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AsstrACT: This research was conducted in Srigading and Gadingsari Villages, Samas District, Bantul Regency, the
Special Region of Yogyakarta. Both of these villages were selected as the study area because of their high vulnerability
to coastal erosion. This research aimed to analyse the physical, social, and economic vulnerability and the capacity of
communities in both villages to deal with erosion in Samas Coast using primary and secondary database. According to
the results of the physical and socioeconomic scenarios, Srigading has a high vulnerability level, whereas Gadingsari
has a low vulnerability level. Meanwhile, the equal scenario results in the same spatial distribution of vulnerability
as the aforementioned scenarios. This research also finds that the capacity, which was based on knowledge of coastal
erosion and its risk reduction measures, is categorized as medium. This capacity level is shaped by the constantly im-
proved preparedness as communities experience coastal erosions directly.
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Introduction

Climate change is a global issue that signifi-
cantly affects archipelagic countries (Hereher
2016, Schmutter et al. 2017, Senapati, Gupta
2017,). This issue also applies to the biggest ar-
chipelago in the world, Indonesia. It consists of
13,466 islands with 81,000 km long shoreline and
seas as wide as 3.1 million km? or 62% of its ter-
ritorial area (UNCLOS 1982). According to the
Climate Conference in Warsaw, the coastal re-
gions in Indonesia are inhabited by 42 million
people and predicted to experience the negative
impact of climate change (Duckers et al. 2015,
Neale, Weir 2015, Taylor, Peace 2015, Ullah et
al. 2015). The impact is felt particularly in Java
Island because 65% of its population lives in
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coastal regions and grows by 2.2% per year,
which is higher than the national average growth
rate (Miladan 2009). Setiyono (1996) states that
erosion is the process of coastal material remov-
al by the destructive force of sea waves and cur-
rents. Similar phenomena are also explained by
Mahapatra (2015), Fitton et al. (2016), Merlotto
et al. (2016), Ghosh (2017), Yankson et al. (2017),
Bevacqua et al. (2018), Chang et al. (2018), and
Onat et al. (2018). Breaking waves are also able to
transport or move loose materials on the shore-
line into the sea, generating an abrasion pro-
cess (Sutikno 1999, Marfai et al. 2008, Wesli et
al. 2013, Widianto, Damen 2014). From strategic
point of view, the impact of abrasion is a decline
in land surface; while from environmental point
of view, it is the loss of habitats in an ecosystem
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(Ongkosongo 2011). Marfai (2011) explains that
coastal erosion has serious negative impact, such
as damaged public facilities and settlements as
well as deforestation, which are argued to be the
triggers for the widespread negative impact of
coastal erosion.

Coastal erosion is a significant implication of
sea level rise on sandy or muddy beach that in-
duces shoreline change as a form of equilibrium
beach profile (Marfai, King 2008, Numberi 2009).
According to the Regional Disaster Management
Agency of Bantul Regency, the coastal regions
in the southern area experience large waves
and coastal erosions every year. Coastal erosion
wears away most of the land along the beach and
causes harm to the society (BNBD Kabupaten
Bantul, 2016). Among the other coasts in South
Bantul, Samas Coast suffers from the severest
erosion. This condition is due to sands blocking
the mouth of Opak River, which cause a lagoon
to form and prevent the river water from flow-
ing into the sea. The Office of Marine Affairs and
Fisheries of Bantul Regency states that the lagoon
has potentials for marine tourism and that it can
improve regional economy and local welfare
(DKP Kabupaten Bantul 2016). Therefore, phys-
ical infrastructures and facilities become neces-
sary to support it as a tourist attraction (Sidik
2013). However, intensive erosion will remain a
threat to the sustainability of its development if
the problems induced by coastal erosion are not
solved immediately.

The extent of coastal erosion impact is strongly
influenced by the capacity or the vulnerability of
at-risk elements. Van Westen and Soeters (2006)
defines at-risk elements as all objects, humans,
animals, and activities or processes, including
buildings, public facilities, population, economic
activities, and environments, that are affected by
a disaster event in an area either directly or indi-
rectly. Meanwhile, capacity is depicted as ability,
i.e. the combination of all of the strengths of a so-
ciety, a social community, or an organization that
can reduce the impact of risks or hazards. It is
formed through various economic, social, or in-
stitutional ways, individual or communal skills,
as well as organizations or leaderships that result
in the reduction of risk or hazard level. In terms
of disaster risk reduction, capacity is influenced
by, for example, the functions of available re-
sources in an area (UNISDR 2004).

