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ABSTRACT The coastal boundary can be optimized for settlement and agriculture site based on a spatial
plan for Kulon Progo Regency 2012–2032 within a minimum distance of 100m from the coastline. The
location of ring 1 local transmigration settlement on the Bugel Coast is less than 100 m. The increasing trend in coastal erosion caused by climate change is a major contributing factor to the reduction
of coastal borders. Thus, rapid assessment of coastal erosion vulnerability is necessary to determine
an effective coastal management response. This paper aims to analyze the coastal erosion level using vulnerability assessment, geomorphology of coastal areas, and community resilience impact. The
methods used in the mapping of coastal segments are smartline and coastal vulnerability index (CVI).
The Smartline method is depicted with a line that runs along the coast with information on geomorphological conditions, whereas the CVI method will give weight to each physical parameter of coastal
erosion vulnerability.
© The Author(s) 2022. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION
Abrasion is damage to the shoreline as a result of the release of beach materials, such as, sand or clay, which are
continuously hit by sea waves or because of the changes
in the balance of sediment transport in coastal waters or
loss of land in coastal areas (Munandar and Kusumawati
2017). Abrasion is a threatening hazard in coastal areas,
which can cause shoreline changes. According to Sardiyatmo et al. (2013), shoreline changes may result in damage
to existing infrastructure and facilities on the coast. In general, changes to the coastline can be interpreted as a process without stopping (continuous) through various natural processes on the coast, including sediment movement,
long shore current, sea surface wave action, and land use
(Arief et al. 2011).

lon Progo Regency, Yogyakarta Special Region, which is directly adjacent to the Indian Ocean. According to Cahyono
et al. (2017), one of its beaches, which has a high level of
abrasion, is located on Bugel Coast, Kulon Progo Regency,
and it generally has slightly sloping beach morphology. In
case of tidal waves, wherein water enters the land, sloping
beach morphology is relatively far away; thus, the overflow
area is wide. Moreover, sloping beach morphology affects
changes in the shoreline.

The rate of abrasion varies greatly from one place to
another, and it is influenced by the magnitude of wave
energy and current that erodes the sand material on the
beach to the beach morphology. In addition to these factors, according to Munandar and Kusumawati (2017), natural processes can be in the form of hydro-oceanographic
processes from the sea, for example, waves, changes in current patterns, and wind and tidal phenomena, all of which
can cause coastal abrasion. Therefore, the danger of abrasion is often found in coastal areas, particularly those facing the high seas. The threat of abrasion hazards exists in
various places in Indonesia. Indonesia is located at the confluence of the Australian and Euro-Asian tectonic plates;
thus, it has a coastal area that is vulnerable to disasters
(Marwasta and Priyono 2016). One of the most vulnerable
areas of Indonesia can be found on the south coast of Ku-

