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Abstract Soil moisture is an essential factor in determining the dryness level of an
area. Generally, soil moisture is carried out manually, which takes a long time and
is expensive. However, we extracted soil moisture values using SAR satellite data in
this research. SAR satellite data has the advantage that it can be used during the day
and night and in various weather conditions. This research extracted soil moisture
values with ALOS PALSAR data and SNAP processing. Based on this research, most
of Padang has high soil moisture levels. On a map of 11 sub-districts, 4 are high-
humidity sub-districts, and 7 are sub-districts with moderate soil moisture levels, for
sub-districts with high humidity levels, namely Kuranji District, Nanggalo District,
North Padang District, and East Padang District.
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1 Introduction

The city of Padang has an area of 1,414.96 km? with a land area of 694.96 km? The
city of Padang has an area of 1,414.96 km? with a land area of 694.96 km? [1] and
an ocean area of 720.00 km? [2]. The city has a relatively sloping topography and is
not steep in a densely populated area. The area of Padang City, located on the west
coast of Sumatra Island, has a topography of lowlands, hills, and watersheds [3].
The city of Padang was likely to have an earthquake because it was triggered by the
Semangko Fault and tectonic activity in the subduction zone [4, 5]. In addition, most
of the coastal area of Padang City is a swamp area with many buildings on it. If an
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earthquake occurs, it will be dangerous for buildings and residents in the area. One
of the problems caused by the earthquake is the danger of liquefaction [6].

Earthquakes are one of the factors that may cause liquefaction. Liquefaction occurs
because the soil loses weight in a short time [7-9]. This event causes a change in
the soil structure from solid to liquid [10-12]. One of the indicators to determine the
liquefaction susceptibility zone is soil moisture. Soil moisture is the amount of water
stored in the soil pores [13, 14]. The value of soil moisture can be seen by observing
the radar image [15-17]. Radar has a function to detect objects that are very far
away, detect the speed of the object being observed, and detect satellites or outer
space orbits [18, 19]. Radar images were observed using the SAR method [20]. SAR
is a coherent radar system that forms high-resolution remote sensing imagery [21, 22]
that can be used day and night in all weather conditions [23—27]. This is because the
SAR system uses radio waves (microwaves) to observe the earth’s surface. The SAR
system consists of a transmitter, antenna, sensor receiver, and an electronic system
used to record data. Mapping performed using SAR is a fairly effective method that
can cover a large area [28] in a short time estimate [5], has low cost [29], and has
very high credibility in the implementation, especially for disaster monitoring [30,
31]. The SAR work system, among others, sends pulses and microwave energy to
the desired object by recording the reflected strength received by the object in the
imaging area [32].

2 Study Area and Satellite Dataset

2.1 Study Area

The research location is in Padang City, which has an area of 1,414.96 km? with
a land area of 694.96 km? and a sea area of 720.00 km?. This city has a relatively
gentle and not steep topography and is a densely populated area. The locations of this
research are in the East Padang District, North Padang District, Nanggalo District,
and Kuranji District (Fig. 1).

2.2 Satellite Dataset

This research uses data from Alos Palsar imagery. PALSAR is one of three instru-
ments on the Advanced Land Observing Satellite (ALOS), also known as DAICHI,
developed to contribute to mapping, precise regional land cover observation, disaster
monitoring, and resource surveying. ALOS is a mission of the Japan Aerospace
Exploration Agency (JAXA).
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Fig. 1 Research map

3 Methods

This research is applied research to solve a problem that focuses on its application
in everyday life. This research measures the value of soil moisture as an indicator of
the liquefaction vulnerability zone, which is expected to provide practical solutions
to problems and can be a solution in dealing with potential liquefaction hazards.
This research was conducted in three stages: preparation, data collection, and report
preparation. Then, data collection includes image data processing to remove the
atmospheric disturbance using filtering and multi-looking [33] and downloading the
required software. Then, data collection includes image data processing and retrieval
of measurement data in the field. The last stage is the preparation of reports and
research results that will be in seminars. The variables used in this study are time
on the satellite used, Soil Moisture, and the area of Padang City. The stages of the
research can be described in detail as follows (Fig. 2).