Vulnerability is the exposure level of at-risk
elements (humans and things) to threats (Maarif
et al. 2014, Islam et al. 2016, Nur, Shrestha 2017,
Raufirad et al. 2017, Yadav, Barve 2017, Jurjonas,
Seekamp 2018). It represents the condition of a
society or a community that shapes their ina-
bility to deal with and minimize the impact of
hazards, which will lead to damages and dis-
ruptions if disaster attacks (Sutikno 2002, UNDP
2004, Bakornas PB 2007, Sakijege 2013, Rijanta et
al. 2014, Zorn, Shamseldin 2015, Figerio, Amicis
2016, Fatemi et al. 2017, De Silva et al. 2018). In
disaster management context, this condition is
determined by physical, social, economic, and
environmental factors or processes (UNISDR
2009) that control the ability to prevent, mitigate,
prepare, and respond to the impact of hazards.

The spatial presentation of disaster informa-
tion is essential for risk reduction particularly
in providing data that can be utilized directly
by the society to familiarize themselves with the
condition of their environment (Setyaningrum,
Giyarsih 2012, Rachmawati, Budiarti 2016).
Therefore, the extent of coastal erosion impact
can be minimized by initially providing disas-
ter information. Based on the authors’ knowl-
edge, no research has specifically documented
the socioeconomic vulnerability of the popula-
tion to coastal erosion and the community ca-
pacity in Samas Coast to deal with coastal ero-
sion. Referring to this background, this research
becomes necessary. This research applied this
mitigation measure by aiming to (1) analyse the
physical, social, and economic vulnerability level
in Samas Coast and (2) analyse the capacity of the
local communities to deal with coastal erosion in
the study area.

Research method

This research was conducted in Srigading
and Gadingsari Villages, Samas District, Bantul
Regency with survey method. In order to achieve
the first objective, i.e. to analyse the physical, so-
cial, and economic vulnerability, this research
applied the Spatial Multi Criteria Evaluation
(SMCE) method. In this case, the SMCE em-
ployed a weighting method using pairwise com-
parison. Meanwhile, in order to achieve the sec-
ond objective, i.e., to analyse the capacity level
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of the local population, it used scoring technique
and statistical data analysis on the result of the
structured interview. SMCE is a vulnerability as-
sessment method that uses both spatial and sta-
tistical data as an input to produce a map with
composite index. In this research, the spatial vari-
able (i.e. physical parameter) was combined with
the quantitative data (i.e. socioeconomic param-
eter) producing a composite map with spatial
information and statistical attributes. The output
of this method can assist in planning and deci-
sion making for development policy more spe-
cifically compared to statistic data presentation
like graph, table, picture, chart, and calculation
(Rahmat 2015).

The analysis unit was village, especially the
villages located in highly vulnerable areas to
coastal erosion. The variables of vulnerability in
this research are presented in Table 1. The SMCE
method for vulnerability assessment consisted of
four steps, namely structuring the problem into
criteria tree, standardization, weighting, and se-
lecting scenario. The output of this method is a
vulnerability map with spatial information and
statistical attributes.

In order to assess the capacity level of the
communities, the households were selected us-
ing multistage random sampling technique.
Based on the Harry King’s Nomogram (Fig. 1), a
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Fig. 1. Harry King’s nomogram acc. to Setyaningrum,
Giyarsih (2012).

90% confidence level requires a sample size of 5%
of the total population. Gadingsari and Srigading
Village have 395 and 713 households, respective-
ly. Therefore, a 90% confidence level over a total
population of 1,108 households requires the fol-
lowing sample size:

Table 1. Research variables.