Bugel Coast has a high abrasion hazard, marked by the
impact of abrasion, which has reached 100 m to the north
in 2015. Abrasion at Bugel Coast is influenced by an average sea wave height of 6 m and other trigger factors that
are investigated in this activity (Kinanthi et al. 2016). The
incidence of abrasion on Bugel Coast affects losses for the
surrounding community, such as the loss of horticultural
agriculture, loss of coastal protection vegetation such as
shrimp pine trees, and difficulty getting on and off boats
among fishermen, thereby threatening damage and loss of
homes. The impact of abrasion threatens the livelihoods
of the local community, most of whom are local transmigrants who work as farmers and fishermen. Most of the
people who live on the Bugel Coast are local transmigrant
farmers (Kinanthi et al. 2016). The incidence of abrasion
continues to threaten their livelihoods; thus, structural and
non-structural mitigation efforts are necessary. Guidance
and socialization related to mitigation efforts are needed
by the people of the Bugel Coast, not only for local transmigrant farmers. Thus, research related to abrasion at the
Bugel Coast is necessary before determining the appropriate mitigation direction. Assessment of the level of abra-
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sion vulnerability requires identification of geomorphological conditions and beach profiles. Geomorphological identification to determine the points that are prone to abrasion at the Bugel Coast was performed using the Smartline method, which is considered as a simple and effective
method. In addition, mapping of shoreline changes using
aerial photographs and high-resolution imagery was performed to provide an overview of the spatial and temporal
impacts of abrasion that had occurred on the Bugel Coast.
The results of the assessment of the level of abrasion
vulnerability at the Bugel Coast can serve as a basis for
consideration of structural and non-structural mitigation
efforts that are in accordance with different levels of vulnerability for disaster risk reduction (Kinanthi et al. 2016;
Prasetyaningrum et al. 2018). In addition, such results can
support the implementation of Government Regulation No.
64 year 2010 concerning disaster mitigation in coastal areas
and small islands. Moreover, they can show the suitability
of land use in the coastal area against the Kulon Progo Regency Spatial Plan 2012–2032, which states that the existence of a coastal border should be at a maximum distance
of 100m from the highest tide point of sea water to the land.
The assessment of the level of abrasion vulnerability at
the Bugel Coast can be performed by determining the geomorphological conditions of the coast, areas prone to abrasion, and changes in the shoreline that have occurred in
the last few years. This study aims to identify the level of
vulnerability to abrasion in the Bugel Coast, Kulon Progo
Regency, for designing structural and non-structural mitigation efforts that can minimize the impact felt by the community around the Bugel Coast. Furthermore, this activity
aims to identify the geomorphology of the coastal area, analyze shoreline changes, and determine the level of vulnerability to abrasion at the Bugel Coast.

2. MATERIALS AND METHODS
2.1 Study Area
This research was conducted in Bugel shoreline areas, Panjatan district, Kulon Progo Regency, Special Province of Yogyakarta. The study area was situated at 7°57′01″–7°57′17″
S and 110°9′00″–110°11′23″ E. The specific study area is the
ring 1 local transmigration settlement on the Bugel Coast,
which is currently less than 100 m from the coastline because of the abrasion effect on 2015. Bugel coastline land
use is dominated with tourism and horticulture by migrants. The Bugel Coast is facing Indian Ocean on the south
side.

2.2 Smartline Analysis
These required parameters were needed in Smartline analysis, including observations conducted in four stages:
(1) identification of geomorphological aspects (coastal
morphology–slope, length and width of the coast, and
material), (2) identification of coastal geomorphological
processes (wind, tides, and waves), (3) analysis of socioeconomic aspects such as land use, abrasion impacts, and
migrant community adaptation strategies, and (4) change
in shoreline using satellite imagery, which is shown in Table 1.
Shoreline changes caused by erosion and accretion
were identified by multi temporal images such as Earth Engine data for 2006 and 2014, Geospatial Information Agency
(BIG) Aerial Photography Data for 2016, and aerial photog14

TABLE 1. Description of Data Parameters in Smartline Analysis (Prasetyaningrum et al. 2018)
No

Data

Abrasion Effect

1

Coastal material

The material type could affect the resistance of the coast because of abrasion caused by wind or wave energy
(Parthasarathy and Natesan 2015)

2

Grain size

Large wave energy produces large sediment
grain size. Sediment grain size determines
the sedimentation process of the coast

3

Exposure

The higher the level of land exposure, the
greater the risk of beach abrasion (Sharpless et al. 2009)

4

Foreshore
landform

Foreshore is a zone affected by the tides
of the sea; thus, the type of formation on
the foreshore will affect abrasion (Sharpless et al. 2009)

5

Backshore
landform

Backshore is a zone that is not affected by
high tides or large waves (Sharpless et al.
2009)

6

Shoreline
slope

The larger the slope, the lower the abrasion
vulnerability (Loinenak et al. 2015)

7

Vegetation
Density

Vegetation can be a barrier to ocean waves;
thus, the higher the density of vegetation,
the lower the abrasion vulnerability

8

Wind speed
and direction

Wind factors become geomorphological factors that can cause abrasion from wind
power and can affect wave height

