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Abstract. Vertical land motion (VLM) is an important indicator in obtaining information about relative
sea-level rise (SLR) in the coastal environment, but this remains an area of study poorly investigated in
Indonesia. The purpose of this study is to investigate the significance of the influence of VLM and SLR
on inundation. We address this issue for Semarang, Central Java, by estimating VLM using the small
baseline subset time series interferometry SAR method for 24 Sentinel-1 satellite data for the period
March 2017 to May 2019. The interferometric synthetic aperture radar (InSAR) method was used to
reveal the phase difference between two SAR images with two repetitions of satellite track at different
times. The results of this study indicate that the average land subsidence that occurred in Semarang
between March 2017 and May 2019 was from (-121) mm/year to + 24 mm/year. Through a
combination of VLM and SLR scenario data obtained from the Intergovernmental Panel on Climate
Change (IPCC), it was found that the Semarang coastal zone will continue to shrink due to inundation
(forecast at 7% in 2065 and 10% in 2100).
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1 INTRODUCTION
As a country composed of many

Previous studies have identified
that SLR caused by climate change is
small islands and extensive coastal not the only parameter that affects the
areas, Indonesia has a high level of inundation of an area. Vertical land
vulnerability to sea-level rise (SLR) motion (VLM) is also an important
events. SLR itself not only causes phenomenon in generating inundation

inundation events, but also presents risk (Douglas, 1991, 2001; Blewitt et al.,

more serious dangers. If the projected
rise in sea level due to global warming
occurs, then the vulnerability to tropical

cyclone storm surge flooding will
increase (Dasgupta, Laplante, Murray, &
Wheeler, 2009; Brecht, Dasgupta,

Laplante, Murray, & Wheeler, 2012).
Rising sea levels will also contribute to
the erosion of sandy beaches and low-
altitude islands (Sherman & Bird, 1995).
Thus, a good understanding of sea-level
changes will be very helpful in correcting
uncertain information related to SLR
predictions.

http://dx.doi.org/10.30536/j.ijreses.2019.v16.a3272

2010; Hanson, et al., 2011; Martinez-
Asensio et al., 2019). In some cases,
VLM can have a greater influence than
SLR caused by climate change
(Woéppelmann & Marcos, 2016; Pfeffer,
Spada, Mémin, & Boy. 2017). Isostatic
changes resulting from the melting of ice
and glacial isostatic adjustments are also
known to cause changes in sea level
across the entire surface of the Earth
(Peltier, Farrell, & Clark, 1978; Massey
et al., 2008; Sweet et al., 2017). It is
therefore very important to consider
these parameters in evaluating how
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changes in sea level may affect coastal
areas and small islands.

Although it has been recognized
that VLM plays a key role in developing
understanding of future sea levels,
information about it is difficult to obtain.
Conventional observations using the
Global Positioning System (GPS) and the
levelling method can be done, but with
time, and human
resources, observations on a large scale
will be difficult to carry out. To overcome
this limitation, remote-sensing
technology wusing the interferometric
synthetic aperture radar (InSAR) method
has been widely used for wide-range
deformation and
observation (Le Cozannet et al. 2015;
Anjasmara, Yusfania, Kurniawan, Resmi,
& Kurniawan, 2017; Cian, Blasco, &
Carrera, 2019; Poitevin et al., 2019;
Vadivel et al., 2019).

The expected result of this study is
the prediction of inundation through
several scenarios of SLR. We addressed

limited money

long-term temporal

this issue for Semarang, Central Java,
because of its densely populated coastal
area. The results obtained from this
study can also be used as important
information in

managing areas

sustainably.

2 MATERIALS AND METHODOLOGY
2.1 Location and data

Semarang City (Figure 2-1) is
located on the north coast of Java Island
between 6°50'-7°10'" and 109°35'-
110°50'. The area is bordered by Kendal
Regency to the west, Demak Regency to
the east, Semarang Regency to the south
and the Java Sea to the north. The
coastline is 13.6 km in length and has
land height of between 0.75 and 348
meters above sea level.

Based on population projections
calculated in 2018, 1,786,114 people are
living in Semarang City, with an average
annual growth rate in 2015-2016 of
1.64%. The density of population of the
Semarang region in the past five years
has caused land subsidence to occur in
this region.

Geologically, Semarang is formed
from several types of deposits, including
breccia rocks, volcanic breccia rocks,
volcanic rocks, marine layers, volcanic
deposits and alluvial deposits. In coastal
areas, the soil type is dominated by
alluvial deposits. The characteristics of
alluvial deposits are that they are still
experiencing
compaction. This process can lead to
subsidence events (Sophian, 2010) .
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Figure 2-1: Semarang: environmental conditions
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The spatial data used consist of 24
interferometric wide mode (IW) Sentinel
1A single look complex (SLC) satellite
images acquired from March 2017 to
May 2019. We also used the digital
elevation model (DEM) owned by the
Geospatial Information Agency
(DEMNAS) published in 2018 as the
current DEM reference data. The tabular
data used are four scenarios of SLR from
the IPCC: representative concentration
pathway [RCP] 2.6 2065; RCP 2.6 2100;
RCP 8.5 2065; and RCP 8.5 2100.