Objectives Factors Variables Descriptions
Vulnerability | Physical Number of houses The higher, the more vulnerable
Distance to shoreline The closer to shoreline, the more vulnerable
House types Non-permanent house is more vulnerable than the perma-
nent one
Social Population size The higher, the more vulnerable
Sex Women are more vulnerable than men
Age Elderly and children cause more vulnerability
Education The higher, the less vulnerable
Number of disabled people | The higher, the more vulnerable
Economic | Job People with professional jobs are less vulnerable
Unemployment The higher, the more vulnerable
Number of poor household | The higher, the more vulnerable
Economic facilities The higher, the more vulnerable
Community |Knowledge | Abrasion The more the knowledge, the less vulnerable
capacity of abrasion | The cause of abrasion The more the knowledge, the less vulnerable
The impact of abrasion The more the knowledge, the less vulnerable
The countermeasures of The more the knowledge, the less vulnerable
abrasion
Abrasion risk reduction The more the knowledge, the less vulnerable
measures
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Table 2. The classification of capacity levels.

Classes | Total scores Descriptions

Low 6-13 | Lack of capacity to implement
disaster risk reduction

Medium 14-22 | Adequate capacity to imple-
ment disaster risk reduction

High 23-30 | High capacity to implement
disaster risk reduction

Gadingsari Village:

395 / 1,108 x 56 = 20 households,

Srigading Village:

713 / 1,108 x 56 = 36 households,
Total = 56 households.

Meanwhile, the capacity level was obtained
using Likert (1932) scaling on the information
provided by the respondents. It was divided into
three classes, namely low, medium, and high
(Table 2).

Results and discussion
Susceptibility to coastal erosion

The susceptibility of coastal areas to erosion
is determined by wave height, the composition
of beach substrate, beach form, shoreline devel-
opment, mangrove habitat, and residential site.
These factors, also the variables of susceptibil-
ity in this research, consisted of several criteria
whose scores represented their levels of influence
on coastal erosion event. The higher the score of a
variable, the stronger its influence to determining
the susceptibility level. The susceptibility map
provides information on different levels of sus-
ceptibility, namely low, medium, and high (see
Fig. 2). More than half of the coastal riparian area
in Samas, i.e. 74.83%, is highly susceptible espe-
cially the one with a residential area of more than
6.09 ha (see Table 3). On the contrary, coasts with
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Fig. 2. The erosion susceptibility map of Samas Coast by Choirunnisa (2016).
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Table 3. The extent of susceptible area to coastal ero-
sion based on land use.

Land use Vulnerability classes | Area (ha)
Beach sands Medium 12.08
Beach sands Medium 13.39
Beach sands Medium 16.40
Beach sands High 23.07
Beach sands High 6.07
Beach sands High 43.14
Settlement High 6.09
Grass High 2.14
Irrigated rice field Medium 4.46
Irrigated rice field High 27.06
Irrigated rice field High 6.43
Dry land Medium 2.25
Dry land Medium 191
Dry land High 0.30
Dry land High 3.64
Water body High 22.71
Water body High 9.51

mangrove habitat (natural wave barrier) or oth-
er factors that reduce the susceptibility level can
minimize the extent of land affected by sea wave
and coastal erosion.

Physical, social, and economic vulnerability
assessment

The SMCE method for vulnerability assess-
ment consisted of four steps, namely structuring
the problem into criteria tree, standardization,
weighting, and selecting scenario, that produced
vulnerability maps from a combination of vari-
ables with different standards and types. These
maps show different determinants of vulnerabil-
ity in each village in the study area. Several sce-
narios were made for identifying the most influ-
encing factors to vulnerability. The equal scenario
applies the same weight to every factor, i.e. 0.33.

Meanwhile, in physical scenario, the weights
are 0.6 and 0.2 for the factors of physical vulner-
ability and socioeconomic vulnerability, respec-
tively. Furthermore, the weights in socioeconom-
ic scenario are 0.143 and 0.429 respectively for the
factors of physical and socioeconomic vulnerabil-
ity. The vulnerability index consists of five class-
es and varies between 0-1. The closer the index to
1, the more the vulnerability.