9

Height waves

The higher the ocean waves, the greater the
energy that can erode the coast

raphy data for 2020, which were acquired by the research
team. Shoreline change was identified using an interdisciplinary approach, remote sensing technology, and GIS.
Multitemporal shoreline was detected using visual interpretation and manual delineation; the wet and dry served
as estimation to map shoreline positions (Mutaqin 2017).
The imagery data was digitized by visual interpretation, and
the output was shoreline map in 2006, 2014, 2016, and 2020.
The shoreline was obtained, which can be used to identify changes in the shoreline. Ground survey with GPS was
conducted on November 20–21, 2020 to evaluate the accuracy of extracted shoreline and obtain the results. The final
result of the identification was width and acceleration of
shoreline change. The calculation results were obtained by
overlaying between the shoreline in 2006, 2014, 2016, and
2020.
Table 1 shows some of the parameters collected and
field observations that will show the level of coastal abrasion vulnerability, which varies depending on the physical
and geomorphological conditions. During data collection,
some parameters were obtained from field survey (in situ)
through direct observation such as beach materials, shoreline slope, backshore and foreshore landform, openness,
vegetation density, and land use pattern. Geomorphological data collection was mapped using transverse profiles
from the direction of the tidal zone ± 150 m to the mainland.
The number of transverse profile lines was selected on the
basis of coastal geomorphological variations, land use, and
the impact of physical abrasion in the Bugel Coast. Based
on the abovementioned criteria, three transverse profile
lines were identified, which were divided into low, medium,
and high class.
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2.3 Coastal Vulnerability Index
This study used the Smartline method to analyze the
coastal vulnerability area (Sharpless et al. 2009). The Smartline method is a quick and simple method that examines
coastal vulnerability against abrasion based on geomorphological conditions. Smartlines in the form of lines that
stretch along the coast generally contain information on
coastal geomorphological conditions that can be directly
observed. The identification of coastal vulnerability against
abrasion was divided by a transverse profile (Prasetyaningrum et al. 2018). Each sub-parameter was assessed on
the basis of its contribution to coastal erosion vulnerability, and then each parameter was weighted on the basis
of the level of coastal erosion vulnerability. During data
processing, ArcGIS 10.3 with calculations using CVI equations was used, and the result was classified into very high,
high, moderate, low, and very low vulnerability classification. The CVI assessment results are presented in the form
of Smartline maps. The level of abrasion vulnerability was
recommended and weighted using the CVI (Table 2) and calculated using the following equation:
√
CV I =

a×b×c×d×e× f ×g
5

(1)

Description:
a, b, c, d, e, f, and g = Geomorphological condition parameters
5 = Number of classes used

3. RESULTS
3.1 Geomorphological Aspect
In this study, the geomorphological conditions of the Bugel
Coast were obtained directly through field observations by
measuring the level of the slope of the foreshore, relief,
coastal openness (exposure), sediment material, sediment
size, landform foreshore and backshore, vegetation cover
or density, and the impact of abrasion that has occurred.
According to Sharpless et al. (2009), the degree of opening
(exposure) must be considered because it directly or indirectly indicates danger in the coastal area. In this research,
three transects of the transect profile of the Bugel Coast
were made. The distribution is shown in Figure 1. The first
transect is placed in an area with a low level of vulnerability
to abrasion; the second transect is in an area with a high
level of vulnerability, and the third transect is in an area
with a moderate level of vulnerability.

