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ABSTRACT

In the last 20 years, Kuwaru coastal area has been under constant threat from both physical and non-
physical processes. Such threat is exacerbated by the fact that this coastal area is mainly composed of
loose sediment materials that are easily eroded and re-deposited as a response to disturbance. One of
the threats is shoreline change. This research aims to analyze the shoreline change in Kuwaru coastal
area with the aid of the Digital Shoreline Analysis System. Shoreline changes in the coastal area affects
tourism and fishery activities, causes loss of land, and damages infrastructures, all of which mark the
urgency of shoreline change analysis. Shoreline change is identified with an interdisciplinary approach,
i.e. the integration of remote sensing technology and Geographic Information Systems (GIS). The
topographic maps published in 1995 and the multi-temporal satellite imagery in 2006-2015 are used
as initial information in acquiring necessary shoreline data. Shoreline change is analyzed using the
End Point Rate (EPR) technique. Shoreline data in 1995 is used as the baseline in analyzing the rate
of shoreline change. Furthermore, transects spaced at 50-meter intervals along the shoreline stretch
landward and perpendicularly to the baseline. EPR results in either positive or negative values that
indicate accretion or erosion, respectively. This research finds that the shoreline of Kuwaru coastal
area has changed significantly since 1995. In general, from 1995 to 2015, the shoreline shifted by more
than 50 meters landward. Extreme weather during the East Monsoon is one of the many factors that
induce destructive waves in the research area. Sea waves of up to 5 meters in height hit the southern
part of the research area from the southeast. Consequently, coastal mitigation efforts, which factor in
the dynamics of coastal processes, have to be implemented immediately through structural mitigation
or non-structural mitigation.
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1 INTRODUCTION

In the last 15 years, coastal zone management in Indonesia has become an important subject
in governance and national development policy. As an archipelagic state with a 99,093-km
stretch of shoreline and 13,466 registered islands [1] as well as various problems occurring
in its coastal area, Indonesia is in need of good coastal area management that particularly
aims to ensure positive impact on the coastal community and on regional development.
Research and studies pertaining to the Indonesian coastal area, including erosion, sedimenta-
tion, shoreline change, inundation, deflation, land subsidence, increasing water salinity,
tsunami, and landuse change, have been receiving more attention from many scientists [2-9].

Shoreline change, as one of the most frequent natural hazards and the most widely
researched coastal issues in the world, poses a serious threat to coastal environment, human
life, and property [10—12]. It potentially generates more severe impact on the environment
and human life especially due to the complexity and dynamics of environmental and social
processes in an area. Therefore, shoreline change analysis has a significant role in coastal
protection planning and risk and disaster management, e.g. through numerical method cali-
bration and verification, sea-level rise assessment, and hazard zone development, as well as
the policy-making process of coastal area development.
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Figure 1: Impact of coastal erosion in Kuwaru.

Remote sensing, as compared to conventional survey techniques, is applicable for monitor-
ing shoreline change in coastal area effectively, because of its high accuracy, more efficiency,
and cost-effectiveness [13—17]. Meanwhile, Geographic Information Systems (GIS) technology
enables users to create high-quality maps as well as visualize and simplify large and complex
data. Research from various disciplines has been applying remote sensing data and GIS tech-
nology in coastal studies, especially in analyzing shoreline changes in Indonesia. For
example, satellite imagery with high spatial and temporal resolutions is applied in analyzing
shoreline changes caused by the 2004 Tsunami in Banda Aceh and its surrounding areas
[18-19]. The combination of demographic, geomorphological, geological, and shoreline
change data obtained from remote sensing accommodates a representative resilience assess-
ment in Seribu Islands, Jakarta [20]. In addition, shoreline data, obtained using remote
sensing technology, can be used as an input for modeling tsunami inundation [21] and iden-
tifying the impacts of climate change and sea level rise-induced environmental change [22].

This research aims to analyze the shoreline change in Kuwaru coastal area with a freely
available software application, Digital Shoreline Analysis System (DSAS). Shoreline change
in the research area affects tourism and fishery activities, causes loss of land, and damages
infrastructures [23] (Fig. 1), all of which mark the urgency of shoreline change analysis. Loss
of allocated land for tourism and fishery activities in Kuwaru (up to 1.5 ha) significantly
reduces the number of tourists to 46% [24] and fresh-caught fish transactions, which lead to
economic problems for the local people. As a result, the local people resort to different occu-
pations and convert their farmlands to fishponds.