The preparation stage is in the form of a literature study and preparation of the
equipment used in the research. This literature study was conducted to improve the
researcher’s understanding of relevant theories on the liquefaction problem. Data
was collected to obtain the information needed to achieve the research objectives.
The authors collected data from the ALOS PALSAR 1.1 satellite imagery in this
study. This stage includes data calibration, multi-looking, speckle filtering, ALOS
deskewing, and terrain correction. The goal is that the processed image has been
calibrated beforehand, reduces speckles, and the image can look like the original.
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Calculating the dielectric constant is necessary because the value of the dielectric
constant affects the results of the estimated soil moisture value. To estimate the value
of soil moisture, it is necessary to convert the digital values of ALOS PALSAR
polarization (HH and HV) into backscatter values using Eq. 1 [34].

0% =10log,y DN? + CF (1)

Description:

0¥: Backscatter coefficient (dB).
DN: Average digital image value.

CF: Calibration factor (standard deviation 0.64 dB used).
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Based on the backscattering coefficient, an estimation of the value of the dielectric
constant is made using Eq. 2.

0 10.7857
logw((aﬁm )10—0.19 cos!82 g in®93 g0-15

(Ul(-;v
—0.024 tan 6

@)

Description:

¢: Dielectric constant.
o”: Sigma Nought (dB).

After estimating the dielectric constant value, calculate the surface roughness
value using Eq. 3.

SinZ.57 )
cosl-07 9

1
o1z

ks = oy 1055 10~0-02¢" tan 6 5 ~0.5 3)

Description:

Ks: Surface roughness.

¢: Dielectric constant.

o%: Backscatter coefficient.
0: Angle formed (°).

A: Wavelength (23.6 cm).

To determine the value of soil moisture, it is necessary to estimate the value of
soil moisture calculated in Eq. 4 [35].

M, = (=53 x1072 +2.29 x 1072¢ — 5.5 x 107%¢* + 4.3 x 107%¢) (4

Description:

M,: Soil moisture (%).
& Dielectric constant.

After obtaining the dielectric constant value and surface roughness, it is possible
to calculate the soil moisture value using Eq. (4). Cropping is done to crop the image
according to the boundaries of the research location, namely the Padang City area.
At this stage, the difference in soil moisture values is analyzed in the estimation
results of soil moisture values with ALOS-PALSAR satellite image data and data
from measurements in the field. A soil moisture map containing soil moisture values
in Padang was created using ArcGIS 10.3 software. Data collection techniques in
this study use SAR (Synthetic Aperture Radar). The collected data is then processed
using SNAP (Sentinel Application Platform). This SAR data is in the form of satellite
imagery. The satellite image is processed using the soil moisture formula to produce
a soil moisture image. After that, the soil moisture image is obtained and made
into a soil moisture map using ArcGIS. The data collected is in the form of ALOS
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PALSAR images. This image was processed to get the soil moisture value in the
city of Padang. soil moisture image is used as an indicator to see the liquefaction
vulnerability zone. The processed images are then grouped based on the sub-districts
in the city of Padang. It aims to see and analyze the sub-districts in Padang City in
more detail and determine which areas have low, medium, and high soil moisture
and liquefaction potential.

4 Results and Discussion

This research uses images from the ALOS PALSAR satellite. This study aimed to
produce a soil moisture map in the city of Padang. From the results of this study,
information was obtained in the form of estimated soil moisture values in various sub-
districts in Padang City so that it could be an indicator to determine the liquefaction
vulnerability zone.

The dielectric constant is needed in image processing using the soil moisture
formula. Terrain correction results for HH and HV can be seen in Fig. 3a and b.

