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Abstract

This study assesses the vulnerability of coastal tourism to climate change in Sam Son using the Analytic
Hierarchy Process (AHP) and vulnerability index. The framework incorporates three components: exposure,
sensitivity, and adaptive capacity, with each component being quantified through weighted indicators derived
from expert evaluations and standardized data. The results indicate that key tourism zones, particularly the
Truong Le mountain area and Quang Cu ward, face high vulnerability due to their geographical location and
low adaptive capacity, while inland areas exhibit greater resilience. These findings highlight significant spatial
disparities in climate risk and underscore the importance of tailored adaptation strategies, including
investment in infrastructure, disaster preparedness training, and climate-resilient tourism planning. This
integrated approach not only provides a replicable model for assessing the climate sensitivity of tourism
systems but also contributes to the development of sustainable policies for other coastal cities facing climate-

related risks.
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1. Introduction

Coastal tourism is a vital component of many
economies worldwide, providing significant
opportunities for growth and leisure, particularly in
regions with rich natural resources and attractive
landscapes. However, the sector faces critical
challenges due to climate change, which affects both
the environment and the socio-economic conditions
of coastal areas [1]. Climate plays a crucial role in
shaping tourism destinations, influencing factors
such as demand, travel timing, and seasonal
variations [2]. Additionally, it also affects the image
and appeal of destinations, as well as the operational
aspects of tourism businesses [3]. Climate change
impacts coastal tourism in several ways, including
increases in temperatures, coastal erosion, and
shifting precipitation patterns, which reduce the
appeal and availability of natural resources crucial to
the tourism sector [4] and [5]. It also significantly
affects the spatial and temporal distribution of
tourism demand, the quality of the coastal
environment, and operational strategies within
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tourism businesses [6] and [7]. Therefore, the
challenge for localities in shaping the development
direction of the tourism sector is to identify their
climate-related risks [8] and develop adaptive
solutions to mitigate the impacts of increasingly
severe climate change [9].

Although considerable research has been
conducted globally to assess the climate vulnerability
of coastal tourism to climate change, studies have
largely focused on well-established tourism
destinations in developed countries. Few studies
have specifically addressed the climate exposure and
adaptive capacity of coastal tourism in developing
countries like Vietnam, where socio-economic
factors, local governance, and adaptive capacity are
crucial in shaping resilience to climate change
impacts. This gap highlights the need for localized
studies that consider the unique socio-environmental
context of such regions like Sam Son. Sam Son City
is a coastal area in northern Vietnam, where the
tourism sector is highly vulnerable to climate change.


https://doi.org/10.52939/ijg.v22i2.4783

Various methods exist for assessing climate risk in
coastal tourism, such as GIS-based decision support
systems and composite resilience indices. While
GIS-based models provide valuable spatial analysis,
they often lack the ability to incorporate expert
judgment or handle subjective criteria, such as socio-
economic factors and natural elements [10] and [11].
The weighted analysis approach offers an effective
solution for incorporating expert assessments into the
evaluation of tourism susceptibility. One of the most
commonly employed techniques for determining
criteria weights is the Analytic Hierarchy Process
(AHP). The AHP method utilizes a pairwise
comparison matrix, which generates a reciprocal
matrix in the process of converting qualitative ratio
data. The Eigenvalue is employed to determine the
final weights of the criteria and assess the level of
consistency through the consistency index [12][13]
and [14]. One commonly used method to assess the
level of physical vulnerability to climate change is
the Coastal Vulnerability Index (CVI) method [10].
This method is robust in capturing the empirical
characteristics of the coast and providing a map of
vulnerable areas to help prevent natural disasters
resulting from climate change [15]. On the other
hand, the vulnerability index approach is limited in
its consideration of non-climate stressors and are
limited in terms of spatial aspects. Moreover, climate
risk is specific to a particular location [16]. Therefore,
It is crucial to develop integrated methodologies that
combine socio-ecological systems and include non-
climate stressors. This study aims to fill the research
gap by integrating AHP with the Vulnerability Index,
providing a more comprehensive vulnerability
assessment of the tourism sector in Sam Son.
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2. Data and Methods

2.1 Study Area

Sam Son City, located in Thanh Hoa Province,
Vietnam, is a coastal city along the East Sea, situated
at approximately 19.3°N latitude and 105.8°E
longitude (Figure 1). With a coastline stretching 9 km
and low-lying topography, Sam Son is highly
vulnerable to climate change impacts such as rising
levels, storms, and coastal erosion. The region
experiences a tropical monsoon climate, with hot,
humid summers that favor tourism but also
exacerbate the risks associated with extreme weather
events. In recent years, rising sea levels, coastal
erosion, and saltwater intrusion have increasingly
threatened coastal infrastructure and tourism
activities. The tourism industry, which serves as the
city’s economic backbone, is particularly susceptible
to these changes. Storm surges and intensified
typhoons not only cause direct damage to beachfront
infrastructure but also lead to long-term land
degradation, reducing the city’s capacity to attract
visitors. Additionally, prolonged heatwaves may
impact tourist comfort, shifting seasonal travel
patterns and affecting local businesses. Without
effective mitigation and adaptation strategies, these
vulnerabilities could undermine Sam Son’s long-
term viability as a leading coastal destination.
Addressing these challenges requires an integrated
approach, including coastal defense systems,
sustainable land-use planning, and climate-resilient
tourism policies to enhance the city's adaptive
capacity and safeguard its economic and
environmental future.
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Figure 1: Sam Son city, Vietnam
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2.2 Data

The criteria are designed to evaluate the vulnerability
of the tourism sector (Table 1), which was developed
based on field surveys conducted in the study area. It
is organized into three main criteria: Exposure (E),
which includes factors such as the coastal erosion
rate, temperature variations (annual average,
minimum, and maximum), and changes in
precipitation (Table 2), as these directly influence the
physical environment affecting tourism [5] and [17];
Sensitivity (S), which examines tourism-related
aspects such as the number of cultural heritage sites,
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hotels meeting specific rating standards, and the type
and number of tourism sites (Table 3). These
indicators reflect the sector’s dependence on
environmental and cultural resources vulnerable to
climate change [6]; and Adaptive capacity (AC),
which evaluates the region's ability to adapt through
infrastructure factors (e.g., proportion of households
with permanent housing, access to electricity, and
safe drinking water), healthcare facilities, and
economic indicators like employment rates and
income sources (Table 4).