2 RESEARCH AREA
This research focuses on Kuwaru coastal area, which is located at the southern part of the
Special Region of Yogyakarta that faces the Indian Ocean (Fig. 2). Based on the geological
map issued by the Geological Agency of Indonesia, the research area is composed mainly of
alluvium material transported from Merapi volcano by the Progo River, which is located
1.5 km from the west side of the research area.

Kuwaru coastal area is one of the famous tourist attractions in Bantul Regency. During
2011-2013, a number of 673,790 tourists visited the area, resulting in a total income of IDR
1,454,247,750 (EUR 100,000) from entrance ticket sale alone (Table 1) [24]. On the other
hand, in the last 20 years, Kuwaru coastal area has been under constant threat of both physical
and non-physical processes. This threat, induced by the hydrodynamic factors of the Indian
Ocean (e.g. wind, waves, and currents), can easily move the sediment materials in Kuwaru
because these materials are composed mainly of loose sediment that is easily eroded and re-
deposited as a response to disturbance [25].



B. W. Mutagin, Int. J. Sus. Dev. Plann. Vol. 12, No. 7 (2017) 1205

? v YOGYAKARTA
1 B % SPECIAL
NN - gt SLEMAN PROVINCE
N 3 SNGBRORE B o ~ ’ .
0 100 200 ) d \INDONESIA|  { - e KULONPROGG KOTA, ..., y
E ¥ L - G P - BANTUL
Meters Tk < ’
) &. 9 X @ GUNUNGKIDUL
Coordinate System: WGS UTM Zone 49S i o5 ST P
Projection: Transverse Mercator R,
>

Datum: WGS 1984

Figure 2: Kuwaru coastal area.

Table 1: Number of tourists and income in Kuwaru (2011-2013).

2011 2012 2013
Number of tourists 268,435 259,513 145,842
Income (IDR) 578,313,500 519,026,000 356,908,250
in Euro (€) 39,884 35,795 24,614

3 DATA AND METHODS
3.1 Shoreline data

Shoreline data is initially obtained from the 1:25,000 topographic maps issued by the
Indonesian Geospatial Information Agency in 1995 and the multi-temporal satellite imagery
(2006-2015) downloaded from Google Earth archive (Digital Globe imagery). The satellite
images are downloaded by considering image retrieval date. The images have to be retrieved
in the days of the same season in order to anticipate tidal variation error between the images
during shoreline extraction process. In this research, the image retrieval date is of the days in
the dry season in Indonesia that normally occurs in May—October. The research uses satellite
images retrieved from six different days, viz.: August 11, 2006; May 31, 2009; August 24,
2012; August 2, 2013; August 19, 2014; and June 13, 2015. The image rectification is imple-
mented using WGS84 datum and zone 49S in UTM projection.

Shoreline change is identified with an interdisciplinary approach, i.e. the integration of
remote sensing technology and GIS. The multi-temporal shoreline positions were detected
using histogram equalization, visual interpretation, and manual delineation methods using
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Figure 3: Shorelines extraction process.

the wet—dry line as an estimation to map shoreline positions. In order to evaluate the accuracy
of extracted shoreline as well as to obtain the best results, ground surveys with GPS were
conducted on August 27, 2013 and June 6, 2014 (Fig. 3).

3.2 Shoreline changes analysis

Shoreline change is analyzed statistically using DSAS extension in ArcGIS software. DSAS
has many statistical options for analyzing shoreline change data. These options are, for exam-
ple, Shoreline Change Envelope (SCE), Net Shoreline Movement (NSM), End Point Rate
(EPR), and Linear Regression (LRR) [26].

SCE and NSM provide a shoreline distance at each transect; however, their results do not
include information on the rate at which the shoreline changes. SCE calculates the greatest
distance between all shorelines without factoring in the year of the shoreline, while NSM
represents a total distance between the oldest and the most recent shoreline, i.e. 2006 and
2015, respectively.

EPR and LRR provide the rate of shoreline change at each transect. EPR is the distance of
shoreline shift divided by the time elapsed between the 2006 and 2015 shorelines. Mean-
while, LRR is determined by fitting a least squares regression line to all shoreline points for
a particular transect. Even though LRR uses all available shorelines and provides a statisti-
cally robust analysis, it is susceptible to outlier effects [27, 28]. Therefore, this research uses
EPR to analyze the rate of shoreline change. In NSM and EPR, positive values refer to accre-
tion, while negative values indicate erosion.

