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490 kmA 5) 700 kmEz TEF 2, BT —Y DBREEMICHVN., BRET YL 19 EBVWT—IEER
B>V ) v IBEEERBLTWS, SEL—SFEDOERER%ZTable 1IIR7,

Table 1. Characteristics of the ALOS-2 follow-on mission (ALOS-4)

1) Orbit : Same orbit as ALOS-2,

Sun-synchronous sub-recurrent orbit

Altitude 628 km

Inclination angle 97.9 degree

Local sun time 12:00 =15 min. at descending

Revisit: 14 day

Orbit control: within £500 m from the reference orbit
2) Lifetime : 7 years

3) Satellite Mass: Approx. 3 tons

5) Data Recorder : 1 TByte

6) Downlink : Ka-band (16QAM): 3.6/1.8 Gbps
Optical link (date relay): 1.8 Gbps

7) Launch : JFY 2020, H3 launch vehicle

)
)
4) Duty Ratio : maximum 50% (approx. 50 min.)
)
)
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8) Mission Instruments : PALSAR-3 (Phased Array type L-band Synthetic Aperture Radar-3),
SPAISE3 (SPace based AIS Experiment 3)

KEL—FDIvay - JKiff - £RICEAT 2ERIRDOURLICH S :
http://www.satnavi.jaxa.jp/project/senshin_radar/

F—O—R:HEL—SYHFE, EREAOL—4. LYK, W5 25, PALSAR-3
Keywords: ALOS-4, Synthetic Aperture Radar (SAR), L-band, ALOS-2, PALSAR-3
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Implementation of Circular Polarization on SAR
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The classical synthetic aperture radar (SAR) that adopts linear polarization (horizontal (H) and vertical (V)
polarization) is known to be an effective way for monitoring the Earth surface. We approach new SAR
configuration that adopts circularly polarized antennas on both transmitter and receiver, namely,
circularly polarized SAR. The circularly polarized SAR is known as a robust system for polarization
mismatch losses caused by the Faraday rotation effect and antenna misalignment. Also, that of dual
polarimetric mode have shown the very promising result regarding classification capability, which is
known as compact polarimetry.

To implement and study this concept, we developed circularly polarized SAR constructed by field
programmable gate array (FPGA), RF transmitter/receiver, PC, and microstrip circularly polarized patch
array antennas, developed for unmanned aerial vehicle (UAV). Also, circularly polarized SAR imaging and
target decomposition analysis have been conducted by vector-network analyzer-based circularly
polarized SAR system with proper polarimetric calibration technique. For applying to complex real world
target, we conducted long-term rice monitoring using ground-based circularly polarized SAR.

F—U—R:AREAOL—%. ARE. KZJU XN
Keywords: SAR, Circular polarization, Polarimetry
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Approach to high precision ice flow velocity mapping on Antarctic ice
sheet
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Observing temporal variations in ice flow velocities on glaciers and ice sheets is very important for
understanding changes in the surrounding environment. We applied Differential Interferometric Synthetic
Aperture Radar (DINnSAR) and offset tracking to SAR data obtained on Antarctic ice sheet and glaciers for
estimating the ice flow velocity.

DInSAR can estimate the velocities of gentle flow on ice sheet and upstream area of glaciers with high
ground resolution (several meters), but it is inadequate to observe the displacement exceeding one pixel
size of SAR image at downstream area of glaciers during the observation period. Offset tracking method is
suitable for estimating the fast ice flow, although the displacement image obtained by this method has
low ground resolution (more than 100m). Therefore, by combining these two methods selectively
according to the ice flow velocity, it allows us to make an ice flow velocity map over wide area of the
Antarctic ice sheet.

As a first step to combine the ice flow velocity maps estimated by DInSAR and the offset tracking, we
compared these maps including their accuracy on the overlapped region. The study area was the ice
sheet and glaciers around Skallen in the southern part of Séya Coast, East Antarctica. We used 13 pairs of
ALOS/PALSAR data and 2 pairs of ALOS-2/PALSAR-2 data, acquired during the period from November
2007 to January 2011 and from April 2014 to May 2015, respectively. GAMMA software was used for
these analyses. The accuracy of the ice flow velocity estimated by DINSAR was approximately 0.04 m/day
based on the GNSS measurements on the Antarctic ice sheet (Shiramizu et al., 2016). Based on this
verification, we also verified the accuracy of the ice flow velocity estimated by offset tracking.

In this study, we will show the comparison result of two ice flow velocity maps obtained by DInSAR and
offset tracking and discuss an approach for combining these ice flow velocity maps with the high

precision.

F—7— K : DInSAR, offset tracking., FEIBIKER, IKEE
Keywords: DInSAR, offset tracking, Antarctic ice sheet, ice flow velocity
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Glacier surge mechanism of Steele Glacier in Yukon, Canada: the
2011-2016 surging episode
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Glacier surge is a periodical orders-of magnitude speed-up event during a short active phase,
accompanying terminus advance and ice thickness changes. Near the border of Alaska and Yukon,
Canada, there are numerous surge-type glaciers, and their behaviors has received a good deal of scientific
attentions. To date, the dynamics have been examined at some surge-type glaciers, but there remain
some questions about the generation mechanism.

High-quality images of recent satellites have allowed us to capture the evolutions of surging episodes with
high temporal resolution. Steele Glacier in the southwest Yukon is one of the recently activated surge-type
glaciers after the quiescence of "50 years. It experienced the last surge in 1965-1967, and the peak
speed was about 24 m/d in early summer 1966 (Stanley, 1969). However, the details of the surging
evolution remain unclear. Here we examined the spatial and temporal changes in ice speed, ice thickness
and moraines associated with the recent event for the first time in 50 years.