The first transect represents a low level of vulnerability to abrasion, which is dominated by beaches, scrubs,
and mixed garden areas. Furthermore, the second transect with a high level of vulnerability is dominated by moor,
mixed gardens, and transmigrant settlements. The third
transect represents a moderate level of vulnerability, which
is dominated by garden embankments, moor, places of worship, and vacant land. The cross-sectional profiles of the
first to third transects are presented in Figure 2, 3, 4.
The geomorphological processes that occur in the
coastal area of Bugel consist of the results of the marine
and eolian processes. The wind process results in the form
of old dry shoals that form alternating sandbanks known
as a swale. Swale on the Bugel Coast results from an accumulation of fine material such as clay and dust mixed with
loose sand materials carried by wind power. The land use
in the dune and swale complex is used as seasonal agricultural land. In general, during the west monsoon season, the
wind from the Bugel Coast will blow from the Northwest to
the Northeast. If the wind speed conditions are high, particularly during the day, then the movement of sediment
material on the coast will accelerate. Tyas and Dibyosaputro (2012) explain that the wind speed is low in the morning
and high in the afternoon, and it will decrease slightly in
the afternoon.
Geomorphological processes that cause accretion (addition) and abrasion originate from exogenous forces such
as waves, longshore currents, tidal currents, or wind gusts
(deflation) (Prasetya 2006). Abrasion by waves on the Bugel
Coast is high; thus, the sediment material is transported
from the east coast to the west. Based on research by Kinanthi et al. (2016), the wave heights during 2015–2016 were
classified as medium to high with a maximum wave and significant wave height of 1.53–2.46 m and 0.51–0.82 m, respectively. The highest sea wave height reached 6–8 m (Priatmojo and Weadcaksana 2020). This significant wave height
indicates that the energy can transport sediment in coastal
areas. The waves from the northeast direction cause the
Bugel shoreline to be dominated by the longshore current
with the direction of the coastline from east to west (Figure
5).
The type of wave breaker on the Bugel Coast is included
in the combination of plunging and surging. This type of
wave can be destructive and constructive because it hits
the bottom of the water in the breakwater zone, thereby
eroding and lifting the sedimentary material on the bottom
of the water. Waves that are destructive when combined
with high wind speeds result in steep beaches during abrasion. The research conducted by Cahyono et al. (2017) indicates that high coastal abrasion decreased the length of
the Bugel shoreline from 100 m to 40 m.

3.2 Level of Vulnerability in the Coastal Settlement Area

FIGURE 1. Transect distribution of the geomorphological transect of
Bugel Coast.
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Abrasion at the Bugel Coast affects losses for the surrounding community, such as the loss of horticultural agriculture, loss of coastal protection vegetation such as prawn
cypresses, difficulty in getting on and off boats among fishermen, and the threat of damage and loss of homes dragged
by tidal waves. Analysis of the level of vulnerability to abrasion at the Bugel Coast was performed using the Smartline method through observations on the coastline along
1066.59 m, which were then divided into five hazard classes,
namely, very low, low, medium, high, and very high vulnerability, based on the resulting CVI (Figure 6). The obtained
15

FIGURE 2. Transverse profile of transect 1

FIGURE 3. Transverse profile of transect 2
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TABLE 2. Research results on the matrix score and weights of coastal vulnerability at Bugel Coast
Vulnerability
Score (A)

Weighting (B)

Class (A × B)

Compact and hard igneous, sedimentary and
metamorphic rocks

1

1

1

Fine-grained, compact, and soft-grained sedimentary rocks

2

No

Parameter

Category

1

Material

2

3

4

5

6

7

Grain Size

Exposure

Foreshore landform

Backshore landform

Vegetation density

Shoreline slope

2

Medium-size gravel and sand

3

3

Silt and clay material

4

4

Silt, clay, and mud

5

5

Coarse Sand

1

Medium sand

2

1

2

Fine sand

3

3

Silt

4

4

Clay

5

5

Low

1

Medium

2

6

High

3

9

Rocky cliff

1

Medium cliff

2

3

1

2

3

2
4

Low cliff, mangrove, coral reef, salt marsh

3

6

Estuary, Lagoon, Pebble beach

4

8

Delta, Mudflats, Sandy beaches

5

10

Rocky cliff

1

Rocky beaches

2

2

2
4

Mangrove

3

6

Beach ridges, sand dunes

4

8

Berm, Fluviomarine plains

5

10

Low

1

Medium

2

4

High

3

6

Very steep slope (> 60°)

1

Steep slope (30°–60°)

2

2

3

2

3
6

Moderate to steep (15°–30°)

