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Estimate of crustal deformation around Azumayama Volcano by using SAR data
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Azumayama Volcano is located along the border of the Yamagata and Fukushima Prefecture. The
volcanic alert level of Azumayama has been raised to Level 2 since Dec. 2014, which is the highest
in the Fukushima prefecture. Level 2 means a probability of an eruption which can damage the area
near the crater.

The Advanced Land observing Satellite2 (AL0S2) / Phased Allay L-band Synthetic Aperture Radar
(PALSAR2) observes the large area. The technique of interferometric SAR (InSAR) analysis can
estimate the ground displacement with the cm-level resolution.

In this research, we examined a crustal deformation around Azumayama. We analyzed the
ALOS2/PALSAR2 data observed from September 2015 to November 2016 using the technology of InSAR,
comparing the results with the measurement from the 6 GNSS stations around Azumayama. If the
crustal deformation obtained by the InSAR analysis of ALOS2/PALSAR2 data is consistent with the
measurement by GNSS observation at the corresponding locations, we could integrate the two methods
to estimate the crustal deformation of the whole area around Azumayama, spatially- and
time-continuously which should complements each other.

As a result, we detected the local crustal deformation around Azumayama by InSAR. The crustal
uplift had occurred at Oana crater through 2014/9/9-2015/6/2. No crustal deformation was observed
from 2015/6/2 to fall 2015. The subsidence at the west of Azumayama since fall 2015 seemed to be
detected for the first time by InSAR.

The InSAR estimates showed very good agreement with the GNSS observations within their errors
except for a few cases where phase propagation delays through the ionosphere or troposphere should
limit the accuracy of InSAR.

No GNSS station is located at the west of Azumayama. InSAR analysis can contribute to estimate the
crustal deformation in the whole volcanic area. By integrating the two different methods of InSAR
and GNSS, we would be able to monitor the deformations around Azumayama Volcano
multi-dimensionally. It will be an important step toward prevention and/or mitigation of natural
disaster.
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3-D deformation mapping by exploiting ALOS-2 InSAR from four different viewing directions
-case of Sakurajima volcanic activity in 2015 -
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Effect of atmospheric-related noise reduction using numerical weather model -Application
to the 2015 Sakurajima dike intrusion event -
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Interpretation of InSAR images by FEM: Effects of topography
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Finite element model and dLOS of Sakurajima
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Ground-based radar interferometer observation system for monitoring of surface deformation
around the volcanic crater
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GB-SAR technology and its deployment
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Antarctic ice shelf and ice sheet through ALOS-2 / PALSAR-2 satellite
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After the two years of launch of ALOS-2 satellite, PALSAR-2 collected the fine data on Antarctic
continent and surrounding ice shelves. We would like to report the first two years of results using
ALOS-2 / PALSAR-2 data. Our study focus on two subjects, one is 3pass or 4pass DInSAR (DDInSAR)
analysis for detection of marginal zone between ice sheet and ice shelf, known as "grounding line".
It is very few 3pass InSAR pairs even after two years of data accumulation, we introduce the
intermidiate report of the analysis through the comparison of grounding lines made by ERS-1/2 and
ALQS / PALSAR data respectively. The other is time series analysis of ice shelf change on Prinsesse
Ragnhild Kyst. This area is located on East Antarctica, where its climatological change is said to
be relatively calm. We investigate the variation of the ice shelf trough the time series SAR
backscatter image analysis.
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Phase shift observed over a forest stand with PALSAR-2 SAR interferometry in Hakone
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Volcanic activity has increased in Owakudani Park, Hakone, Japan, since April 26, 2015, including a
small eruption that occurred on May 29. Several Phased Array type L-band Synthetic Aperture Radar-2
(PALSAR-2) observations were conducted to detect crustal movement near the crater area. A phase
shift of about 90° over a Japanese cedar forest stand located near Owakudani Park was clearly
observed for the interferometric pair on March 1 and May 10, 2015. However, no clear phase shift
was observed for the adjacent broadleaf forest stand. Except for the pair, no clear phase shift was
observed over the forest stands.

Watanabe et al. [1] used L-band Synthetic Aperture Radar (SAR) to determine that the dielectric
constant corresponding to moisture in a tree trunk often increases after rainfall and induces
sigma-@ increase. Rainfall of 10.5 mm/h was observed 6 h prior to the observation on March 1, which
may have affected the ground phase beneath the cedar forest stands.