Table 1: Used criteria to assess the vulnerability of the tourism sector in Sam Son

Criteria Factors Characteristics Units
Exposure Natural disaster  Coastal erosion rate from 1989-2023 (E1) m/ year
Temperature Annual average air temperature variation (E2) °C
Annual average maximum temperature variation (E3) °C
Annual average minimum temperature variation (E4) °C
Precipitation Annual average precipitation variation (E5) mm
Sensitivity  Potential Number of tourists (S1) Number
Tourism Number of hotels (The number of hotels meeting the rating ~ Number
standards of at least one star or higher) (S2)
Type of tourism (1. swimming; 2. resort; 3. culture; 4. Other  Character
activities) (S3)
Number of cultural heritage sites (S4) Number
Adaptive Infrastructure Proportion of households with permanent housing (AC1) %
capacity  adaptation Proportion of households with access to electricity (AC2) %
Proportion of households with access to safe drinking water %
(AC3)
Number of healthcare facilities (AC4) Number
Economic and Employment rate (ACS5) %
Social Proportion of households with non-agricultural income %
sources (AC6)
Urban population ratio (AC7) %
Policy Budget allocation for climate change adaptation (ACS) Million VND
Proportion of the population trained in disaster prevention %
(AC9)
Table 2: The criteria of exposure in Sam Son [18]
Wards and communes E1l E2 E3 E4 ES
Bac Son <0 0.029 0.028 0.184 0.269
Truong Son <0 0.030 0.028 0.189 0.273
Other area 0.07-2.57 0.029 0.028 0.184 0.269
Trung Son <0 0.029 0.028 0.184 0.269
Quang Tien 0.07 -2.57 0.029 0.028 0.184 0.269
Quang Cu >2.58 0.029 0.028 0.184 0.269
Quang Tho 0.07 -2.57 0.029 0.028 0.184 0.269
Quang Chau 0.07 -2.57 0.029 0.028 0.184 0.269
Quang Minh <0 0.029 0.028 0.184 0.269
Quang Vinh <0 0.029 0.028 0.184 0.269
Quang Hung <0 0.029 0.028 0.184 0.269
Quang Dai <0 0.029 0.028 0.184 0.269
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Table 3: The criteria of sensitivity of Sam Son City in 2023 [18]

Wards and communes S1 S2 S3 S4
Bac Son 1,496,100 41 4 2
Truong Son 1,225,000 26 4 3
Trung Son 1,182,500 25 4 2
Quang Tien 1,087,380 - 2 5
Quang Cu 2,024,900 6 4 6
Quang Tho - - 1 4
Quang Chau - - 1 7
Quang Minh - - - -
Quang Vinh 25,400 - 4 2
Quang Hung 3,540 - 2 1
Quang Dai 5,180 - 2 3
Table 4: The criteria of adaptive capacity of Sam Son City in 2023 [18]
Wards and AC1 AC2 AC3 AC4 ACS5 AC6 AC7T AC8 AQC9
communes (%) (%) (%) (number) (%) (%) (%) (%) (%)
Bac Son 100.00 100 100 8 97.3 99.1 100 2.9 2.8
Truong Son 100.00 100 100 3 97.6 86.5 100 3.1 2.6
Trung Son 99.97 100 100 1 97.8 82.7 100 3.1 2.6
Quang Tien 99.97 100 100 1 98.2 60.6 100 2.3 2.8
Quang Cu 99.97 100 100 1 98.4 57.1 100 2.8 3.5
Quang Tho 100.00 100 100 3 97.8 95.8 100 0.7 3.1
Quang Chau 100.00 100 100 1 97.6 69.8 100 1.9 3.3
Quang Minh 99.91 100 100 1 95.3 92.8 - 0.3 3.8
Quang Vinh 100.00 100 100 1 98.5 64.7 100 2.8 3.6
Quang Hung 99.72 100 100 1 94.2 94.1 - 1.9 3.7
Quang Dai 99.87 100 100 1 94.0 96.6 - 1.4 3.1

Additionally, it considers policy factors, including
budget allocation for climate change adaptation and
the proportion of the population trained in disaster
prevention, which are essential for enhancing the
region’s ability to respond to climate impacts [6].
These indicators were selected based on established
literature and frameworks for climate change
adaptation, ensuring their scientific validity and
relevance to the specific context of Sam Son City.
The exposure indicators are categorized into two
climatic subregions: the Truong Le mountain area
and the Sam Son coastal plain area; the indicators for
the other variables are based on data at the wards and
communes level. The Table 2 presents the criteria of
exposure in Sam Son, detailing various
environmental factors across different wards and
communes. The data highlight regional differences,
with specific communes such as Truong Son and
Quang Cu experiencing varying rates of coastal
erosion, which may influence their vulnerability to
climate change, particularly with respect to tourism.
The sensitivity criteria for Sam Son are presented in
Table 3, which details the key variables across the
different wards and communes. Bac Son emerges as
the most visited commune, with nearly 1.5 million

tourists and the highest number of hotels (41),
offering a diverse array of tourism activities. In
contrast, communes such as Quang Minh and Quang
Chau report no hotels, suggesting less development
in terms of tourism infrastructure. The distribution of
historical sites is also uneven, with Quang Cu hosting
the highest number at 5 sites. Furthermore, the types
of tourism vary across communes, ranging from
beach-oriented activities (swimming) and resort
tourism to cultural and other recreational pursuits.

