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Abstract: Climate change is increasingly impacting both environments and human communities.
Coastal regions in Thailand are experiencing more severe impacts, which vary based on the unique
physical and socio-economic characteristics of each area. To assess the vulnerability of coastal regions
in Thailand, this study focused on two provinces, Nakhon Si Thammarat (NST) and Krabi, each
representing distinct coastal environments. NST, situated on the Gulf of Thailand’s east coast, has
an agriculture-based economy, while Krabi, on the Andaman Sea’s west coast, relies heavily on
tourism. The study utilized a multi-criteria decision analysis approach (MCDA) and GIS to analyze
the Coastal Vulnerability Index at the sub-district level. The results revealed that, although NST was
more vulnerable than Krabi to socio-economic factors such as the poverty rate and the number of
fishery households, Krabi was much more vulnerable in the physical environment, including wave
height, tidal level, coastal erosion, and slope. However, overall, Krabi exhibited high to the highest
levels of coastal vulnerability, while NST displayed moderate to high levels. These findings provide
valuable insights for policymakers and government agencies, aiding in the development of strategies
to mitigate vulnerability and enhance the quality of life for local residents in both provinces.

Keywords: coastal vulnerability index; GIS; multi-criteria decision analysis; Thai Coast; Krabi;
Nakhon Si Thammarat

1. Introduction

Low-lying coastal areas, situated between land and an ocean or lake, known as a
coastline or shoreline, experience heightened vulnerability based on their physical exposure.
This vulnerability is magnified if they are more susceptible to socio-economic factors
(Alexandrakis et al. 2019; Lopez-Doriga and Jiménez 2020). Natural forces, such as sea
level variations, wave activity, coastal and longshore currents, tidal fluctuations, vertical
land movements, and sediment transport dynamics, exert significant influences on these
coastal regions. Globally, coastal ecosystems have suffered due to a combination of factors,
including eutrophication, overfishing, habitat degradation, and the impacts of climate
change. Among the various challenges faced by coastal regions worldwide, one of the most
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severe is sea level rise (SLR). This phenomenon is expected to accelerate in the near future,
with a projected global average increase of 60-90 cm above the current sea level by 2100.
This rapid rise in sea levels is poised to result in more frequent and hazardous occurrences
of flooding and erosion in coastal zones (Dolan and Walker 2006; IPCC 2022).

A range of other issues specific to coastal environments is further exacerbating the
challenges associated with human utilization of coastal areas and posing threats to coastal
ecosystems. These include problems such as marine pollution, marine litter, coastal de-
velopment, tourism, and the loss of marine ecosystems. (Fairbanks 1989; Wahl et al. 2018;
Langkulsen et al. 2022b). Additionally, the rate, type, and magnitude of climate change
interact with the sensitivity and adaptive capacity of coastal systems. This interaction is
expected to accelerate the speed of coastline retreat, rendering extensive coastal areas with
high tourist value more vulnerable to disasters such as flooding and erosion (Dolan and
Walker 2006). This process not only endangers the quality and value of services provided by
coastal environments but also threatens the overall sustainability of coastal zones (Nicholls
et al. 2007; Borchert et al. 2018; Wahl et al. 2018; Curoy et al. 2022). Hence, the intensification
of any of the aforementioned processes, whether initiated by natural or human factors, has
the potential to significantly degrade coastal areas, resulting in land loss, extensive damage
to infrastructure, sea pollution, and a reduction in the biodiversity of marine resources
(Neumann et al. 2015).

Vulnerability, in the context of disaster risk, refers to the extent of impact or damage
caused by the combination of exposure, sensitivity, and adaptive capacity of individuals or
communities in a specific area (Cardona et al. 2012). Coastal fragility, on the other hand,
specifically pertains to the vulnerability of coastal regions and the people or communities
residing in these coastal areas. To analyze the vulnerability of coastal areas worldwide, re-
searchers have widely adopted and adapted the Coastal Vulnerability Index (CVI) approach,
which considers various physical and socio-economic factors (Gornitz 1991; Markphol et al.
2021). The degree of impact or damage resulting from disasters varies depending on the
unique physical and socio-economic characteristics of each area. While many factors used
in vulnerability analysis are common across studies, variations may exist based on the
study area’s size and data availability limitations (McLaughlin and Cooper 2010).

