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ABSTRACT

Land subsidence is a phenomenon that occurs in big cities around the world and in Indonesia. Padang as one of
the largest cities in West Sumatera also facing land subsidence due to natural phenomena and human induced.
Padang City is located at the west coast of Sumatera Island which is the junction point of three active plates that
cause frequent earthquakes. Main goals of this research are to know the distribution of area affected by land
subsidence, to know the estimated value of land subsidence and to know the value of the velocity of land subsidence
in Padang area using DInSAR method. The data used in this study is ALOS PALSAR Image Level 1.1 of Padang
city during 2007 to 2010 was obtained through JMRSL CERES Chiba University, Japan and collected through
Alaska Satellite Facility website. Differential Interferometric Synthetic Aperture Radar (DInSAR) is a technique
considered to be one of the most efficient technique for detecting land subsidence. The DInSAR method is used in
mapping altitude changes developed into a land-subsidence map each year. The mapping results show the
distribution of the areas affected by the maximum land subsidence in Padang area of West Sumatera are Padang
Utara, Nanggalo, and Padang Barat Subdistricts. The land subsidence insignificant occurred is Padang Selatan
and Lubuk Begalung Subdistricts. The estimated value of the land subsidence distribution in Padang area using
DInSAR method has decreased significantly after the earthquake of September 30, 2009 in Padang Utara,
Nanggalo and West Padang Subdistricts is around 0 - 32.70 cm, and the value of land subsidence velocity is
around 0.13 - 12 cm/year. One of the expected effects of land subsidence can be increased in the area susceptible
for flooding in Padang city.
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I.  INTRODUCTION

West Sumatera is one of the provinces located in the Sumatera Island and its capital city is Padang. Padang
area is located on the west coast of Sumatera Island which has a varied topography that is a combination of lowland,
hills, and river basins. The geographical condition lies between three major fault lines namely the Sumatran Fault,
Mentawai Fault, and Subduction Zone that caused the Padang area to be prone to earthquakes. Seismic data from
BMG and USGS shows the location of the earthquake center in the shore of Padang spread evenly. Earthquakes
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that have magnitudes more than 6.5 Richter scale on the surface have a great oppurtunity to cause deformation on
the land and in the oceans [11]. One of such deformation caused by earthquakes is a land subsidence.

Land subsidence is a serious matter especially if it occurs at the coastal areas or alluvial and big cities such
as Jakarta; East Java; Semarang and Bandung [6, 9, 19, 1]. Not only big cities in Indonesia, but there are many
other countries in the world suffer from severe land subsidence problems shown in Table 1. The amount of land
subsidence of a region varies due to several factors, such as from land or sea, geological condition (natural) [3],
and human activities (non-natural) such as over-pumping of groundwater [16]. Several factors cause land
subsidence in a region such as the rapid development areas, geological aspects of coastal areas, excessive
groundwater extraction [1], geological/ tectonic structure movement [13], and others cause the occurrence of land
subsidence variations.

Table 1. Land Subsidence Problems in the several countries

Area Period Max Refrence

subsidence

(m)
Japan 1918- 4.5 Sato et al.,
(Tokyo) 2003 2006
Taiwan 1950- 21 Hung and
(Taipei) 2007 Liu, 2007
China 1950- 2.9 Ma et al.,
(Taiyuan) | 2003 2006
China 1921- 3.0 Cong and
(Shanghai) | 2006 Yang,

2008

Thailand 1978- 0.8 Noppadol
(Bangkok) 2003 et al., 2006
USA 1916- 3.9 Hanson et
(California) | 1969 al., 2005

(Source: Ref [1])

