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Summary of the Contents of the Doctoral Dissertation

Monitoring of ground surface displacement that related to geological hazard is an
important task in order to understand their behavior. Geological hazard, in this case, can be land
subsidence, landslide, and/or volcanic activities. Displacement monitoring result is one among
others information that required to make a countermeasure, mitigation plan, and risk reduction
over those hazard areas. A monitoring method that able to provide a spatial distribution of
displacement and its transition over time is highly required. That method should be low cost and
effective, which can continuously provide accurate measurements over extensive areas.
Differential Interferometry Synthetic Aperture Radar (DInSAR) has the potential to be a
powerful technique that can meet the above demands.

The first objective of this thesis is how to utilize the DInSAR method for long-term
spatio-temporal displacement monitoring. This study aims to overcome the limitation of SAR
satellite lifespan by utilizing multi-sensor SAR dataset. Utilization of Hyperbolic Method (HM)
with multi-temporal DnSAR is conducted in this thesis. Long-term subsidence monitoring in
Semarang in Indonesia is taken as a research area for that objective.

In addition to that, improvement of DInSAR accuracy is a key issue for practical
applications. DInSAR is severely affected by the tropospheric delay when applied for the area
with rugged topography. Two methods to remove tropospheric delay from multi-temporal
DInSAR results are proposed in this thesis. Sakurajima volcano in Japan is chosen for this
purpose. This is the second objectives of this thesis.

In the end, its need to know the reliability of DInSAR methods and its results’
characteristic for various application with various geotechnical issues. Therefore, the monitoring
results over six different sites are also presented namely: Seoul in South Korea, Denpasar in
Indonesia, Mitake in Japan, Sidoarjo mudflow in Indonesia, Black Sea coast in Bulgaria, and
Yabakei in Japan.

All objectives of this thesis are sequentially discussed in chapter 3, 4 and 5. The
summary of each chapter is as follows:

In chapter 3 discuss the application of multi-temporal DInSAR for long-term subsidence
monitoring in Semarang Indonesia. Land subsidence is a critical issue that large cities located in
coastal areas, such as Semarang, must address. The monitoring of land subsidence is vital for
predicting and mitigating the disasters that such subsidence may cause. DInSAR has been
applied to monitor the subsidence in Semarang, but it was for a limited period before 2012. In
order to clarify the transition of the long-term subsidence behavior in Semarang, the Small
Baseline Subset (SBAS) method, which is one type of multi-temporal DInSAR, is employed in
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this research. The sets of data of Envisat-ASAR (2003-2007), ALOS-PALSAR (2007-2011), and
Sentinel-1A (2015-2017) are employed for the analyses. Then, the validity of the SBAS results is
discussed from the viewpoints of both spatial distribution and temporal transition using GPS
displacement measurement results and the geological conditions of the ground. On the other
hand, as the lifespan of SAR satellites is commonly designed to be around 5-7 years, an
appropriate method, which can connect the subsidence provided independently by the unlinked
time-series data sets of the three different SAR satellite data, is required. This study uses the
Hyperbolic Method (HM) to connect the above unlinked SBAS results. The HM is often used to
fit the monitored subsidence in practice as a geotechnical engineering tool. Using this method,
14 years of the temporal behavior of the subsidence in Semarang is evaluated. It is found that the
transition of the subsidence is different depending on the location, and that the subsidence rate is
still increasing in the north and northeast parts of the coastal area. This study shows that SBAS
DInSAR can be a useful tool for long-term continuous subsidence monitoring.

In chapter 4 discuss the application of multi-temporal DInSAR for deformation
monitoring induced by volcanic activity of Sakurajima, Japan. Monitoring deformation due to
volcanic activity is important for understanding a volcano behavior. The Global Navigation
Satellite System (GNSS) is sometimes used for such purposes. However, the system requires the
installation of sensors at the site, and the installation and maintenance of these sensors are
usually difficult and dangerous when volcanoes in the area are very active. On the other hand,
DInSAR can be used to measure the surface deformation of volcanoes without the installation of
any devices on the ground. Moreover, the time-series DInSAR analysis has the potential to
reveal the deformation behavior of volcanoes at the pre- and post-eruption stages. However, the
DInSAR results can be greatly affected by the temporal variation in the refractivity in the
tropospheric layer, especially when there are large differences in height in the target area of the
measurements. Although it is a fundamental issue of DInSAR, it is still difficult and there are
only a few methods for removing the errors caused by the tropospheric delays of radar pulse
waves. This thesis discusses this issue and proposing two simple methods for improving the
measurement accuracy. The proposed methods were applied. Ground surface deformation was
observed for three years, from November 2014 to August 2017, by a time-series DInSAR
analysis using Sentinel-1 data (operated by the European Space Agency). In this way, the effect
of the tropospheric delays was successfully reduced.

In chapter 5 has demonstrated the various application of SBAS DInSAR in six different
study sites. The size of the site is various from the large megapolitan city such as Seoul, South
Korea to the local slope like Yabakei, Japan. Also, the ground condition and factors that lead
ground deformation are different for each site. This variation makes different challenges to
applies SBAS DInSAR. The application of SBAS DInSAR for long-term monitoring of
displacement is found very useful. However, there are some limitations such as the size and
geometry of the monitoring area, and vegetation that covers the site. The issues that are raised in
this chapter can be the future work of this research.
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