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Long-term afterslip after the 2008 lwate-Miyagi Nairiku earthquake deduced from INSAR
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We detected the anomalous long-term crustal deformation after the 2008 Iwate-Miyagi Nairiku earthquake (heare after IMEQ)
deduced from ALOS/PALSAR interferograms. This anomalous crustal deformation possibly caused by afterslip near the main:
shock fault.

The 2008 Iwate-Miyagi Nairiku (inland) earthquake occurred beneath the border between the Iwate and Miyagi prefectures
at northeastern Japan in 13 June 2008. Based on the long-term GPS time series ("1.5 years), Ohzono et al. (in revision) detec
clear postseismic signal, which indicates wider-area crustal shortening between the focal area and the subsidence signal in t
focal area. They conclude that this postseimsic signal is caused by viscoelastic relaxation process in the lower crust and/or upp
mantle, and constructed a simple spherical 2-layerd (elastic and Maxwell viscoelatic layer) model. The viscoelastic model, how
ever, could not explain the large GPS displacement near the focal area. In this study, we discuss the long-term crustal deformatic
after the IMEQ deduced from ALOS/PALSAR InSAR data.

We use SAR data from the JAXA ALOS satellite acquired between July 2008 and December 2010 to construct interfero-
grams across the focal area that include 14 scenes. A single frame (2830) from descending (north to south) orbit path 57 we
used. Several obtained interferograms shows the LOS (Line of Sight) anomaly. For example, between July 2008 and June 20!
interferograms clearly shows the increase LOS in the footwall side of the mainshock fault. In contrast, LOS shortening appear
in hanging wall side, which mainly concentrated in northerly of Mt. Kurikoma. In contrast, there is no similar anomaly between
July 2008 and October 2008 interferogram. It suggests that the anomalies may generate during October 2008 to June 20C
These LOS anomalies are possible to explain by simple reverse fault model at deeper portion of the mainshock as first order «
approximation.
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At the present time due to technological progress and cost reduction are widely distributed GPR (Ground Penetration Rada
systems. These systems allow carrying out subsurface studies and successful results have been obtained for industrial appli
tions such as searching for lost communication lines, control of pipes state of water and gas supply systems, landmine detectio
groundwater investigations, exploration of mineral resources, and also for archaeological and historical applications, i.e. study ¢
archaeological layers of the Earth, searching for different types of artifacts and etc. Methods of seismic data processing come 1
the help us. The main method of seismic data processing is migration.

As a result of diffraction of each point reflector located in a homogeneous medium is displayed in the form of a hyperbola. In
this case the true position of the point scatterer corresponds to the apex of hyperbola. Process of migration moves reflections
their true positions and collapses diffractions, thus increasing spatial resolution and yielding image. In seismic data processin
the most commonly used methods of migration are the method of diffraction summation in time-domain and Stolt method in f-k
?domain. We have compared these methods using simulation of reflection of point scatterers. Using both methods we can fir
the true position of a scatterer. The main limitation of Stolt migration consists in the fact that a velocity of wave propagation in a
medium is constant and another limitation is the interpolation a dataset on a regular grid. Diffraction summation method is more
universal method, but Stolt migration using the Fourier transform is faster more than 1000 times.

The experiments were carried out in different sites of Japan. For positioning of the antenna was used rotary laser positionin
system. This system gives more accuracy spatial coordinates, than GPS. The datasets are processed using the following ste
time zero correction, gain application, background removal and 3D migration. Migration was processed using by diffraction
summation algorithm and under the assumption of a flat surface. But, really, survey area is not flat, and we need take into ac
count topographical properties of surface and make correction on height in the migration process. We developed algorithm base
on diffraction summation method which takes into consideration irregularity of surface. Simulation tests of this algorithm were
successful in 2D and 3D migration cases. Now we are trying to apply algorithm for real datasets.