Land subsidence has the potential to cause some problems such as topographic gradient changes, ground
surface rupture, and decreased aquifers' ability to store groundwater [15]. Other negative impacts of land
subsidence are damage to the urban infrastructure such as buildings and highways, also extend flooding areas. The
flood can occur in the areas where the speed of land subsidence is high. The flood can have a negative impact on
the affected areas such as economic losses in agriculture, industry, infrastructure, public utilities, and so on. Hence,
frequent monitoring of areas facing land subsidence is very crucial. Images acquired through satellite provide a
reliable, cost-effective, and accurate coverage over large extent for earth monitoring. During past few decades
optical images acquired by satellite are effectively used for several land monitoring applications. However, optical
satellite images only provide two-dimensional profile of features on the surface of earth. On the other hand, radar
remote sensing which is an emerging field provides the capability to estimate three-dimensional profile of features
on earth surface. By using interferometric SAR technique which requires to SAR images of same area acquire at
different time; elevation profile of that area can be estimated. Differential Interferometric SAR (DINSAR) utilizes
two pairs of SAR images one before and one after subsidence event. By estimating elevation profile before and
after the subsidence event, subsidence can be mapped by differencing the the two elevation profiles [2]. The
DInSAR method is assessed as an efficient and effective method for monitoring land subsidence continuously in
large areas [8]. Furthermore, DINSAR method popular for measuring land displacement due to resultant accuracy
[6, 25, 28). In the previous research, the DInSAR method has been successfully used, such as in the Bandung basin
area [27], Semarang City [23] and several other research. The results obtained in the form of an interferogram with
a good level of coherence and had varying land subsidence value on each region. It’s expected DInSAR will
perform effectively for land subsidence monitoring for coastal area like Padang.

1. METHOD
A. Study Area

Padang is the capital city of West Sumatra Province, Indonesia, with a total area of 694.96 km2, equivalent
to 1.65% of the area of West Sumatra. It has tropical climate average annual rainfall about 384,88 mm/month
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(https://padangkota.bps.go.id). The topography of padang is the combination of sloping land and steep hills. Areas
that have relatively flat topography are subdistricts of Padang Utara, Padang Barat, Padang Timur, Nanggalo, and
a part of the Kuranji, Pauh, Lubuk Begalung, Lubuk Kilangan, and small part of Padang Selatan. While hilly areas
are found in the east of Koto Tangah subdistrict, Pauh, Lubuk Kilangan, and Bungus Teluk Kabung subdistrict
[4]. The geological formation is mainly consists of surface deposits, volcanic rocks, intrusions as well as
sedimentary and metamorphic rocks. Alluvium (Qal) that spread from north to south throughout the lowlands of
the Padang area consists of Silt, Plate, Sand Clay, Plate Chunks of rocks Andesite. The largest type of soil in the
Padang area is Latosol which reaches 46.70% and 22.95% of alluvial [11]. Padang region traversed by several
major rivers such as Batang Bungus, Batang Arau, Batang Kuranji, and Batang Air Dingin as well as several other
small rivers that have a permanent flow throughout the year, often flooded [11]. Padang central city is chosen for
this research as shown in Figure 1.

Indonesia

D s

Sumatera Barat

Padang

Fig. 1 Study Area Map

B. Data Collection

The data used in this research can be categorized into satellite data and ancillary data. Fine beam dua-
polarized (FBD) ALOS PALSAR of five different (December 5, 2007; June 6, 2008; September 9, 2009; October
25, 2009; and October 28, 2010) was acquired. Landsat-8 optical data was acquired from USGS website which is
used as the base map for this study. Similarly SRTM based digital elevation model (DEM) was acquired from
USGS and administrative boundaries were acquired from DIVA-GIS website. Specifications of data used in this
research are summarized in Table 2.

Table 2. Dataset

Data Set Specification Source
Optic Citra Landsat 8 United States
Multispectral Geological
Image Survey
(USGS)
SAR Images Citra ALOS-01 | Alaska
in 2007, 2008, Satellite
2009 and 2010 Facility (ASF)
Administrative | State, Province, | DIVA-GIS
Data District and
Subdistrict

C. Methodological Framework

DInSAR analysis is implemented for two radar images obtained at different acquisition times. The phase
information contained in each SAR image is examined to derive the topography (INSAR) to determine and estimate
the ground displacement that has happened between the two acquisitions (DInSAR) [26]. To measure the
interferometric phase term associated with the displacement, the interferometric phase contribution pertinent to
the underlying topography has to be removed. The phase difference is explained in Equation 1 [8]. The phase
difference is described in Equation (1).
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A¢ = A¢topo + A(pflat + A¢orbit + A(pdispl + A(;batm + A(;bnoise (1)

Where ¢topo is a topographic phase, ¢flat is phase of the flat earth caused by geometric imaging, ¢displ is a
differential displacement pattern, ¢orbit is a phase caused by error of accuracy or some parameter, ¢patm is
atmosphere and ¢noise refers to the contribution of noise. The phase obtained needs to be converted to vertical
displacement value. The vertical displacement value can be obtained by Equation (2).