A model describing the phase delay due to water vapor in the atmosphere [2] is introduced in the
present study to describe the phase delay due to the moisture change in a forest layer. It is
indicated that the estimated phase shift due to the moisture variation of trees is 109° assuming a
20% refractive index variation, which was actually observed in trees in Tsukuba and Tomakomai. This
result implies that the possible cause of the phase shift observed over the Japanese cedar forest
stand was caused by moisture change in the forest layer after the strong rainfall.

[1] M. Watanabe, T. Motohka, T. Shiraishi, R. B. Thapa, C. Yonezawa, K. Nakamura, and M. Shimada,
“Multi-temporal Fluctuations in L-band Backscatter from a Japanese Forest”, IEEE Trans. Geosci.
Remote Sensing, 53(11), 5799-5813, 2015

[2] M. Shimada, “Correction of the satellite’s state vector and the atmospheric excess path delay
in the SAR Inerferometry-An application to surface deformation detection,” J. Geodetic Soc. Japan,
45(4), 327-346, 1999
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Detection of slope failure using ALOS and AL0S-2 data -Application to Mt. Fuji
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Preliminary Analysis of Airborne SAR Interferomery Using Pi-SAR-L2 Data

*NE 5= BE #BF

*Makoto Murakami', Shohei Narita'

1. B KFBEABEKXRE

1.Hokkaido University

1. [FUsIC

BEEOL—45 (SAR) (&, &XE, L, FEEAE, SHESRNGEE, MLERIICEUZZ< ORFZE
BLTWS. TE, BAEDPALSAR2/ALOS2/EE, FE2BESARICKDENRIE, I TICEENEANLEZSY
VOFEEESOTHD, CNFTEHELOBRERENRLEMR>TUVS. —F, MEEIESSARE, HIREBRICEBHA
MAZEHRETE, BRNGICEENEREVNCENS, BERICHEVZLDRAZELTLSEND, VE—K~
IRXFB5% (DInSAR) (CREL T, RITHFFOHIECUBEBMOBENRNILR v O EE>THED, LAV
SNBEMBCEFEDTULKL. AR TIE, JAXANERT SEMAEL/ Y RIMZEEESAREE (Pi-SAR-L2) D
F—S&EMBALT, MEETSSARDEIRME ST Bz H DF BN E MU .

2. Pi-SAR-L27—9 DFHME(CDULT

Pi-SAR-L2(C(F, BREEKINS-GPS/\1 TV v REIDOMEKEMZENBHINTULD. ChIcLD, BLEER
BMRARBINTULEIR, FRARTELKSROECEDODREILL>T, TELRE—MBOEIRITRETH

3. ZOER, MEETSSARORAMBRELREDMUBEDDMIE, BEDZENICHARTIDERLTHENRESR
LU, MRZEEHROBREME(C(E, MIOEMMICER Y SUMERHOBEUSRENNETHSD. KHET
(&, 2015F8HDVIVEAIARY CARE UZKEENRIMEE U T, BEHPOT—S&EFEAL, RIEREE
DHERETOIZ.

3. EELEFHSUBOBECBR

AAETIE, IEIRBLEHBIFRFORINC (Radar Interferometry Calculation Tools, |B¥Fi/\—I 3 V(&
0.36) ERB L. 2013/9/138 K TU2014/8/7T(CHEMED EZEZNSEEBINIZT—S ICDVWTIAAD SR
Z(Ie. EEMNSIHEAAANDRITRTICDOVT, BREFENRESN. DT —5 OMPIEEEREEEm Y
ATHD, BHAEBEOMEY X7 LDOMEE, BfteEYL /SOy ~OEBUKENKERTE

Iz. RINCIC K BDEET — 5 L ARDZENTNET, E—BEOTHERESLE. COBRBETIE, MEA—K
[CKBNEZE, i EDMEICHHIUZMUEE, KBEKIDHICLBDMUBELENRSINTUS. MEETSSARD
BARICE, ECHEICERT MBEERLOBEREETHD, N, HWRESHEFTADLCRE#EL LT
WD, EFTHRERBELZECS, RITAAICEBELR2ADS 1 VEBR(ICU THEORNEREREMNREFEL T
Uz, HRRZEIOEYIEE (C(E, MROZHE (FEBKRTH D DEDMUBELHR S DEELSBRENRUNET
H3. SHEF, ERESEERERS 1Y TCROSTNIIDOM\BICHEILZ. ZOZENENIC, ZREIEO
TJavTa VI IOMET—9DTr v+ VIEEREL, BECE(CUMEEREORBENL VRS &M
FEAERERAZRELIZE, BRE/A L. RAERSMRESNEBROMUBOENIE, AEDERBINT
HD, XKEBADBEHT, +-15IT7 Y (6enf2E) (CINFE > TULVE. 2015FENEATARY ~DOIRERESE, HK
Z5kmD SRR TRAMIEHZ0enTH D, CDEEOEMIRIEE ZERMNLRD OMRBREE THN

(X, pi-sar-REBRAITERNTETHD_EDFRNDESE.