The experiment result demonstrates the possibility of performing a full 3-D migration. We found some targets with small slope
in depth direction due to topographical properties of surface. Further work will focus on implementing and testing these method:
for reconstructing images takes into account topographical properties of surface.

0O 0 0O 00O : Remote sensing, Ground Penetration Radar, Migration
Keywords: Remote sensing, Ground Penetration Radar, Migration
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Great disasters (1995 South Hyogo Prefecture Earthquake, Mid Niigata Prefecture Earthquake in 2004, 2008 Iwate-Miyag
Nairiku earthquake, and 2004 Indian Ocean Earthquake, etc.) have increased worldwide in the recent years and caused ht
damages. In the basic plan for earthquake disaster prevention, the Central Disaster Prevention Council emphasizes the neces
of the research and development activities for minimizing the risk and scale of the damages at different stages of the counterme
sures, e.g., beforehand, disaster emergency response, and disaster recovery.

Based on these backgrounds, PASCO CORPORATION started organizing TerraSAR-X Workshops about various applicatiol
studies since 2005. Application studies were selected especially from a viewpoint of National Land Environment and Disaste
Prevention. This was the basis since most of the committee members are specialists of disaster prevention field. We also disct
the technical development plans of handling SAR data such as Differential Interferometry, Polarmetric aspects etc., during th
workshops. TerraSAR-X is one of the sophisticated modest high-resolution SAR satellite launched in 2006, and second series
TanDEM-X with the same specification of TerraSAR-X, was also launched in 2010. More than thirty thousand imageries of the
data were acquired for the past five years, and are available as reference in case of disaster occurrence.

We have adopted 16 research subjects so far, in the past couple of years we were focusing on the earthquakes, volcanoes, wi
storm and flood monitoring but recently we have also started dealing with environmental monitoring and notification of snow and
ice events. In our presentation, we summarize the outcomes of five subjects in the second series of Workshops held in 2010.
addition to these workshops, we also introduce the progress of our internal project of Himalayan Glacier Lake monitoring using
TerraSAR-X data, and the future plans.

Reference:http://www.pasco.co.jp/products/survey/satellite/terrasarx/sar-conf/
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Crustal deformation of Miyakejima by INSAR time-series analysis
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To investigate volcanic deformation in detail, we developed new INSAR time-series analysis using interferograms for multiple
orbit paths. For one-side looking SAR, incidence directions for ascending/descending orbits and different offnadir modes are
almost included in a plane, and therefore slant-range changes for their interferograms can be expressed by two components
the common plane. This analysis estimates time-series of those components by the inversion analysis. Since this analysis h
noise reduction effect by the least-square analysis, higher accuracy is obtained if many interferograms for different orbits/mode
are available. Furthermore this analysis has another advantage that it can connect interferograms for different SAR senso
seamlessly. In a case study in Miyake-jima volcano, we obtained deformation time-series from PALSAR interferograms for
six orbit paths, corresponding to GPS observation. Although improvement of accuracy from SBAS approach was negligible, it
demonstrated an advantage that can connect interferograms for different orbit paths. Accuracy must have been improved if SA
observations have been carried out more frequently in all orbit paths. Obtained deformation shows the uplift in the west coas
and the subsidence with contraction around the caldera. Although speed of uplift was almost constant, the subsidence aroul
the caldera had decelerated from 2009. Its deformation source was estimated to horizontal source located to roughly sea le\
under the caldera, suggesting that subsidence was induced by the interaction between volcanic thermal activity and the aquif
If higher accuracy is obtained from such INSAR time-series analysis, more detailed deformation change may be detected.