Physical factors commonly considered in vulnerability assessments include geomor-
phology, the extent of flooding affecting roads and buildings, wave height, tidal levels,
sea level rise, and coastal erosion (McLaughlin and Cooper 2010; Duriyapong and Nakha-
pakorn 2011; Wies et al. 2016). Socio-economic factors contributing to vulnerability en-
compass aspects such as wealth, education, ethnicity, religion, gender, age, social class,
disability, and health, which collectively characterize the local community (Cardona et al.
2012; Langkulsen et al. 2022a). Frequently used socio-economic factors in vulnerability
analysis encompass the gender and age composition of the population, population density,
education levels, income or poverty rates, access to healthcare systems, and internet acces-
sibility (McLaughlin and Cooper 2010; Islam et al. 2015; Wies et al. 2016; Bevacqua et al.
2018; Apotsos 2019; Dintwa et al. 2019; Pricope et al. 2019).

A Geographic Information System (GIS) is a set of tools for handling spatial data, which
proves valuable in helping analysts and decision-makers identify priorities based on various
factors. GIS provides decision-makers with a flexible environment for researching and
addressing complex geographical challenges (Seenath et al. 2016). Multi-Criteria Decision
Analysis (MCDA) is a technique that can be used to combine stakeholder preferences
and spatial information, converting them into quantitative values for assessment and
subsequent decision-making. The Analytical Hierarchy Process (AHP) is a well-established
pairwise comparison method within the realm of MCDA (Saaty 1988; Bera and Maiti
2021). The combination of GIS and MCDA allows for a rational assessment of the likely
physical changes resulting from phenomena like flooding and erosion. However, it is
worth noting that the subjectivity of expert opinions remains a challenge in this process.
Nevertheless, this approach enables the preliminary planning of strategies for managing
and safeguarding coastal resources and infrastructure in areas of interest (Seenath et al.
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2016). In summary, the integration of GIS and MCDA serves the purpose of assisting
decision-makers by providing them with the means to evaluate different options based on
a range of sometimes conflicting criteria (Dhiman et al. 2018).

This study utilizes GIS-MCDA to assess the physical and socio-economic vulnerability
to erosion and flooding in the Nakhon Si Thammarat (NST) and Krabi provinces. It
considers significant physical factors shaping coastal geomorphology, including significant
wave height, tidal level, sea level rise, slope, coastal erosion rate, household density, and
land use type. Additionally, it incorporates relevant socio-economic factors such as the
occupation of local residents, education level, unemployment, dependency ratio, and
poverty rate into the analysis.

2. Materials and Methods
2.1. Research Framework

The GIS-MCDA approach research framework, as illustrated in Figure 1, utilized
the Analytical Hierarchical Process (AHP), one of the Multi-Criteria Decision Analysis
(MCDA) methods, in conjunction with Geographic Information System (GIS) technology to
generate a Coastal Vulnerability Index map. The analysis commenced by assessing physical
environment factors, leading to the creation of a Physical Vulnerability Index map (PVI
map). Concurrently, social and economic factors were evaluated collectively to formulate a
Socio-Economic Vulnerability Index map (SoVI map). Subsequently, the PVI and SoVI maps
were integrated using a predetermined scoring and weighting methodology to generate
the comprehensive CVI map.

GIS — MCDA Approach

Physical environmental factors Socio-eco - factors
v 1

+ Significantwave height * Child and Elderly * Poverty rate

+ Tidallevel * Population density * Farming households

+ (Coastal erosion rate * Educationin secondary + Livestock households

+ Sea level rise school + Fishery & aquaculture

+ Slope * Community strength level households

* Household density * Historical sites * Industrial households

+ Landuse * Households with experienced + Unemployed age 15 — 60 years

| disaster

Physical Vulnerability Index

(PV1) map Sindex (éoi) map

Coastal Vulnerability Index
(CvI) map

Figure 1. Research framework.

