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Topographic Change of the Summit Crater of the Asama Volcano during 2004 Eruption
Derived from Repeated Airborne Synthetic Aperture Radar (SAR) Measurements

Shoichi Ok1*, Makoto MuRAKAMI**, Nobuyuki WATANABE***,
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Bokuro UrRABE*** and Masanori MIYAWAKI

The Asama volcano (elevation 2568 m), central Japan, erupted on September 1, 2004. Since then thick
volcanic fumes prevented monitoring of the topography on the summit crater floor by standard optical methods.
To detect geomorphic changes of the volcano, Airborne Synthetic Aperture Radar (AirSAR) measurements
including interferometry were repeatedly carried out on September 16, October 22, December 15, 2004 and March
10, 2005. The comparison of AirSAR result in September with a digital elevation model (DEM) by laser
profiling measurements in October 2003 revealed that a pancake shape lava mound (volume=0.9 X 10°m?) was
formed on the floor. The subsequent AirSAR measurement on October 22 indicated that the pancake shape
mound had disappeared and a small pit hole was formed. The volume of ejecta amounted to 2.1 X10°m’. The
AirSAR results in December 2004 and March 2005 suggested that the shape of the crater floor stayed generally
unchanged during that time window. From these, we infer that lava extrusion during the 2004 Asama eruption

occurred within a short period around September and October.
Key words: Asama volcano, SAR, DEM, topography, volume of lava
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BEFE I, koD LN TE /A (FIA1E, Mouginis-
Mark and Garbeil, 1993 ; Rowland et al., 1999; Kobayashi
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Fig. 1.

A: Assembled airborne SAR equipments used for the repeated observation over the Asama volcano on

September 16, October 22 and December 15, 2004. This radar is capable of interferometric measurements to

produce a precise Digital Elevation Model (DEM).

instruments mounted.

B: The aircraft (Cessna 208) with onboard SAR
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Fig. 2. Schematic illustration of airborne SAR measurements over a volcano.
measurements during night or through cloud, mist and volcanic plume.
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SAR is advantageous in
In addition, airborne SAR is more

flexible about the observing conditions, such as flight direction, off-nadir angle and time of measurements

comparing with satellites.
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E#)7— 5 %2t L, 9 AKX ARl Sl - 7o
LIEDRZEDS, 9 A5 10 HIici i T—Rficisk L,
Z D% E L T 2005 4 6 ABIE bfkithcdb 2 &

AARE— < FE

SEe EDEZ  THEIE L A D - EiEM

LTW3,

4. ETHERICL S EMLAOMEDMER SAR
A

4-1 200449 A 16 ADEA

[ HOEEpE 1, THWEEA A 7o X /N F D SAR 2
B MLZERICEE L (Fig. 1 288, &K ORI DR
PO 4 9 H 16 HICHEHE L 72, B O, Ao &
HIT, —HD 2004 FEHEKOHT b AT O K & 75
Bk OHETHTH Y, KOEDIGECEECEDN, K
LK DR FHIRHIF TRl S e b ie, BRI A5
L CKOND & 0 BIF s R sBIls h, EKdho
Kl LZEcofiZEr @i e & ¢, B e
BT L, KOWNEO RN EZRKICT 5700, £ 7
+ 74 T (WZEROE 1R & ik O BTG R2375 3
fAEE) % Table 1 X HICEEL, LTEAH O % B
Lo 4 Fa)e SEN AT - 7o, KOO X 5 5 [UTHL A4
w9 AGAIE, vy —HllokOBhETE v F
o | AT, —J5, wEAO KBS TFINCfn AT,
KINEAHRKT 5. D 2>0FRIE, RRFCHEL,
WML — K4 7 OBIRICH 572, HRYIOHIE %
FEANCIRET L7 S, ol A 2 %ET 2 081D
5. Table 1 D scF1d, ERILO K OHIEZEREICA

Table 1. Specifications of repeated airborne SAR measurements over the Asama volcano during 2004 eruption.
Date Direction Distance Off-Nadir Altitude Freq. band Across Track Along
Between Angle at of (frequency) Spatial Track
Scene Center  Scene Center Aircraft Resolution Resolution
and flight Path At Scene Center
NESW 2km 49 deg X 20m 1.5m
Sept. 16 4250 m
NESW 3km 60 deg (9.6GHz) 1.7m 1.5m
X
NESW 2 km
Oct. 22 49deg 4,250m (9.6GHz) 2.0m 1.5m
X
SWN 2 km
Dec. 15 49deg 4,250m (9.6GHz) 2.0m 1.5m
Ku 0.3m
March 10 NESW 2km 49deg 4,250m 04m

(16.7GHz)
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Fig. 3. Images around the summit of the Asama volcano derived from Airborne SAR measurements on September
16, 2005. Monochrome images are mapped backscatter amplitude, whereas colored ones are interferograms
derived from single pass airborne SAR interferometry. The topographical map of the area is given in the
center of the figure. Each image corresponds to data acquired from one of the flight paths from 4 directions.
The distance between the flight path and summit is 2km. The other observation parameters are given in
Table 1. One cycle of the color change in the interferogram corresponds to height difference of the topo-
graphy by about 147 m.
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Table 2. Difference between DEMs by single path
airborne SAR interferometry and laser profiler

measurement.
Date S.D. of difference (SAR v.s. Laser
Profiler)
September 16 2.03m
October 22 4.16m
December 15 2.91m
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Change of Topography of Summit Crater of Asama Volcano
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Fig. 4. Change of topography in the summit crater of the Asama volcano derived from DEMs obtained by the
repeated airborne SAR Interferometry and laser profiler measurement of October 2003.
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Fig. 5. Backscatter amplitude images in and around the summit of the Asama volcano obtained from Airborne
SAR measurements on September 16, October 22, December 15, 2004 and March 10, 2005 (left) and

schematic Interpretations (right).
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