OO00O00:SAROOO,00000,000,0000,00
Keywords: INSAR, time-series analysis, Miyake-jima, Crustal deformation, Volcano
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Effect of the traveling ionospheric disturbances on space-borne SAR observation

oooo™*o0o00hooo?
Akinori Saito'*, Dai Mineyama, Manabu Hashimoto
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LGraduate School of Science, Kyoto Univ&BPRI, Kyoto University

We investigated the ionospheric effect on the Interferometric Synthetic Aperture Radar (INSAR) observation from the ALOS
satellite. The plasma is a dispersive media for radio wave. It will delay the propagation of radio waves according to its density anc
the radio frequency. The plasma in the ionosphere below the satellite orbit affects the L-band frequency radio wave of PALSAR
on the ALOS satellite. The ionospheric structures whose horizontal spatial scale is shorter than the field-of-view of PALSAR
cause the error of the ranging. In INSAR observations, the error can cause the pseudo ground movement. We compared the ior
spheric plasma structures that was observed by a ground-based GPS network with the INSAR observational data, and conclud
that most of the large scale structures of the apparent ground movement seen in INSAR data was error caused by the medit
scale traveling ionospheric disturbances whose scale size is a few kilometer. The relation between the ionospheric structures a
the structures seen in INSAR data will be discussed in the presentation.

Keywords: SAR, lonosphere, ALOS, PALSAR, INSAR
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Correction on ionospheric delay in ALOS/PALSAR interferogram using dense GPS data

oo oo bhooao
Yuki Takemura, Takeshi Sagiyst
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Interferometric Synthetic Aperture Radar (INSAR) is a space geodetic technique using radar images to map surface displac
ment. Recent technical development has enabled us to detect interseismic steady deformation of a few mm/year by stackir
multiple images acquired by C-band SAR images. However, the technique has not been applicable to vegetated areas like Jar
because of low coherency in the C-band SAR images. Instead, a similar technique for L-band SAR data is necessary. Thus v
investigate applicability of stacking technique to data obtained by the Phased Array type L-band Synthetic Aperture Radar (PAL
SAR) on the Advanced Land Observation Satellite (ALOS). We processed 18 images of the area including the Atotsugawa Fau
in central Japan. There are mainly two obstacles to perform stacking analysis of INSAR in this area. Firstly, the total numbel
of coherent pairs is too small to resolve interseismic deformation in this area because of the large distances between satelli
locations due to the orbital control and low coherency in the mountain areas due to snow. The second obstacle is a systema
long wavelength noise appearing in the interferograms. The amplitude of the long wavelength noise exceeds 10 cm and it i
mandatory to make a correction on it. It is considered that this long wavelength noise is caused by ionospheric delay since th
L-band SAR is 16 times more sensitive to such disturbance than the C-band SAR. Thus we try to establish methodology to col
rect ionospheric delay in the SAR interferogram by using continuous GPS data. We estimate spatio-temporal distribution of Tota
Electron Content (TEC) over the ionosphere using dual-band GPS phase measurement data and project it onto the ground alc
the line of sight of the SAR satellite to estimate phase delay or apparent crustal deformation. The estimated TEC distributior
is verified and calibrated through a comparison with the International Reference lonosphere (IRI) model. The obtained phas
delay distribution on the ground resembles the original interferogram before the correction. Such an ionospheric correction i
indispensable to obtain significant signals from L-band SAR analysis.

0o0o000O:0000000b0oOo,oo0o0oo, GPS
Keywords: INSAR, lonospheric delay, GPS
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An approach to reduction of ionospheric noise in SAR interferometry for detecting small

and secular deformation
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Concentrated heavy rain detected by INSAR Part2 : lonospheric model estimated fron

azimuth offset data
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Measurement of land subsidence at Semarang, Indonesia, using INSAR time-series an:

ysis

oooo *oo0o0Yhooooothooot!
Mika Arimoto!*, Yo Fukushima, Youichiro Takadd, Manabu Hashimoto

lopooooooo
I'DPRI, Kyoto Univ.

