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Ground deformation signals detected by SAR interferometry time series analysis along
the Chao Praya River areas

Akiko Tanaka1∗, Aritoshi Mio1

1Geological Survey of Japan, AIST

The metropolitan area of Bangkok, Thailand, has been subsided during the past decades. This ground deformation has been
monitored using leveling surveys since 1978 and InSAR (Interferometric Synthetic Aperture Radar) analysis. These results show
that the Bangkok metropolitan city is subsiding with a rate of 20 mm/year in recent years, due to the law limiting groundwater
pumping since the late 1980s, although in 1981 the highest subsidence rate up to 120 mm/year had been recorded in the eastern
area [Phien-wej et al., 2006]. However, these studies were focused in the Bangkok metropolitan city using C-band satellites
images.

In this study, we applied the method of measuring long-term land subsidence by InSAR time series analysis using ALOS
(Advanced Land Observing Satellite) PALSAR (Phased Array type L-band SAR) data acquired between 2007 and 2010 to
investigate ground deformation in and around Bangkok area. The ground deformation were detected near the Tha Chin river,
which is a distributary of the Chao Phraya river and flows westerly from the Chao Phraya through the central plains of Thailand
until it mouths into the Gulf of Thailand. We compared our results with previous leveling and InSAR studies to find an overall
consistency in the deformation estimates. The deformation rates have been monitored, with velocity a maximum rate of about
-20 mm/year, and showed consistent with previous studies [e.g., Aobpaet et al., 2009]. These results verify the validity of the
method and data used.
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Surface displacements after the ground water regulation in Bangkok derived from persis-
tent scatterer SAR interferometry

Kazuya Ishitsuka1∗, TSUJI, Takeshi2, YAMADA, Yasuhiro1, MATSUOKA, Toshifumi1, FUKUSHIMA, Yo3

1Graduate School of Engineering, Kyoto University,2International Institute for Carbon-Neutral Energy Research (I2CNER) ,
Kyusyu University,3DPRI, Kyoto University

Land subsidence due to groundwater extraction has occurred in many cities all over the world, leading to damages of build-
ings and infrastructures. In recent decades, several cities have regulated groundwater extraction to stop the over-pumping of
groundwater. Bangkok, the capital city of Thailand is one of the cities that has regulated groundwater pumping. This regula-
tion successfully led to decrease in ground water pumping rate. In order to understand changes in the groundwater system, it is
important to monitor surface displacements after the stop of groundwater extraction. In this study, we estimated the surface dis-
placements in Bangkok from November 2007 to December 2010 by persistent scatterer SAR interferometry (PSInSAR) analysis
using ALOS/PALSAR images. Moreover, in order to understand changes in spatial pattern of groundwater flow, we compared
the result with past surface displacements estimated by differential SAR interferometry (DInSAR) analysis using JERS-1/SAR
images and with changes in groundwater level at the monitoring wells.

Our PSInSAR results revealed that surface has been slightly uplifting at a rate of 1 cm/year around the center of Bangkok.
Estimated uplift areas correspond to the past subsidence area inferred from DInSAR analysis by using JERS-1/SAR images, and
the uplift rate in each area are correlated with the groundwater recovery rate in the productive aquifer. Since surface uplift has
occurred at the past subsidence area, groundwater recovering has especially occurred at preceding extraction area.
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Land subsidence in Semarang, Indonesia, observed by InSAR time-series analysis using
ALOS/PALSAR data

Mika Arimoto1∗, Yo Fukushima2, Manabu Hashimoto2, Youichiro Takada2

1PASCO Corporation,2DPRI, Kyoto University

In order to precisely measure the land subsidence in Semarang, Indonesia, we performed a small-baseline interferometric
synthetic aperture radar (SAR) time-series analysis using the images acquired by the Japanese Advanced Land Observation
Satellite (ALOS). We used a total of 34 SAR images, acquired from both the ascending and descending orbits, and obtained the
subsidence time-series in the two line-of-sight (LOS) directions. Before solving for the displacement time-series, we corrected
for artifacts due to orbital inaccuracies and atmospheric phase delay. We obtained the time-series of quasi-vertical displacements
by decomposing the displacement time-series in the two LOS directions. The result shows that the subsidence is limited on low-
land areas where an aquifer system is well developed, suggesting that the cause of the subsidence is extraction of water from
the aquifer. The subsidence was estimated to be practically constant with time with no clear seasonal effects. The maximum
subsidence rate of 10 cm/year was obtained at a location where subsidence had not been identified before. Our study also shows
the effectiveness of L-band SAR data to monitor land subsidence over time.
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Monitoring of Sakurajima Volcano using Cosmo-SkyMed

