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Abstract
The cloud-free, wide-swath, day-and-night observation capability of synthetic aperture radar (SAR) has an important role in rapid 
landslide monitoring to reduce economic and human losses. Although interferometric SAR (InSAR) analysis is widely used to monitor 
landslides, it is difficult to use that for rapid landslide detection in mountainous forest areas because of significant decorrelation. We 
combined polarimetric SAR (PolSAR), InSAR, and digital elevation model (DEM) analysis to detect landslides induced by the July 2017 
Heavy Rain in Northern Kyushu and by the 2018 Hokkaido Eastern Iburi Earthquake. This study uses fully polarimetric L-band SAR data 
from the ALOS-2 PALSAR-2 satellite. The simple thresholding of polarimetric parameters (alpha angle and Pauli components) was found 
to be effective. The study also found that supervised classification using PolSAR, InSAR, and DEM parameters provided high accuracy, 
although this method should be used carefully because its accuracy depends on the geological characteristics of the training data. 
Regarding polarimetric configurations, at least 
dual-polarimetry (e.g., HH and HV) is required for 
landslide detection, and quad-polarimetry is 
recommended. These results demonstrate the 
feasibility of rapid landslide detection using L-band 
SAR images.
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Abstract
We applied differential InSAR analysis to the Shiretoko Peninsula, northeastern Hokkaido, Japan. All the interferograms of long temporal baseline 
(~ 3 years) processed from SAR data of three L-band satellites (JERS-1, ALOS, ALOS-2) commonly indicate remarkable phase changes due to the 
landslide movement at the southeastern flank of Mt. Onnebetsu-dake, a Quaternary stratovolcano. The area of interferometric phase change 
matches to known landslide morphologies. Judging from the timing of the SAR image acquisitions, this landslide has been moving at least from 
1993 to the present. Successive interferograms of 1-year temporal baseline indicate the temporal fluctuation of the landslide velocity. Especially 
for the descending interferograms, the positive line-of-sight (LOS) length change, which indicates large subsidence relative to the horizontal 
movement, is observed in the upslope section of the landslide during 1993–1998, while the negative LOS change is observed in the middle and 
the downslope section after 2007 indicating less subsidence. The landslide activity culminates from 2014 to 2017: the eastward and the vertical 
displacement rates reach ~ 6 and ~ 2 cm/yr, respectively. Utilizing high spatial resolution of ALOS and ALOS-2 data, we investigated velocity 
distribution inside the landslide. During 2007–2010, the eastward component of surface displacement increases toward the east, implying that 
the landslide extends toward the east. During 2014–2017, the vertical 
displacement profile exhibits spatially periodic uplift and subsidence consistent 
with surface gradient, which indicates the ongoing deformation driven by 
gravitational force. Heavy rainfall associated with three typhoons in August 2016 
might have brought about an increase in the landslide velocity, possibly due to 
elevated pore-fluid pressure within and/or at the base of the landslide material. 
Also, annual rainfall would be an important factor that prescribes the landslide 
velocity averaged over 3 years.
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Abstract
Recent increases in global temperature have stimulated permafrost degradation associated with landform deformation caused by the melting of 
excess ground ice (thermokarst). Central Yakutia is underlain by ice-rich continuous permafrost, and there are complicated permafrost-related 
features in forested and deforested areas. This situation makes thermokarst monitoring necessary over a wide area to achieve a better 
understanding of its dynamics. As a case study, we applied L-band InSAR analysis to map surface subsidence due to thermokarst in this area and 
to demonstrate the suitability of L-band SAR for such monitoring. Our results show that InSAR detected subsidence/uplift signals in deforested 
areas and alasses; whereas, there were few ground deformation signals in forested areas with middle coherence. The InSAR stacking process, 
including both seasonal and inter-annual displacements, showed subsidence in deforested areas during 2007–2010 and 2015–2018, in the range 
of 0.5–3 cm yr−1. We also estimated the inter-annual subsidence to be up to 2 cm yr−1 during 2015–2018, using InSAR pairs that spanned the same 
seasonal interval but in different years. The magnitude of subsidence and the spatial patterns are qualitatively reasonable as thermokarst 
subsidence compared to observations using field surveys and 
high-resolution optical images. L-band InSAR was effective in 
maintaining coherence over a long period for a partially forested 
thermokarst-affected area, which resulted in deriving the inter-annual 
subsidence by the stacking using four interferograms. The advantage 
of the persistent coherence in L-band InSAR is crucial to better 
understand thermokarst processes in permafrost regions.
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Abstract
The 2016 Kumamoto earthquake sequence on April 14 (Mw 6.2) and April 16 (Mw 7.0) altered the regional groundwater level. To better understand 
the relationship between groundwater level change and surface displacement, we estimated surface displacement in the Kumamoto area 
(Japan) using persistent scatterer interferometry from 19 ALOS/PALSAR images acquired between January 7, 2007 and March 5, 2011, 28 ALOS-2/
PALSAR-2 images acquired between April 17, 2016 and 
December 10, 2018, and 113 Sentinel-1 images acquired 
between May 26, 2016 and December 30, 2018. Our estimation 
shows that transient surface displacement occurred following 
the 2016 Kumamoto earthquake sequence, together with 
seasonal surface displacement that was not detected from the 
2007–2011 images. We suggest that a portion of the transient 
displacement occurred via groundwater drawdown through 
new ruptures that formed owing to the 2016 Kumamoto 
earthquake sequence and sediment compaction. Seasonal 
surface displacements detected after the 2016 Kumamoto 
earthquake sequence are linked to groundwater level variations.