The process of processing soil moisture values begins with finding the backscat-
tering coefficient (dB). The backscatter coefficient value is searched using Eq. 1. The
results of the processing of the HH and HV backscatter values are shown in Fig. 4a
and b.

Fig. 3 The result of the
terrain correction process:
a the results of the terrain
correction process for HH;
b the results of the terrain
correction process for HV

Fig. 4 The result of the
backscattering coefficient:

a the result of the
backscattering coefficient for
HH; b the result of the
backscattering coefficient for
HV
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Furthermore, data processing is carried out to obtain an estimate of the value of
the dielectric constant using Eq. 2 (Fig. 5).

The next step is to calculate the surface roughness value using Eq. 3. The results
of processing the surface roughness value can be seen in Fig. 6.

After getting the backscattering coefficient, dielectric constant, and ground surface
roughness, the next step is to estimate the soil moisture value using Eq. 4. The results
of the estimated soil moisture value can be seen in Fig. 7.

Soil moisture values are grouped based on the soil moisture value and the color
range shown in maps. From the maps, it can be seen that the soil moisture in yellow

Fig. 5 Processing results to
calculate the value of the
dielectric constant

Fig. 6 Result of processing
to calculate the surface
roughness
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Fig. 7 Results of processing
to estimate the value of soil
moisture

has a shallow level of soil moisture. The green color has a low level of soil moisture.
Soil moisture in dark green has moderate soil moisture, light blue has high soil
moisture, and dark blue has a very high soil moisture level. The soil moisture level’s
color is determined from the ALOS PALSAR data. After obtaining the soil moisture
level, the image is cut based on the research location, namely the city of Padang. The
images are cropped per sub-district in Padang City and shown in Figs. 8, 9, 10, and
11.

1. East Padang

East Padang District is one of the districts in Padang City. Administratively, this
sub-district has an area of 8.15 km?. The soil moisture value map for East Padang
District is shown in Fig. 8. The study’s results found that light blue and dark blue
colors dominated soil moisture in East Padang District. This indicates that the area
has a high soil moisture value, such as in the Ganting Parak Gadang area, Kubu
Dalam Parak Karakah, some areas of Jati, and East Sawahan. A small part of the Jati
and Sawahan Timur areas looks dark green, which means the area has a moderate
soil moisture value. However, dark blue and light blue colors dominate this area, and
it can be concluded that Padang Timur District has soil moisture values with high
humidity levels.

2. North Padang

North Padang District is one of the districts in Padang City. Administratively, this
sub-district has an area of 8.08 km?. The soil moisture value map for Padang Timur
District is shown in Fig. 9. Based on Fig. 9, it is found that soil moisture in North
Padang District has a fairly varied color range but is dominated by light blue and dark
blue, which indicates the area has a high soil moisture value, but it is also seen that in
some areas there is a dark green color, which means the area has a high level of soil
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Fig. 8 Soil moisture map in East Padang district

moisture. These sites, such as the Great Mosque of West Sumatra and the vicinity
of Gajah Beach, have moderate soil moisture values. The Gajah Beach area should
have high soil moisture because it is close to the beach, but it can be seen on the
map that this area has a moderate value. This is influenced by the number of houses
and settlements in the vicinity, so that the surrounding soil moisture is lower than in
other areas. Light blue and dark blue colors surround UNP, Ulak Karang, and Tabing,
meaning this area has a high soil moisture value. As we know, the previous UNP
area was a swamp, which makes the soil moisture in this area look high. Therefore,
it can be concluded that the of North Padang, which has soil moisture values with
high humidity levels.

3. Nanggalo

The district is one of the districts in Padang City. Administratively, this sub-district
has an area of 8.07 km”. The soil moisture value map for Nanggalo District is shown
in Fig. 10.

According to Fig. 10, the Kurao Pagang, Siteba, and Laweh Deserts in Nanggalo
District have a dominant light blue and dark blue color range, indicating that the
area has a high soil moisture value. However, it is also seen in some areas that there
is a green color. This means the area has moderate soil moisture values, such as
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Fig. 11 Soil moisture map in Kuranji district

in Kampung Lapai and Tabing Banda Gadang. Therefore, it can be concluded that
Nanggalo Subdistrict has a soil moisture value with a high humidity level.

