes for many years.  

 
Fig. 6. Location of Suwanosejima and Satsuma-Iojima.  

Three small islands in between them are also volcanic islands. 

 
4-1. Suwanosejima 
 There were many eruptions of Strombolian 

and Vulcanian types from the summit crater (799 m) at 
Suwanosejima in the last century.  The volcano was 
rather dormant for five years since 1995, and resumed 
eruptions since the end of 2000. Eruption clouds at 
Suwanosejima are hazardous for low level (4-5 km) 
aviation, and the emitted ash frequently affects other 
populated islands in the vicinity. As it was difficult to have 
a good observation station on the island, we set a network 
camera at Nakanoshima, 25 km to the northeast, and 
connected it with the Internet on 6 August 2002.
 Suwanosejima was especially active in 2002, 
erupting many times almost every day in August, and with 
72 eruptions on 5 December. Some of them were detected 
by NOAA/AVHRR, EOS/MODIS and GMS/VISSR 
images, and reported by pilots to Tokyo-VAAC. Most of 
them since August were seen in the monitoring records 
such as shown in Fig. 7, though many of them were 
somewhat obscured by sea-haze. A summary of ground 
and satellite observations in 2002 is described in [4]. 
 

 
Fig. 7. Suwanosejima eruption on 14 Aug. 2002 

 

Fig. 8. NIR monitoring camera image of Suwanosejima plume 
 on 29 April, 2004 at 12:00 JST. 

 
 On 18 February 2004, the monitoring camera 
at Nakanoshima was changed from a conventional visible 
type to NIR type in order to minimize the sea-haze 
obscuration and to detect hot anomalies. Improved results 
have been obtained in spite of the long distance over the 
sea, such as shown in Fig. 8. 



 

 

 At the points where AC power supply is not 
available in Suwanosejima, we tested the interval 
recording by using digital camera package with 
rechargeable battery pack in a sealed transparent box. 
Such a package may be useful in long-time field 
observation, as it is small, lightweight and relatively 
expendable. 
4-2. Satsuma-Iojima 
 Satsuma-Iojima (or Kikaijima) is a volcanic 
island at the NW rim of the Kikai caldera, most of which 
lies below the sea level formed about 7000 years ago. It 
has continued active ejection of gas mainly from the 
summit crater at Io-dake (703 m) for more than several 
hundred years.  

Long-time automatic recording of the volcanic 
cloud started in July 1998 at a station about 3 km WSW of 
the crater, under the support of Nittetsu Mining Co. Ltd. A 
digital camera for hourly interval such as shown in Fig. 9,  
and a video camera with 0.2 sec. recording with 3 min. 
interval were installed. The video recording has been 
changed into 0.5 sec. with 10 min. interval since September 
1999. In these modes, the automatic recordings are possible 
without changing media for about three months.  

 
Fig. 9. Digital camera records at Satsuma-Iojima on 22 Aug. 2002. 

 
Explosive eruptions affecting aviation have 

been rare at Io-dake in recent years. The ejection of 
volcanic plume was rather constant most of the time, with 
the height about 100-800 m above the summit depending 
on the winds. The highest heights in 2000-2002 were 
about1300-1500 m. Further discussions are given in [5]. 
 For real time monitoring and archiving, a web 
camera system was installed in February 2003, and the 
camera head has been turned into NIR type since 

December 2003. The video camera has been turned into 
NIR mode since July 2003. It was found that analog 
connection of the telephone line was troublesome for the 
web-camera system. The Japan Meteorological Agency 
(JMA), which is responsible for volcanic disaster 
prevention, installed a high sensitivity camera with 
satellite communication line in November 2002. JMA also 
installed similar system at Nakanoshima for 
Suwanosejima monitoring in March 2003. It is desirable 
that different systems and modes are running in remote 
island volcanoes to observe various aspects of volcanic 
clouds and backup each other. 
 
5. Sakurajima 
 Since 1972, Sakurajima volcano has been 
continuously active, ejecting ash plumes almost daily from 
the summit crater Minamidake (1040 m), mixed with 
Vulcanian and Strombolian eruptions occasionally.  
There had been many ash encounters of commercial 
aircrafts until 1991. The encounters have been quite 
reduced since then, by routing aircraft away from ash.  
 The Kagoshima group started interval 
recording of Sakurajima clouds in September 1987 at B in 
Fig. 10, 9.8 km WSW from the crater, and has published 
highlighted results on the Internet since 1997. Previous 
works of ground observations and satellite imagery of 
volcanic clouds are summarized in [6].  All of the 
archived records are now being converted into digital 
movies. Real time monitoring and archiving of the cloud 
images, accessible via the Internet, commenced at A in Fig. 
10 in December 2000, and also at Ta and C in February 
and March 2003.  
 

 
Fig. 10. The topography of Sakurajima and the surrounding 
Kagoshima Bay observed from southern sky (SiPSE 3D 
graphics). The gas monitoring stations (+), and camera 
monitoring points (A, B, C, Ta) are indicated. 



 

 

At the foot of the volcano around the crater, 
there are four stations monitoring surface concentration of 
SO2 and suspended particulate matter (SPM), as shown in 
Fig. 10, providing continuous measurement data with 
one-hour resolution since the 1980s. By comparing these 
data with the record of volcanic clouds and upper wind 
data, it was found that SO2 concentrations at the foot of the 
volcano are high only when the winds around the summit 
are strong enough to create a lee wave and blow the 
volcanic plumes and gases down to a measuring station [7]. 

 
6. Miyakejima 
 Since July 8, 2000, Miyakejima volcano, about 
160 km south of Tokyo (Fig. 11), has been very active, 
with a few big eruptions to disturb aviation in August 2000, 
and continuous ejection of enormous amount of poisonous 
gases since mid-August 2000, which compelled all of the 
inhabitants to evacuate from September 2000. The SO2 
flux in the ejected gas monitored by airborne Correlation 
Spectrometer was a few 10000s of ton/day in late-2000, 
and decreased gradually: it is still 4000-10000 ton/day in 
2004. SO2 was detected 100-400 km leeward in the 
mainland of Japan. 

 
Fig. 11. Miyakejima and other  Izu islands (NOAA/AVHRR 

image on 11 Dec. 2000, 13:25 JST). 

 
 The number of SO2 monitoring stations at the 
foot of the volcano increased from three in December 
2000 to fourteen in April 2004. The Kagoshima group 
analyzed the data, comparing with upper winds at 
Hachijojima, NOAA/AVHRR images and ground 
observation data from Mikurajima [8]. It was confirmed 
that, as in Sakurajima, fresh winds around the summit are 
responsible for the high concentration events at 

downstream stations [9]. The ground monitoring of the 
clouds is now performed by JMA at various points inside 
and outside the island.  
 
7. Concluding remarks 
 Long-time automatic observation by the 
cameras from the ground, combined with satellite images, 
is useful for the studies of volcanic clouds and gas. 
 The use of NIR band has opened a new era of 
the ground observation.  
 Real time monitoring from the ground is 
important for aviation safety, disaster prevention of 
inhabitants and avoidance of ash and gas damages far 
away. It is especially important in order to speculate the 
flow of poisonous gas from the crater.  
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