We used ALOS/PALSAR, Landsat-7, Landsat-8, and Sentienl-1A images to derive the ice speed evolution
between 2007 and 2016. Although we have no data in late 201 1-early 2013 due to the data availability,
RADARSAT-2-based velocity data (Waechter, 2013) showed the latest surge initiated in 2011, and the
Sentinel-TA-based velocity data showed it terminated in fall 2016. The observed maximum speed was
greater than 20 m d’in early summer 2015, whereas the quiescent speed was "0.4 m d” between 2007
and 2011. The rapid acceleration changed the ice thickness, which is revealed by Terra/ASTER DEMs. In
2006-2011, the ice thickened above the confluence. In 2013-2016, the ice thickened in the middle and
downstream region, while it thinned above the confluence.

Based on the ice thickness changes and the moraine movements, the surge started at the confluence of
Hodgson and Steele Glaciers. We will discuss the surge mechanism based on the diverse datasets.

F—7— K KaH— ALOS/PALSAR, Landsat, Sentinel-1
Keywords: Glacier surge, ALOS/PALSAR, Landsat, Sentinel-1
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Time series PALSAR-2/ScanSAR data were used for detecting early-stage deforestation. The data were
taken 9 times/year, following ALOS-2 systematic observation strategy [1], and it covers global areas,
including major tropical forest in the world. By using this data, JICA and JAXA launched a service,

“JICA-JAXA Forest Early Warning System in the Tropics (JJ-FAST)” in November 2016 [1]. The system is
on the web, and is freely accessible from a smartphone or other devices. Decrease of Gamma’,,, are
observed after deforestation, and current algorithm uses HV polarization data and two data taken in
different timing. HH polarization, and time series data will be used for the future operation. Time series
data obtained in South America with HH and HV polarizations were used, and compared it to the Landsat
data to clarify the ability to detect the early-stage deforestation, where fallen trees were left on the
ground. The SigmaoHH value increased by 1.2 dB in areas undergoing the early stages of deforestation. The
detection timing is almost same as that using the optical sensor. On the other hand, the SigmaoHV value
decreased by 3.2 dB for late-stage deforestation areas, where fallen trees were removed. The detection
timing is about a few month after the detection of deforestation by SigmaOHH, or optical sensor. Many
errors of the deforestation detection were observed at wet forest areas. Temporal variations of Gamma®
were observed for the area, which induces the deforestation detection errors. The variations of Gamma®
shows some correlation with precipitation for both HH and HV polarization [3], and flooding, variation of
moisture for soil and trees may be the possible cause for the Gamma® variation.

[1] ALOS-2 systematic observation strategy,

http://www.eorc.jaxa.jp/ALOS/en/top/obs_top.htm Accessed February 16, 2017

[2] JJ-FAST, http://www.eorc.jaxa.jp/jjfast/jj_index.html, February 16, 2017

[3] Manabu Watanabe, et al., Multi-temporal Fluctuations in L-band Backscatter from a Japanese Forest,
IEEE Trans. Geosci. Remote Sensing, 53(11), 5799-5813, 2015

F—7— N : ZFMER, ALOS-2. ZRIK
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Crustal deformation around Azumayama volcano : InSAR analysis

compared with GNSS data
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Japan is located in a subduction zone where we suffer from a lot of natural disasters, earthquakes and
volcanic eruptions. The volcanic monitoring and disaster control are still very behind compared with the
preparations for earthquakes. Our long-term objective is multi- dimensional or perspective monitoring of
active volcanoes to prepare for potential eruptions. We hope to contribute to the regional disaster control
or reduction in Fukushima Prefecture.

Azumayama volcano is one of the 5 active volcanoes in Fukushima Prefecture and located near the border
with Yamagata Prefecture. Azumayama volcano had been issued the volcanic alert level 2 from winter
2014 to fall 2016, which was the highest in Fukushima Prefecture, although currently it is issued level 1 as
of mid-February 2017. However, the successive monitoring of Azumayama volcano is still most necessary.
The examination of crustal deformation around Azumayama volcano was conducted recently by Muto et
al. [2016]. They tried to investigate time-series of surface uplift and subsidence during fall 2014-fall 2015
based on InSAR (Interferometric Synthetic Aperture Radar) analysis combining with GNSS observation.
This study followed the method of Muto et al. [2016] introducing the latest data after fall 2015 and also
all the available data which are observed by the Advanced Land observing Satellite2 (ALOS2) / Phased
Allay L-band Synthetic Aperture Radar (PALSAR2). Muto et al. [2016] used only the part of the observed
data by the same satellite. The objective of this study is to constrain the ground movement around
Azumayama volcano more minutely and precisely.

The results of INSAR analyses showed the uplift around the Oana crater during 2014/9/9-2015/6/2
which match the results of Muto et al. [2016] and also the 134" the Coordinating Committee for
Prediction of Volcanic Eruption.

We observed the possible subsidence during 2015/9/10-2015/10/8 at the west of Azumayama volcano.
The GNSS observation data showed good agreement with the InSAR results for the uplift at the Oana
crater. Whereas, as for the west of Azumayama volcano, we can not compare the InSAR results with GNSS
data because no GNSS station exists around there.

Unwrapping bias appeared in the 2 pairs of the InSAR analyses results images. The crustal deformation
estimated by InSAR analysis showed slightest agreement with GNSS observation for the 2 pairs, but the
relative deformation among the different sites estimated by InSAR analysis match well with those observed
by GNSS observation for both of the 2 pairs.