Table 4 shows the criteria of adaptive capacity in
Sam Son, focusing on key indicators related to
infrastructure, economic, social, and policy
adaptation across different wards and communes.
The data shows variations in adaptive capacity, with
Bac Son having the highest levels in terms of
employment rate, healthcare facilities, and disaster
prevention training. While most communes show
strong infrastructure adaptation, such as access to
electricity and safe drinking water, some areas
exhibit lower scores in non-agricultural income
sources and climate change adaptation budgeting.
The table highlights disparities in adaptive capacity,
with some wards demonstrating greater resilience
than others.
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2.3 Methodology

The methodology for evaluating the vulnerability of
coastal tourism in Sam Son City begins with data
collection, focusing on three key factors: exposure,
sensitivity, and adaptive capacity. Exposure is
evaluated based on tourism-related criteria that
reflect the extent to which climate change impacts the
tourism sector. Sensitivity assesses the degree to
which tourism is affected by climatic factors, while
Adaptive Capacity examines the ability of the
tourism sector to prevent and mitigate the negative
effects of climate change (Figure 2). The Analytic
Hierarchy Process (AHP) is employed to assign
weights to each factor of these factors and their
respective indicators. The experts involved in this
study were selected based on their expertise in
climate change, coastal tourism, and vulnerability
assessments. A total of 6 experts were chosen,
including professionals from environmental science,
tourism management, and local governance. These
experts were selected for their in-depth knowledge of
the region’s socio-economic and environmental
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strategies. This diverse group ensured a
comprehensive and balanced evaluation of the
factors influencing the vulnerability of tourism to
climate change. Additionally, AHP was chosen for
this study due to its ability to handle complex
decision-making problems that involve multiple
criteria. AHP allows for both qualitative and
quantitative data to be integrated into the decision-
making process. This is particularly important in
climate vulnerability assessments, where expert
judgment plays a crucial role in evaluating the
relative importance of various factors. The Analytic
Hierarchy Process facilitates group decision-making,
enabling experts to assign relative weights to
indicators based on their expertise. The pairwise
comparison matrices and consistency ratios were
calculated, with the consistency ratio being below 0.1,
indicating the reliability of the expert assessments.
This method is widely used in environmental and risk
management studies, as it provides a clear structure
for prioritizing factors and making informed

context and their experience in climate adaptation decisions.
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Figure 2: Coastal tourism vulnerability evaluation methodology
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The data is then normalized to generate the Exposure
Index, Sensitivity Index, and Adaptive Capacity
Index. Ultimately, these normalized indices are
combined to calculate the Vulnerability Index, which
provides a measure of the overall susceptibility of
coastal tourism to climate change. This approach
allows for the identification of regions at higher risk
and informs the development of appropriate
adaptation strategies to enhance the resilience of the
tourism sector to climate change impacts.

2.3.1 The weight of factors using AHP

The Analytic Hierarchy Process, developed by Saaty
in the 1990s, is a widely utilized decision-making
methodology applied across diverse fields [19] and
[20]. It provides an effective framework for
addressing complex, multi-criteria problems by
establishing priorities and facilitating optimal
decisions [21] using pairwise comparisons [22]. It
integrates expert knowledge and both objective and
subjective data within a hierarchical structure of
goals, criteria, and alternatives, enabling decision-
makers to establish priorities and rank solutions
effectively [23][24] and [25]. The Analytic
Hierarchy Process (AHP) can be effectively
employed to assess the vulnerability of the tourism
sector to the impacts of climate change, focusing on
three key factors: exposure, sensitivity, and adaptive
capacity. Within the AHP framework, the
overarching goal is to evaluate the overall
vulnerability, which is determined by these three
sub-criteria. These sub-criteria are assessment of
climate change exposure based on tourism criteria,
assessment of sensitivity to climatic factors, and
assessment of adaptive capacity to prevent and
mitigate the negative impacts of climate change on
the tourism.

2.3.2 Vulnerability index

The vulnerability index method, developed by the
OECD in 2003, has been widely applied to assess
coastal vulnerability and is adopted in this study to
evaluate the vulnerability levels of Sam Son City.
The vulnerability index calculation is carried out in
three steps: 1) Standardizing the selected indicators
for each variable. The data for each indicator was
normalized using the min-max method, where the
values of each indicator were scaled between 0 and 1.
Additionally, for factors in categorical form such as
Type of tourism, they were converted into a scale
reflecting their impact on the tourism industry based
on expert opinions before being standardized. This
method was chosen to ensure comparability across
different types of data; 2) Calculating the index for
exposure (EI), sensitivity (SI), and adaptive capacity
factors (ACI) by Equation 1; 3) The vulnerability
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index (VI) was calculated by combining the EI, SI,

and ACI, using the Equation 2 [26]. The indices EI,
SI, and ACI are calculated using Equation 1:

k
E ,jleii'WXi/'
k

A=
Zj:l wX;
Equation 1
Where:
A: The value of the component index, EI, SI,
or ACI;

Xj;: The normalized value of indicator j at
wards and communes i;
wXj: The weight of the j™ indicator at wards
and communes 1.

The integration of the values of the three
components/variables results in the overall
vulnerability index (VI). The VI is calculated using
Equation 2:

Vi=%(E[+S[+1—AC1)

Equation 2

The vulnerability assessment scale is defined within
a range from 0 to 1, categorizing the vulnerability
into three levels: low, medium, and high, or four
levels: low, medium, high, and very high. However,
for different regions, the assessment scale may be
adjusted based on the specific vulnerability index of
that area, dividing it into different levels.

3. Results

3.1 The Weight and Index of Factors

3.1.1 Exposure factors

Assessment of climate change vulnerability based on
tourism development criteria. The exposure factors
refer to climatic elements that affect tourism in Sam
Son. These factors are identified and compared using
a pairwise comparison matrix in the AHP method.
Each climatic factor is valuated relation to others to
determine its weight. The pairwise comparison
matrix helps calculate the priority of each factor and
ensures consistency in the evaluation, with a
consistency ratio (CR of 0.09). The following Table
5 presents the weight of each exposure factor.

