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What SAR Could See and Could Not See: Northern Osaka and Eastern Iburi, Hokkaido Earthquakes

A
Manabu HASHIMOTO

Synopsis

We processed Sentinel-1 and ALOS-2 SAR images acquired before and after the Northern
Osaka and Eastern Iburi, Hokkaido earthquakes to detect coseismic surface deformations.
Because of its relatively small size and deep focus, we could not obtain coseismic
deformation of the Northern Osaka earthquake. We identified an elliptic area of uplift by
~ 8 cm near the Atsuma town by ALOS-2. This uplift may be caused by faulting of the
Eastern Iburi, Hokkaido earthquake. We also found enormous number of belts of intensity
changes that may be correlated to landslides in its adjacent area. Coherence and line-of-
sight changes were observed at sites of severe liquefaction in the Kiyota ward, Sapporo
city. We show the details of the observed surface changes and discuss capability of SAR.
F—TJ—F: AmBN L —%—, ALOS-2, Sentinel-1, KFJFILiHn
R

Keywords: Synthetic Aperture Radar, ALOS-2, Sentinel-1, Northern Osaka Prefeture
earthquake, Eastern Iburi Hokkaido earthquake
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Table 1. Statistics of the pair of Sentienl-1 SAR images acquired before and after the 2018 Northern Osaka Earthquake

used in this study

Pair Acquisition before  Acquisition  after Local Orbit Incidence angle Perpendicular
the Event the Event Time (Swath) Baseline

1 May 24 June 23 18:00 Ascending  39.2°(IW2) 89.9 m

2 June 5 June 29 06:00 Ascending  39.2°(IW2) 60.4 m

3 May 30 June 23 06:00 Descending  39.2°(IW2) 51.7m

4 June 11 June 29 18:00 Descending  39.2°(IW2) 18.4 m
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Fig. 1. Sentinel-1 interferograms acquired on ascending orbits. (a) Interferogram derived from the pair of images on May
24 and June 23, 2018. (b) Interferogram derived from the pair of images on June 5 and 29, 2018. Area with lower
coherence than 0.7 (almost mountainous area). Red star indicates the epicenter determined by JMA. Black and yellow
arrows denote directions of flight and emission of microwave, respectively. Solid lines are surface trace of active faults
in Active Faults Database in Japan by AIST (2005).
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Fig. 2. Sentinel-1 interferograms acquired on descending orbits. (a) Interferogram derived from the pair of images on
May 30 and June 23, 2018. (b) Interferogram derived from the pair of images on June 11 and 29, 2018. See also the legend
of Figure 1.
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Fig. 3. Averaged unwrapped interferograms of two independent pairs of Sentinel-1 SAR images. (a) Interferogram for

ascending images. (b) Interferogram for descending images. Negative values correspond to range increase.
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Table 2. Statistics of the pair of ALOS-2/PALSAR-2 images acquired before and after the 2018 Eastern Iburi Hokkaido
Earthquake used in this study. +3 means scene shift of +3. *) shows pre-event images used for the computation of average

coherence before the earthquake.

Acquisition Acquisition Orbit Incidence  Perpendicular  Polarization Look
before  the after the angle Baseline Direction
Event Event
PI§- June 14 August 23" Descending 36.2° -238 m HH Right
2750+3
June 14 September Descending 36.2° -245 m HH Right
20
August 23 September Descending 36.2° 69 m HH Right
06
August 23 September Descending 36.2° -8 m HH Right
20
September September Descending 36.2° -77 m HH Right
06 20
Pi22- August 25 September 8  Ascending 31.1° -70 m HH/HV/VH/VV Right
850
Pl16- July 26 August 99 Ascending 43.0° 8 m HH Left
890
August 9 August 23 Ascending 43.0° 77 m HH Left
August 23 September 6  Ascending 43.0° 36 m HH Left
(a) 141.25° 1415 14175 142" 14225° 1425 (b)14125° 1415 14175 1420 14225 1425

Quasi-X:P122 x P18
(c)JAXA analysed by DPRI-KU

Quasi-Z:P122 x P18
(c)JAXA analysed by DPRI-KU
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Fig. 4. Results of 2.5-D analysis of the coseismic interferograms spanning the Eastern Iburi Hokkaido earthquake.
Unwrapped interferograms of P122 (Ascending) and P18 (Descending) are used for processing. (a) Quasi- vertical
component. (b) Quasi-E-W component. Red star shows the epicenter. Green lines are surface traces of active faults
registered in AIST(2005). Red color corresponds to uplift/easting in each figure.
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Fig. 5. Simulated coseismic displacements for two dislocation models with different depth of top margin and slip. Length
and width are 20 km and 20 km, respectively. Dip angle is set to 65° and purely thrust is assumed. (a) Depth is 15 km and
slip is 0.5 m. (b) Depth is 25 km and slip is 1.0 m.

(a) 141.4° 141.45° 141.5° (b) 141.4° 141.45" 141.5°
43.05" : 43.05° 43.05° > —=j 43.05°
: " Heiwa Sta. X ; B Heiwa sta. g .
‘ 1S : y . 4
ALOS-2:P116 (Coh.>0.7) : y ALOS-2:P116 (Rel. Coherénce Change)
F890:180823-180906 X B / (Ave—Co/(Ave+C? .
(c) JAXA analysed by DPRI-KU" ; B 3 (c) JAXA analysed by DPHI-KL@
- -
| ! ;« ‘ %
/ \ . -
v ; 5 z ’
g 2 . e " €
L4 - - y
¥ ;j'-')f: g 5 k':,ﬂ
/%_l »{.,_;u t‘ r:/; l(‘
r 12y Vit g ! L
Kiyota—ku = 7y 0 Maz 43° Kiyota-ku £, ./ g 43
wusid ) 2405 an b §
o L e /“ ¥ @
i ‘ / - A /
V. a0l ) 4|
T . ; <} o
® TR 7 & RPN 7 i
| Utsukushigaoka ©, Utsukushi oh’ & p
y Rl Y <z " ¥ .
4 i gon b f ot
’ \ - - ”
7 4 %
o A% 4
3l 0 it 3
oA ol [ F o -
,'_’m f'; ‘ w() Akt 2km - 3kmo4
& ’ s - ad i
AT g5 @i i 2 8 R *-’,-‘ -
— 4295 42.95"  em— ¢ A Be 0¥ 4295°
141.5° 141.4° 141.45° 141.5°

R_coh_change
-1.0-0.8-0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 1.0

Fig. 6. (a) Coseismic interferogram (P116-F890) that covers southern Sappro city. Black and yellow arrows indicate
direction of flight and emission of microwave, respectively. (b) Coherence change ( Ay) of interferograms of P116-F890.
Ay is larger than 0.2 in red regions, which means coherence decrease during the earthquake. Average coherence before

the earthquake is lower than 0.7 in grey region.
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HV and b X E \ § Color composit of Intensity Image of HH, HV and WV polarized wave

P122-850: Aug.25, 2018
{ Image

.l ©ooglé Farth
» Ny
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Fig. 7. Color composite of intensity images of P122-F850. Red, green and blue are assigned to HH, HV and V'V polarized

images, respectively. (a) Image of August 25, 2018. (b) Image of September 8, 2018.

()

P122-850: Auus Sep8, 2018

Fig. 8. Color composite of change of intensity. Red and cyan (green + blue) are assigned to preseismic and coseismic

intensity images, respectively. (a) HH, (b) HV, and (¢) VV polarizations.
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Fig. 9. Compilation of surveyed results of slope failure
and soil deposits by Geospatial Information Authority

(2018b) mainly based on aerial photos.
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