Yosuke Miyagi1∗, Taku Ozawa1, Tomofumi Kozono1, Masanobu Shimada2

1National Research Institute for Earth Science and Disaster Prevention,2Japan Aerospace Exploration Agency

Shinmoe-dake in the Kirishima volcano group is located in southwestern part of Japan. In January 2011, eruptive activities
started from the Shinmoe-dake crater with a rapid accumulation of lava within the crater. GPS and DInSAR data revealed pre-
eruptive inflation, co-eruptive deflation, and post-eruptive inflation. The eruption phase ceased by the beginning of September, and
the post-eruptive inflation also ceased by November 2011. After the 2011 eruption, we have continued to monitor the Shinmoe-
dake by using RADARSAT-2 and TerraSAR-X. A surface deformation on the lava within the crater after September 2011 revealed
a continual shortening of satellite-ground distance even after the end of the main activity. This LOS shortening means uplifts of
the lava surface. We estimated the volume increase of the lava after November 2011, using DInSAR processing of TerraSAR-X
data, and concluded that the volume increase still continued in December 2012. The volume change rate has decreased with
a small fluctuation as an overall trend. PSInSAR and long-term DInSAR results helped us to know deformation around the
crater. They show LOS elongation including a subsidence in the northeast flank of the crater. It is interpreted that the subsidence
is caused by a deflation of shallow deformation source located just beneath the crater. PSInSAR results also revealed that the
subsidence ceased in October 2012. It is interpreted that volume of injection and effused lava achieved an equilibrium condition.
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Surface deformation in Izu-Oshima detected by InSAR time-series analysis

Masayuki Yamanaka1∗, MORISHITA, Yu1

1Geospatial Information Authority of Japan

InSAR time series analysis is one of the techniques for measuring the time variation of a small grand surface deformation.
There are a number of GPS continuous observation stations in Izu-Oshima, where the crustal deformation has been detected

in detail. We performed InSAR time series analysis in Izu-Oshima using ALOS/PALSAR data and compared the results with
the GPS continuous observation data. The obtained deformation by InSAR time series analysis was basically consistent with the
results of GPS.
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Detection of slow slip event at Bungo Straight by InSAR time series analysis

Basara Miyahara1∗, Akira Suzuki1

1Geospatial Information Authority (GSI) of Japan

Geospatial Information Authority (GSI) of Japan have conducted InSAR analysis of ALOS/PALSAR data and detected crustal
deformation caused by earthquakes, volcanic activities and land subsidence. Slow slip, which causes gradual crustal deformation
between tectonic plates without apparent tremors, is also detected by ALOS/PALSAR data at Bungo Straight from 2009 to 2011,
and the detected deformation is consistent with deformation detected by GPS continuous observation (Noguchi et al., 2011).
However, deformation caused by slow slip is sometimes not large enough to be detected by InSAR, because InSAR images
sometimes contain large noises such as atmospheric and ionospheric delay. InSAR time series analysis enables us to reduce such
noises and makes it easier to detect ”true”crustal deformation such as slow slip. We report an attempt to detect much robust
signals of slow slip at Bungo Straight from ALOS/PALSAR data by InSAR time series analysis. Also, detected deformation is
evaluated by comparing with GEONET (GNSS Earth Observation Network System) coordinate time series.
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Analysis of rock glacier flow by Differential InSAR on Argentine Andes

Tsutomu Yamanokuchi1∗, Tadono, Takeo2, Mariano Masiokas3, Narama, Chiyuki4, Ukita, Jinro4, Tomiyama, Nobuhiro1

1Remote Sensing Technology Center of Japan,2JAXA, 3IANIGLA, 4Niigata University

Monitoring of rock Glacier is very important because not only for climatological index of global warming but also water
resource for drinking and irrigating on Argentine Andes area. However, spatial distribution and its amount are not estimated
due to the broad mountain area and difficulties of field survey. This study aims to monitor rock glacier by Differential InSAR
technique using APLS PALSAR data. Surface of rock glacier is covered with boulders and its flow velocity is about 1m/year.