2.2 Vertical land motion assessment

SAR images
important items of information in each
pixel: amplitude (backscatter) and phase
(range). Amplitude is related to the
energy of the backscattering signal
recorded by the sensor, while phase is

produce two

related to the distance of the sensor from
the target (Ismullah, 2004; Zhou Chang,
& Li, 2009). As ground height changes,
the distance between the sensor and the
ground changes, and this affects the
magnitude of the phase recorded by the
SAR sensor.

SAR interferometry is used to
calculate interference patterns caused by
phase differences between two SAR
images, where this information is
processed from satellite repetitions at
two different times (Massonnet & Feigl,
1998). The phase difference value (Ag) of
this pair of images contains five

contributions, consisting of phase

contributions reflecting orbit position

(Ag_orb), topography (Ap_top),
atmosphere (Agp_atm), surface
deformation (Agp_def) and noise

(Ap_noise) (Equation 1).
Ap=A@_orb+A@_top+Agp_atm+Agp_def+Ap_noise (2-1)

To obtain the value of deformation,
all contributions other than the
deformation phase value (Agp_def) must

Vertical Land Motion And Inundation...

be omitted.

While the interferometry method
can be used to see phase difference due
to surface deformation, a large amount
of SAR data can be used to see the rate
of deformation. Using extensive SAR data
can reduce the decorrelation that occurs
during the interferogram process, so that
the average value of the line-of-sight
(LoS) velocity is obtained more accurately
(Ferretti, Prati, & Rocca, 2001). The
method wused in processing ground
vertical-motion data is the time series
InSAR (TS-InSAR) method together with
the small (SBAS)
technique. SBAS was chosen because it
is an effective technique in overcoming
temporal and perpendicular differences
in the radar data.

There are 11 steps that must be
carried out to process ground-surface
using the SBAS
1) DEM conversion; 2)
coregistration; 3) selection of image

baseline subset

movement data
technique:

pairs; 4) DInSAR processing; 5) pixel
filtering; 6) flat-earth phase removal; 7)
topography effect removal; 8) coherence
threshold; 9) unwrapping; 10) SBAS
algorithm; and 11) geocoding.

2.3 Sea-level scenarios

Future changes in ocean volumes
caused by global warming have been
explained in a report published by the
IPCC (ARS5). The SLR projections
provided are for 2065 and 2100,
illustrating global SLR for the mid and
late 21st century. These scenarios are
formed through various combinations of
climate scenarios and are designated as
representative concentration pathways
(RCPs). In this study, the sea-level
scenarios for RCP 2.6 and RCP 8.5,
which are the best and worst climate
scenarios, can be used to conduct
hazard assessments. These values are
reported in Table 2-1.
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Table 2-1: Sea-level scenarios obtained from the

IPCC.
o Projected sea
Scenarios Year
level (m)
[PCC RCP 2.6 2065 0.24 (0.17 - 0.32)
2100 0.44 (0.28 - 0.61)
2065 0.3 (0.22 - 0.38)
[PCC RCP 8.5 2100 0.74 (0.52 — 0.98)
2.3 Potential coastal inundation

assessment

InSAR, VLM is used to define the
future topography of the area. Assuming
that the
constant over time, the vertical rate in
each InSAR is projected to estimate land
variations between 2017 and 2019 and
to predict future coastal topography
(FDEM) in 2065 and 2100.

The assessment of the zones
potentially exposed to inundation was
performed by combining the FDEM with
the sea-level scenario provide by the
IPCC (Figure 2-2).

movement trend remains

Global Sea Level Rise (IPCC, 2014)

a) Sea level in 2065 b) Sea level in 2100

Vertical Land Motion
(DInSAR)
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b) 2011
+

Future DEM
a) 2065 —
b) 2100

4
DEM

Potential Coastal
Inundation

Figure 2-2: Steps for assessing coastal
inundation hazards. Sea levels in 2065 and
2100 are estimated from the future rising rate
provided by the IPCC. VLM was evaluated from
satellite radar interferometry (InSAR) data
analysis and projected to 2065 and 2100.

3 RESULTS AND DISCUSSION
3.1 Baseline plot

A good wunderstanding of the
selection of perpendicular/temporal
baselines plays an important role in
producing good quality interferograms.