In this research, the 1995 shoreline data is used as a baseline because the shoreline data
from the existing high-resolution imagery (2006-2015) did not meet the requirements for the
baseline, i.e. the baseline should be established adjacent to the series of shoreline positions
and cannot place entirely onshore or offshore with respect to the other shorelines. Further-
more, 29 transects spaced at 50-meter intervals along the shoreline stretch 100 meters
landward and perpendicularly to the baseline. These transects are the starting points of the
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statistical calculation from the baseline to each shoreline. Every crossing point between the
transects and the shorelines is analyzed in order to generate the distance and rate of shoreline
change in Kuwaru coastal area.

4 RESULTS AND DISCUSSION
4.1 Results

4.1.1 Shoreline data

The interpretation of the results of the multi-temporal satellite imagery show that the shore-
line change in Kuwaru coastal area is very dynamic (Fig. 4). As one of the most dynamic
process in coastal areas, shoreline change may occur as a short-term event caused by hydro-
dynamic factors or a long-term event like tectonic activities [2, 7, 8], and [10, 11].

4.1.2 The distance of shoreline change
The distance of shoreline change is measured using SCE and NSM, while the rate of shore-
line change is calculated using EPR. The result of SCE (Fig. 5) shows that the greatest
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Figure 4: Shoreline change in Kuwaru coastal area.

T1400 100 00 TR0 LiE) ik
Shortest distance: Legend
-20.0m. Shoreline data)
- Transect number 24. — 2015
AN - During 2013 - 2014. 2014
2013
i 2012 |§
3 2000 (3
Farthest distance:
-60.5m. ey
- Transect number 8. — 1995
- During 2006 - 2014.
5 E
A I ND I AN
N
0 100 200
——
Meters
a1d400 414500 414800 418000 415200 418400

Figure 5: The result of SCE in Kuwaru coastal area.
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Figure 6: The result of NSM in 2006-2015.

shoreline change in 20062015 was 60.5 m, which represents either accretion or erosion.
Even though SCE always results in positive values, the resultant shoreline change does not
always refer to accretion. The farthest distance of shoreline change in the research area is
found at transect number 8. However, the average distance from the farthest and the closest
shoreline shift to the 1995 shoreline is 36.5 m.

The distance between the 2006 and 2015 shorelines, as measured using NSM, is presented
in Fig. 6. The result of NSM shows that the farthest accretion and erosion in 2006-2015 are
0.0 m and —56.0 m, respectively, and the average distance of shoreline change is —20.0 m. In
contrast to SCE, NSM results in either positive or negative values that refer to accretion or
erosion, respectively. The result of NSM shows a negative value for the average distance of
shoreline change, which represents the likeliness of erosion instead of accretion as the trend
of shoreline change in Kuwaru coastal area.

4.1.3 The rate of shoreline change

The rate of shoreline change (meter/year) is obtained technically by dividing the distance of
shoreline displacement (meters) by the time elapsed between the years of satellite images
used in the analysis (years) [26]. Table 2 shows the rate of shoreline change, as measured
using EPR, in Kuwaru coastal area in 2006-2015.

A zero lowest rate in 2006-2015, found at transect number 23, does not represent any
shoreline movement because the result of SCE at the same transect shows that the greatest
distance between the shorelines is 41.0 m. The zero lowest rate is caused by one variable used
in EPR, i.e. the very short distance of shoreline movement (< 0.5 m) at transect number 23
(Fig. 7). In general, the average rate of shoreline change is negative (2.3 m/year), which
corroborates the result of NSM that states erosion as a more likely trend of shoreline change
in the research area in 2006-2015.

Table 2: The rate of shoreline change in 2006-2015 obtained
from EPR (m/year).

Highest rate Lowest rate Average rate

-6.3 0.0 -23
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Figure 7: The lowest rate (i.e. 0.0 m/year) in 2006-2015, found at transect number 23.

4.2 Discussions

Coastal dynamics is a natural process that occurs as a result of seasonal weather variability
and hydro-oceanographic factors. However, at certain times, it has a destructive nature that
potentially damages public facilities and infrastructures and leads to environmental damage.
Aside from tsunami, shoreline change is one of the major issues on the southern coast of Java
Island in Indonesia. In the last 20 years, shoreline change in Kuwaru coastal area has been a
concern of the local government since it caused severe impacts on the environment and
human activity, and from an economic aspect.

Based on the analysis results, during the period 2006-2015 coastal erosion has occurred in
Kuwaru with an average shoreline distance of —20.0 m and at an average rate of —2.3 m/year.
The coastal erosion is influenced by several factors, some of which are wave activity, sedi-
ment material, coastal protection, and landuse. The predominant factor of the coastal
dynamics in Kuwaru is wave activity.