Study area is Cordon Del Plata mountain range, where is located between Santiago, the capital of Chile and Mendoza city,
Argentina. Stationary observation has been carried on one of the rock glacier on this area by IANIGLA (Instituto Argentino
de Nivologia, Glaciologia y Ciencias Ambientales) . IANIGLA developed rock glacier inventory more than 30 years ago. At
first, we compared with DInSAR result with this inventory and the movement of mountain area showed good correspondence
with old rock glacier inventory. Furthermore, we can detect the seasonal change of flow velocity of rock glacier by time series
analysis result. In this summer, we will have a field survey at this area to measure the flow velocity by DGPS and other physical
parameters and plan to validate our DInSAR results.
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Calibration and Validation of the Pi-SAR-L2

Masanobu Shimada1∗, Noriyuki Kawano1, Takeshi Motohka1, Manabu Watanabe1

1JAXA

Pi-SAR-L2, the JAXA’s second version of the L-band airborne full polarimetric SAR started the experimental flight operation
in April 2012. Basic specification is similar to Pi-SAR-L. The improvement is given to the higher resolution of the SAR and the
perfect synchronization of the IMU and SAR data for image performance improvement. It is expected to complementary support
the PALSAR-2 in a way that the south and North Slope can be observed. The larger advantages of forest monitoring and the
interferometric coherence were often conduced using the PALSAR. Pi-SAR-L2 will exceed these functionality and performance
with the improved basic performance. In this presentation, we will report the current status and the performance.
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On ionospheric correction of ALOS/PALSAR interferograms using GEONET data (pre-
liminary report)

Hiroshi Munekane1∗

1GSI of Japan

At Geospatial Information Authority of Japan (GSI), we have been using ALOS/PALSAR interferograms to monitor crustal
deformations. We noticed that occasionally local crustal deformations to appear in interferograms are masked by long-wavelength
noise. One of the causes for such a long-wavelength noise in the interferograms is ionospheric disturbances.

We developed a preliminary method for correcting the effect of ionospheric disturbances in the ALOS/PALSAR interferograms
using GEONET data. In this presentation, we will present the details of the method and result of the performance evaluation using
the ALOS/PALSAR data.
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Deformation parameter estimation in low-coherence areas using multi-satellite InSAR ap-
proach

Yu Morishita1∗, HANSSEN, Ramon F.2

1GSI of Japan,2Delft University of Technology

Multi temporal InSAR techniques such as PSI (Persistent Scatterer Interferometry) and SBAS (Small Baseline Subset algo-
rithm) have been used to estimate time series of surface deformation with high precision. In areas with low coherence, and in the
absence of sufficient PS, the estimation of reliable phase information can be very cumbersome. Here we report two methods to
improve the feasibility and precision of deformation parameter estimation in low-coherence areas; adaptive multilook window
and integrated use of data from several satellite missions. The adaptive multilook window may prevent underestimate of shallow
subsidence due to deep foundations of buildings, seen in PSI results. Integration of multi-datasets can improve the precision and
expand the temporal coverage. The estimated deformation using these methods for pasture on drained peat soils in the Nether-
lands shows distinct subsidence and periodic components.
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Along-track InSAR for observation of crustal deformation