HEE  AHSECER U EMZE#SART — 5 (FIAXAD\ SR E F(F1z. @BR(C()EIRBEARER LI

RINC (Ver.0.36) S XOELHIERMEST —SZHALZ. CCICEBLTRHATS.

Keywords: Crustal Deformation, Volcanology, Remote Sensing, Airborne SAR

©2016. Japan Geoscience Union. A1l Right Reserved. - STT54-11 -



STT54-12 HAMERSER S EA2016EAS

PALSAR-2 SCANSAR-INSARICDU\T
- Full Aperture SUE & SpecanfUEDELER -
PALSAR-2 ScanSAR Interferometry - Full Aperture processing and Specan processing -

*BHE BYE'

*Masanobu Shimada’

1.RREBEHAY BEIPEH EBEIZPR 2R BHREBEFER
1.Tokyo Denki University, School of science and engineering

PALSAR-2(DScanSAR(ZAEEH (CERRIERE RS CET BMEEZ 1> TH D RIBEIRE AL\ GB35
SARADEERICZ < DIHBEBIE RS C ENTE D, PALSAR-20DScanSAR(FMD E— REIRR(C. PALSARICEEAN
T. 1) SRAABLC E. 2) DRRERBVCERE(TFSND, 5. BEERICELTERIE. 3) E—LA
FAHOBEZRALIETHED. 4) SlBFRIFHEOALEET > T, FHEOAELICDERD>TUL

3o ScanSAR-InSARICEAL T3, 1) SpecanFHE 2) Full aperture SRNDERILAH D AHAETE. WA
EOREBEAERIET D, AN T. ASARIZDual Beamz= W CLVWVEREIBO#HIZE BT VY EX 11T+ &E
BLTW3S, 7YEF 117 rDERAEEADE CTHERIT 3,

F—O—F  GEAOL—5. ScanSARF
Keywords: PALSAR-2, ALOS-2

©2016. Japan Geoscience Union. A1l Right Reserved. - STT54-12 -



STT54-P01 HAMERSER S EA2016EAS

ALOS/PALSAREALOS-2/PALSAR-2CRIZEAR S K UARFE DR Z Y
Ground Deformations in the Kanto and Osaka Plains Observed by ALOS/PALSAR and
ALOS-2/PALSAR-2

AR 2

*Manabu Hashimoto'

1. REKRZ BRI
1.Disaster Prevention Research Institute, Kyoto University

HEFEHFOMBEESDERDIHIMRTET SEHMES DM TOERTIRE RT3 &9 B3R5t (Bell et al.,
2002) (CEDUVT, BAOKRKRNEHELH CHIEE, REP - KRD 2 SN ZE %, SARICKDEMICHE
Z, SEREBE DBRERNTUSD. ZNZENOMIBKICHUVT, ALOS/PALSAREHRM InSARKFRFIENT &
ALOS-2/PALSAR-2EHR DT BB & 1T D ITiEREHRE I 5.

Bu\fe7—751(d, ALOS/PALSARE &K U'ALOS-2/PALSAR-2E#R CdrD. ERIHARI(E, ALOS/PALSARIC DUL\TIE20064
5AMNS2011E4RF T, ALOS-2/PALSAR-2(IC DU\ TI2014E8AMNS2015F1NNBE THTF—F %, TNENER
L.

ALOS/PALSAREI&RIE, FMIZHT 3 FEULMNDI5E EDEANELINTULSDDT, Stanford KTHREI N
StaMPS (Hooper et al., 2004) (ck D, BFRIUEENTD—TETIH SPersistent Scatterer InSAR (PS-InSAR) &
EfEL .