2.2. Study Area and Datasets

The study area encompasses 26 coastal sub-districts within 6 districts of NST and
20 coastal sub-districts within 5 districts of Krabi, situated in the southern region of Thai-
land, as depicted in Figure 2. NST is situated along the eastern coast, adjacent to the Gulf
of Thailand, and its economy is primarily based on fisheries and aquaculture. The coastal
stretch of NST spans approximately 225 km. In contrast, Krabi represents the western coast,
adjacent to the Andaman Sea, and its economy relies heavily on tourism. The coastal line
of Krabi extends for approximately 160 km. The spatial unit of analysis in both provinces is
at the sub-district level. To analyze certain factors such as slope, house density, and land
cover, it is necessary to use spatial units in the form of polygons. In the context of GIS
data in Thailand, the smallest available administrative unit represented as polygons is the
sub-district, while villages are depicted as points.
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The factors used in this study reflect the physical and socio-economic attributes of the
study area that influence its vulnerability to natural processes such as storm impact, coastal
erosion, and flooding. The physical and environmental data consist of 7 factors, which are

detailed in Table 1. Additionally, socio-economic data, aggregated at the sub-district level,
include 6 social factors and 6 economic factors, as outlined in Table 2.

Table 1. Physical environmental factors used to measure PVI.

No. Factor

Data Source

Tidal level

Sea level rise

NGO s W

Significant Wave Height

Coastal erosion rate

GISTDA (Thailand)

Marine Department, Ministry of Transportation, Thailand

Thai Coast project (Curoy et al. 2022)

Geodetic Earth Observation Technologies for Thailand: Environmental Change Detection and
Investigation (GEO2TECDI)

Slope Preprocessing based on the DEM data from SRTM, USGS and NASA
Household density The Bureau of Registration Administration (BORA), Ministry of Interior, Thailand
Land use Land Development Department, Ministry of Agriculture and Cooperatives, Thailand

Table 2. Socio-economic factors used to measure SoVI. All data are 2017.

Factor

Data Source

1. Social Factors

1.1 Percentage of the Child and Elderly Population

1.2 Population Density

1.3 Percentage of people who completed their secondary
school education

1.4 Community Strength Level

1.5 Number of historical sites/cultural heritage
1.6 Percentage of households that experienced floods,
landslides, and storms

The Department of Provincial Administration (DOPA),
Ministry of Interior

Calculation from population data (DOPA) and
sub-district areas

The Community Development Department, Ministry
of Interior

The Community Development Department, Ministry
of Interior

Field data collection by researchers in this study

The Community Development Department, Ministry
of Interior

2. Economic Factors

2.1 Poverty rates

2.2 number of farming households

2.3 number of livestock households

2.4 number of fishery and aquaculture households

2.5 number of industrial households

2.6 Percentage of unemployed people aged 15-60 years

The Community Development Department, Ministry
of Interior
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2.2.1. Physical and Environmental Factors

Significant wave height: In NST, the prevailing wave directions are east and northeast,
with the typical significant wave height falling within the 0.25-0.50 m range. Conversely,
in Krabi, the primary wave directions are west and southwest, and the representative
significant wave height predominantly falls within the 0.50-0.75 m range.

Tidal level: During the period from 1997 to 2007, the average high tide recorded at
the Pak Phanang Station in NST was approximately +0.30 m. From 1981 to 2007, the Pak
Nam Krabi Station in Krabi recorded an average peak tide of approximately +1.05 m. These
average high tide values from the two stations were utilized as reference data for this study.

Sea Level Rise: The sea level rise data employed in this study were derived from a
collaborative project conducted between Thailand and EC GEO2TECDI. This project aimed
to investigate vertical land movement and sea level rise rates in the Gulf of Thailand and the
Andaman Sea (Trisirisatayawong et al. 2011). According to the findings of this study, the rate
of sea level rise in the Gulf of Thailand, specifically along the coast of NST, is approximately
4.5 mm/year. Conversely, along the Krabi coast, which borders the Andaman Sea, the rate
of sea level rise is approximately 2.5 mm/year (Trisirisatayawong et al. 2011).

Slope: Digital Elevation Models (DEMs) were obtained from the Shuttle Radar Topog-
raphy Mission (SRTM) DEM dataset featuring a spatial resolution of 90 m with a vertical
accuracy of 10 m. These datasets were made available by the U.S. Geological Survey (USGS)
and NASA. Subsequently, Geographic Information System (GIS) tools were employed to
process these DEMs in order to derive slope data for the study area. Notably, the region
in NST is characterized by a mountainous terrain oriented in a North-South direction,
resulting in the formation of steep slopes in this area. In contrast, the topography of Krabi
generally exhibits less pronounced slopes. To obtain representative slope values for each
sub-district, the zonal statistics function in GIS was utilized to calculate the average pixel
values within each sub-district.