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Abstract
We present detailed maps of local-scale 3D deformation preceding the 2018 phreatic eruption at Iwo-yama volcano (south of Kyushu Island, 
Japan), using a combination of airborne and spaceborne Interferometric Synthetic Aperture Radar (InSAR) data. The 3D and 2.5D deformation 
maps obtained at different periods allow us to successfully track their spatiotemporal evolution and to infer the transition of subsurface 
conditions responsible for the precursory deformation observed from 2014 to 2018. From 2014 to 2016, ground inflation depicted an 
axisymmetric pattern with the maximum displacement at the center of the deformed area. However, from 2016 to 
2018, an inflation peak moved to the southern edge of the area deformed during 2014–2016 and became more 
localized, which was close to the newly generated vents in the 2018 eruption. Modeling of the inflations suggests 
that pressurization within a crack at a depth of 150 m beneath the Iwo-yama geothermal area caused the 2014–
2016 deformation and had continued until the 2018 eruption. Modeling results highlight the persistence of the 
local ground inflation pattern just above the southern edge of the crack, which suggests the presence of a 
shallower inflation source contributing to the local inflation. Consequently, we interpret the sequence of these 
deformations as follows: from 2014, deeper-rooted fluid started to inject into a fluid-saturated crack at 150-m 
depth, which caused the 2014–2016 deformation. Then, after 2016, the crack inflation continued because of the 
continuous fluid injection and formed another pressurized part directly above the southern tip of the crack. 
Additionally, the results of the time-series analysis of the satellite InSAR data revealed that the local inflation started 
around April 2017 for which thermal activity including a mud emission became pronounced around the location of 
the local inflation. As a result of an episodic increase in supply rate of magmatic fluids from a deep magma reservoir 
from early 2018, a phreatic eruption finally occurred in the vicinity of the most deformed point, providing a clue for 
predicting future eruption sites, as was also observed in the Hakone 2015 eruption.
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Abstract
I have been conducting a study of postseismic deformation following the 2016 Kumamoto earthquake using ALOS-2/PALSAR-2 acquired 
till 2018. I apply ionospheric correction to interferograms of ALOS-2/PALSAR-2. L-band SAR gives us high coherence enough to reveal 
surface deformation even in vegetated or mountainous area for pairs of images acquired more than 2 years. Postseismic deformation 
following the Kumamoto earthquake exceeds 10 cm during 2 years at some spots in and around Kumamoto city and Aso caldera. 
Westward motion of ~ 6 cm/year was dominant on the southeast side of the Hinagu fault, while westward shift was detected on both 
sides of the Futagawa fault. The area of latter deformation seems to have correlation with 
distribution of pyroclastic flow deposits. Significant uplift was found around the eastern Futagawa 
fault and on the southwestern frank of Aso caldera, whose rate reaches 4 cm/year. There are sharp 
changes across several coseismic surface ruptures such as Futagawa, Hinagu, and Idenokuchi faults. 
Rapid subsidence between Futagawa and Idenokuchi faults also found. It is confirmed that local 
subsidence continued along the Suizenji fault, which newly appeared during the mainshock in 
Kumamoto City. Subsidence with westward shift of up to 4 cm/year was also found in Aso caldera. 
Time constant of postseismic decay ranges from 1 month to 600 days at selected points, but that 
postseismic deformation during the first epochs or two is dominant at point in the Kumamoto Plain. 
This result suggests multiple source of deformation. Westward motion around the Hinagu fault may 
be explained with right lateral afterslip on the shallow part of this fault. Subsidence along the 
Suizenji fault can be attributed to normal faulting on dipping westward. Deformation around the 
Hinagu and Idenokuchi faults cannot be explained with right lateral afterslip of Futagawa fault, 
which requires other sources. Deformation in northern part of Aso caldera might be the result of 
right lateral afterslip on a possible buried fault.
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Abstract
This study monitors the land subsidence of the whole Pearl River Delta (PRD) (area: ~ 40,000 km2) in China using the ALOS1/
PALSAR data (2006–2011) through the SBAS-InSAR method. We also analyze the relationship between the subsidence and the 
coastline change, river distribution, geological structure as well as the local terrain. The results show that (1) the land subsidence 
with the average velocity of 50 mm/year occurred in the low elevation area in the front part of the delta and the coastal area, and 
the area of the regions subsiding faster than 30 mm/year 
between 2006 and 2011 is larger than 122 km2; (2) the 
subsidence order and area estimated in this study are both 
much larger than that measured in previous studies; (3) the 
areas along rivers suffered from surface subsidence, due to 
the thick soft soil layer and frequent human interference; (4) 
the geological evolution is the intrinsic factor of the surface 
subsidence in the PRD, but human interference (reclamation, 
ground water extraction and urban construction) extends the 
subsiding area and increases the subsiding rate.
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