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1. Introduction 

Satellite 3D images are very helpful in studying volcanic geomorphology in wide areas. Especially, near-infrared 

(NIR) images serve to exhibit topographic structure and the land coverage. The web-site SiPSE (Satellite image 

Presentation System for Education, http://wwwsipse.ddo.jp/sipse/) provides data sets for the 3D presentation of 

Landsat TM images with a viewer through the Internet, and enables to handle NIR and visible images in real-time motion as 

a flight simulator in a Windows computer stand-alone. The site has been operating since 2000, with coverage of southern 

Kyushu first and then almost all Japan since 2002. The system with the data is open to the public as a free-ware, and an 

outline is displayed also in English: http://wwwsipse.ddo.jp/sipse/sipse-e/index-e.html. 
 

2. The SiPSE system 
  The SiPSE data set is composed of digital elevation model (DEM) data and the satellite data of the land coverage, as 

shown in Fig. 1.The land coverage data is obtained from the LANDSAT TM 1-4 data with the pixel size 28.5 m by 

reducing the brightness data from 8 bits into 4 bits so as to reduce the file size for the Internet use. The land coverage is 

expressed by the visible-color mode(Vis) with TM 1, 2 and 3, corresponding to B, G and R respectively. TM 4 is also 

utilized for the gray scale presentation of the NIR image. Geographical Survey Institute (GSI) provides the DEM data 

with the spatial resolution 50 m covering Japan. In the SiPSE data, the DEM information is converted to fit with the 

land-cover data with higher spatial resolution by linear interpolation.  

  The standard size of a scene is 512 pixels with 512 lines corresponding to 15 km squared, while it is 1024 * 1024 corresponding to 30 km squared for registered 

users. Wider areas up to six times in length can be obtained by lowering the spatial resolution. In a SiPSE 3D presentation in a computer with a selected land-cover 

image of a scene, the vertical/ horizontal ratio of scales can be adjusted, as well as the overall scale.  

  The satellite image for 3D presentation may be selected from visible color and single band modes. Especially, NIR 

view of TM band-4 is very useful to recognize water and land areas, to see the vegetation coverage and mountainous 

topography via the shading of the sunshine, and to compare with aerial and ground photographs with near-infrared (NIR) 

mode shown in the next section.. 

 

3. North-eastern and central Kyushu 
  In Fig. 2, we see along a NE-SW line a quaternary volcano Futagoyama in Kunisaki peninsula (Fig. 3 for a close-up), 

active volcanoes Yufudake and Tsurumidake, Kuju volcanoes and Aso caldera.  

  Radial pattern of valleys around the summit of Futagoyama is apparent in Fig. 2, owing to the shading of the sunshine 

from SE direction, as the mountain is covered with vegetation. An enhancement of the vertical/ horizontal ratio is helpful 

in the 3D view. 

  A 3D view of Tsurumidake and Yufudake (Fig. 4) may be compared with visible and NIR photographs (Fig. 5), 

exhibiting steep shape of andesitic lava domes. Visible and NIR lights versus filters on a CCD camera for NIR photograph are 

displayed in Fig. 6.  

  The structure of Aso caldera with central cones can be easily seen in wide area scene of Fig. 2, while a close-up scene 

study may reveal the details of Kuju volcanoes complex (not shown here). 

 

4. Taradake and Mt. Unzen in western Kyushu 
  In Fig. 7, we show the Pleustocene volcano Taradake, and active volcano Mt. Unzen in western Kyushu. 

Taradake, deeply covered with vegetation, is similar to Futagoyama with semi-radial valleys somewhat prolonged in the 

N-S direction. Thus, the erosive features of them in NIR images are characteristic to similarly aged volcanoes. 

  Fig. 8 is the main part of Shimabara peninsula with Mt. Unzen in its center, in fine day without any cloud. We may see 

the passages of pyroclastic flows from Fugendake lava dome in 1991-1995 eruptions in both images owing to the lack of 

vegetation. On the other hand, Chijiwa fault can be seen clearly in the NIR image, where Futsu and other faults can also 

be seen parallel to the W-E direction.

Fig. 1. The data flow of the SiPSE system. 

 

Fig. 2. Vis. and NIR images of NE Kyushu (left and right), and their 3D views from SW-sky 

Fig. 3. NIR image of Kunisaki peninsula.          Fig.4. NIR 3D view of Tsurumidake and Yufudake from NNW sky . 