3

9

Gentle to moderate slope (5°–15°)

4

12

Flat (<5°)

5
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observations generally develop the results of the geomorphological analysis of the coast.
The Smartline approach is a simple method that can be
used to identify the level of vulnerability to coastal erosion
based on segmentation (Lins-de-Barros and Muehe 2013).
Each segment along the shoreline has different geomorphological characteristics that can be mapped directly. According to the study conducted by Prasetyaningrum et al. (2018),
variations in geomorphological conditions can produce differences in the level of vulnerability to coastal erosion along
the shoreline. Therefore, mapping of abrasion hazard with
coastal geomorphological factors and the environment using the Smartline approach is quite representative, providing an overview of the vulnerability level of each segment
observed.
The Smartline insecurity abrasion Bugel Coast results
from the calculation and weighting of CVI on each parameter observed. Table 3 shows the results of the CVI class
and percentage of the length of the coastal segment based
on the level of classification of the vulnerability of beach
ASEAN J SCI TECHNOL DEV 39(1): 13–22

to abrasion threats. Therefore, the most dominant beach
vulnerability level is medium with the length of the beach
segment reaching 325.14 m or 30.48% of the total length of
the beach studied, followed by the high vulnerability level
with the length of the beach segment reaching 322.21 m or
30.22%, very high level (198.51 m or 18.61%), low vulnerability level (193.54 m or 18.15%), and very low vulnerability level
(27.09 m or 2.54%).
Figure 7 shows various vulnerability levels on Bugel
Coast:

a. Very low vulnerability level
Very Low Vulnerability Level Abrasion vulnerability level is
found in the coastal segment of the western end of the
Bugel Coast, which is starting to enter the Bidara Beach
area with a beach segment length of only 27.09 m. The level
of openness and vegetation density factors have an important role in determining the value of this vulnerability level,
where the dominant level is medium-high for vegetation
density parameters and low-medium for openness level pa17

FIGURE 4. Transverse profile of transect 3

TABLE 3. Classification of Bugel Coast abrasion vulnerability level based
on the coastal vulnerability index calculation

FIGURE 5. The red line indicates the longshore current direction and the
yellow line indicates the existence of breaking zone. (a) The profile during
regular waves (b) and when the destructive waves make the coast steep.

Abrasion Vulnerability Level

Segment Length (m)

%

Very High

198.51

18.61

High

322.31

30.22

Medium

325.14

30.48

Low

193.54

18.15

Very Low

27.09

2.54

Total

1066.59

100.00

b. Low vulnerability level
rameters. These two parameters are correlated with each
other, that is, the higher the vegetation density, the lower
the level of openness. This coastal segment, which is included in the very low vulnerability level, has considerable
protective vegetation such as casuarina in the backshore
(Figure 7a). According to Wahyuningsih et al. (2016), casuarina can reduce seawater wave energy directly during extreme conditions, such as big waves.
Another factor is the backshore characteristics of the
physical and dry shoals with a length of 5–20 m, which is
covered with grass that may have a smaller CVI weight effect. The presence of dry shoals can slow down the rate
of seawater erosion. According to Wulan et al. (2016), they
can also withstand seawater intrusion, which is quite dangerous if it enters the coastal agricultural areas of local residents.

18

Low abrasion vulnerability level is found in the coastal segment of the western end and eastern part of the Bugel
Coast with a total segment length of 193.54 m. The physical characteristics or morphology of the dry shoals, which
are covered or overgrown by weed vegetation, cause a low
abrasion hazard value or a small CVI weight in these two
segments. This morphological condition decelerates seawater erosion before returning to eroding the dry shoals
whose layers are still thick and wide. In addition to openness, which has a medium to high level, and the slope factor (shoreline slope), which tends to be more slope than the
beach segment with a very low level, hazard causes coastal
erosion to become quite intensive (Figure 7b).

c. Medium vulnerability level
The coast segment with moderate abrasion vulnerability
level is the dominant or long segment, which is 325.14 m
or 30.48% of the total length of the study beach segment at
Ramadhan et al.