Wave is one of the forces that cause sediment erosion and transport in coastal areas. Waves
that arrive on a coast are generated by winds that transfer their energy into the water. Wind
measurements on August 27, 2013 and June 2-6, 2014 present a temporal variation of wind
speeds. For example, the wind speed on June 5, 2014 was 5.1 m/s in the morning, which then
increased linearly in the afternoon (8.6 m/s) and in the evening (12.4 m/s). In dry season, the
waves in Kuwaru are normally classified as swells and constructive waves; however, in extreme
weather (e.g. storms), the energy of wind and wave increases [29]. Consequently, a destructive
wave is formed. Destructive waves have a weak swash but strong backwash that is powerful
enough to remove sediment material at the coast. The coast is eroded away over time.

Several previous extreme conditions that led to destructive waves in Kuwaru coastal area
are presented in Table 3 [30-34] and Fig. 8. There were no casualties; however, various losses
and damages were caused to buildings, coastal vegetation, and public facilities. In July 2011,
the access road to the beach eroded up to 20 m and the distance between the fish auction place
and the beach was diminished by up to 150 m. The destructive wave that occurred in April
2012 with a height of 5-7 m resulted in a number of inundated stalls and many fishermen
securing their boats and nets. In September 2013 and June 2016, due to the high waves Dis-
aster Relief Agency of Bantul urged people to evacuate and avoid activities near the beach.
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Table 3: Examples of previous extreme conditions in Kuwaru coastal area.

Date Wave height (m) Loss and damage

July 2011 4-5 Damaged roads, collapsed lighthouse;
Command post of Search and Rescue and turtle
breeding sites were swept away.

April 4-6 and 5-7 A number of inundated stalls, but no damage.
April 20, 2012

September 4-5 53 stalls were swept away; 25 stalls were
10-18, 2013 heavily damaged.

June 5-8, 2016 +7 Several number of food stalls were damaged.

Figure 8: Heavily damaged stalls in September 2013.

Casuarina equisetifolia (Fig. 9) that has been planted in Kuwaru for coastal defense since
1994 has not had significant impacts on erosion prevention. C. equisetifolia trees were planted
in Kuwaru in 1994 by Faculty of Forestry Universitas Gadjah Mada (FoF-UGM); in 2000 by
FoF-UGM, PT INDOCOR, and local peoples; and in 2001 by Indonesian Ministry of For-
estry. Even though these trees are very useful as shelters as well as wind barriers, they are not
resistant to coastal erosion in the research area. The local people estimated that more than
2,000 trees have been swept away since 2012 [35] resulting in a decreased number of tourists
in Kuwaru. Based on interviews with the local people who manage parking area in this place
of tourist attraction, the total revenue from parking services has decreased significantly since
2012. Before the occurrence of coastal erosion, the same revenue was up to IDR 8,000,000
per day (EUR 550). In 2013, the highest revenue was IDR 2,000,000 per day (EUR 138) [35].

Figure 9: The condition of Casuarina equisetifolia in Kuwaru.
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The local government provides a new location for stalls that are threatened and damaged
by coastal erosion. However, the stall owners refuse to relocate and prefer to stay in the
affected area rather than leave to the new location. Interviews to stall owners reveal that this
preference is provoked by the inconvenience of moving to another place especially because
the new location is far from the beach. They associate the far location from tourist attraction
with a decreased number of buyers.

Furthermore, they perceive coastal erosion as a non-daily phenomenon that only occurs in
extreme weather [36]. Coastal erosion reduces the income of the stall owners and causes the
local people who no longer own a stall or a building in Kuwaru to change their livelihood and
convert their farmland to fishpond (Fig. 10).

Based on the trend of shoreline change in Kuwaru and its impact on the environment and
human life, prevention and mitigation measures generated from information on the existing
disaster, as well as integrated coastal planning and management have to be implemented
immediately through structural mitigation or non-structural mitigation. Furthermore, public
awareness and community participation also play an important role in reducing the risk of

Figure 10: The number of fishponds (red circle) has increased significantly since 2012.
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coastal erosion in Kuwaru. Accurate information, training, and public dissemination will be
helpful in increasing community awareness of disaster.

5 CONCLUSIONS

Kuwaru has very dynamic coastal areas whose average distance and rate of shoreline change
in the last 9 years (2006-2015) are —20.0 m and —2.3 m/year, respectively. Due to the severe
impacts of shoreline change, coastal mitigation efforts that factor in the dynamics of coastal
processes have to be implemented immediately through structural mitigation, non-structural
mitigation, and the improvement of public awareness and community participation in the
research area.
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