Physical vulnerability
According to the physical vulnerability
classes, Srigading is more vulnerable to coastal

erosion than Gadingsari because, spatially, the
former village has the closest houses to shoreline
and lagoon. This finding is in line with the results
of the weighting process in SMCE in which the
variable with the highest weight is the distance
between house and shoreline. Therefore, the ab-
sence of houses located close to the shoreline in
Gadingsari makes this village have a lower vul-
nerability despite its higher number of perma-
nent houses than Srigading. In other words, if
coastal erosion occurs in Gadingsari, the houses
in this village will not be affected directly by sea
wave. A high physical vulnerability indicates the
need to increase people’s awareness of residen-
tial sites whose locations have to be in accord-
ance with the spatial plan.

Social vulnerability

The variable with the most weight in deter-
mining vulnerability is population size. In terms
of social vulnerability, Gadingsari is more vul-
nerable than Srigading, indicating the presence
of more at-risk social elements in Gadingsari.
A high social vulnerability is caused by a large
number of demographically disadvantaged pop-
ulations, such as elderly, toddlers, children, and
disabled people. A large share of this population
group likely increases the exposure level of a vil-
lage to the impact of disasters.

Economic vulnerability

The number of poor household has the highest
weight in determining the economic vulnerabili-
ty. Similar to the social vulnerability, Gadingsari
is more economically vulnerable than Srigading.
Gadingsari has a low economic condition that is
indicated by a large number of poor households
and unemployed people. At the same time, peo-
ple whose jobs are affected by disasters contrib-
ute to the low economic condition in this village.
These jobs are mostly in agricultural sector or
with high dependence on natural condition in
which weather and soil become the determinants
of the economic condition. Compared to those
who work in sectors that are unaffected by dis-
asters, people with natural resource-dependent
jobs strongly influence the vulnerability level of a
village. In addition, a low economic condition re-
sults in poverty (Giyarsih 2014). Poor households
tend to have poor access to many sectors, includ-
ing education, health, and other socioeconomic
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Fig. 3. Maps of physical, social, and economic vulnerability by Choirunnisa (2016).
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Fig. 4. Maps of total vulnerability with physical, socioeconomic, and equal scenarios by Choirunnisa (2016).
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services. This condition economically exposes
many people in Gedangsari to disasters. After
the wake of disasters, villages with high econom-
ic vulnerability require a long recovery time.

Total vulnerability

Total vulnerability is the analysis result of
three vulnerability values, namely physical vul-
nerability, social vulnerability, and economic
vulnerability. These three vulnerabilities are
weighted based on the scenarios proposed in this
research, i.e. physical scenario, socioeconomic
scenario, and equal scenario. Each scenario rep-
resents the level of influence of each factor in
shaping vulnerability.

Physical scenario

Based on the results of the physical scenario,
Srigading is more vulnerable than Gadingsari
because it has several buildings that are located
closer to lagoon and shoreline than the buildings
in Gadingsari. Therefore, the distance factor is
very influential in increasing the vulnerability
level. This finding is in line with Rahmat (2015)
and Rizal (2015), which state that the distance be-
tween hamlets and Putih River contributes to the
high physical vulnerability to lahar from Merapi
Volcano. However, this finding is different from
Armaya (2015) and Sauri (2016), which state that
villages with a large number of buildings are
more vulnerable than the ones with few build-
ings. Even though the total number of settlement
in Gadingsari is higher than in Srigading, the res-
idential sites are located far from the shoreline
and outside of the coastal riparian area. On the
contrary, Srigading has fewer residential sites
that are located very close to the lagoon and
shoreline, i.e. approximately 45 m. Therefore,
Srigading has a higher proneness to the impact
of coastal erosion.

Socioeconomic scenario

Based on the socioeconomic scenario, Srigading
is more vulnerable than Gadingsari. The pop-
ulation size of Gadingsari is slightly larger than
Srigading, while the economic conditions of both
villages are similarly low. Therefore, the socioec-
onomic vulnerability levels of the two villages are
equally high. However, the results of slicing into
three classes show that Srigading is more vulner-
able due to its physical factors. Despite the low

weight of physical parameter in the socioeconom-
ic scenario, it still plays a role in creating a higher
vulnerability in Srigading. The influential physi-
cal parameter is the distance between settlement
blocks and shoreline. In this case, the distance is
only 45 m. This finding is in line with Rahmat
(2015), which states that a high vulnerability in
socioeconomic scenario is not only influenced by
population size and the number of poor house-
hold but also the distance between hamlets and
Putih River, i.e. a river through which the lahar of
Merapi Volcano traverses.