FIGURE 6. Smartline map of the abrasion vulnerability of the Bugel beach.

FIGURE 7. Condition of areas with very low abrasion vulnerability (a), low
(b), moderate (c), high (d), and very high (e).

the Bugel Coast. This result shows that half of the area of
the Bugel Coast has a moderate level of beach vulnerability
to abrasion based on the calculation and weighting of CVI.
This segment has a low to medium vegetation density and
a dry shoal morphology that is closer to the breakout zone
of seawater, which indicates a high potential for abrasion
(Figure 7c).
The medium vulnerability level in this segment is also
influenced by the location, which is at the back of the beach
or backshore, and the shape of the land in the form of dry
shoals, which are rarely covered or overgrown with vegetation such as grass, thereby making this segment vulnerable
to seawater waves. This result is different from dry shoals
that have a mound (ridge) covered with grass or other vegetation. This difference affects the impact of the energy
of the incoming sea waves when a large tidal wave occurs
or the natural ability of the segment, thereby reducing the
energy of incoming sea waves.

d. High vulnerability level
The coast segment with a high vulnerability level is located
on the middle side of the Bugel Coast with a beach length of
322.31 m or 30.22% of the total study beach. This segment
is also the second most dominant segment after the moderate vulnerability level. Segments with high vulnerability
levels are formed from the results of variations in geomorASEAN J SCI TECHNOL DEV 39(1): 13–22

phological conditions that have a high CVI weighting level
from the foreshore to the backshore, which are interrelated
with one another. On the backshore, on several sides, this
segment has been covered with wild grass or cypress vegetation, although the density is low.
The existence of the casuarina has a fairly positive
value. According to Nugroho (2013), casuarina (Casuarinaequisetifolia varincana) is capable of breaking the wind.
Therefore, the wind speed that is generated by it can reduce the force of the waves, slowly deposit sediment, and
create a new land in front of the rows of cypress trees
(Sakur et al. 2014). However, the influence of high sea
wave activity is supported by the conditions of the foreshore landscape, which is vulnerable with gentle to moderate slopes in this segment, making erosion more intensive
with considerable energy and speed.
The presence of protective vegetation such as casuarina and grass in this segment plays an important role in minimizing the rate of abrasion. Before entering, abrasion will
pass through the protective vegetation, which has a negative impact on the agricultural areas of residents or local
resident settlements. Figure 7d shows the role of vegetation, where the roots of casuarina and grass can protect the
beach sand material from excessive wave erosion. On the
contrary, the lower part of the roots continues to experience erosion, in which the longer roots are eroded, causing
some plants to be damaged and dragged to the beach.

e. Very high vulnerability
A very high vulnerability level is found on the middle side
of the Bugel Coast segment with a beach segment length
of 198.51 m or 18.61% of the total length of the Bugel Coast
segment. The very high vulnerability level in this segment is
obtained through the CVI method with a very high weighting of each parameter. The high level of vulnerability is
strongly influenced by the high beach openness, sparse
vegetation density, and slope of the slope, which is gentle to
moderate. The gentle to moderate slope of slope causes the
coastal erosion to occur quite intensively, and the longer it
takes for the coastline to retreat closer to agricultural areas,
19

TABLE 4. Changes in the Bugel coastline 2006–2020
Changes by year
Coordinates

Type
of
change

Coastal
Shift

Observation
points

E (m)

N (m)