Unwrap phase * A
4 1 cos (6;)

Vertical Disp =
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Fig. 2 Methodology of Processing of DINSAR Method

The data processing flow is shown in Figure 2. The result of the phase difference is a new image called an
interferogram. The interferogram is a fringe-patterned image containing all the information on relative geometry
[21]. The DInSAR method is very effective as a method for observing land subsidence, seismic events, and
volcanic activity. The use of SAR for remote sensing is very suitable for tropical countries [10], one of them is
Indonesia. ALOS PALSAR satellite was collected through the Alaska Satellite Facility website by forming three
pairs of images as in Table 3.

Table 3. Pairs of ALOS PALSAR Processing

Data Pairs Time Bper
Differences | (m)
(days)

05Des2007- 06Jun2008 | 184 736,96

06Jun2008- 9Sept2009 | 460 644.,4

250ct2009- 280ct2010 | 368 299,55

I11. RESULTS AND DISCUSSION

In this study dual-pass DINSAR method is being used. This method requires a pair of images which consists
of master and slave. The estimation of land subsidence can be determined by the elevation profile extracted from
the two independent SAR pairs. The dual-pass DINSAR requires DEM (Digital Elevation Model) to generate land
subsidence maps. The important thing in the processing is checking of the orbital position between the master and
slave images that is co-registration. Co-registration ensures that each basic target contributes to the same pixels in
both master and slave images. In the checking process, the software automatically determines the value of Baseline
Perpendicular (Bper), baseline parameters between two orbits/image pairs, and incidence angle. The terms in
INSAR modeling is the baseline distance between the two images should be no more than 1 km [22]. Based on the
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checking result conducted before doing co-registration of three image pairs from 2007 to 2010 obtained Bper value
are 736.96 m, 644.40 m, and 299.55 m as shown in Table 3.

In addition to the Bper value, coherence value is also very important in interferometric coherence processing
that is the stage that serves to determine the quality of measurement. The coherence value ranged from 0 to 1 which
shows 1 as the most coherent image pairs. The minimum coherence value for DEM formation given by ESA
(European Space Agency) is 0.40 [22]. The result of the interferogram has been filtered which shows a relatively
reduced noise in areas that previously still have high coherence levels. The type of filtering used in this processing
is Goldstein Phase Filtering. The Goldstein Phase Filtering or also called Goldstein-Werner is applied to an
interferogram that has noise with an iterative process to remove noise and facilitate interferogram [12]. The
coefficient in the filtering process is 0.2. In the case of ALOS PALSAR, the wavelength is 23.6 cm (L band), and
each cycle of the interferogram represents 11.8 cm of ground displacement [6]. Interferogram after filtering shows
increased sharpness of areas that still have high coherence. Figure 3 shows the interferogram of filtering process
results.

N ~

A

A
-x 0 x
TN TN

Fig. 3 Interferogram

Interferogram 2007- 2008 Inserferogram 2008-2009 Interferogram 2009-2010

A

The results of filtering will be unwrapped and converted to displacement value. The vertical displacement
value is obtained by Equation 2. The purpose of the vertical displacement step is to convert the phase obtained
during the unwrapping step into the elevation values. The villages which suffered significant changes are Sungai
Sapih, Gunung Sarik, Gurun Lawas, Kampung Olo, Rimbo Kaluang, Kalumbuk, Kurao Pagang, Kampung Lapai,
Surau Gadang, Air Tawar Timur, Tabing, Lolong Belanti, Air Tawar Barat, Alai Parak K, Ulak Karang Selatan,
Gunung Pangilun, Ujung Gurun, Plamboyan Barat., Korong Gadang, and Purus. Figure 4 represents the 5 villages
in Padang area that have suffered changes during 2007 to 2010.
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Fig. 4 The Elevation Profile of 5 Villages in Padang City

The green and yellow graphs show the villages that suffered significant changes that are found in Kuranji,
Padang Utara, and Padang Barat subdistrict. As well as blue, gray, and red graphs are the villages that suffered no
significant elevation changes that are found in Padang Selatan and Lubuk Begalung subdistrict. The resulting map
of land subsidence or uplift distributions is shown in Figure 6. The changes of a color to another color show the
changes of land subsidence or uplift values with a certain range of values.
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(a) : (b)
Fig.5. Land Subsidence Distribution During 2007 to 2010 (a) 2007-2009 Pair and (b) 2008-2010 Pair

Figure 5 is the overlay result of two elevation maps which aims to see the value of elevation changes from
2007 to 2010. Estimation graph of land subsidence value shown in Figure 6. This graph shows significant land
subsidence between the image pair before the big earthquake of September 26, 2009 (2007-2009), and after the
earthquake (2008-2010) at the point of a certain area. Areas that experienced very significant subsidence are
located on the left side of the graph which is lowland close to the beach or sea area.