Equal scenario

Equal scenario applies the same weight to
physical, social, and economic factors. In other
words, each of these factors has the same influ-
ence on vulnerability level. Based on the total vul-
nerability map obtained from the equal scenario,
Srigading is more vulnerable than Gadingsari.
This finding is in line with Sauri (2016), which
states that villages with high vulnerability are the
ones located close to or within the source of dis-
aster. Spatially, Srigading is closer to the lagoon
and some of its settlement blocks are closer to the
shoreline. In addition, due to its large number of
population, poor households, and houses, it is
more vulnerable than Gadingsari.

The results of these three vulnerability sce-
narios can assist in the making of disaster mit-
igation policy as a measure of risk reduction to
coastal erosion. The maps of physical, social, and
economic vulnerability are presented in Figure 3,
while the maps of total vulnerability from phys-
ical, socioeconomic, and equal scenarios are pre-
sented in Figure 4.

Community capacity

The capacity of the communities in both vil-
lages was assessed using cross table analysis on
the relationship of two variables: 1) the distance
between houses and shoreline and 2) knowledge
of coastal erosion. These variables were selected
in consideration of their inversely proportional
relationship. The closer the distance between the
houses and shoreline, the wider people’s knowl-
edge of coastal erosion is. According to the con-
tingency coefficients presented in Table 4, the
significance value is 0.180. Since it is < 0.5, there
is a close or mutually influential relationship
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Table 4. Contingency coefficients.

Symmetric Measures® Value | Approx. Sig.
Nominal by | Phi 0.335 0.180
Nominal Cramer’s V 0.237 0.180

Contingency | o317 | 0180
coefficient
N of valid cases 56

between the distance of houses from shoreline
and people’s knowledge of coastal erosion.

Based on the interviews with the local com-
munities in Srigading, people living close to
the shoreline have more comprehension on the
proneness of their settlements to coastal erosion.
This comprehension is obtained from experienc-
es and stories passed down from their parents.
Nevertheless, they cannot do anything except
saving their belongings and leaving their hous-
es when indications of severe coastal erosion ap-
pear because, on one side, they perceive coastal
erosion as a natural and unavoidable phenome-
non. On the other side, they perceive the coast
as their livelihood. Meanwhile, the closest dis-
tance between the houses in Gadingsari and the
shoreline is > 300 m. Even though these houses
are outside of the coastal riparian area, the peo-
ple living there understand the proneness of their
settlements to coastal erosion, which are similar
to those living in Srigading.

Most of the people in Srigading and Gadingsari
who live either close to or far from the shoreline
chose the options “agree” and “highly agree” re-
garding the oral or written information and pub-
lic dissemination on the threats of coastal erosion
that they had received from the government and
other institutions. Information on the threats of
coastal erosion is generally obtained from expe-
riences, stories passed down by the parents, and
chains of information between the villagers. In
addition, information provided by the govern-
ment of each village influences the level of peo-
ple’s awareness in anticipating possible threats

from coastal erosion. It is usually disseminated
prior to raised alert status, at evacuation drills,
and during village meetings.

Disaster management is necessary to min-
imize the risks posed by coastal erosion. Based
on the results of the interviews, the people in
Srigading gave various responses to the questions
regarding the existence of disaster management.
Meanwhile, 55% of the people in Gadingsari stat-
ed that Samas Coast lacked mitigation measures
against abrasion as well as coastal erosion man-
agement from the government, other institutions,
and local communities. On the contrary, accord-
ing to the Head of Regional Disaster Management
Agency (BPBD), the government has established
various preventive measures like planting beach
she-oaks (Casuarina equisetifolia) and providing
sand-filled plastic bags. However, these meas-
ures are considered less successful in reducing
the risks of coastal erosion because the character-
istics of sea wave and beach morphology in the
study area make the impact of coastal erosion ex-
ceed the capacity of such measures. Furthermore,
several members of the local communities have
been implementing preventive measures based
on their first-hand experiences on coastal erosion.