Table 5 reveals that annual precipitation variation
and coastal erosion are the most significant climatic
threats, with weights of 0.26 and 0.25, respectively.
These factors indicate that fluctuations in
precipitation and coastal degradation are the most
significant challenges in Sam Son. The high weight
assigned to coastal erosion emphasizes the urgent
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need for targeted coastal protection projects in areas
like Truong Son ward and Quang Cu ward, which are
particularly vulnerable to sea-level rise and coastal
storms. Increased variability in precipitation may
lead to extreme weather events, which can disrupt
tourism activities and negatively impact visitor
experiences.  Additionally, temperature-related
factors also contribute significantly, with annual
average maximum temperature variation (0.22)
being the most influential among them. Temperature
data is divided into average, average minimum, and
average maximum values to capture the full range of
climatic conditions affecting tourism. Using only a
single temperature parameter would not provide a
comprehensive view of the climate's impact on the
region's tourism sector. The average minimum
temperature is considered more important than the
average temperature because lower temperatures
during off-peak seasons can directly influence
tourism patterns, particularly in coastal areas. The
temperature variation in the study area shows notable
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fluctuations, with extreme variations in both
minimum and maximum temperatures affecting
tourism activities. This suggests that extreme
temperature fluctuations may affect tourist comfort
and outdoor recreational activities, potentially
leading to shifts in visitor preferences and seasonal
tourism patterns. Annual average minimum
temperature variation (0.17) follows, highlighting the
impact of lower temperature fluctuations,
particularly on off-peak tourism seasons. However,
annual average air temperature variation (0.10) has
the lowest weight, indicating a comparatively lower
impact on tourism development relative to other
climatic variables. The Figure 3 was created by
calculating the EI for each communes and wards
using Equation 1, which combines the normalized
values of exposure indicators (e.g., coastal erosion,
temperature, and precipitation variations) with their
respective weights. The Exposure Index for each
region was then visualized spatially.

Table 5: Weights for exposure factors (E)

Number ID Exposure factor (E) Weight
1 El Coastal erosion rate 0.25
2 E2 Annual average air temperature variation 0.10
3 E3 Annual average minimum temperature variation 0.17
4 E4 Annual average maximum temperature variation 0.22
5 E5 Annual average precipitation variation 0.26
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3.1.2 Sensitivity index
To calculate the weights of sensitivity factors, the
AHP model considers the priority level of tourism
factors affected by climate change. These factors are
compared using a pairwise comparison matrix to
determine their relative importance. The pairwise
comparison process ensures consistency in the
evaluation, with a consistency ratio (CR) of 0.01).
Table 6 shows that the weights assigned to the
sensitivity factors in Sam Son’s tourism industry,
derived from the AHP model, show varying degrees
of vulnerability to climate change. Tourist Volume
(0.33) is the most sensitive factor, indicating that
areas with high tourist traffic, such as Truong Le
mountain area and Quang Cu ward, are more
vulnerable to climate impacts. Given the significant
tourist volume in these areas, we recommend that
local authorities prioritize sustainable tourism
practices and infrastructure development to mitigate
the impacts of extreme weather events.
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Following closely is Tourism Infrastructure (0.24),
which highlights the importance of maintaining
resilient facilities and services, as damage to
infrastructure from climate events could have a
devastating effect on tourism operations. Type of
tourism (0.25) also plays a substantial role, as certain
forms of tourism may be more susceptible to specific
climate risks such as beach tourism facing sea-level
rise, or cultural tourism threatened by the destruction
of heritage sites. Lastly, the number of cultural
heritage sites (0.18) is the least sensitive factor,
though still significant, pointing to the fact that the
loss or degradation of cultural sites, while impactful,
is less critical in comparison to the other factors. This
analysis suggests that climate change adaptation
efforts should prioritize high-impact areas such as
tourist volume and infrastructure to safeguard the
future of tourism industry in Sam Son. Figure 4
represents the SI.

Table 6: Weights for sensitivity factors (S)

Number ID Sensitivity factors (S) Weight
1 S1 Number of tourists 0.33
2 S2 Number of hotels 0.24
3 S3 Type of tourism 0.25
4 S4 Number of cultural heritage sites 0.18
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3.1.3 Adaptive capacity index

To achieve the objective of preventing and mitigating
the adverse impacts of natural disasters and extreme
climatic events on the tourism industry, the AHP
method is used to determine the weightings of
adaptive capacity of tourism industry in Sam Son
City. This is done by evaluating the relevant factors
through a pairwise comparison matrix to establish
their relative importance. The consistency ratio (CR)
of 0.02 confirms the reliability of the evaluation. The
following Table 7 indicates the weightings of
adaptive capacity factors for the tourism industry in
Sam Son City.

Table 7 reveals that disaster preparedness training
has the highest weight (0.29), which underscores the
importance of local training programs to enhance
community resilience in Sam Son, areas like Truong
Le mountain and Quang Cu ward, which face higher
exposure and sensitivity to climate change, would
greatly benefit from increased investments in disaster
prevention and training programs. Strengthening
local education initiatives on climate resilience,
particularly for those in high-risk areas, is a crucial
step toward improving adaptive capacity.
Additionally, the budget allocation for climate
change adaptation with a weight of 0.28, highlights
the need for adequate financial resources to
implement mitigation and resilience strategies. Other
important factors include the proportion of
households with permanent housing and the
employment rate with weights of 0.13 and 0.10,
respectively, which contribute to the overall stability
and resilience of the community. On the other hand,
factors like access to electricity and healthcare
facilities are of lower importance, with weights of
0.03 and 0.04, respectively, indicating that while
these factors remain relevant, they have a lesser
direct impact on the adaptive capacity of the tourism
sector in comparison to others. Overall, the findings
suggest that climate adaptation strategies for Sam
Son's tourism industry should prioritize disaster
preparedness, adequate financial investment, and
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stable housing to effectively address the challenges
posed by climate change.

Figure 5 present the ACI for different wards and
communes in Sam Son City. Figure 5 provide
valuable insights into the regions' relative resilience
and preparedness in responding to the challenges
posed by climate change. This information is critical
for identifying areas that require targeted adaptation
measures to strengthen the local tourism sector and
community resilience.

3.2 Coastal Tourism Vulnerability to Climate
Change

3.2.1 Evaluation of the impact of exposure factors
on tourism

Exposure factors refer to climatic and natural disaster
elements that impact the vulnerability of the tourism
sector. The higher the Exposure Index, the stronger
the impact of climate change on tourism. The
Exposure Index value is categorized into three levels:
1) El value ranging from 0.0 to 0.24: low; 2) El value
ranging from 0.25 to 0.70: medium; 3) EI value
ranging from 0.71 to 1.0: high. Figure 6 illustrates the
EI across various wards and communes,
distinguishing between low and medium exposure
levels. The majority of the areas, including Bac Son
ward, Trung Son ward, Quang Minh commune,
Quang Vinh ward, Quang Hung commune, and
Quang Dai commune, exhibit an Exposure Index of
0, indicating minimal environmental exposure.
Geographical factors significantly contribute to
exposure disparities in Sam Son. Coastal areas such
as Truong Son ward and Quang Cu ward are more
exposed due to their proximity to the coastline,
facing risks like coastal erosion and storm surges.
The topography also plays a role, with inland areas at
higher elevations being less vulnerable. Additionally,
geological features, such as the stability of coastal
structures, and proximity to river mouths, like in
Quang Cu ward, amplify exposure to flooding and
erosion. These geographical variations highlight the
need for location-specific adaptation strategies.

