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Displacement fields around the Fuji and Izu-Oshima
volcanoes based on InSAR analysis of
the Sentinel-1 satellite data
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Abstract Interferometric Synthetic Aperture Radar (InSAR) can produce an image of detailed crustal
deformation without any surface observation point. A SAR satellite, Sentinel-1, developed by the
European Space Agency (ESA) has performed frequent observations of the same regions with C-band
microwaves. In the present study, we investigate recent crustal deformations of two volcanic regions
in Japan, i.e. Mt. Fuji and Izu-Oshima Island, using data acquired by Sentinel-1. First, a comparison of
the InSAR time-series data (more than 20 times a year on average) with the Global Navigation Satellite
System (GNSS) time-series data, at the coordinates of each GNSS station, confirmed close similarities
between displacement rates (trends) of the InNSAR and GNSS data around Mt. Fuji, although the
InSAR data tend to include some apparent annual variation. Then, we applied a decomposition method
to the InSAR data into two directions: East-West and Up-Down. For Mt. Fuji, the boundary where the
direction of the displacement rates is changing, corresponds approximately to the strike of the dike in
the subsurface. For Izu-Oshima Island, the data point out a faster deformation in the eastern part of

the island, however, whether it is a true signal or not remains to be clarified.
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Fig. 1

Elevation distribution and locations of the GNSS stations (GEONET) dealt in this study. Rectangle markers and integers show the

stations with their numbers on GEONET, and triangular markers represent mountain summits. (a) Mt. Fuji. (b) Izu-Oshima Island.
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Table 1 Observation periods, observation numbers, and numbers of interferometric pairs (InSAR) of the Sentinel-1 satellite around Mt. Fuji
and Izu-Oshima Island. The data for ascending and descending orbits are shown separately.

Fuji Izu-Oshima
) 2015.4.30 2019.9.18
Ascending
) ) ~2020.5.3 ~2020.7.14
Observation period
. 2014.11.25 2019.8.19
Descending
~ 2020.6.26 ~2020.7.8
. Ascending 119 25
Observation number -
Descending 140 26
Interferometric pair Ascending 338 68
(used) Descending 388 70
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Fig. 2 Schematic diagram of the 2.5 dimensional analysis based on SAR satellite data of ascending and descending orbits.
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Fig. 3 Comparison of the time series at the locations of the GNSS stations (for ascending orbit SAR) around Mt. Fuji. Red and blue lines

represent the GNSS and InSAR data, respectively. Estimated steady displacement rates are also shown. The integers over each graph

correspond to the GNSS station numbers of Fig. 1.



Al - FHEKE AL O InSAR fi#HT 5

FE DRI RERMIZIR 2 2%, [ABRDIENT 21T o 72.

INSAR @ 2.5 R T HRAfT

Bhl - FEREEREGE UTERZEALERE D 2.5 K70
AT DFERZ, FNENX6 LXTITRY, WENXIIES
®D ThHY, ¥7—av2—tHEBEOEFITE>T L
5213, InSAR DTN Er o T2 2Dt AT S
NTVWBHIFERT,

Bl (6) od, WIHD 5P 10km F2 5 O FipH
T INSAR D F¥EMAVTEL, T2 2BohLhrol:
25, 24k DB OACHE T S OB 5 & s, w

93069D
0.06
E
= 0.031
| s
[}
€
8 0.00-
]
o
2
S .0.03
o
2
© J— i
T -0.06- GNSS (-2.1 mml/yr)
o — InSAR (-3 mmiyr)
2016 2018 2020
Year
93071D
0.06
E
= 0.03
| et
[0}
€
8 0.00
Q
o 08
]
B .03
(0]
=z
© — g
S GNSS (-4.1 mmiyr)
o — InSAR (-4.6 mmlyr)
2016 2018 2020
Year
93075D
0.06
E
= 0.03-
| =t
[0}
IS
8 0.001
o
o
@
T .03
(0]
=z
s — GNSS (-8.6 mmiyr)
© -0.06 1 - v
o — INSAR (-8.9 mm/yr)

2016 2018 2020
Year

FEEBCIEPEM S OB) & L UkEs R oz, EHEONS L L
T, BALEEOR & Kb L5ERE & #00 - B A
BIZIEEFTWS 2 EHH 5, i, Nakamura (1977)
PRELLELINTOLA 7 EXE L T2 HEMEDH
3.

B 221 50 L PR TR (J\HE, 2021MS) T
i%, Okada (1985) O 7'V — B EHL, X147 %
TV & UCHETR 17km DI AL HAERY 80 B « #EH) 305 J -
& 11km « £ & 45km B3 EE 0.06m/yr OB 2 7 v 7
FRETDHILET, HEBREINSART — X ZHHATE 2
LT, HEEET VI LRIRE SN HEENMEE DK ~

940048D
0.06
E
= 0.031
[ =
(]
€
8 0.00-
£
< 8
@2
S .0.03
o
2z
© —
T -0.06 GNSS (2 mml/yr)
o — InSAR (-1.3 mmyr)
2016 2018 2020
Year
93038D
0.06
E
= 0.031
[0}
1S
8 0.001
£
T« X
K]
T .0.03
[0}
2z
(O — A
B GNSS (-3.6 mmiyr)
o> — InSAR (-2.4 mmlyr)
2016 2018 2020
Year
93076D
0.06
E
= 0.031
=
[0}
IS
8 0.001
o
[oX
@
T .03
(0]
2
kot —— GNSS (-7.8 mmiyr)
 -0.06 1 : y
o — InSAR (-8.5 mmiyr)

2016 2018 2020
Year

4 Fhlo GNSS BRI SALEIZ 3B 1) 2 B RERFIE (SARFESTRPEOBE). MLBFORKIL3 & A
Fig. 4 Comparison of the time series at the locations of the GNSS stations (for descending orbit SAR) around Mt. Fuji. Explanation for the
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Bl - PrEREEE O InSAR T 7

139°18' 139°24'

34°48'

34°42'

-40 -20 0 20 40
E-W displacement rate [mm/yr]

139°30'

139°18' 139°24" 139°30

34°48'

34°42'

-40 -20 0 20 40
U-D displacement rate [mm/yr]

B7 SEREEZIZBIS 5 InSAREWEMRE & 2.5 KITHdr U 7eis R, ZREHR -k, AR E-TR2 RS, <—b— 0%

IZE1 & Rk

Fig. 7 Results of the 2.5 dimensional analysis of the steady displacement rates by InSAR around Izu-Oshima Island. The left and right maps

represent the East-West and Up-Down components, respectively. Markers are the same as Fig. 1.
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Appendix Calculated displacement rates from the tentative dike model in an elastic body around Mt. Fuji (Fukuda, 2021MS). The left and
right maps represent the East-West and Up-Down components, respectively. Markers are the same as Fig. 1.
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