4. Kuranji

Kuranji District is one of the districts in Padang City. Administratively, this sub-
district has an area of 54.41 km?. The soil moisture value map for Kuranji District
is shown in Fig. 11.

According to Fig. 11, the soil moisture in Kuranji District has a light blue and
dark blue color range that indicates the area has a high soil moisture value. However,
it is also seen that there is a dark green color in some areas, which means the area
has a soil moisture value, which is the Anduriang area and the Starfruit Market.
Meanwhile, other areas are colored light blue and dark blue, which indicates that
this area has high soil moisture, such as Ampang, Sungai Sapih, and Kalumbuk.
Therefore, it can be concluded that Kuranji District has soil moisture values with
high humidity levels.

Based on the research results, we obtained soil moisture values in the form of
tables and maps. This data is obtained by processing the ALOS PALSAR image using
SNAP. This ALOS PALSAR image is then calibrated, and some pre-processing is
performed. After pre-processing, the backscattering coetficients (HH and HV) value
will be searched using Eq. 1. After obtaining the backscattering coefficient value,



386 R. Putri and P. Razi

the next step is to find the dielectric constant value using Eq. 2. Then, determine the
surface roughness value using Eq. 3. After the process is carried out, The next step
is to estimate the soil moisture value using Eq. 4. After the process is completed, the
soil moisture value is obtained in the ALOS PALSAR image.

The resulting soil moisture image from ALOS PALSAR is then processed and
converted into a map using ArcGIS. The results of the ALOS PALSAR image are
cut based on the research area, namely the City of Padang. After being cut based on
the research area, then colored. This is intended to facilitate the distribution of soil
moisture levels. The colors given are yellow with very low soil moisture levels, green
with low soil moisture levels, dark green with moderate soil moisture levels, light
blue with high humidity levels, and dark blue with very high soil moisture levels.
After grouping the soil moisture level, the next step is to make a map based on the
districts in Padang City, which are 11 districts.

These soil moisture value results are used as an indicator to determine the lique-
faction vulnerability zone in Padang City. The higher the value of soil moisture, the
higher the potential for liquefaction susceptibility zones because liquefaction occurs
more easily in soils with a liquid structure. There are a number of factors that affect
liquefaction potential, including soil moisture and soil structure [36]. If the soil mois-
ture is high, the soil in that area has no stiffness and is easier to shift if there is a
sudden vibration. Based on the results obtained on the map, the area in yellow has a
very low level of soil moisture and liquefaction potential. Areas in green have low
soil moisture levels and liquefaction potential. Areas in dark green have moderate
levels of soil moisture and liquefaction potential. Areas in light blue have a high level
of soil moisture and liquefaction potential, and areas in dark blue have a very high
level of soil moisture and liquefaction potential. Therefore, from the soil moisture
map, it was found that most of Padang City has a fairly high liquefaction potential
because it is based on maps of 11 sub-districts, four sub-districts with high humidity
levels, and seven sub-districts with moderate soil moisture levels, namely Kuranji
District. Nanggalo District, North Padang District, and East Padang District.

5 Conclusions

Based on the research, it can be concluded that the city of Padang has a high soil
moisture and liquefaction potential. This can be seen on the soil moisture map that has
been made. The map shows four sub-districts in Padang City with high soil mois-
ture values: Kuranji District, Nanggalo District, East Padang District, and North
Padang District. Therefore, these four sub-districts have a reasonably high liquefac-
tion potential compared to other sub-districts. Meanwhile, seven other sub-districts
have moderate soil moisture values, namely Koto Tangah District, Pauh District, West
Padang District, South Padang District, Lubuk Begalung District, Lubuk Kilangan
District and Bungus Teluk Kabung District.
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