Coastal erosion rate: Coastal erosion rate data for both NST and Krabi were obtained
through an analysis conducted using the Digital Shoreline Analysis System (DSAS) in
conjunction with Geographic Information System (GIS) tools (Curoy et al. 2022). The
duration of this analysis spanned 30 years, during which the DSAS was employed to
generate transects perpendicular to the shoreline baseline. Net Shoreline Movement (NSM)
data were used to measure the net distance between the oldest recorded coastline and the
most recent coastline within the study period. Subsequently, the NSM values were divided
by 30, representing the number of years during which data were collected, in order to
calculate erosion rates per year. It is noteworthy that several areas along the Krabi coastline
exhibited higher erosion rates compared to those in NST. To determine the representative
erosion rate for each sub-district, the GIS software (ArcGIS 10.7.1) utilized a zonal statistics
function to compute the average value of pixels within the respective sub-district.

Household density: In 2019, data regarding household density was obtained from
a statistical report on population and households published by the Office of Registration
Administration, Department of Provincial Administration, Ministry of Interior. The number
of households was utilized to calculate household density at the sub-district level, expressed
as households per square kilometer (household/sq.km). Subsequently, the household
density values were categorized into five classes for analysis. It should be noted that
household density in Krabi was higher than in NST.

The number of households was further transformed into house density per square
kilometer and classified into five vulnerability categories based on the house density range
in the study area, as follows:

Low vulnerability: Less than 250 houses per km?
Moderate vulnerability: 250-500 houses per km?
Medium vulnerability: 500-750 houses per km?.

High vulnerability: 750-1000 houses per km?

Very high vulnerability: More than 1000 houses per km?.

Sl .
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Land use type: In 2015, land use data was acquired from the Land Development
Department, Ministry of Agriculture and Cooperatives. These data were categorized into
five distinct land use categories, which include water bodies, grassland, forest, agricul-
ture, and urban areas. Each of these land use types was assigned specific vulnerability
levels, adapted from Duriyapong and Nakhapakorn (2011), representing their varying
vulnerability to environmental risks and hazards.

2.2.2. Socio-Economic Factors

All the factors used in this study, except for those related to population and historical
sites, were gathered by the Community Development Department (CDD) under the Min-
istry of Interior in the year 2017. It is worth noting that the CDD initially collected this data
at the village level. However, for the purposes of this study, the data was aggregated and
consolidated at the sub-district level.

Population data from the year 2017, which includes information on children and
the elderly, as well as the total population count, was obtained from the Department of
Provincial Administration (DOPA) website at the sub-district level. To assess the depen-
dency ratio for each sub-district, the percentage of children and elderly individuals in
relation to the total population was calculated. Additionally, the population density for
each sub-district was calculated by dividing the total population of the sub-district by its
land area in square kilometers.

Table 3 shows the statistical values of sub-districts for each factor. The percentage of
farming households, livestock households, fishery and aquaculture households, and indus-
trial households was calculated for comparison across those sub-districts. Subsequently,
all values of these socio-economic factors were transformed into Z-scores, standardizing
the data on a scale from 0 to 1, as previously explained, and then categorized into five
vulnerability levels using equal interval classification.

Table 3. The statistical values of socio-economic factors.

Socio-Economic Factors Min Max Mean  Std Dev
Social Factors
1 Percentage of children and elderly 31.52 37.72 34.46 1.47
2 Population density 78.6 961.70  216.16 169.49
3 Percentage of high school educated 0.94 49.45 9.30 8.26
4 Percentage of well-planned villages 6.67 100 68.09 30.23
5 Number of cultural heritages 0 3
6 Perceptage of households. 0 4738 484 10.25
experienced the natural disaster
Economic Factors
1 Poverty rate 0.40 10.55 4.32 2.48
2 Percentage of farming households 5.75 100 43.14 28.58
3 Percentage of livestock households 0.78 41.52 9.67 10.24
4 Percentage of fishery and 0.09 6l.64 1114 1750
aquaculture households
5 Percentage of industrial households 0.11 23.01 5.28 6.43
6 Percentage of unemployed people 0.03 813 172 213

