'ﬁvu\%l

SeTav m

PR -

ﬁ@%?ﬁm%’h¥XU

%714 2007 §F 5R

RIS LHRT O

Detection of Crustal Deformation Associated with Volcanic Activity of Baitoushan
Volcano Using SAR Interferometry

Taku OZAWA" and Hiromitsu TANIGUCHI ™"

Volcano Research Department,

National Research Institute for Earth Science and Disaster Prevention, Japan

taku@bosai.go.jp
" The Center for Northeast Asian Studies,

Tohoku University, Japan

taniguti@cneas.tohoku.ac.jp

Abstract

Under Baitoushan Volcano located on China - North Korea border, increase of seismic activity has been observed from mid

2002. To investigate the crustal deformation related to such activity, we attempted to apply synthetic aperture radar (SAR)
interferometry utilizing ENVISAT SAR. From the interferometric pair of 15 Oct. 2004 and 4 Nov. 2005, shortening of a
distance from the satellite to the ground (slant-range) was detected in 5 km range from the summit of Baitoushan Volcano.

It is consistent with an inflation of the volcano. The slant-range change at the summit of Baitoushan Volcano was about

3cm, and was considered a significant crustal deformation signal. Parameters of Mogi's model were estimated from

detected crustal deformation, and the source location was determined to be at about 5 km depth just under the summit. This

is consistent with an area where seismic activity has increased. We also investigated crustal deformation during a period

when seismic activity was calm utilizing JERS-1 SAR interferometry but could not detect any slant-range change that

reached to several centimeters per year. These results suggest that magma has ascended from a deep part to 5 km depth

since mid 2002 and that activity of Baitoushan Volcano must be increasing.
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Topographic relief map around Baitoushan Volcano (based
on SRTM3 DEM). The yellow broken box indicates the
ENVISAT SAR scene area, and the red and blue broken
boxes denote east and west scene areas of JERS-1 SAR.

Fig. 1

The green curve is the China — North Korea border.
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Table 1 Interferometric pairs used in ENVISAT SAR analysis.

Pair Master Slave B IR day] Bpere[m]
El 2004/10/15 2005/11/4 385 -184
E2 2004/11/19 2005/9/30 315 188
E3 2004/5/28 2004/10/15 140 23
E4 2005/8/26 2005/11/4 70 35

21 0 +271 I 50km I

(-2.8cm) (+2.8cm)
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Fig.2 Interferograms generated from ENVISAT SAR data. Dashed red circle designate the area where a concentric fringe
pattern was detected. (a) Interferogram generated from SAR pair E1 (15 Oct. 2004 and 4 Nov. 2005). (b) Interferogram
generated from SAR pair E2 (19 Nov. 2004 and 30 Sep. 2005). (c) Interferogram generated from SAR pair E3 (28 May
2004 and 15 Oct. 2004). (d) Interferogram generated from SAR pair E4 (26 Aug. 2005 and 4 Nov. 2005).
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Fig.3 Estimated noise level for the interferogram generated
from SAR pair E1.
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(a) Crustal deformation around Baitoushan Volcano obtained from SAR pair E1. Contour lines express the slant range change in

1 cm intervals. The blue box indicates the area used in estimating source parameters. The red circle shows the location of the

ST 8

estimated inflation source. The right and the bottom figures compare the observed and the modeled slant-range changes on the
red dashed lines. Light blue dots represent slant-range change data that was not used in the parameter estimation.
(b) Interferogram simulated from estimated source parameters. The black circle indicates the location of the estimated source.

(c) Residual (observed — simulated interferogram). The blue box shows the area that was used in the parameter estimation.
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Table 2 Interferometric pairs used in JERS-1 SAR analysis.

East scene (Path: 088, Row: 230, RSP: 079)

Pair Master Slave & V5% [day] Bperp[m]
JE1 1992/9/24 1997/10/16 - 1848 -898
JE2 1994/8/29 1998/4/10 1320 -538
JE3 1995/8/16 1998/8/20 1100 224
JE4 1993/6/15 1996/8/2 1144 319
JES 1996/10/29 1998/5/24 572 -302

West scene (Path: 089, Row: 230, RSP: 080)

Pair Master Slave & "% [day] Bperp[m]
JW1 1992/9/25 1994/8/30 - 704 495
JW2 1994/8/30 1998/7/8 1408 -486
JW3 1993/6/16 1996/10/30 1232 -230
JW4 1996/8/2 1998/5/25 660 -537

] 50km |
Phase difference

-2n 0 +2n
(-11.75¢cm) (+11.75cm)

Elevation

0 1500 3000 [m]

Y 5 JERS-1fir2 @ SAR ZF WTIER L7 W2 d. 4 ~OX5 13,7207 ARTES IZ¥RT 5. (a)-(e)
East scene O~ 52 8. (f) Eastscene D%, (g)-(j) West scene D y5= ig. (k) West scene (D

Fig. 5 Interferograms generated from JERS-1 SAR. The number in the upper right corner corresponds to SAR pair
number in Table 2. (a)-(e) Interferograms of the east scene. (f) Topography of the east scene.

(g)-(j) Interferograms of the west scene. (k) Topography of the west scene.
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Fig. 6  Estimated noise levels for JERS-1 SAR interferograms. Each number shown by the legend

corresponds to the pair number in Table 2.
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Fig. 7 Crustal deformation obtained from interferogram stacking. Contour lines indicate slant-range changes of 5 mm/yr.

(a) The result in the east scene. (b) The result in the west scene.
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Fig. 8 Crustal deformation in the overlap area of
the east and the west scenes obtained
from a stacking of all interferograms.
Contour lines indicate slant-range
changes of 2 mm/yr.
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