Table 7: Weights for adaptive capacity factors (AC)

Number ID Adaptive capacity factors (AC) Weight
1 AC1  Proportion of households with permanent housing 0.13
2 AC2  Proportion of households with access to electricity 0.03
3 AC3  Proportion of households with access to safe drinking water 0.02
4 AC4  Number of healthcare facilities 0.04
5 ACS5  Employment rate 0.10
6 AC6  Proportion of households with non-agricultural income sources 0.06
7 AC7  Urban population ratio 0.09
8 AC8  Budget allocation for climate change adaptation 0.28
9 AC9  Proportion of the population trained in disaster prevention 0.29
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Figure 6: Spatial distribution of exposure index for tourism vulnerability in Sam Son city

Several other areas, such as Truong Son ward (Other
area), Quang Tien ward, Quang Tho ward, and
Quang Chau ward, have slightly higher values (0.11)
but still remain within the Low Exposure category.
However, Truong Son ward (Truong Le mountain
area) has the highest exposure level (0.66), followed
by Quang Cu ward (0.25), both categorized as
Medium Exposure. The disparity in exposure levels
suggests that certain environmental or geographical
factors contribute to the higher exposure in specific
areas. The significant exposure in Truong Son ward
(Truong Le mountain area) may indicate increased
environmental  risks,  necessitating  further
investigation and potential mitigation measures.

Overall, the data highlights a predominance of low
exposure levels across most areas, with only a few
regions exhibiting medium risks.

3.2.2 Sensitivity assessment of tourism

Sensitivity factors represent the tourism industry's
responsiveness to the impacts of exposure indicators.
The higher the Sensitivity Index, the greater the
vulnerability to climate change. In Sam Son City, the
sensitivity of tourism ranges from 0 to 0.78,
corresponding to three assessment levels: low (SI =
0.0-0.25), medium (SI = 0.31-0.43), and high (SI =
0.64-1.0) (Figure 7).
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Figure 7: Spatial distribution of Sensitivity Index for tourism vulnerability in Sam Son City

Figure 7 illustrates the Sensitivity Index of various
regions to climate change impacts, a crucial factor in
assessing the vulnerability of tourism destinations.
This index reflects the extent to which different areas
are affected by climate change, considering factors
such as natural conditions, infrastructure, livelihoods,
and population density.

The analysis reveals that high-sensitivity areas,
including Bac Son ward, Truong Son ward, Trung
Son ward, and Quang Cu ward, exhibit Sensitivity
Index values exceeding 0.6. These regions are likely
to experience significant climate change effects,
potentially due to their coastal locations, high
population density, or economic dependence on
climate-sensitive sectors such as tourism. Identifying
these high-sensitivity areas underscores the urgent
need for adaptation and mitigation measures to
protect ecosystems and promote sustainable
development. Meanwhile, medium-sensitivity areas,
such as Quang Tien ward and Quang Vinh ward,
have index values ranging between 0.4 and 0.5.
These areas face medium vulnerability, which may
be attributed to relatively better socio-economic
conditions or infrastructure that enhances resilience
against climate change impacts. In contrast, low-
sensitivity areas, including Quang Tho ward, Quang
Chau ward, Quang Minh commune, Quang Hung
commune, and Quang Dai commune, register
Sensitivity Index values below 0.3. These regions
may demonstrate a higher adaptive capacity, possibly
due to favorable environmental conditions or
effective risk management policies.

3.2.3 Assessment of the adaptive capacity

Adaptive capacity factors represent the ability of
socio-economic elements related to the tourism
industry to withstand and adapt to the impacts of
climate change and natural disasters. The higher the
adaptive capacity, the better the ability to withstand

the effects of climate change, resulting in lower
levels of damage. Adaptive capacity depends on
factors such as infrastructure, socio-economic
conditions, and local policy mechanisms. In Sam Son,
the value of the ACI is categorized into three levels:
1) ACI value ranging from 0.0 to 0.35: low adaptive
capacity; 2) ACI value ranging from 0.36 to 0.63:
medium adaptive capacity; 3) ACI value ranging
from 0.63 to 1.0: high adaptive capacity. Figure 8
presents the calculation results for the ACI and the
assessment of the adaptive capacity of the wards and
communes regarding the tourism industry in Sam
Son City. The adaptive capacity of Sam Son City's
tourism sector to climate change is closely linked to
the spatial variation in sensitivity levels across
different wards and communes (Figure 8). The high-
sensitivity areas, including Bac Son, Truong Son,
Trung Son, and Quang Cu wards, exhibit significant
vulnerability due to their elevated Sensitivity Index
values (>0.6). These locations, likely key tourism
hubs, are more exposed to coastal erosion, rising sea
levels, extreme weather events, and flooding,
necessitating urgent adaptation measures such as
improved coastal defenses, resilient infrastructure,
and disaster preparedness programs. The medium-
sensitivity areas, such as Quang Tien and Quang
Vinh wards, demonstrate medium vulnerability,
suggesting a relatively better adaptive capacity,
potentially due to economic diversification,
improved infrastructure, or proactive governance.
However, these areas still require targeted
interventions to enhance resilience, particularly in
sustainable urban planning and climate-smart
tourism initiatives. In contrast, low-sensitivity areas
like Quang Tho, Quang Chau, Quang Minh, Quang
Hung, and Quang Dai communes exhibit greater
adaptive capacity, possibly due to their lower
exposure to climate risks, diversified economic base,
or effective environmental management strategies.
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Figure 8: Spatial distribution of Adaptive Capacity Index for tourism vulnerability in Sam Son City

These regions could serve as climate-resilient
tourism zones, offering alternative tourism models
such as ecotourism and cultural tourism, reducing
overall dependency on climate-sensitive coastal
tourism. To strengthen adaptive capacity across all
regions, an integrated approach combining climate-
resilient  infrastructure,  sustainable  tourism
diversification, governance reforms, and ecosystem-
based adaptation strategies is essential. Enhancing
early warning systems, enforcing climate adaptation
policies, and promoting sustainable tourism practices
will be crucial in ensuring the long-term
sustainability of Sam Son’s tourism sector amid
growing climate challenges. A low ACI suggests that
the area has limited resources or infrastructure to
cope with climate change impacts. For tourism
stakeholders, this highlights the urgent need for
capacity-building  through  training, disaster
preparedness, and investment in climate-resilient
infrastructure to better withstand extreme weather
events and recover from climate-induced disruptions.