aged 15-60 years

2.3. Vulnerability Level Scoring

In this study, the MCDA technique, combined with GIS, was utilized to assign scores
to each factor based on their respective vulnerability levels. The vulnerability of each
factor was then categorized into five classes, with a range from 5 (indicating the highest
vulnerability) to 1 (representing the lowest vulnerability). The scoring of the physical
environmental factors followed a prior study conducted in the Bangkok Metropolitan
Region, as outlined by Duriyapong and Nakhapakorn (2011) (Table 4).
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Table 4. Physical and environmental factors, scoring scheme.
Vulnerability Score
Factors
1 2 3 4 5

Significant wave height (m.) 0-0.25 0.25-0.50  0.50-0.75  0.75-1.00 >1.00
Tidal level (m.) 0-0.25 0.25-0.50  0.50-0.75  0.75-1.00 >1.00
Coastal erosion rate (m./year) 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2-4
Sea level rise (mm./year) <2 2-3 3-4 4-5 >5
Slope (degree) <1 1-2 2-3 3-4 >4
Household density
(household /sq.km.) 1-250 251-500 501-750 751-1000 >1000
Land use Water body  grassland forest agriculture  urban

The socio-economic data layers, detailed in Table 3 with varied value ranges, were
standardized into Z-scores using Equation (1). The resulting Z-scores comprised both
positive and negative values, including some outliers. For the creation of five classes,
Z-scores ranging from —2 to 2 were considered, with outliers less than —2 placed in the
lowest class and outliers greater than 2 allocated to the highest class. Subsequently, in
Table 5, the Z-scores were transformed into normalized scores spanning 0 to 1, and these
normalized scores were further categorized into five classes using equal intervals. The
class coded as 1 signifies the lowest vulnerability, while the class coded as 5 represents the

highest vulnerability.
X — mean

Z="—— 1
D 1)

where Z = Z-Score

x = a value of each factor

mean = the mean value of each factor

SD = the standard deviation of each factor

Table 5. Normalized score in 5 categories of vulnerability.

Z-Score Normalized Score Vulnerability Level Code
Less than —1.20 0.0-0.2 1 (the lowest)
—1.19--0.40 0.21-0.4 2 (low)
—0.39-0.40 0.41-0.6 3 (moderate)
0.41-1.20 0.61-0.8 4 (high)
Greater than 1.20 0.81-1.0 5 (the highest)

2.4. Coastal Vulnerability Index Map
2.4.1. Physical Vulnerability Index

To generate the Physical Vulnerability Index map, equal weights were assigned the
physical environmental factors, following the approach of McLaughlin and Cooper (2010).
The scores for each factors were aggregated, and the combined scores were then categorized
into five classes using equal interval classification.

2.4.2. Socio-Economic Vulnerability Index

The weights for the socio-economic factors were determined through structured in-
terviews, gathering insights from a selected group of seven participants representing both
the public and private sectors in NST and Krabi. The participants were chosen from key
stakeholders responsible for disaster management at the provincial level, including rep-
resentatives from the Provincial Environmental section, Marine and Coastal Resources
Department, Provincial Farmers Council, and Provincial Chamber of Commerce. The Ana-
lytical Hierarchical Process (AHP) technique, employed in previous research (Duriyapong
and Nakhapakorn 2011; Cozannet et al. 2013; Bozorg-Haddad et al. 2021; Charuka et al.
2023), was used for this purpose. The participants conducted pairwise comparisons of
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factors, assigning important on a scale of 1-9 (as shown in Table 6) based on their perceived
importance relative to one another. After the participants completed the assignment of im-
portance levels, the weights of each factor were computed, and the Consistency Ratio (CR)
was then calculated, as detailed in Bozorg-Haddad et al. (2021). Once the CR fell within an
acceptable range (CR < 0.1), the average weights were used as the weights assigned to each
socio-economic factor.

Table 6. A pairwise comparison scale (Bozorg-Haddad et al. 2021).