Weather noise existed in the InSAR results of the 2 pairs: 2015/7/30-2015/10/8 and
2015/9/10-2015/10/8. For such pairs, the results of INSAR analysis did not match GNSS observation.
Water vapor is generally responsible for such noise, so we tried to constrain the source quantitatively to
evaluate and eliminate the noise. First, we checked to the record of rainfall. In the Washikura observation
station, which locates just "6 km away from the Azumayama volcano, almost no rain was observed on both
days of 2015/7/30 and 2015/10/8. Only a small amount of rain (about 0.5 mm per 10 minutes) was
observed on 2015/9/10. However, locally heavy rain fell in the northern area of Kanto was reported on
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2015/9/10, which might be related to the above noise. Second, we referred to weather and water vapor
maps. A weather map showed that a typhoon approached on 2015/10/8 . A sudden break of water vapor
seems to stay around Azumayama volcano based on the water vapor map on 2015/10/8. The fact might
be connected to the weather noise seen on the InSAR image. It was still difficult, however, to specify the
cause of the weather noise for the 2 pairs of InSAR analysis.

In this study, we could not afford to reduce the noise indicated by some pairs of INSAR analysis, however,
constrained the ground movement around Azumayama volcano after fall 2014 based on the InSAR
analysis combining with GNSS observation, introducing the latest observation data.

F—7— N :EBZFIL. HBEEE. FIHSAR. KILUFES. GNSS
Keywords: Azumayama volcano, Crustal deformation, InSAR, volcanic disaster prevention, GNSS
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Crustal deformation and crater depth change before and after the
2015 dyke intrusion event of Sakurajima volcano investigated by SAR
analysis
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3.

(2) PalSART—4 &6 7=& Y REIE (2006-2016) DEEF/NRY—V B L PEEDTILDEE :
PalSART — % DB RFIEMTIE, VEDBRETRT LTWaWLD, HEEOFERE LT, 2006-2016/7 T/EE
FEEICKEATIZE LTV >ETREENS V. ORI, EHEINOERE ERAMNTHS. L
L, ZRENY—VDEDEEICDWVWTIE, 5%, FHLRIENMVETHS.

3. RELRE

WEICLY, PREAMVICEESRENZES O, B, TEREICEEIAECLTRELNHZ. HERIERD
RIEORT7 B LT, TOHREMEZRIEL. FPRIERRT, LBRICERATE 2FREORTIFIRT
DHTHD. LD >T, FREEICEHNADCEDD, R—LADHRRIGEWERSHRMEET, BEEEREDEKX
HEELTVWDIHEENTREINE., LHALAAS, AUREOIE—L Y RICEHMERMETEEIELTS
Y, REZLOFTEEDERMICEEF>TWVWS. SHIKT—YDEEER T, RIATIVENHS. X
7z, BEIDF R T4V REFHMICEASMCLIzRIF, ThEHRBATIHRETTILEEEL, FAOREEL
ICDRFBIENEETH 5.

F—T7—R: Kl BER—LBEE. VE—MEYIY VS, GFEAOL—4%—. FHSAR. EE
Keywords: Volcano, Collapse of Lava Dome, Remote Sensing, SAR, InSAR, Unzen
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INSAR& GPST — % DfEITIC & 2 BB DIEHE MR & DR
Observation of aseismic crustal deformation in Taiwan by analysis of
InSAR and GPS data

SRR BAAKER'. SH FB—ER

*Kotaro Tsukahara', Youichiro Takada'

1. dBBERE KFREF
1. Graduate school of science Hokkaido University

—f&ICINSARIC & 2 IEHEMMBRESOMRBIIR#ETH 5, I NIXINSARERICHZE S & AREORER
DERENEFNTVWEIENERTH S, £ TAMRTIE. INSAREREZGCPSEEIZEZRAWVWTHIET S &
TAZEZHAMOFMERNBREHEARET EIE2BHNET S, BEBEADBIEIREABEIE A I TLARN
B THZH., FEBICEMEENKE WO EMEMMBRESHORHEAAFTTE S, £/-GPSERRAENIREHS
nTWs7i®H, ThEAVTRERD /A XABET B I ENHEES, LITHETIICNAY REEEHWTE
B E1T > TWB A (Huang et al, 2016), HEICBON/-MBOMBREE #REBTETWAWL, T T, FHRE
TIHEE BB T BN REETHDALOSE L UVALOS2DT—4 &FR L 7=,

TRPEDT—4 & LTIE. 2007F384H E20095F10825HD 7 (1), 2008F4H21H &201143H
15D 7 (2). 2008%E6H6H &2010FE10828HDR7(3)%. FEHMEICDWTIZ2007FE28188E
2008F11H23HDR7H#AWVWTTFHEZREZER L7z, TNODORTIFRFAERRIARZVW &, EEERR
NNV E, ZLTRTRELEIMIITHE & =2HEE L TGER L, THLEICIEGAMMA%, DEMICZIE
SRTM#%{EHH L 7=,

=D LFEHEDTFHEGREGPSEE(Tsai et al., 2015)#FHWTHIELZEZ 5, BWIHEALLALEES
NMELN, TNOSDEBRERYYILTEILIC/ A XAETR LA, FAETHENEOTSHERSBERICAHLE%
To7ze TNSOEKRERVWT2ERTMRITETVWELT - ERAHEOEM S, ELTAERDERS
EBEILf25km, RAEHKSkmDEE T, H1OL S ISHLVWEEIRZBI > TW5, @I Y HIbED AL ERE
EAEL, FAEAEMPTIIEEEZITBESMIELLTUVIHIRBTIIARICELLLTWS, KENEDAIRIE
BENROSNZEEDOERO—HEE->THY (H1) . FREBEEEITEBHN20mmTH % (Ching et al.,
2016), ZHICxt L TINSARIC &K » TEBI S N KEERE X EBNA5mMmEENMICKE WV, o, EREE
B LTVLWREEBORIGTIE. ERAAADEMEEZICAZATERGNROND, ZOMETIHEERER
HWEIFEI > TWaWEsH, FL2DINSARTHRE L2 L WA ZENIIEHMBEEDOEL D TH S, EiEiEmERD
REIFKENEDOHERLAMMTHY ., BERKBETZIENEETWR I ENSD 7,