2006–2014

Score

2014–2016

Unit

Score

Unit

Score

Total changes
from
2006–
2020
Unit

Speed
changes

of

Score

Unit

Score

Unit
m/year

ST 1

406403.85

9121154.44

0.58

m

-13.62

m

-44.09

m

-57.13

m

-4.08

ST 2

406471.05

9121095.68

-9.12

m

-4.90

m

-39.33

m

-53.35

m

-3.81

m/year

ST 3

406648.78

9121012.31

-15.35

m

-16.84

m

-27.06

m

-59.25

m

-4.23

m/year

ST 4

406845.01

9120919.78

-17.67

m

-4.59

m

-36.54

m

-58.80

m

-4.20

m/year

ST 5

407006.85

9120837.79

-24.90

m

-2.94

m

-35.66

m

-63.50

m

-4.54

m/year

ST 6

407103.66

9120800.12

-26.43

m

-7.45

m

-26.97

m

-60.85

m

-4.35

m/year

ST 7

407176.51

9120766.25

-25.59

m

-5.30

m

-32.18

m

-63.07

m

-4.51

m/year

ST 8

407311.17

9120698.09

-22.18

m

-8.42

m

-42.03

m

-72.63

m

-5.19

m/year

Average

-17.58

m

-8.01

m

-35.48

m

-61.07

m

-4.36

m/year

Area change

-18270.75

m2

-5153.76

m2

-43704.63

m2

-67129.14

m2

-4794.94

m2 /year

residential areas, and tourist facilities (Figure 7e).
The high level of beach openness caused by a decrease
in wave barriers such as vegetation of casuarina and grass
also supports the acceleration of the rate of abrasion in this
segment. According to Prawiradisastra (2003), the openness of the coast to wave attack is a factor influencing the
high speed of abrasion in a coastal area. In addition, the
gentle to moderate slope of the coast to the foreshore eases
the waves of seawater when the tide reaches the surrounding buildings and tourist facilities; thus, at certain times,
it can reach several local residents’ agricultural lands and
cause crop failure and other losses.

3.3 Impact of abrasion, community adaptation, and
coastal spatial planning
Changes in shorelines are identified by utilizing a variety of
available imagery. The image is multitemporal, which results from various kinds of images. The multitemporal imagery used includes Earth Engine data for 2006 and 2014,
Aerial Photo Data from Badan Informasi Geospatial (BIG) in
2016, and aerial photo data for 2020, which were acquired
by the research team. The image data were digitized by interpreting the image visually and then producing output in
the form of coastlines for 2006, 2014, 2016, and 2020. Based
on these data, the calculation of the average change in area
each year is calculated by adding up the area, and the sum
is divided by the number of years (Table 4).
As shown in Table 4, the Bugel shoreline and Bidara
shoreline experience abrasion every year. The farthest line
shift occurred at observation station 8, which amounted
to 72.63 m from 2006 to 2020. In addition, the smallest line change occurred at observation station 2 with a
change of 53.35 m. Based on the area change data, the
Bugel Coast has experienced considerable abrasion. Total
changes in the area beaches and coastal Bidara Bugel have
been reduced by 67,129.14 m2 . The major changes in the
area occurred from 2016 to 2020, showing a decrease from
43,704.63 m2 /year to 10,926.16 m2 /year. The change in
shoreline speed is homogeneous at each station. The range
of velocity values of change reaches 1.38 m/year. The average Bugel shoreline is retreated by 4.36 m/year. The av20

2016–2020

erage change in the shoreline of Bugel is greater than the
average change in the shoreline of Kuwaru, which is both located on the coastal area of Kulon Progo Regency. Based on
the research of Mutaqin (2017), the Kuwaru coastal area has
an average shoreline change of 2.3 m/year and has caused
land allocation for tourism and fishing activities, thereby
causing economic problems among local communities.
The rate of change in the area tended to be homogeneous from 2006 to 2016, but it drastically increased in 2016
to 2020. The average value of the change in area from 2006
to 2016 was 2,342.45 m2 /year. Meanwhile, from 2016 to
2020, the average value of the change in area was 10,926.16
m2 /year. The average area of the Bugel Coast decreases
by 4,794.94 m2 every year. The overlay results among the
2006–2014 shoreline, 2014–2016 shoreline, and 2016–2020
shoreline are shown in Figure 8.
Based on observations at points 1–8, the Bugel coastline
from 2006–2020 continues to experience abrasion with an
average of 4.36 m/year. According to Akbar et al. (2017),
changes in the retreat of shoreline can be due to climate
change, waves, storms, sea level rise, tides, tectonic factors, and human behavior that accelerate environmental
changes. These factors can cause damage to several aspects such as agriculture, tourism, and settlement coastline distance with each observation point in 2020:
1. The first point is an agricultural area with a distance
of 35 m from the shoreline
2. The second point is an agricultural area with a distance of 45 m from the shoreline;
3. The third point is the ship parking area and settlements with a distance of 23 m from the shoreline;
4. Point four is agricultural areas with a distance of 19
m and settlements with a distance of 50 m from the
shoreline;
5. Point five is an agricultural area with a distance of
15 m and a settlement with a distance of 69 m from
the shoreline;
6. Point six is agricultural and residential areas, each
with a distance of 40 and 88 m, respectively;
7. Point seven is agricultural and residential areas,
each with a distance of 32 and 98 m, respectively;
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FIGURE 8. Map of Changes in the Bugel shoreline.