Scale Definition
1 Equally important
3 Moderate preference
5 Strong preference
7 Very strong preference
9 Extreme preference
2,4,6,8 Intermediate values between the two adjacent judgements

2.4.3. Coastal Vulnerability Index

The coastal vulnerability score for each sub-district was calculated by combining the
physical scores and the socio-economic weighted scores, with equal weighting. This total
score was then used to create the coastal vulnerability index map through an equal-interval
classification process.

3. Results
3.1. Physical Vulnerability Index

Significant Wave Height: Based on the information provided in Table 4, significant
wave height along the NST coastline (ranging from 0.25 to 0.5 m) was classified as having a
low vulnerability level. In contrast, along the Krabi coastline, where the significant wave
height ranged from 0.50 to 0.75 m, it was classified as having a moderate vulnerability level.

Tidal Level: This study utilized the average high tide as the tidal level. According
to the information presented in Table 4, the average high tide level along the NST coast,
measured at +0.30 m, was classified as having a low vulnerability level. In contrast, along
the Krabi coast, where the average high tide level was recorded at +1.05 m, it was classified
as having a very high vulnerability level.

Sea Level Rise: According to Table 4, the rate of sea level rise along the NST coast was
classified as having a high vulnerability level. On the other hand, the Andaman Sea along
the Krabi coast was classified as having a low vulnerability level in terms of sea level rise.

Slope: The slope data derived from the DEM is depicted in Figure 3a. Steep slopes
are predominantly located in the mountainous regions further inland. These areas are not
susceptible to coastal flooding but are more vulnerable to river flooding, particularly flash
floods. Conversely, areas with a low slope, typically situated along the shoreline and coastal
hinterland, are considered to have high vulnerability. They are prone to marine flooding
caused by storm surges, increasing vulnerability during severe weather conditions.

Coastal Erosion Rate: The average erosion rate for each sub-district is illustrated in
Figure 3b. Sub-districts with erosion rates exceeding 2 m per year were categorized as
having the highest vulnerability. Conversely, sub-districts with erosion rates less than 0.5 m
per year were deemed to have the lowest vulnerability.

Household Density: The household density in the study area varies, ranging from
fewer than 250 houses per square kilometer to more than 1000 houses per square kilometer,
as depicted in Figure 3c. The majority of sub-districts in NST have a density of less than
1000 houses per square kilometer. In contrast, most of the sub-districts in Krabi exhibit a
density of more than 1000 houses per square kilometer.
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Figure 3. Physical and environmental factors used to generate the physical vulnerability index map:
(a) Slope derived from DEM; (b) Coastal erosion; (c) Household density at sub-district level in 2019;

(d) Land use in the study area in 2015.

Land Use Type: The study classified land use types based on the adapted criteria from
the work of Duriyapong and Nakhapakorn (2011), as presented in Table 4. These criteria
ranked urban areas as the most vulnerable, followed by agriculture areas, forested regions,
grasslands, and water bodies as the least vulnerable. The study area primarily consists of
agricultural areas, as depicted in Figure 3d. Urban areas, shown in red, occupy a larger
area in NST compared to Krabi.

The Physical Vulnerability Index map in Figure 4 shows that the coastal regions in
NST have lower vulnerability compared to Krabi. This difference arises from multiple
factors contributing to lower vulnerability scores in NST, including reduced wave height,
lower tides, decreased coastal erosion rates, lower household density, and predominant
agricultural land use. In contrast, Krabi’s coastal areas, with higher household density and

a greater proportion of urban land use, exhibit higher vulnerability levels.
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Figure 4. Physical vulnerability index map of Nakhon Si Thammarat and Krabi.

3.2. Socio-Economic Vulnerability Index

Figures 5 and 6 depict the vulnerability levels of socio-economic factors. Notably, in
NST, sub-districts showed higher vulnerability levels than Krabi in several socio-economic
aspects, including dependency ratio, population density, villages with a history of natural
disasters, poverty rates, number of farming households, and number of fishery households.
However, the distribution patterns of the remaining factors appear more varied and do not
consistently favor one province over the other.

The weights assigned to socio-economic factors, determined through the AHP analysis
as explained in Section 2.4.2, are presented in Table 7. The factor related to fishery and
aquaculture households was attributed the highest weight among the economic factors, em-
phasizing its significant importance in assessing vulnerability. On the other hand, among
the social factors, the factor pertaining to households with prior experience of natural dis-
asters received the highest weight, underscoring its critical role in evaluating vulnerability.