Ching et al (2016) TILKEEREDFER A MEEEN /S (7 TIEERBATE Y. mud diapirb ETHZE LTV
%, BAaNRER LIHARMIBILEBOH L W RREEE BB EEN /21T THEAT 22 & B L <. mud diapird’E
BRBERTHDEBbDND, —HALOS-2T2016FE2H5HICHEAE L 7=MeinongithE(M6.4) IC D iR EH &
BLEZ 3, BEBORKmETDAAN NIEMORERNR 5N, #>T. BEarBRE L-IEtEHDORE
EEEIIAENICIEmud diapiric & > TEREIZSNh TW3 A, BEOMEBEEEmE LTHRALTWS Z &rah
%,

i

Yoko TUEADLIEEDT Y M=V RIZDOWTAX Y M aBW T,

AR THWLAALOS, ALOS-25 — 4 IZPIXEL(PALSAR interferometry Consortium to Study to Evolving
Land surface)iCE W THBEINTWSEEDTH Y. FEHMEMRHAREEBUAXA) E REREZHMEHRERME DH
EFFRENIC & YIAXAD SIS h i,
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F—7— K : InSAR, GPS. ALOS. PALSAR. JEHhEMRE SN
Keywords: InSAR, GPS, ALOS, PALSAR, aseismic crustal deformation
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ALOS-2MSARICE > TE LA LNFIFBEFRED2016FEDKRMIC & 5 ik
25

Displacement in Kushiro-shitsugen (wetland) induced by heavy rainfall
in 2016 detected by ALOS-2 SAR

ERE. AT E. P2 ET . =ZHEF. BL Hw
*Satoshi Fujiwara', Yu Morishita', Takayuki Nakano', Yuji Miura', Yasuaki Kakiage'

1. B L ithiEpx
1. GSI of Japan

1. FLC®IC

E B TlE, BESSARMEE2S (1210525 (ALOS-2) DSART—4¥ AW TLEDOMKREM D
BEfRET-o-TWS, ERORRERDZDOEEICHE - KILES - thd Ry - HBEETICHESIEDOTHZ, LH
L. TNOLUACERARBRBERICL > THROTUAREL TE Y., MWREBHEORBICE>TIHR/ A XED
BRBEDT, MABMREMEROMEPREEMEBET LI EHNEETH 5,

AKRETIE, 2016 FEDRMICHEIIBERTCRE LAERR2mABZIZMREMERYES ., —K&
I, KERL—F—BEIFEEARFTLTLEDILHIC. BABELINNS KRB EFTTERLS, RETEI RE
LTLED ESARFHETOFHEUENMETLTLES 2. ZRORHEIZIFEAETER YL, —A, BERET
&, BRI IEWNROREEINZ 2 1FH,. KE—EED2ERBTL —9 —BRIRFNT 5 & THBMRIF
BRFSUENBEOLNDZZENELLHY, Wetland INSARE LEIEEN D BITRRER>TWS,

2. HIREBRE2016 DK

SIEER RSB EREBDINENIA > THEET 2HIPERKDERTH 5, BRERESEICEITT 20IHIEE
L. IUPEETEIEDN. N/ ENEELTWS, T LAEEERLTTAL Y Y FavEnEiEheE LT
Mon, BEOHEMOIIAVATLEERLTHY., BICKICEATIRLEE=I) VI OREHRIZS
W, s, IRERIFHRTEHFORBL,ZHHOTEY., HBETOERESRTEH %,

2016ESBICHRE L-BRASE7TES. £118. FI9S5IE. TNhFN8H17H. 21H. 238 ICILEEICEREL
1= ZD%. BRE10SE, SHAICERAE A >FFEFRICEELAXEICKITZ, ThODERZE
OHETIBEETIEEZNARRE LAY, JIBIIOEFRA (NSR) TOKMABRICENIE. SBR¥ENLR
BUCKEIA ER L. EEICHEART I mUESWKEANIBICHNI TR 2 &Ik 7,

3. SAREHRIC & 2 HRER DMRH
ALOS-2DSART—4 #FHWT, SARFHEEEI/ I A7ty MEEAVWTHIRER TOMREMAZRE L
7=

(1) F4HSAR

20165 5 B28H~8H6H. 7TH4H~9H12H. 8A6H~10B29HKRU'9812H~1285H (&1

ELER) RU6B813H~118148 (AL1TEEAER) D5 R7DSARFHERZ LT,

- 5828H~8AH6H : —8OA)IIA> THRAIOMBEOFEIED KNI ABEMANESN S, &
B, IO LEEHRFETHERERNTLIKRESNS,

- 7H4B~98128H (R&) : —EDMAIICA> TRAGOMBEDFRIGEDIK KEREMARLNS
FED, BENPSEICO00Mx650mMZDEAFOMEE (LUITF. SBENKEMEIFR) TRAImZEBAHE
IGEDKERNRESONS, BENTIHIEFHE QDB KREIL,

- 8B 6H~10H298 : —EDANNIA > TRATOMBEDFENSEZIND/NIREME, BERNKE
MTHRRImEBAZFEISEDCEMANELSN S,

- 9B12B~12B5H : —ZDMANIH > TRACOMBEDHFENLEIHNBAEREMIRONS, B8
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BRAZEMBEFICIEARZARELIER SR,