3.2.4 Assessment of coastal tourism vulnerability
The vulnerability index (VI) is an integrated measure
composed of three variables: Exposure Index,
Sensitivity Index, and Adaptive Capacity Index. The
vulnerability level is directly proportional to the
values of exposure and sensitivity, and inversely
proportional to adaptive capacity. The severity levels
of vulnerability were determined based on several
previous studies conducted in similar areas, such as
coastal regions where tourism development occurs
[27] and [28]. Additionally, the decision to classify
vulnerability into two categories (low and medium)
was based on the distinct vulnerability patterns
observed in Sam Son City.

The following Figure 9 illustrates that the
vulnerability value of the tourism industry in Sam
Son City ranges from 0.2 to 0.6, corresponding to a

low to medium vulnerability level. Coastal areas,
particularly in the Truong Le mountain area, exhibit
high vulnerability due to their exposure to coastal
erosion and storms, while inland regions with better
infrastructure and adaptive capacity were classified
as low vulnerability. This classification simplifies the
analysis and helps prioritize immediate intervention
in the most vulnerable areas. Figure 9 illustrates the
VI for the tourism industry in Sam Son, showing the
distribution of vulnerability across the area. A
medium VI is observed in the northeastern part of the
study area, a pattern that stands out compared to the
low vulnerability areas. This pattern is attributed to a
combination of factors, including medium exposure
to coastal risks, topographical features, limited
tourism infrastructure, and economic factors. A
medium vulnerability indicates medium risk to
tourism operations, such as intermittent disruptions
due to coastal erosion, flooding, or extreme weather
events. These regions are likely to experience
seasonal or occasional disruptions in tourism
activities, requiring stakeholders to focus on resilient
infrastructure and preparedness plans to minimize
the effects of such disruptions, particularly during
peak tourism seasons.

4. Discussions

The findings suggest that areas with higher exposure,
such as Truong Son ward and Quang Cu ward,
require urgent investments in coastal defense and
infrastructure improvements. Areas with high tourist
volume, such as Truong Le mountain area, should
focus on sustainable tourism strategies to minimize
climate-related risks. Additionally, enhancing
disaster preparedness through community training
and building adaptive capacity in local populations is
crucial. This integrated approach would not only
protect the tourism sector but also strengthen the
overall resilience of Sam Son to climate change.
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The classification of the Vulnerability Index into two broader issues faced by less vulnerable regions. The
categories low and high vulnerability was chosen Figure 9 shows that the medium vulnerability level
based on both the geographical and socio-economic includes the coastal wards from Quang Cu ward to
context of Sam Son. This simplified classification Truong Son ward, which account for more than 45%
provides clear, actionable insights for policymakers of the total number of wards and nearly one-third of
and local stakeholders, helping them focus the entire city's area. This area serves as the tourism

adaptation efforts on areas with the highest hub of Sam Son City, located close to the coastline,
vulnerability. Previous studies, have employed and is directly affected by various types of natural

similar classification approaches to streamline disasters, such as coastal erosion and storms. Among
decision-making  and  adaptation  planning, the wards with medium-level tourism vulnerability to
particularly in coastal areas vulnerable to climate climate change, the Truong Le mountain area has the

change [7] and [16]. By grouping the regions into two highest vulnerability value (VI = 0.60), nearly double
categories, we aim to facilitate immediate action in that of the other areas (Figure 10).
high-vulnerability areas while still addressing the
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The reason for this is that the Truong Le mountain
area is more severely impacted by natural disasters
and climate change, resulting in an exposure value of
0.66 (more than twice that of Quang Cu ward and
about six times higher than the other districts).
Meanwhile, its adaptive capacity is not as high as that
of the other wards due to lower socio-economic
conditions. Quang Cu ward has a vulnerability value
of 0.45, with exposure at a medium level (EI = 0.25),
which is more than twice as high as the wards of Bac
Son, Truong Son, Trung Son, and Quang Tien. This
value is entirely accurate as it is an area with a highly
sensitive environmental position, located along the
coast and near a major river mouth (Ma River), with
a relatively high annual coastal erosion rate.
Although they fall within the medium
vulnerability range, the areas of Quang Tien, Trung
Son, Truong Son (excluding the Truong Le mountain
area), and Bac Son have much lower sensitivity
values, only approximately one-sixth the sensitivity
of Quang Cu and the Truong Le mountain area
because of three reasons: Firstly, this region has
significant tourism development potential, with the
city's most beautiful beaches (Beaches B, C, and D)
located here (Figure 9). Although it is situated close
to the coast, the geological structure and ocean
currents prevent these beaches from eroding, unlike
those in the Quang Cu area. In fact, these beaches
have experienced accretion, with the coastline
expanding annually. During the 10-year period
(2012-2022), the A, B, and C beaches have shown
stable coastal conditions, with the greatest accretion
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measured at approximately 17.01 meters. Secondly,
this area is part of the Sam Son tourism development
center, where the city has made substantial
investments. The transportation infrastructure is
well-developed, wide, and open, with the elevation
of structures raised significantly compared to
previous years. Many hotels and guesthouses have
been upgraded and built with solid, modern designs,
especially in the C beach area, which has
significantly reduced damage caused by storms,
rising sea levels, and flooding. Thirdly, significant
investments have been made in disaster prevention
efforts, and the local population has better disaster
response skills due to regular training and
preparedness programs.