Table 7. Weights of socio-economic factors given by participants.

Participant 1 2 3 4 5 6 7 Weight
Social Factors
1 Percentage of children and elderly 0.043 0.036 0.039 0.018 0.127 0.022 0.060 0.049
2 Population density 0.054 0.180 0.059 0.033 0.044 0.125 0.050 0.078
3 Percentage of high school-educated ~ 0.022  0.112  0.029 0.045 0.065 0.036  0.075 0.055
4 Percentage of well-planned villages 0.023 0.025 0.177 0.083 0.082 0.172 0.106 0.095
5 Number of cultural heritages 0.095 0.071 0.082 0.080 0.102 0.041 0.079 0.079
6 Percentage of households which 0261 0076 0113 0241 0081 0104 0.131 0.144
experienced the natural disaster
Economic Factors
1 Poverty rate 0.124 0.095 0.049 0.018 0.087 0.039 0.094 0.072

2
3
4
5
6

Percentage of farming households 0.073 0.078 0.129 0.036 0.065 0.038 0.052 0.067
Percentage of livestock households ~ 0.056 ~ 0.018  0.129  0.044  0.067  0.038  0.046 0.057
Percentage of fishery and
aquaculture households
Percentage of industrial households ~ 0.046 0.022 0.034 0.107 0.119 0.108 0.046 0.069
Percentage of unemployed people
aged 15-60 years

0.134 0.214 0.129 0.112 0.067 0.231 0.189 0.154

0.067 0.072 0.029 0.183 0.094 0.046 0.072 0.081
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Figure 5. Social factors for generating a socio-economic vulnerability index map: (a) Dependency
Ratio (percentage of children and old aged per total population); (b) population density; (c) percentage
of high school educated (high percentage, low vulnerability in the key); (d) percentage of well-planned
villages (high percentage, low vulnerability in the key); (e) number of the cultural heritages in sub-

districts; (f) percentage of villages experienced natural disasters.
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Figure 6. Economic factors for generating a socio-economic vulnerability index map: (a) poverty
rate (b) number of farming households; (c¢) number of livestock households; (d) number of fishery
and aquaculture households; (e) number of small industrial households; (f) percentage of unem-

ployed people.

For the socio-Economic Vulnerability Index map, the weighted scores of each sub-
district for every socio-economic factor were computed by multiplying the coefficient by
its respective score. Subsequently, these weighted scores were added to calculate the total
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socio-economic scores for each sub-district. A lower score indicates lower socio-economic
vulnerability, while a higher score indicates higher socio-economic vulnerability.

In Figure 7, it is evident that sub-districts along the coastlines of NST generally
exhibited higher socio-economic vulnerability compared to those along the coastline of
Krabi. Within Krabi Province, the southern coastal areas were more vulnerable than the
northern coastal areas. Conversely, within NST, almost all sub-districts along the coast
are classified as having high vulnerability, with the exception of the northern part of the
province, which demonstrates lower vulnerability levels.
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0 20 40 80 Kilometers
L 1 1 1 i 1 |

Figure 7. Socio-economic vulnerability index map.

3.3. Coastal Vulnerability Index

The CVI map resulting from the study is displayed in Figure 8. When comparing
the vulnerability of the two provinces, it becomes apparent that the coastal areas of Krabi
exhibit higher vulnerability than those of NST. This suggests that Krabi’s coastlines are
more vulnerable to coastal erosion and flooding, while NST’s coastal areas are relatively
less vulnerable.

The six sub-districts with the highest level of vulnerability among the two provinces
are as follows:

Krabi:

Lamsak Sub-district in Ao Luk District;

Taling Chan Sub-district in Nue Klong District;

Huay Nam Khaw Sub-district in Klong Tom District;

Klong Yang Sub-district and Ko Lunta Noi Sub-district in Ko Lanta District.

Nakhon Si Thammarat:

Tja Sak in Mueang District
Tha Phaya in Pak Phanang District

While most sub-districts in Krabi exhibit low to moderate levels of socio-economic
vulnerability, the overall Coastal Vulnerability Index in Krabi is higher than that in NST. This
heightened coastal vulnerability in Krabi is attributed to several physical environmental
factors including higher significant wave height, higher tidal level, higher erosion rates,
higher household density, and more urban areas.
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Figure 8. Coastal vulnerability index map.