- 6 A13E~11A148 (MA) : BENKELMTHS0MEEDHFENSEIHBZEMIARSND, FDMft
DEARLIFNE W,

(2) BZ2®ILAT7EY b

FHSARTAEREMAPREINAZ7THB4B~9B12BHDEBER7ZICH L TEI LA T7EY NEICKZE
a3k, FTEROERERB,

s —EDAAWIC I+ DB EIED LK EMLH Y. ThOOFEEETAEMKS (FAEAE) (XEFEE0
THs,

- BENAZEMIE. BEICERI.IMEDE, BEETAAEKRS (AEfE) OEAMIERAK1.5mTH S,

4, ER

UENSTROZ ENHESNS,

(1) KMICKBKMDLERICHAITZ LI, SIRERERRDO—EBDM)IIITHA > THROBEAR SN
%, KEUMET T2 &, FEETORRICES,

(2) BENKZEAMIZBB6BANS9BI2EDREICKREL. ThIFKULDRLRDORHE—HLTWS, T
DEMIZZFDEERE>THY., TORDKAETICE>TETICR>TWAWL, BERNKEADOEDLTIEAE
RELIZRONTEL T, KUBERDOLEREIVDAN ST-EHEEING, LEN>T, SRERIOEMNIFEA
ERMo7ERET D&, BENAEMBEE TR CHIERABAZRAR2EMAKEICEM L, BHHEY
Tal—2avhoid, HTFE+TmOGBRATHEMEAIFE OEEIMAIAREIRICHE mKERE L /=2 & A3
EEN, KROABNZED L S ICER L-TREMELH 2,

F—7— N JIBER. BERE. FHSAR, ALOS-2
Keywords: Kushiro-shitsugen, wetland, InSAR, ALOS-2
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Detection of the small scale subsidence in the medium-scale
residential area developed in 1970s using the time series SAR
interferometry.

Daiki Nakamata1, Keisuke Tonegawa1, *Masanobu Shimada'

1. Tokyo Denki University, School of science and engineering

Interferometric SAR becomes a confidential technology to measure the two-dimensional surface
movement (deformation) using the two microwave SAR images and their phase difference observed
individually and independently. Solution examples from the INSAR method were raised recently as can be
seen at i.e., the Kumamoto earthquake of 2016, Mt. Ontake eruption of 2014, and subsidence examples.
Target measurement accuracy reaches to the order of the sub millimeter. Recent theme that could
potentially detect is the aging and deformation of the infrastructures.

There has constructed a plenty of the new residential towns in 1970s at the economic highly growth
period. Hatoyama-new town, Hatoyama-Machi, Hiki-gun of Saitama-prefecture, nearby the Tokyo Denki
University Campus was established by arranging (cutting and banking) the hill zone and it built 6000
houses. Forty years have passed after the completion, while a lot of earthquakes have encountered
including the March 11th 2011, Earthquake. It is the right theme to monitor if the ground of the new town
is rigid or slightly subsided as the urban engineering. This study measured two dimensional subsidence
rate at the Hatoyama-Newtown by interferometrically processing the ALOS/PALSAR and
ALOS-2/PALSAR-2 data from December 2006 to June 2016, for which 11 image pairs out of 15 scenes.
As a result, it found that nearby the Hatoyama-elementary school and the Shouei elementary school,there
measured the subsidence of 6.83mm per year, standard deviation of 5.28mm per year while the other
areas did not detect the subsidence. Through this research, we confirmed that the subsidence detection
using the SAR interferometry method is very effective. In future, we will consider the integration of the
InNSAR method with the time series SAR data will be the confidential method for monitoring the land
surface movement.

Keywords: InSAR, Subsidence rate, cutting and banking
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InSAR Detection of the Mt. Aso Volcanic Crater Activity at the event of
Sept 14 2014 Eruption

Kiyoaki Takahashi', Kouki Miyazaki', *Masanobu Shimada'

1. Tokyo Denki University, School of science and engineering

Synthetic Aperture radar can observe the earth surface with high resolution by the multiple transmission
and reception of microwave signals. Since the microwave in L-band is not affected by the weather
condition and the eruption ashes, it is adequate to detect the surface deformation from the space. This
research will detect the deformation of the valocanic mountain by using the interferometric SAR
technique. INSAR measures the differential distance between the satellite and the target between two
different observations (dates) and visualization allows the accurate measurement of the distance. This
research will detect the volcanic subsidence of the crater using this method and PALSAR-2 data, which
was developed and operated by the JAXA since May 24, 2014.

Mt. Aso has been active for these years and had a small-scale eruption on Sept. 14 2014. PALSAR-2 data
of UB mode with 85 MHz single polarization were acquired on Sept. 7 and 21 covering these areas, and
were INSAR processed (including the atmospheric correction). It was found that there were three small
subsidence areas western part of the main volcanic crater. Three these areas had 5cm subsidence in
average vertically. This can be interpreted as that the eruption of the magma could reduced the mass of
the magma. Validation of the results has been conducted using the GPS data acquired at three points by
GSl and NIED, and measured the RSSE of 2.345cm. It can interpreted that the eruption of Sept. 14 2014
were observed by two adjacent PALSAR-2 images as the subsidence of 6.06 cm, the loss of the coherence
at the crater area, and resultant loss of the mass were estimated, and thus the mountain could be shrunk.