Fig.5 Visible and NIR photographs (a and b) of Yufudake           Fig. 6. The method of NIR photography. 
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  The SiPSE viewer is able to drive a satellite 3D image in real time motion, similar to a flight simulator in a personal computer. The topography and vegetation of 

volcanoes can be vividly understood by the viewer and its image outputs. Figs. 9 and 10 are 3D outputs of Vis. and NIR images of Unzen volcano from various 

directions, concentrating on the central and eastern domains of the peninsula shown in Fig. 8. Pyroclastic flow deposits first accumulated along the eastern slope, and 

then flooded toward NE direction in later stage, as easily convinced with these 3D images. Close to the city center of Shimabara, stands old volcano Mayu-yama in 

front of the main peak Fugendake, as easily seen in these figures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
F ig. 7. Wide scene around Taradake and Shimabara peninsula in Vis. and NIR,  

and 6D views from NNE. 
Fig. 8. Shimabara peninsula, 1998.10.4.  (a) Vis,  (b) NIR.  
 

Fig 9. Vis. images from the south (a) north-eastern (b) 
and south-eastern skies (c).        

Fig. 10. IR images from the east near the horizon (a), 
NE (b) and SE skies (c).

5. Calderas and volcanoes in southern Kyushu 
In Fig.11, we see many calderas and volcanoes aligned 

along NNE-SSW direction, i.e., Kakuto and Kobayashi 

calderas in the north, Kirishima volcanoes, Aira caldera as the 

northern part of Kagoshima bay, and Sakurajima at the 

southern rim of Aira caldera. The outlines of Kakuto and 

Kobayashi calderas may be partially understood by the land 

coverage in Vis. image, though not so conclusive. North-west 

part of Kakuto caldera is characteristic in NIR image and its 

3D view.   

There are more than twenty craters, cones and crater lakes 

in Kirishima volcano complex in oval shaped area with long 

axis along the NW-SE direction. As the area is mostly 

covered with vegetations, the NIR image is appropriate to 

reveal topographic structure. It is also useful to recognize 

small lakes and ponds as very dark objects. In 3D views with 

close-up, both of Vis. and NIR are helpful in understanding 

the interplay of the land cover and topography, as in the case 

of Unzen volcano. 

Aira caldera may be characterized by steep walls in 

western and south-eastern rims in 3D views, similar to the 

case of Aso caldera. 

In NIR images, the summit area of Mt. Sakurajima is very 

dark, owing to the lack of vegetation damaged by ash fall and 

gas. Jigokugawara triangle is also dark, where pyroclastic 

debris filled previously depressed triangle area.  

Fig. 12 shows southern end of Kyushu island composed of 

Satsuma and Osumi peninsulas divided by Kagoshima bay. 

Southern end of Satsuma peninsula is very rich in volcanic 

Fig.11. Kirishima, Sakurajima and near-by calderas in Vis. and NIR images (left and right), 

and their 3D views from SE-sky 

Fig.12. Southern end of Kyushu with many volcanoes in Vis. and NIR images (left and right), and their 
3D views from SE-sky  

 

topographies such as Mt. Kaimon, crater lakes Ikedako and Unagi-Ike, and a few maars. 

Yamagawa port is also a crater. Furthermore, there are two candidates of Ata caldera in this 

region. We may further study volcanic topographies in this region by satellite 3D images. 



 

6.Kikai caldera and Satsuma-Iojima 
   There are many volcanic islands to the south of Kyushu, along the volcanic series of west Japan. Here we discuss Satsuma-Iojima and Takeshima at 

the northern rim of Kikai caldera exploded 7300 years ago. In Fig. 13, a and b are the plain views of both islands in NIR and Vis. respectively, and c is a 

3D view from southern sky. A close-up of Satsuma-Iojima in NIR 3D image from horizontal south direction is shown in d, to be compared with an aerial 

NIR phograph, e. The caldera wall running through Satsuma-Iojima is very clear both in NIR images, though solar directions are quite different in the 

cases of the satellite and the photograph. A small cone of Inaodake can be easily seen in these images, as well as active volcano Iodake. 

 

Fig. 13. Satsma-Iojima and Takeshma (see the text for details). 

 

 

 
 
 