Most of the people in Srigading and Gadingsari
who live either close to or far from the shoreline
understand the general idea of how to prevent
coastal erosion. Such comprehension is shown
by their agreement to the implementation of local
wisdom into preventive measures, e.g. suitable
land utilization in Samas Coast, indicating that
the local communities have invented their own
ways to deal with the threats posed by coastal
erosion.

The capacity level of the people in Srigading
and Gadingsari is categorized aslow. In Srigading,
25% and 63.89% of its people have respective-
ly high and medium capacity. Meanwhile, in
Gadingsari, 35% and 65% of its people have re-
spectively high and medium capacity (see Table

Table 5. Number of respondents in Srigading and Gadingsari based on capacity level and distance between
houses and shoreline.

Distance between Houses and Shoreline
Capacity levels Srigading Gadingsari
Near | Moderate Far Total % Near | Moderate Far Total %
Low 0 1 3 4 11.11 0 0 0 0 0
Medium 4 10 9 23 63.89 0 0 13 13 65
High 6 3 0 9 25.00 0 0 7 7 35
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5). Due to first-hand experiences on coastal ero-
sion, most of the people in these two villages
try to reduce the possible loss caused by recur-
ring coastal erosion. The government officials of
Srigading and Gadingsari have appealed for the
development of settlements far from the shore-
line. Nowadays, the houses along the shore-
line are abandoned in order to prevent fatalities
whenever coastal erosion attacks.

The Relationship between vulnerability and
community capacity

In general, based on the three scenarios of total
vulnerability, Srigading has a higher vulnerabil-
ity level than Gadingsari. In addition, the results
of the interviews show that the capacities of the
people in Srigading and Gadingsari are classified
as medium to high. These two statements postu-
late a directly proportional relationship between
the vulnerability and the community capacity in
the study area. The higher the vulnerability level,
the higher the community capacity to deal with
coastal erosion.

Despite the long distance between the houses
and the shoreline (i.e. 1 km) as well as the lack
of first-hand experience on coastal erosion, the
people in Gadingsari have adequate knowledge
of coastal erosion and its countermeasures. On
the other hand, the people in Srigading, par-
ticularly those who live close to or less than 300
m from the shoreline, have a wide knowledge
of coastal erosion, which increases their abili-
ty to deal with its negative effects. In general,
because they have experienced coastal erosion
directly, they understand its characteristics and
become adept at dealing with it. When high
vulnerability meets low capacity, high disaster
risk emerges. Thereby, community capacity en-
hancement has to be implemented by various
parties in order to avoid significant losses when
disaster strikes.

Conclusion

Based on the results of the physical, social,
and economic vulnerability assessments using
the SMCE method, this research decided to com-
pare three scenarios of total vulnerability, name-
ly physical scenario, socioeconomic scenario, and

equal scenario. The physical and socioeconomic
scenarios show that Srigading has a high vul-
nerability level, whereas Gadingsari has a low
vulnerability level. In addition, the spatial distri-
bution of the total vulnerability produced from
equal scenario is the same as that of physical and
socioeconomic scenarios. As a conclusion, both
physical and socioeconomic scenarios produce
relevant outputs because they give the same re-
sult and distribution as the equal scenario.

Furthermore, in terms of physical parameter,
Srigading is more vulnerable than Gadingsari
because its settlement is located close to the
shoreline that receives direct impact from coastal
erosion. Meanwhile, based on the social and eco-
nomic parameters, Gadingsari is more vulnerable
than Srigading because it has higher population
number as well as a higher share of demograph-
ically disadvantaged people (i.e. women, tod-
dlers, children, elderly, and disabled people).
Because many social variables are vulnerable or
exposed to coastal erosion risk, Gadingsari has a
high social vulnerability. Moreover, a large num-
ber of poor households, unemployed people, as
well as people whose jobs are affected by coastal
erosion lead to the more presence of at-risk eco-
nomic elements in this village.

The paucity of economic facilities shows
that both Srigading and Gadingsari have low
economic condition, which influences the com-
munity capacity in terms of disaster mitigation
and post-disaster recovery. Based on the knowl-
edge of coastal erosion and its risk reductions,
the capacities of the people in both villages are
categorized as medium. This level of capacity is
influenced by first-hand experiences on coastal
erosion that increase the awareness of the local
communities, particularly those who live close to
shoreline.
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