Tomokazu Kobayashi1∗

1GSI of Japan

Interferometric Synthetic Aperture Radar (InSAR) has been successfully applied to mapping crustal deformation associated
with earthquakes and volcanic activity and so on. However, there is a flaw that the InSAR technique can only measure 1-D
displacement along the antenna’s line-of-sight direction. The along-track displacement cannot be detected in principle. SAR
satellites travel a nearly north-south direction, thus the InSAR measurement is insensitive to displacement in the north-south
direction. A pixel offset method has been often employed to measure the along-track displacement, but the measurement accuracy
is low (several tens of centimeters) and the spatial resolution is low (several hundreds of meters to ˜ one kilometer). This is why
practical applications to crustal deformation observations are limited. A significant improvement in measuring the along-track
deformation has been proposed: multiple-aperture SAR interferometry (MAI) (Bechor and Zebker, 2006). This method utilizes
split-beam InSAR processing which creates one forward- and one backward-looking interferogram, and then constructs a multiple
aperture interferogram from the two different-looking interferograms. It is reported the achieved measurement accuracy is higher
than that by pixel offset method. In this study, we apply the MAI method to ALOS/PALSAR data and we discuss the measurement
accuracy for consideration of the range of applications to crustal deformation observations. Preliminary results of MAI show that
the achieved accuracy is 5-10 cm (1 standard deviation) with a coherence more than 0.5 with 20-40 multi-looking in azimuth. On
the other hand, the measurement accuracy of pixel offset analysis is approximately 20 cm (1 standard deviation) with 128 x 256
pixels of a cross correlation window, suggesting that a MAI method is achieved higher accuracy with higher spatial resolution
than a pixel offset method.

Acknowledgments: The SAR data obtained using the ALOS/PALSAR were provided by the Japan Aerospace Exploration
Agency (JAXA) through ”Joint Cooperative Agreement between GSI and JAXA for observation of geographic information using
Advanced Land Observing Satellite (ALOS) data”. The ownership of PALSAR data belongs to METI (Ministry of Economy,
Trade and Industry) and JAXA.
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Mapping of Deformation of SW Japan using PALSAR images

Manabu Hashimoto1∗

1DPRI, Kyoto University

In order to detect interseismic deformation in SW Japan with a high spatial resolution, we have been conducting SAR interfer-
ometry and stacking analysis of PALSAR images. So far, we reported the results for eastern Shikoku and Kii peninsula. We are
going to report results for other areas of Shikoku and Kyushu as well as technical issues we have found during these processes.

We used images of the ascending paths 417 - 420, whcih were acquired during the mid 2006 to 2010. In totla there are more
than 20 acquisitions for each path. Since artificial changes possibly due to ionospheric disturbances were sometimes observed,
we stacked images other than these.

The variation in stacked interferogram of the path 419 is as large as that simulated from GPS velocities, but we recognize
a different trend than the stacking interferogram for the path 417. Furthermore, fringes in the Chugoku districts is inconsistent
with GPS. We find significant NW-SE trends in azimuth offsets for the pairs of images with or without day of large GPS-TEC
variation. It is worth noting that the wavelength of variation in azimuth offset is much shorter than that of GPS-TEC. Therefore
it may be difficult to correct interferograms with GPS-TEC.

On the other hand, is is difficult to detect interseismic deformation from the descending images of Shikoku, since number
of observation is less than that of ascending and we find ionospheric disturbances even for descending images. Fortunately, we
could obtain consistent result with the GPS velocity field in eastern Kyushu, where there are many observations enough to apply
the above method.

On the basis of the above results, we can conclude that it is essential to ensure enough number of observations and proper
correction of ionospheric disturbances. Azimuth offsets may be useful for the evaluation of ionospheric disturbances,

Keywords: SAR, interseismic deformation, PALSAR, SAR interferometry, SW Japan, crustal deformation
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Study of ground deformation in Kanto region detected by InSAR

Akira Suzuki1∗, Basara Miyahara1, Yu Morishita1

1GSI of Japan

Geospatial Information Authority of Japan (GSI) had conducted regular D-InSAR analysis of ALOS/PALSAR data and moni-
tored crustal deformation caused by volcanic activities and land subsidence. The deformation caused by land subsidence within a
range of a frame had been detected accurately by using a stacking technique which reduces atmospheric noises. Here we enlarge
the analyzed area to Kanto region by combining several scenes and evaluate the accuracy. We also report the results of InSAR
time series analysis in this region.

Keywords: InSAR, Time series analysis, Stacking, Kanto region
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