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Research Background and Objectives

After gaining independence on 20 May 2002, Timor-Leste’s policies have focused on alleviating
poverty and addressing the immediate needs of the people, consolidating security and stability, and
providing a foundation for the nationhood through the building of state institutions. Following the
approval of the Timor-Leste Strategic Development Plan, in 2011, many projects related to the
infrastructure started, including the construction of large sections of roads and bridges. However, ifl
has not achieved enough due to unexpected ground deformation in mountain areas that is seriously
affecting road constructions, etc. The geomorphology and geoenvironment of the country have led to
continuous ground deformation, frequent landslides, flash floods and flooding events during the
rainy season, thus disrupting the land transport system by destroying bridges and washing out
roads. This situation has led to direct and indirect negative impacts on the activities and safety of
the people, and consequently, has delayed the ongoing development, wasting the resources and time,
[n order to design roads and other infrastructures under such difficult conditions, it is important to
know the present and future ground conditions. Continuous monitoring is a significant method fox
detecting the ground deformation and providing essential information to realize the effective design|
The problem arises of “How can ground deformation be monitored in extensive areas, which are
generally located in mountain areas that are difficult to access? Satellite-based remote sensing has!
recently been applied to monitor displacement in extensive areas. In addition, Unmanned Aerial
Vehicle (UAV) photogrammetry has been applied to detect and characterize the ground surface
deformation in detail alongside field observations.

The purpose of this dissertation is to develop e method for detecting ground deformation by making
full use of these remote sensing technologies. To achieve that, the following four objectives are
listed.

1. To apply the Differential Interferometry Synthetic Aperture Radar (DInSAR) to detect and
evaluate the recent ground surface deformation since 2007 in complex Landslide Slope in Bobonaro.
2. To employ Unmanned Aerial Vehicle (UAV) Photogrammetry for detecting the detailed
deformation.

3. To discuss about the relation of the ground deformation with the earthquake and hard rainfall
event’s

4. To find the people's consciousness and preparedness about geo-disasters.
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Analysis Data

ALOS1 PALSAR1 and ALOS2 PALSAR2 datasets were provided by the Japan Aerospace
Exploration Agency (JAXA). The first dataset, composed of 22 SAR images collected from PALSARI,
covered the period from 2007/01/22 - 2011/02/02. The second dataset, composed of 13 SAR images
collected from PALSARZ, covered the period from 2015/02/10 — 2019/04/02.

A high-resolution orthomosaic and DEM were collected on 19 August 2017 by employing Small UAV

Photogrammetry DJI Mavic Pro.
The earthquake data downloaded from the United States Geological Survey (USGS) Earthquake
Catalogue covered the two periods of study.
Timor-Leste rainfall data has not been well recorded since 1974. To overcome this unavailability of]
rainfall data, it was necessary to use the data published by the Climate Forecast System Reanalysis;
(CFSR) of the National Centers for Environmental Prediction (NCEP), covering the period from
January 2007 to February 2011, For the second period, a HOBO ground station rainfall data logger,
with a resolution of 0.2 mm per tip, was installed 2 km from the study area. The data collection was
conducted from 07/03/2017 until 02/04/2019 partially covering the second period.

Dissertation structure

This dissertation is divided in six chapters:

Chapter 1:

Presents a) the background and motivation of the study, b) exposition of an essential literature
review related to the ground deformation and landslide monitoring techniques, starting from the
conventional methods to the recent and common uses portable and automated devices ¢) aims of the

dissertation, d) references.

Chapter 2:

Presents essential information of the study location such as a) Overview of the country related to
geology, geomorphology, topography, soil, hydrography, rainfall pattern, soil erosion and tectonic, b)
information about Bobonaro region related to geographical location, lithology and topography, c)
historical of the ground deformation since 1918, d) type and mechanism of the ground deformation
and landslide e) description about the study area and the recent evidences of the ground

deformation impact, f) references.

Chapter 3:

In this chapter is presented the results of questionnaire survey to identify the consciousness ands
preparedness regarding geo-disasters in Timor-Leste. The theme of this chapter is connected|
with chapter 1 and matches with the fourth objective of this dissertation. The result presents that,
the majority of people have experienced geo-disasters. Consequently, their consciousness about

geo-disasters considered high. However, their preparedness is very low. To overcome this situation]
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is very important to introduce the soft countermeasure method through education by introducing

the knowledge about the prevention and reduction of nature and man-made disasters in the school

curriculum.

Chapter 4:
In this chapter is presented the study about factor triggering landslides in Timor-Leste. This
chapter is relates to chapter 2 and 5. The theme of this matched with the third objective of this
dissertation. The recent landslides triggered by rainfall occurred on 17 January 2018 clearly show
that high precipitation events do not trigger landslides. On the other hand, the landslide occurred
after it rained for four consecutive days with a gradual increase from 4.2 mm/hour, to 10.2 mm/hour,
to 13.6 mm/hour and to 17.8 mm/hour on the day of the landslide occurrence. The earthquake
triggering factor, although it is of low magnitude, which is responsible for the topographical change
of the ground level. However, these two landslide triggering factors might possibly act together or

simultaneously.

Chapter 5:

In this chapter the main results of this study are presented. This chapter discussed about: a) the
application of Differential Interferometry Synthetic Aperture Radar (DInSAR) for screening usual
and usual ground deformation behavior in extensive areas, b) the application of Unmanned Aerial
Vehicle (UAV) Photogrammetry for mapping and for detecting ground surface deformation in detail.
Both methods have an advantage that they do not require any sensors. This chapter relates to
chapter 1, 2 and 4. The theme of this chapter matched with the first, the second and the third
objective of this dissertation. The LOS displacement results, clearly showed the trend in the ground
surface deformation during the two periods of study. UAV photogrammetry data is useful to perform|
a detailed Interpretation of the ground deformation morphology, the direction of the ground
movement, and measurements of the ground surface features with centimeters order of accuracy.
The combination of DInSAR and UAV present good coherence. The LOS displacement time-serieg|
showed that the time occurrence of the ground deformation, earthquake sequences, and periodic

rainfalls are notably related.

Chapter 6:

Provide the conclusions of this research and recommendations for future work.

[inal remarks
[t states that the four goals raised at the beginning of this paper have been achieved. Furthermore,
it was proved that the combination of the proposed methods would be an effective method for

detecting ground deformation in areas where the surveying cannot be performed.
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