Keywords: InSAR, eruption, subsidence
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FiHSAREMT 72 AL 2201 6 FREARMMEFIZR O NEILDOMREEDOHTE
Estimation of surface displacement around Kuju volcano before and
after the 2016 Kumamoto earthquake using SAR interferometry

=R AN AR AR A Hth

*yuusuke mimura', Kazuya Ishitsuka?® Yoshiya Oda'

1. HHMRERR. 2. LEBERFRFRT R
1. Tokyo Metropolitan University, 2. Graduate School of Engineering, Hokkaido University

2016 EFEEAME X, B —BEMEBRICO > THREL., RBEAMAEZFOICAMMAICKEZAHEEEZEH
Lz ZORF—ERMEBEFICHET 2FNUTHEZAEILIL. RETHEEIERIN, SEOTEIHIER
INTW3,

AR TIE. ZDFHSAREN S K UTFHSARRIEN AW TREAMEFIZROMRETE A RE Lz, i
REHENAEVWEEZIONSHMEERD2016E4818H E2016FE6A13RICEEBEINALRTICIFELFH
SARFEMTZ A L. ThLUADRTICIETFHSARRERIIAENT D 1D Tdh % Small BAseline Subset (SBAS)i% % i
L7, Z9FHSARBEITICIIEHEME TIMEINALT—49(/3RX23, 7L —A42950)% A\ 7z, SBASEDE
FTICIE, ALOS-2/PALSAR-2IC & > T2014E8H A 52016FE28 OEICIEB S -t EEEEY — >~ (/SR
130, 7L —L4650)2AW, —A., BAMERORRIMETICIZ. 2016F4AH520165F10ARBICRERAEL
BTRBINET—413Y—2 (8223, 7L —£42950)% A=,

ENFHSARBRITDHER, REAMEEBE®RD2016FE4818EN56A138DMIC. HEILTH4cm. AFIWLT
#3cm. NTRIBAREFRMETH2cmEDEREEZSNZFEICA DK AZDEFINEILLETHRET
T, BTEREELHIERIEE T S5GEONETT —49 & DEEZEIF0.02cmTH Y, MT—F IFEEHNTH
2EAD, NEWTHEERNUEMEDEMAMETERWI ECLEBEDEHTHZ I &b, FEL
(2003) W HEL TWB LI BAEILDFEIMNSkMLLEICH B E SN TWVWBMBH CORREKOBEHICERT
AEEMELH B,

SBASEAE AW TIE. MFEW - AFILTERAMEBIZOEAICEWT, ERICTRARER &L TH
BEINLD, IR TOEEI/NY —VIIREENICERZEDTH 7z, RRICD LWTIEHEFHVERETED
HEIRRE SN, BEIChA, > TV, GEONETF—4 & DRMSEIZ0.5TcmTH Y, T —Y IEBEHNTH
2LEAD, £o NTRHEBAXKEMETIEEARAMENR S S ICENT14~16mmO BRHRE T ESHHHEER
T&E7/z, Zhidishitsukaetal, (2016)H2007F7BH 52010F12B DB TITo R EBEMNTH 5,

AFFRTIE. 2014FE8ANS2016F10A X TOAELOEE ZHSMIC Lz, RRAMEROMRESH % &
DEASMIT BICIE. KURBBEAOT—92RAVWTEAT S &ICL Y. FTHSARBERIIBITOBE . LIF3

BENHDEEL D,
F—7— R : FHSAR, E2QTFHSAR, SBASIE. REARMIE. AEIL. ALOS2/PALSAR2

Keywords: InSAR, DInSAR, SBAS Analysis, Kumamoto earthquake, Kuju volcano, ALOS2/PALSAR2
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HEHTHY 7 2= 0 F IS SARBRMT IC & B REARER ORI E 2 B RIER D
KHNEHFRERE

Disaster management issues of the displacement distribution map
after 2016 Kumamoto earthquake based on time-series DInSAR
analysis

AR KR B OEH B R B B s AR EE. TH B2, XA ks
*Yutaka Horaku1, Takashi Kimura?, Naoki Sakai?, Isao Kamiisi?, Masashi Sonobe1, Shiori Kimura1,
Hiroyuki Shimomura', Daisuke Takeda'

1. #%RX2E/A2 3, 2. BUMRFEREN BABRZRMARH [IRKEERA / X—Yarvtersd—
1. PASCO CORPORATION, 2. Innovation Center for Meteorological Disaster Mitigation,National Research Institute for
Earth Science and Disaster Resilience

ER28F(2016F)REAMEIC L W, HAEMIHTEIREMARECLCH TR FOTHKEBLPRREZFOHBLKEN
ZHELTHY., BEBRVPEREDA VI IVEN - BERABRAOERGEENELTVWDS, £, HEEROR
MICEY., MECHBINEALGOBECHEICLZBETWOLIAREIRELTEY. SEEBREDL
BUWVREN MRS 22 ENBIIND,

ENAFRRAREAM KR ZEMARATIE. KEEERHILER - REOF. MEICK 2EMHESHE. Zd
BEEHFEICL 2 THBEOGROER. BhCH T 2HERRICE. Y TILIMLL—Y—RERETEEEL
TEY., F—LR=—IRAREEB L THTBEAEABHKBRORHRET>TE L, ARXRTIE. ThH5DH
HAD—D2E LT, BEEAOL—4— (SAR) Eig%E B WM ED T HSARBBITICE D&, E%RKN7, B
BOMEKREEHDHEEEENR LI-EREHRET S, £/, RWAECHRELEHOGHERILL -HERE2BE
Z. SAREIRZRWAE - REBICH-Z2HMEREMESHMEICOVWTRHKERE L COFBICAIFZEEBEZES
%,