Large temporal differences in each pair

of images can result in temporal
decorrelation due to changes in object
conditions between observations. In
addition, large perpendicular distance
can cause spatial decorrelation that
affects the geometry of the image.

To maximize the deformation processing
using the small baseline technique, we
set a threshold time of <90 days and a
baseline threshold of <100 meters.
Through this selection, we obtained 40
pairs of interferogram images which can
be seen in Figure 3-1. The 40 data are
then used to process displacement time
series and mean LoS velocity.

baseline (m)

20170 20175 2018.0 20185 20190 20195
year

Figure 3-1: Baseline plot of 40 image pairs

3.1 Displacement time series

Displacement time series (displ,
disp2, disp3, ...) illustrate the change in
time series for Semarang City in the
period between 16 March 2017 and 29
May 2019. The time series displacement
information is obtained by applying a
least squares algorithm during the
inversion process (Schmidt & Blirgmann,
2003).

Figure 3-2 shows the magnitude of
the change in time series from March
2017 to May 2019. It can be seen that
the north and northeast regions of
Semarang City experienced significant
subsidence, while the west and south
parts of the city tended to be more
stable.
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Figure 3-3: Mean LoS velocity for Semarang City from 15 March 2017 to 29 May 2019

3.3 Mean LoS velocity

Mean LoS velocity (vel ll.grd) is
information that shows the average
deformation velocity of the 40 pairs of
images between 16 March 2017 and 29
May  2019. Mean LoS  velocity
information was obtained by applying
the least squares inversion and singular

value decomposition (SVD) formula
automatically, using the commands
provided by GMTSAR.

Figure 3-3 explains the average
deformation velocity that occurred in
Semarang City from March 2017 to May
2019, of between -121 mm/year and +24
mm/year.

From the deformation patterns
identified, it can be seen that the area to
the north and northeast of Semarang
City tended to decrease in height
(subsidence). These areas include Genuk
district, Pedurungan district, Gayamsari
district, East Semarang District, Central
Semarang district and North Semarang
district.

The results obtained in this study
are in line with similar recent studies
that conducted in the city of Semarang

using DInSAR, in which Genuk district,
Pedurungan district, Gayamsari district,
East Semarang district, Central
Semarang district and North Semarang
district were found to be the areas with
the highest subsidence rates (Islam,
Prasetyo, & Sudarsono, 2017).

To calculate the average land
subsidence by area, we divided the
Semarang region into two areas based on
the pattern of deformation that occurred
(Figure 6). The results showed that land
subsidence in the first area was -4.9
mm/year, while in the second area was -
68.4 mm/year. This data could then be

used to create a scenario of inundation.
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Figure 3-4: Mean LoS velocity by area
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Figure 3-5: Comparison of present coastal topography, the 2065 scenario and the 2100 scenario

derived from satellite radar interferometry (InSAR) and the IPCC scenarios

Table 3-1: Areas potentially exposed to the relative SLR effect in Semarang

Potentially
Scenarios Area (km?2) inundated Percentage
area (km?2)

Present day 372.981532 - -
2065 RCP 2.6  346.538192 26.44334 7.09%
2065 RCP 8.5  346.538192 26.44334 7.09%
2100 RCP 2.6  335.035932 37.9456 10.17%
2100 RCP 8.5 326.189864 46.791668 12.55%

3.4 Scenarios of inundation

By combining FDEM with sea-level

scenarios
Semarang

provided by the
inundation models

IPCC,
were

obtained for several scenarios. Figure 7
shows the spatial inundation models for
the four scenarios. Assuming that SLR
land

increase,

subsidence continue to
flooding will
expand through to the scenario for
2100.

The Semarang region will continue
to shrink due to widespread inundation.
In the model for 2065, its area would
decrease by 7%. In the 2100 model the
shrinkage process has

reaching > 10% (Table 3-1).

and
continue to

continued,
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4 CONCLUSIONS

Research on land
integrated with the SLR scenarios for
2065 and 2100 has been successfully

carried out to assess the inundation

subsidence

hazards that may occur in Semarang
City.
Average land
Semarang between March 2017 and
May 2019 was -121 mm/year to +24
The region of
Semarang City experienced significant
subsidence, including Genuk district,
District,
district, East Semarang district, Central

subsidence in
northeast

mm/year.

Pedurungan Gayamsari

Semarang district and North Semarang.
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Through a combination of VLM
and SLR scenario data obtained from
the IPCC, it was calculated that the
Semarang coastal zone would continue
to shrink due to inundation, by 7% in
2065 and 10% in 2100.

Given that around 12.55% of the
area will potentially be inundated by
2100 (RCP 8.5), proper management is
needed to prepare for possible future
sea-level-related impacts. However,
further analysis could be done to
improve the quality of the data, such as
significant wave heights and currents

that could cause erosion.
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