EAND SUBSIDANCE AND UPLIFEIN PADANG DURING 2007 10 2010
ts :

il

34

Fig. 6 Estimated Value of Land Subsidence from 2007 to 2010

The yellow graph is a pair of images which is at that time there was no seismic activity/earthquake with a
high scale (before earthquake on September 30, 2009). Such small changes occur due to other several factors of
land subsidence such as human activities, development, and so on. So, the change in land subsidence is very small
(close to zero). The gray graph is a pair of images with data acquisition after the big earthquake with the strength
of 7.6 SR. The biggest value of land subsidence is -32.70 cm. The results obtained that the subdistrict of Padang
Utara, Nanggalo, and Padang Barat have very significant subsidence compared to other subdistricts. According to
the Agriculture Agency of Padang about the elevation of the mainland of Padang areas that is the subdistrict of
Padang Utara, Nanggalo and Padang Barat are a lowland area with the elevation around 0-25 m, 3-8 m, and 0-8
m. Based on the geological map of Padang City where the subdistrict of Padang Utara, Nanggalo, and Padang
Barat have types of soil that are Qal (Alluvium), Qf (Fan Deposits). While the subdistricts have a little change (not
significant) that are subdistrict of Lubuk Begalung and Padang Selatan. According to the Agriculture Agency of
Padang about subdistrict of Lubuk Begalung and Padang Selatan have a relatively flat topography with the
elevation around 8-400 m and 0-322 m. The type of soil is the red-yellow component of pedsolic latosol and
latosol. Based on the results of the processing that has been done on three image pairs, there is coherence between
the influence of the movement of the geological structures (such as the earthquake of September 30, 2009) and the
type of soil in Padang areas especially subdistrict of Padang Utara, Nanggalo and Padang Barat that Alluvial as a
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type of its soil. The type of soil is easy to cause land subsidence. The value of maximum and minimum land
subsidence velocity is shown in Table 4.

Table 4. the Value of Land Subsidence Velocity from 2007 to 2010

Codes | Villages Max Velocity
(cm/year)

1535 Gunung sarik 12.03

1540 Sungai Sapih 11.80

1552 Gurun Lawas 11.04

Codes | Villages Min Velocity
(cm/year)

1644 Lubuk Begalung 0.35

1647 Belakang Pondok 0.35

1630 Parak Gadang 0.13

Figure 7 shows a graph of the land subsidence velocity in Padang areas from 2007 to 2010 in each village.
LAND SUBSIDANCE VELOCITY IN PADANG DURING 2007 TO 2010

L

Fig. 7 Graph of the Land Subsidence Velocity in Padang Areas from 2007 to 2010

According to the theory about factors of land subsidence [7] that one of the factors is tectonics energy such
as earthquakes and Earth’s crust. The results obtained through processing that the earthquake on September 30,
2009, had an impact on land subsidence in Padang city. In this research, not reviewed yet which factors are the
most influential on land subsidence every year in Padang city because there are several factors in an area that
influence it.

IV. CONCLUSION

The research presents distribution of areas affected by land subsidence in Padang city based on analysis of
DInSAR method. The results obtained indicate that are Sungai Sapih, Gunung Sarik, Gurun Lawas, Kampung Olo,
Rimbo Kaluang, Kalumbuk, Kurao Pagang, Kampung Lapai, Surau Gadang Air Tawar Timur, Tabing, Lolong
Belanti, Air awar Barat, Ulak Karang Selatan, and several other areas are the affected areas of land subsidence due
to the earthquake on September 30, 2009. The most significant distribution of land subsidence occurred in
subdistrict of Padang Utara, Nanggalo and Padang Barat which causes the frequent occurrence of floods. The
estimated amount of subsidence in Padang city from 2007 to 2010 range from -32.70 cm (max) to -0.18 cm (min)
and subsidence velocity is found to be 0.13 ~ 12.03 cm / year. This research can be useful in the further
development of land subsidence maps which can act as the reference for further study, especially in Padang City.
Further analysis is required to get in depth understanding about land subsidence causes; for this it is recommended
to incorporate data collected from global navigation satellite stations or data collected using differential GPS to
validate the acquired results. The limitation of this research is the unavailability of ground data in Padang city,
West Sumatra as based data to clarify the result of this research. However, it is necessary to have the ground data
as a confirmation of the result.
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