FRHTICH =Y. ALOS-2 (L/XV R) E&IZ2016FE5AMNSEETTBICHIT THRENICERE S . KEFIHEROD
T—hA4A TEGREEDH-15K105#I1C & 2EDTFSSARBIT ATV, BRIITOLKAET>7-, BERL
Y, SREE (BEARRMNICTEELEZ1600km?) ICH T2 hRELHOHMEPFEERGHAOHMRELHED
HHEAZTV., WEREEZESHRHEER LT, HREAZHDEROERICEVNT, Ay V1 BNPERKEI &
ICHERAEHEE L TRETE I EICKY., BEICHE2EHERETODHEDLNMY P T CRIETE
Too —H. Xy Va1 BMAVERREAEORRIEEROHZRROEH (FIZIE, HhINYHEOEMERI LT
WARRIEDREPEMAR) oMY DS ARZEIHY. FL-MREOLTHE2FERBEARTIEIRC2RT
DEPICDRT 2%, TEHEDRRBICHERIDEELEZ SN,

BEEGRL VMBS NAAHMRETHEIER Gy, BT, BREE) OERETV. RBFAEICK
LHERERELz. BFECADEMAIRY T DHROEBICEEN M S N BEfF TR TH hREES DR
(BERmOBHLE) 2B LN TEL, aHFAHK (RHRFAUHAREY ¥ —HE) OXBFERE
FRIRERT T, BRIELTRORBICE 2 LEZ ONIEENER I N, KE)IHEX (FERXEMNE) TEISE
IC&LPREBIEEDODANANBRREICLZ2EDERDONI2EHMIER SN, £ HEEVHICIYREAZENMNM
AEASNTVWRER (EHAHK, X2 LMK) CRATERDICHEZANELEMIIRMNINTSEST, =
DFSSARBITICEWTEH /A AR AEBADZEEIIMEBINAI o7z, —H. E0TFHSAREH CHhRE
EHINROONICEI DD S TR TIEZDORBIERTERVWEMEDH o7, INHDEHFITOVTIE
T—RAICE>TRAIPERZ EEZEZOND O, EICKRETZIVELNH D,

F—U— R HRELEHIME. =5TFHSAR, T RNY, FR28FREAME, ALOS-2
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Keywords: Displacement distribution map, Differential SAR Interferometry, Landslide, The 2016
Kumamoto earthquake, ALOS-2
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DINSAR, GNSSKRWMERIEHIC K 2 +BBEDOHBESHE=5 ") v/
Deformation monitoring at Tokachi-dake volcano, by using GNSS,
tiltmeter, and DINSAR observations

“EE SEN
*Yosuke Miyagi'

1. B SR E M iT Je i

1. National Research Institute for Earth Science and Disaster Resilience

LB ERRIBICAET 2HHEEIE, THEEXUBEOFTHRESRDEIRISESHL TWSBANUTHS. 20tk
1£1926%F, 1962%F, %L T1988-89FIC/h, HMEDT V/TEANRELTHEY, ZTOMICHEKEATEXKS
#BYRLTE7. 1988-89F DEALIES E 2 KILMEMEICIEFEOFREARAS N, METHEKREAD
¥62-2KA0 L IEFERBEIFEHNMHENTWS.

KUGEBDFRIEEZRADIBEO—DICHRBRLEH I H 2. +EESEDICIZFXERFOV-netEE S E L i
PR D GEONETE A m A B s 8 U GNSSERIEHIC K 2B EFHEHREA A TTHONTWD., TN SIEEISEY
DOEMRR T B EEOMBEHORBRUVERZBEMNE T 5. —HUEREICIE, dEEIERIFREI
BEARICL DB EDEHCGNSSEASAFEL, FICHTREOESICERT 2B LEHOE=S" v /%
ToTW3B. I5I5, INOHGNSSEUMEREIASMRZERMEOEROMEEER D 7201, AILEHEEH
SAR%EFIF L 7=Z 0 F5SAREEMT (DInSARERHMT) ICLBMBEHE=4 ) v rEiThbhTWS. HESARICK
ZEAIE, REOMRERLIDNLEBOLE A —EICIRA DI ENTRETHY, LIBGNSSERUENEIHISMD
BHRAMEEBENRT—IEMETDHIENTES. AR TIE, V-net R U GEONETIC & 2K DGNSSK UME
REHD OB EREAT —9 EHE T, 2014F58ICH 5 LIFSMBEBIAXAICE > GEREIhTWS
ALOS-2/PALSAR-2 (72\W5E25) ICKZEHIT—4, Zhh b, 2015FD58~7BICBBSINZ K1 YD
X-band SAREE - TerraSAR-XICLK 2B T —9 = FEHAL, THEEOMBEHE=5") v I DEREBN
L, EBERVBREDOHEEDIKRICOWTERT 5.

F—7— R :ExEOL—9—, HRBREH, +EE
Keywords: SAR, Deformation, Tokachi-dake
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RADARSAT-2, ALOS. ALOS-2057—# % FIHA L7=F4SAR (AR A

DEH)
SAR interferometry using RADARSAT-2, ALOS and ALOS-2 data; case
study in Kanto region

BT
*Yu Morishita’

1. B L ithiEpx
1. GSI of Japan

BHESARTHAINTUVWBERBEIEEICLNY R, CRAY R, XNV RD3FEETH D, FHSARICEWTHE
BEEDOEWETSECEMETARBEICZAREELRIFYT., EEAERTH D, TNThORKETICRA
RUOBEFHAPH Y. [RICIHEC CEYBRERREZEIRT 2 EPEROEFRET 2 HAaDE2 & T, AL
FHAEENAEDH B I ENTREE D,

BARICEVWTIE, EEDL/NY RSARFETH BALOSKRUVALOS- 20T — 9 HBAICAWVWSNTE L, L
L. Ih50T7—4I1CIF. tROBERBFICHARTEHUBENMES, BABEE B RVEWVWI RELH B,
512, ALOSHZEAAZIE L7201 1ESE N SALOS-2HE R 2 BA L 7-2014FE8B £ TH3FELU LDEIX, &
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Temporal variation of ice sheet and ice shelf on East Antarctica using
Synthetic Aperture Radar data
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Monitoring of Plantation Forests using Polarimetric SAR Data
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Industrial plantation forests have rapidly expanded throughout many parts of the world. Therefore, the
sustainability of plantation forests must be ensured through continuous monitoring. Especially in regions
of persistent water vapor and clouds, which cannot be continuously monitored by optical sensors,
microwave sensors are particularly advantageous in forest monitoring. However, microwave
backscattering mechanisms in plantations remain poorly understood.