oooooo

cooooooooooooooOooo0ooboOoboo0o0obD M4o00obO0OobO0bOboOooOOoOoDOooDOODO
1979000 20060 0000 O0O0OOOOOOOOOOOOOOOOOOOOO 15cmyea 000O0O0OOOOOO
0000000000000 000000O00000000000O00000000000ALOS/IPALSAROOOODO
OO0 InNSAROO0000OO0O00DOOCO00ODOO0O0O0O0DO0O0OD 2500000000000 000O000DDODODO
GPSOOOOODODODO (Abidinetal.,, 2010000000

oooooooo

O000O0g20060 6000 20090 8000000000 PALSARO OO 230 (Ascending:141 O Descending: 9)
oooOoooooooi1zoombO00doooodooo0oooooooooooooooogo oo40noooOon
000 68000 Ascending: 491 00Descending: 199 000 0000000000000 O0O0O0OOOOOODOOOO
000000000 o000o00o0ooooobOoDoo0oooOoDooo0bOOo SAROOODOOooOoooooooooo
O0000O0D0O0ODO0ODOO0ObOOo0O0O0OInSAROOODOODOOOOOOOOOO 2500000000D0OD0ODOO
ooooboooboobobooa

good

Ascendingd 000 Descendingd 000 0000000000000 00O000O0OOO0OO0OO 7.9cmlyear9.6cm/year
0000000000 00025000000000000000 104cmlyeal 0000000 OOOOOOOOOO
000000000000 S5cmyeald 0000000000 0OGPSOOOOOOOO (Abidinetal., 2010000000
0000o0o0O0000o0O0000OO000U0oOoO0000OO000O0OO0O0U0OOO0OUDUDODOOOD0OOOOOOO
gt obbobobbboodoobbDbbbbbobbddddooUU b
goooboboobobooooobobooboobooooubbb bbb bbb bbbouUo o

oo

O00000D0 PALSAROOOD PIXELODOOOOOODODOOOOOOJAXADODOOOOOODODODOOO
O00000JAXADOOOOOOOOOOPALSAROOOOOOOOOOOOOOOOJAXAOOOOOOOOOOO
ooobobooobooooboooobooooBmooobooobooobooooboooboooboobobooobbong
OO00OH.Z AbidnOOOO0OGPSOOIUIODOOOOOOOOOOOOOOODODODODODODOODOODOODOODOODODODODOO

-6.95

Latitude

110.3 110.35 110.4 110.45 110.5 110.55
Longitude



OO00ooD:0D0o00,0004d,InSAROCOOOO
Keywords: Semarang, Land Subsidence, INSAR time series analysis



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
STT057-P02 O0:0000000000 O00:50 240 16:15-18:45

00 SARODDDOOODODOOOOOOOOO
Monitoring the subsidence by INSAR and leveling survey

0oooo™.0o00Yhooooo!t
Yuko Nogucht*, Akira Suzuki, Masao Karasawa

l'goooooooon
LGSl of Japan

0do00oO0o0oo0ooDo0ooooOooo0oD0ooo0oD0DOo0ooO0oobO00D0DOO0o0oDO0ooDobOoOooDOooog 21
00000000000 00000000 220000 20000000001)000000000000000O0O0O
0000000000000 0000000000000U0o0DUOomALOSODOOOOOOOO PALSAROOOODO
O000O00SAROO0OOOOOUOOOODUOOOO

O00000oO0000oooO0o00ooOoO0emOO0OOO0O0O0OOOO0OO0DOOOO0OOOOOOOODOOOOODOOOOOD
0000000 SARODODO0OO0OO0OODO0ODODODO0OoOOooDOooooooonod

1)000020100 00 210000000000000000

http://www.env.go.jp/press/press.php?serial=13187

O000D0O0O000D0O00000 PALSAROOO0ODOOOOOODODOOOODOOOODOOOODOOOOO

O0000D0:00 SAR, 0000, ALOS/PALSAR, 0000
Keywords: ALOS/PALSAR



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U"m .
STTO057-P03 o0o:.000000oogon 00:50 240 16:15-18:45

20100 0000000000 INSARO OO0 _
INSAR analysis of the 2010 Fukushima-ken Nakadori Earthquake
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