The areas with low vulnerability account for
more than 55% of the total number of communes
across the entire region, including three inland wards
and three coastal communes in the southern part of
Sam Son (Figure 11). Quang Vinh is a coastal ward
located in the southern part of Sam Son city, an area
less affected by climate change, as indicated by an
Exposure Index value of 0. Although Quang Vinh
has not been a major focus in the city's tourism
development, it is home to two cultural and historical
sites: the Hoang Minh Tu General's Temple and the
Du Vinh Temple. As a result, its Sensitivity Index is
at a medium level, reaching 0.31. Additionally,
Quang Vinh benefits from high adaptive capacity,
with a value of 0.72. Therefore, the tourism sector in
this area experiences low vulnerability.

Quang Tho ward
0.8

0.6

Quang Dai commune

Quang Hung commune

Quang Chau ward

Quang Minh commune

Quang Vinh ward

e Exposure Index (EI)

e Sensitivity Index (SI)

Adaptive Capacity Index (ACI) s==== Vulnerability (VI)

Figure 11: The wards and communes with low vulnerability
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Quang Dai commune has a coastline of 1 km, a total
land area of 210.88 ha, with approximately 75 ha
dedicated to agricultural production, and is
comprised of 5 villages. The population of the
commune is 1,593 households, corresponding to
6,948 individuals, distributed across the five villages.
The local population primarily depends on
agricultural and fisheries activities for their
livelihoods. The area lacks attractive beaches and
historical sites, leading to underdeveloped tourism.
Consequently, the tourism sector is minimally
affected by climate change, with a low vulnerability
rating.

The wards of Quang Tho, Quang Chau, and the
communes of Quang Minh and Quang Hung are
primarily located inland (except for Quang Hung)
and are less affected by climate change, resulting in
low exposure levels, with Exposure Index values
close to 0. Due to the limited tourism resources,
tourism activities in these areas are underdeveloped,
and their Sensitivity Index is relatively low, ranging
from 0 to 0.31. The adaptive capacity of these wards
and communes is currently at a medium level, with
adaptation index values ranging from 0.41 to 0.56.
The local economy is primarily based on agricultural
production, fishing, and aquaculture, which leads to
a low proportion of non-agricultural employment,
and investment in climate change adaptation
measures has not been given significant attention.

5. Conclusion

This study employed a structured AHP-based
framework combined with a composite Vulnerability
Index to evaluate the susceptibility of Sam Son
City’s coastal tourism sector to climate change. The
results reveal notable spatial heterogeneity in
vulnerability levels across wards and communes,
driven by variations in exposure, sensitivity, and
adaptive capacity. Coastal areas such as the Truong
Le mountain zone and Quang Cu ward face medium
levels of vulnerability due to increased exposure to
natural hazards and comparatively weaker adaptive
infrastructure. Conversely, areas with limited
tourism activities or better socio-economic
conditions, such as Quang Vinh and Quang Dai
communes, demonstrate lower vulnerability. While
this study provides a comprehensive analysis of the
vulnerability of Sam Son’s tourism sector, there are
several avenues for future research. Long-term
monitoring of climate impacts, including studies on
seasonal variations, visitor behavior, and economic
consequences, will provide more robust data for
future adaptation planning. Additionally, research
integrating local knowledge and multi-criteria
decision analysis (MCDA) will offer deeper insights
into practical adaptation strategies. Expanding the
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scope of vulnerability assessments by including
social and cultural factors will be essential to develop
more inclusive adaptation policies in the future.

This study highlights the vulnerability of Sam
Son’s coastal tourism, particularly in areas like
Truong Le Mountain and Quang Cu ward. To address
these challenges, it is crucial to invest in coastal
protection infrastructure, such as sea walls and beach
nourishment, in high-risk areas. Additionally,
enhancing disaster preparedness through regular
training for local communities and tourism
businesses will improve resilience. Promoting
sustainable tourism by diversifying into eco-tourism
and cultural tourism can help reduce dependency on
vulnerable beach tourism. Establishing climate
monitoring systems will provide valuable data for
informed decision-making, while supporting
economic diversification in sectors like aquaculture
and agriculture will reduce reliance on tourism.
Finally, allocating specific funds for climate
adaptation and offering financial incentives for
resilient infrastructure are essential steps to ensure
the long-term sustainability of the tourism sector in
Sam Son.

References

[1] Cheewinsiriwat, P, Langkulsen, u.,
Lertwattanamongkol, V., Poompongthai, W.,
Lambonmung, A., Chamchan, C., Boonmanunt,
S., Nakhapakorn, K. and Moses, C., (2024).
Assessing Coastal Vulnerability to Climate
Change: A Case Study of Nakhon Si
Thammarat and Krabi. Social Sciences, Vol.
13(3). https://doi.org/10.3390/socscil3030142.

[2] Abedel-Wahab, M. A. and Saghier, E. G.,
(2023). Negative Consequences of Climate
Change on Marine and Coastal Tourism
Activities in Ras Sudr: Evidence from
Stakeholders. Journal of Association of Arab
Universities for Tourism and Hospitality
(JAAUTH), Vol. 24(2); 709-731.

[3] Bombana, B., Santos-Lacueva, R. and Saladié,
0., (2023). Will Climate Change Affect the
Attractiveness of Beaches? Beach Users’
Perceptions in Catalonia (NW Mediterranean).
Sustainability, Vol. 15(10). https://doi.org/10.
3390/sul15107805.

[4] El-Masry, E. A., El-Sayed, M. K., Awad, M. A.,
El-Sammak, A. A. and Sabarouti, M. A. E.,
(2021). Vulnerability of Tourism to Climate
Change on the Mediterranean Coastal Area of
El Hammam-EL Alamein, Egypt. Environment,
Development and Sustainability, Vol. 24(1);
1145-1165. https://doi.org/10.1007/s10668-02
1-01488-9.

International Journal of Geoinformatics, Vol. 22, No. 2, February, 2026
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Church, J. A. and White, N. J., (2011). Sea-
Level Rise from the Late 19th to the Early 21st
Century. Surveys in Geophysics, Vol. 32(4-5);
585-602. https://doi.org/10.1007/s10712-011-
9119-1.

Simpson, M. C., Gossling, S., Scott, D., Hall, C.
M. and Gladin, E., (2008). Adaptation and
Mitigation in the Tourism Sector: Frameworks,
Tools and Practices. UNEP, University of
Oxford, UNWTO, WMO: Paris, France.
Soeroso, A., Rahardjo, N., and Turgarini, D.
(2023). Green Tourism Planning for Coastal
Development in  Gunungsewu Geopark,
Indonesia. International ~ Journal of
Geoinformatics, Vol. 19(6), 91-101. https://doi.
org/10.52939/1jg.v19i6.2701.