This study attempts to understand backscattering characteristics under different forest structural
conditions in plantation forests of fast-growing acacia trees in Sumatra, Indonesia. A general
four-component scattering power decomposition method was applied to ALOS PALSAR data. The
variation in decomposition powers was compared to forest inventory data with visual assessments of
stand conditions.

Our results were highly consistent with the field-measured data and suggest that the forest structural
conditions can be understood from the yearly variations of the polarimetric parameters. The main findings
are that (1) after the rapid growth phase, when the trees retain fewer leaves, canopy scattering is
contributed by both forest canopy and understory vegetation. Four-component power decomposition is
useful for distinguishing the growth of the canopy itself from growth of the understory vegetation; (2) in
the investigated plantation, the relative canopy scattering increases in healthy mature stands before
harvest time because the remaining tree canopy is supplemented by understory vegetation. At the same
time, the understory growth strongly interferes with the double-bounce scattering, in which remarkable
decrease is observed. This result indicates that the understory conditions must be considered in the
analysis of L-band SAR data, especially in this plantation and other sparse forests; (3) physical leaf
damage is associated with a distinct decrease in relative canopy scattering, and also by increased relative
surface and double-bounce scatterings. Partial damage in a forest compartment is reflected in the ALOS
PALSAR data. Moreover, even in younger forest stands, the fluctuation in the canopy scattering reflects
the growing conditions, and provides useful information for measuring growth states.

This study on a single-layered forest elucidated how the fundamental characteristics of radar
backscattering vary with forest structures and conditions. Such understanding will assist forestry
researchers to interpret scattering mechanisms in natural forests.
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A study on measurement error of topography using cross-track
interference SAR
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Synthetic aperture radar (SAR) has been developed to obtain radar images with high spatial resolution.
Applying digitally signal processing, SAR obtains higher processing abilities, like the cross-track
interferometric SAR (XTI SAR) technique to measure the topography of wide area. In these days, the
improvement of accuracy is strongly required for quick topography measurement at the disaster scenes.

The XTI SAR technique uses more than two antennas with spatial separation perpendicular to the moving
direction of platform. All antennas receive the scattered signal from the same target. The differences of
target ranges between each antenna pairs are measured from the difference of signal phases received by
each antenna with sensitivity of sub-wavelength order. The target position is determined by combining the
antenna positions and the differences of target ranges.

On the processing of XTIl SAR, the antenna positions measured on ground are dealt as known value,
because the position measurement in flight is quite difficult. However, the real antenna positions in flight
may differ from the measured positions on ground due to the different conditions of circumstances.
Moreover, the platform altitude, which is needed to solve the ambiguity in difference of target ranges, may
include error. In addition, the target ranges measured each antenna also include pseud lengths due to the
time delays in electronic circuits. These errors of measurement parameters on XTIl SAR may lead the
measurement error of topography.

In this paper, considering the simple XTI SAR technique using two antennas, the relations between the
errors of measurement parameters and the measurement error of topography is studied. Based on these
relations, the features of measurement errors due to each error of measurement parameters are simulated

and the influences are discussed.
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InSAR atmospheric correction using Geostationary Meteorological
Satellites
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InSAR is effective tool to detect land deformation precisely with high spatial resolution. And addition to
the spatial resolution, the SAR observations can measure deformation more frequently than leveling. ESA's
Sentinel-1 constellation are observing Japan area each 12 days for example. More finely and frequently
observation, we face critical problems caused by the atmospheric effects. And to correct this effects there
are many ways proposed. The major one is using metrological analysis model like ECMWF. This
corrections are very successful in several observations. But there are some problems remained. 1st is that
the models aren’ t synchronized SAR observation time. JAXA's ALOS-2 orbit to synchronize the time is
designed to observe nearly 0:00 or 12:00 at local time. But the time is not exactly 0:00 or 12:00, varied
by orbit. This gap has problems because of the phase shift by the water vapor every second changing. 2nd
is the cost of calculation. To simulate atmospheric model like ECMWF we need high performance
computers like KELI. It is difficult to use that computers for everyone who want to calculate certain time.
And the other methods including GNSS correction also have advantages and disadvantages.

To solve those problems we propose using Geostationary Meteorological Satellites to correct INSAR
results.

Next generation geostationary meteorological satellites like Himawari-8 and GOES-16 can observe visible
range at every 5 minutes. Especially Himawari-8 can observe Japan area at every 2.5 minutes. And the
wavelength ranges are significantly increasing from former generations. Using this wavelength ranges and
frequent observation by GMS, we can calculate the phase shift of SAR by the water vapor.

We made InSAR results and using Himawari-8 images to correct these results. To confirm SAR satellite's
wavelength effects in correction using Himawari, we used ALOS-2 images and Sentinel-1 images after
starting the Himawari-8's observation. SAR processing software we used is GAMMA SAR. And used
parameter files of the software to calculate SAR satellite information. Using SAR satellite information and
Himawari-8 satellite information, we calculated the length change from SAR satellites by the snell's law.
And calculated the phase shift from this length changes.

Himawari-8 data that was used in this study was supplied by the P-Tree System, Japan Aerospace
Exploration Agency (JAXA).
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