ALOS-2/PALSAR-2(Z, ERRIHAREMNRS CTE1FE4 v BEETHSD. I5I(C, 2014FEHNS52014F(CHFTIE, AU
HEOR U ARBTOSILDHADELS, RATEERO—BIZHD6EITHSD. CDies, SHEEDTHE
(—EXBvFVT) (ce&siz. HRLEVIRDITT7(E, Ganma®TdH D

WFNOFFICEVTE, MEBOEEE I A I-RDEHOMUBEEHDE(C(E, ASTER-GDEM ver.2 (Tachikawa
et al., 2011) Z=HAUL\/z.

REERSEEFDALOS/PALSARES (Path 406 Frame 710) (DPS-InSAREENT(C KD, IBEMERTILEDRIC, BK10
m/yr(CET DFENSESHIEEFNREINZ. HEETABELTLSIEDEEZEZS5NSD. Fie, FIRII
(AD TERXENRHESND. —7, INMEGBIBINIKBICAST, 5 m/yrElX 3BEIOED S EEFHN
BHons.

RIS A ZE D & 9 SHEIDALOS-2/PALSAR-2F S EER (Path119 Frame 750) DX VF VI T, &
RS OB ETNA (CRIRERBRODEENTBOH SNIZ. ULHL, COEEERET, #F L EALOS/PALSARDIE
REBBUILL., SEBBOT—IEBHNRARIRTHD. &d, ABIOT— (Path 120 Frame 740) T, ED
EERESTRT7ICHVT, BRABMICKTVRREERZ(EAFOSNTUS. BIANEXRROZEHICLIDEER
5Nn3.

ABRFE - RERAMT(E, ALOS/PALSARESR (Path 414 Frame 680&Path 65 Frame 2920) OEEHAH\S, B

E - BWBERICO TN E REEMEROEREAREINTUVSD (BA, 2014) . LH

L, ALOS-2/PALSAR-2(D20145E10B M\ 520155128 DEHR (Path 21 Frame 2910, Path 26 Frame 2920, Path
127 Frame 680%) DEENTIERTIE, CNOSDEEMRBH SN, BEINREEBZXBFIERSTLHEVZHE
EZZ5N3N, MEEDT—IEBVTNELBREEFNMRE UL TR ITI2NENSS.
ALOS/PALSARE & T'ALOS-2/PALSAR- 2R (d, ALOS-2 RA-4 (#1178, PI : #BAZ) (CL DR, F/z(F LM
BRCHTRIERNERAEER (CIDEBINIZEDTY. ALOS/PALSAREHRDEIEIE - FREEISIEBEES
S RUFHMZEATTFARIERE, ALOS-2/PALSAR-2EIRDENENE - FIBHEITFHEMEMEMAREE(CED I T .

F—O—R: GEEAOL—5—. Hh#&ZE). ALOS/PALSAR. ALOS-2/PALSAR-2. BAEREEF. KERFEF

Keywords: Synthetic Aperture Radar, ground deformation, ALOS/PALSAR, AL0S-2/PALSAR-2, Kanto Palin,
Osaka Plain

©2016. Japan Geoscience Union. A1l Right Reserved. - STT54-P01 -



STT54-P02 HAMERSER S EA2016EAS

ZEBESAR Pi-SAR2(C KB RIEERMED = DDILEKADER & Z DiER
Observations and Interpretations of Two Mountain Glaciers on the Eastern slope of Mt.
Tsurugi by Pi-SAR2 airborne SAR

*HE EAL & ZAEL BRE F—HF. \E &

*Masato Furuya', Kotaro FUKUI?, Shoichiro Kojima®, Takeshi Matsuoka®

1. 6EE X Z X ZREZMFEREALRIZEBE. 2.3 LDV SWIAEYIE. 3. [EHREEHITEE
1.Department of Natural History Sciences Hokkaido University, 2.Tateyama Caldera Sabo Museum,
3.National Institute of Information and Communications Technology

& - BRE(2012)(3. L. RIEEITHARICEKANREL TLDC EZGPSERVTRENREER R E 71 X
L—5—&RVWKERANSRUZ, —73. XADERRI—RRICIEMETHORANRETH D, HRHAIC(E
BRRLEEH D VIMEBERAW Y E— M EY IV IEMBAVSNTE R, BADILTZILTIIDIBE

(F. HROWLENACHATRENNS K, RABESTHICEFOMET. RENCTONTLSHFE
VE—rEYIYVIRMOERERFLULERBTIEEV, DNDHONIE. NICTEDHRFEMFEE LT, MZEKSARE
ROz 8A% 2013F 3017 > T, JFRFHOBEMENEERY 3 & EEICHRBEERANET O, TNSDIE
RIEDVTHENT B,