8. Point eight is agricultural and residential areas, with
a distance of 23 and 82 m, respectively.
Observation of the distance of each measurement point
from the coastline in 2020 shows a mismatch with the Kulon Progo Regency Spatial Plan 2012–2032, which states
that the existence of the coastal border should be at the
maximum distance of 100 m from the highest tide point to
the land. However, in the condition of the ring 1 local transmigration settlement, Bugel Village has an average distance
of houses to the coastline of 68.3 m or less than 100 m (Field
survey, 2020). Thus, at present, the housing in the ring 1
local transmigration of Bugel Village is part of the coastal
boundary, which should be protected and should not be
used other than for protection or conservation purposes.
Considering the settlements on the coast of Bugel,
which are increasingly threatened by abrasion, mitigation
becomes necessary, particularly by the government, to reduce the threat and degradation of coastal resources at the
Bugel Coast. According to Diposaptono (2003), mitigation
is an important activity in disaster management to anticipate that the impact can be reduced before the disaster.
At present, the Bugel Coast needs a combination of structural and non-structural mitigation while paying attention
to the sustainability of coastal ecosystems. Such mitigation
can be a long-term investment for the welfare of people living on the Bugel Coast; thus, its implementation must be
done comprehensively.
Waves become a force that causes the transportation of
materials at the Bugel Coast. Similar conditions to Kuwaru
Coast are located parallel to the Bugel Coast, which is affected by the resulting waves transferring large wind forces
into the air (Mutaqin 2017). The results of Kinanthi et al.
(2016) have obtained the highest wave at the Bugel Coast,
which caused abrasion and damage to casuarina and agriculture in 2016, reaching 2.46 m. Coastal erosion from 2000
to 2016 is 1.55 m/year. The results of this study show that
abrasion from 2006–2020 is 4.36 m/year
Structural mitigation in Bugel Coast has been conducted with natural or artificial efforts. Based onKinanthi
et al. (2016) and field observations, mitigation such as
ASEAN J SCI TECHNOL DEV 39(1): 13–22

making natural sand embankments, planting casuarina,
and planting protective plants is used.
In addition,
non-structural mitigation is conducted by the community. Meanwhile, non-structural mitigation includes policymaking related to land use such as the green belt of Jalan
Lintas Selatan and policies on exploration and economic activities of communities at Bugel Coast. Attending counseling about abrasion, knowing the threat map and information in Bugel Village, participating in agricultural counseling, and shifting agricultural land to the north away from
the coast are also conducted.

4. CONCLUSIONS
The research area at the Bugel Coast is divided into three
transects based on variations in geomorphological conditions and the impact of low, medium, and high abrasion.
The results show that the speed of change in the coastal
areas tends to be homogeneous from 2006 to 2016, but the
changes drastically increased from 2016 to 2020. In general, changes in the retreat of shoreline can be due to climate change, waves, storms, sea level rise, tides, tectonic
factors, and human behavior that accelerate environmental changes. Therefore, structural and non-structural mitigation is necessary for the sustainability of coastal ecosystems.
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