4. Discussion

Previous studies have employed various approaches, or the same approach with
different methods, to generate Coastal Vulnerability Index maps (Gornitz 1991; McLaughlin
and Cooper 2010; Duriyapong and Nakhapakorn 2011; Kunte et al. 2014; Wies et al. 2016;
Bevacqua et al. 2018; Apotsos 2019; Dintwa et al. 2019; Pricope et al. 2019; Alexandrakis
et al. 2019; Charuka et al. 2023). This study was designed to utilize common variables from
previous research, including coastal forcing, sea level rise, slope, population, education,
employment, occupation, and poverty (McLaughlin and Cooper 2010; Duriyapong and
Nakhapakorn 2011; Kunte et al. 2014; Wies et al. 2016; Bevacqua et al. 2018; Apotsos 2019;
Dintwa et al. 2019; Pricope et al. 2019). The sub-district boundary was chosen as the smallest
spatial extent of analysis due to data availability.

The findings of this study establish a significant foundation for informing and enhanc-
ing coastal management policies, particularly within the framework of Integrated Coastal
Zone Management (ICZM). The generated PVI, SoVI, and CVI maps, along with insights
from the Multi-Criteria Decision Analysis (MCDA) technique, provide valuable resources
for policymakers aiming to address existing gaps in coastal management.

One notable contribution of this study is the identification of coping mechanisms for
coastal erosion and flooding, as outlined by Langkulsen et al. (2022b). The risk mapping and
database availability highlighted in their work align with the integrated tools developed
in our study, serving as pivotal components for policy formulation and implementation.
Similarly, Charuka et al. (2023) addressed the gap in the frequency and specificity of Coastal
Vulnerability Index mapping over the past decade in Ghana by developing an updated
CVImap. This recent CVI map is crucial for coastal planners, enabling the revision of short,
medium, and long-term coastal adaptation policies with current and pertinent information.

The study’s maps serve as comprehensive tools that government agencies involved
in coastal management can employ. The identification and categorization of vulnerability
levels through PVI, SoVI, and CVI provide an understanding of socio-economic and envi-
ronmental factors influencing vulnerability. Policymakers can use the vulnerability indices
to develop targeted strategies for community resilience (Ariffin et al. 2023). Additionally,
the study’s categorization into vulnerability classes facilitates the prioritization of areas
requiring urgent attention and resource allocation.

The MCDA technique used in this study not only provided a systematic approach to
weigh factors but also involved stakeholders in the decision-making process. Policymakers
can adopt similar participatory approaches to ensure that decisions align with the needs
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and perspectives of local communities. This inclusivity fosters a sense of ownership among
stakeholders and enhances the likelihood of successful policy implementation.

5. Conclusions

This study utilized the GIS-MCDA approach to calculate weighted scores for both
physical and socio-economic factors, ultimately generating a Coastal Vulnerability Index
map for NST and Krabi provinces. The results on the Coastal Vulnerability Index map
reveal an uneven distribution of vulnerability among the sub-districts in the study area.
Krabi’s sub-districts exhibit higher coastal vulnerability indices compared to those in NST,
mainly due to their elevated physical vulnerability along Krabi’s coastlines. Although
NST, on the whole, has higher socio-economic vulnerability than Krabi, the combined
physical and socio-economic scores result in lower overall vulnerability scores for NST
when compared to Krabi.

In summary, Krabi faces more substantial threats from physical factors, while NST’s
vulnerabilities are mainly linked to socio-economic factors. The maps generated in this
study, depicting various factors in both physical and socio-economic aspects, physical
vulnerability index, socio-economic vulnerability index, and coastal vulnerability index,
offer valuable insights for policymakers and government agencies. These insights can
inform future management strategies aimed at reducing vulnerability and enhancing the
quality of life for the local populations in both provinces.

The results of this study not only contribute valuable insights into coping mechanisms
and vulnerability assessment but also present practical tools for policymakers. By integrat-
ing these findings into coastal management policies, policymakers can address gaps, foster
community resilience, and work towards sustainable and effective ICZM practices.
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