F—O—R ! RE =0, /NRAKA, Pi-SAR2. {mIKSAR
Keywords: Mt. Tsurugi, Sannomado glacier, Komado glacier, Pi-SAR2, Polarimetric SAR

©2016. Japan Geoscience Union. A1l Right Reserved. - STT54-P02 -



STT54-P03 HAMERSER S EA2016EAS

ALOS-2 PALSAR-2 SAR TSR (C L DIRF I NI EDEE
Line-of-Sight displacements in Nishinoshima detected by ALOS-2 PALSAR-2 SAR interferometry

*BFICE. B 2. AA BAL BE BYS. #A H—

*Ryo Natsuaki', Manabu Watanabe', Masato Ohki', Masanobu Shimada’, Sinichi Suzuki

1. FEHMZEMERAEME. 2. RRBHEXF

1.Japan Aerospace Exploration Agency, 2.Tokyo Denki University

Nishinoshima island in the Pacific Ocean has been erupting since November 2013. At first, it
created a small new island located in south-east off shore of the pre-existing island. Nowadays the
new island has rapidly expanded the land with its lava flow and almost absorbed the pre-existing
island. According to the current record, the pre-existing island had 76@(North-South) x
600(East-West) meter land while the new one had 1960 x 1960 m as of February 3, 2016 [1]. The
state-of-the-art L-band Synthetic Aperture Radar (SAR), Phased Array type L-band Synthetic Aperture
Radar-2 (PALSAR-2) aboard Advanced Land Observation Satellite-2 (ALOS-2) has been continuously
observing the island since its launch. It has 3m spatial resolution with 5@0km swath in ultra-fine
mode [2].

As Nishinoshima is an active volcano, it has been analyzed with mainly photogrammetric approach
[3]. In this paper, we performed interferometric analysis and found line-of-sight displacements,
which indicates ground subsidence toward the lava flow. The ratio was approximately 20 - 3@cm in 2
months. Because of the discrete timing of ascending and descending observations, and unsteady
volcanic activities, the precise speed of subsidence has not been determined. At the same time, we
found that the lava flow hidden by the coagulated rocks shows very low temporal coherency. That is,
we can evaluate the activeness of the volcano by interferometric analysis which cannot be seen by
the simple photographic analysis. On the other hand, no significant deformation was found in the
interferograms acquired after October, 2015.
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Ice flow speed is one of the essential components to know glacier variations. Short-term speed-up
events such as seasonal fluctuations and glacier surging are attributed to enhanced basal sliding,
which can be influenced by evolution of subglacial drainage system and effective water pressure
(ice overburden pressure minus basal water pressure). Due to logistic problems, the mechanism has
not been fully understood.

Recent advances in space geodetic technique have enabled us to reveal the spatial and temporal
changes in ice speed over entire ice sheet and mountain glaciers. We first revealed the spatial and
temporal speed changes at surge-type glaciers in Yukon, Canada, using ALOS/PALSAR radar images
between 2007 and 2011, and we found winter speed-up at their quiescent phases (Abe and Furuya,
2015). In the absence of surface meltwater input in winter, we suggested the importance of
englacial water storage in basal crevasses, and extracted water with high water pressure may
enhance the basal sliding.

In 2014, two new SAR satellites were successfully launched, one of which is ALOS-2 with L-band SAR
sensor PALSAR-2 operated by JAXA and the other is Sentinel-1 with C-band sensor operated by ESA.
They can acquire higher resolution images with shorter intervals, which will reveal more detail
information about basal condition, where it is extremely difficult to observe directly.

Landsat optical images have been also used for glaciological research for a long time. Recently,
Landsat 8, which was launched in 2013, has given significant impacts on glacier velocity mapping of
ice sheets and mountain glaciers (e.g., Fahnestock et al., 2015). Thus, we have also derived the
spatial and temporal speed changes near the border of Alaska and the Yukon, using similar feature
tracking program (Abe et al., 2015), and we found three ongoing surging events (Klutlan, Steele,
and Walsh). Each glacier has the different pattern of spatial and temporal velocity changes
associated with the surging event, which is reflected in the meteorological condition and the
thermal structure at each glacier.

In our presentation, we will report some new findings derived from satellite images, and discuss
future prospects in order to better understand glacier dynamics focusing on the differences between
the radar and optical images.

F—O—R:U9—IJBKE. I-3V, gEEAOL—5F— SYRYY L TJo—Fv—rSvFVT
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