Scott, D. J., Lemieux, C. J. and Malone, L.,
(2011). Climate Services to  Support
Sustainable Tourism and Adaptation to Climate
Change. Climate Research, Vol. 47(1); 111-122.
https://doi.org/10.3354/cr00952.

Le, D. K. and Pham, L. T., (2024). Assessing
the Climate Change Adaptation of Sam Son
City to Guide Tourism Development Using
AHP Model (in Vietnamese). Journal of
Mining and Earth Sciences, Vol. 65(3); 98-108.
https://doi.org/10.46326/jmes.2024.65(3).09.
Ramieri, E., Hartley, A., Barbanti, A., Santos,
F. D., Gomes, A., Hilden, M., Laihonen, P.,
Marinova, N. and Santini. M., (2011). Methods
for Assessing Coastal Vulnerability to Climate
Change. The European Topic Centre on
Climate Change Impacts, Vulnerability and
Adaptation (ETC CCA), [-40127 Bologna -
ITALY.

Semedi, B., Rudiastuti, A. W., Rahadiati, A.,
Dewi, R. S., Soetrisno, D. and Maulana, E.,
(2020). Assessing Coastal Vulnerability Index
of Tourism Site: The Case of Mataram Coast.
E3S Web of Conferences, Vol. 153. https://doi.
org/10.1051/e3sconf/202015303002.

Vaidya, O. S. and Kumar, S., (2006). Analytic
Hierarchy Process: An Overview of
Applications. European Journal of Operational
Research, Vol. 169(1); 1-29. https://doi.org/10.
1016/j.ejor.2004.04.028.

Mondal, S. K., Banik, S. C. and Rabbi, M. S.,
(2023). Fuzzy-AHP Modelling of Risk Factors
for Tanneries in Bangladesh to Adapt Industry
4.0. International Journal for Engineering
Modelling, Vol. 36(1). https://doi.org/10.315
34/engmod.2023.1.ri.06v.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

49

Truong, P., Le, N., Hoang, T., Nguyen, T.,
Nguyen, T., Kieu, T., Nguyen, T., Izuru, S., Le,
V., Raghavan, V., Nguyen, V., and Tran, T.
(2023). Climate Change Vulnerability
Assessment Using GIS and Fuzzy AHP on an
Indicator-Based =~ Approach.  International
Journal of Geoinformatics, Vol. 19(2), 39-53.
https://doi.org/10.52939/ijg.v19i2.2565.

Arun Kumar, A. and Kunte, P. D., (2012).
Coastal Vulnerability Assessment for Chennai,
East Coast of India Using Geospatial
Techniques. Natural Hazards, Vol. 64(1); 853-
872. https://doi.org/10.1007/s11069-012-0276-
4.

Hinkel, J. and Klein, R. J. T., (2000).
Integrating Knowledge for Assessing Coastal
Vulnerability to Climate Change. Managing
Coastal Vulnerability: An Integrated Approach;
61-77.

IPCC., (2019). Climate Change and Land. An
IPCC Special Report on Climate Change,
Desertification, Land Degradation, Sustainable
Land Management, Food Security, and
Greenhouse Gas Fluxes in Terrestrial
Ecosystems; 131-249.

Le, D. K., (2023). Evaluating the Impact of
Climate Change on Tourism Development in
Sam Son City, Thanh Hoa Province Using GIS
Technology (in Vietnamese). Project code:
B2021.HDU.04.TT.

Saaty, T. L., (1980). The Analytic Hierarchy
Process. McGrawHill, New York.

Saaty, R. W., (1987). The Analytic Hierarchy
Process — What it is and How it is Used.
Mathematical Modelling, Vol. 9(3-5); 161-176.
https://doi.org/https://doi.org/10.1016/0270-02
55(87)90473-8.

Saaty, T. L., (2008). Decision Making with the
Analytic Hierarchy Process. International
Journal Services Sciences, Vol. 1(1); 83 -98.
Ishizaka, A. and Labib, A., (2011). Review of
the Main Developments in the Analytic
Hierarchy Process. Expert Systems with
Applications, Vol. 38(11); 14336-14345.
Saaty, T. L., (2012). Decision Making in
Complex Enviroments: The Analytic Network
Process (ANP) for Dependence and Feedback.
Pittsburgh.

[24] Bernasconi, M., Choirat, C. and Seri, R., (2010).

The Analytic Hierarchy Process and the Theory
of Measurement. Management Science, Vol.
56(4); 699-711. https://doi.org/10.1287/mnsc.
1090.1123.

International Journal of Geoinformatics, Vol. 22, No. 2, February, 2026
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



[25]

[26]

Thammaboribal, P., Triapthti, N., and Lipiloet,
S. (2025). Using of Analytical Hierarchy
Process (AHP) in Disaster Management: A
Review of Flooding and Landslide
Susceptibility Mapping. International Journal
of Geoinformatics, Vol. 21(4), 177-196.
https://doi.org/10.52939/ijg.v21i4.4091.
Padaliya, M., Leua, A., Patel, U. B., Padaliya,
S. and Gohil, V., (2025). Mapping of Climate
Change Impact through the Climate
Vulnerability Index in India. Asian Journal of
Environment & Ecology, Vol. 24(4); 137-148.
https://doi.org/10.9734/ajee/2025/v24i14685.

[27]

50

Mui, T. T. and Thuy, H. L. T., (2018). Climate
Change Vulnerability Assessment Fortourism
Sector in Ha Tinh Province. VNU Journal of
Science: Earth and Environmental Sciences,
Vol. 34(1). https://doi.org/10.25073/2588-1094
/vnuees.4230.

An, T. T., Hanh, L. N, Izuru, S., Minh, T. P.,
Minh, V. V., Thoa, N. T. K. and Long, N. V.,
(2021). GIS-based Assessment of Coastal
Tourism Vulnerability to Climate Change —
Case Study in Danang City, Vietnam. The 42nd
Asian  Conference on Remote Sensing
(ACRS2021).

International Journal of Geoinformatics, Vol. 22, No. 2, February, 2026
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



