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Abstract: Coastal regions of the Baltic Sea are among the most intensively used worldwide, resulting
in a need for a holistic management approach. Therefore, there is a need for strategies that even
out the seasonality, which would ensure a better utilization of natural resources and infrastructure
and improve the social and economic conditions. To assess the effectiveness of coastal zone plan-
ning processes concerning sustainable tourism and to identify and substantiate significant physical
geographical factors impacting the sustainability of South Baltic seaside resorts, several data sets
from previous studies were compiled. Seeking to improve the coastal zone’s ecological sustainability,
economic efficiency, and social equality, a qualitative study (content analysis of planning documents)
and a quantitative survey of tourists’ needs expressed on a social media platform and in the form of a
survey, as well as long-term hydrometeorological data, were used. Furthermore, a Bayesian Network
framework was used to combine knowledge from these different sources. We present an approach to
identifying the social, economic, and environmental factors influencing the sustainability of coastal
resorts. The results of this study may be used to advise local governments on a broad spectrum of
Integrated Coastal Management matters: planning the development of the beaches and addressing
the seasonality of use, directing investments to improve the quality of the beaches and protect them
from storm erosion, and maintaining the sand quality and beach infrastructure. The lessons learned
can be applied to further coastal zone management research by utilizing stakeholders and expert
opinion in quantified current beliefs.

Keywords: Benford’s law; Bayesian Networks; coastal tourism; sustainable coastal management

1. Introduction

A growing population and intensified human activities are causing increasing pres-
sures on the environment; this is very true for urban areas, especially those located at coasts
and relying on the ecosystem services of coastal systems around the world [1–4].

Coastal areas with well-developed tourism infrastructure and strategies in place are
accustomed to tourist flows and associated tendencies. However, urban areas located at
the coasts need to adapt more to the ever-increasing tourism demand as they become more
popular destinations. The cities that receive the most significant tourist flows are large
multifunctional systems where tourists can be easily absorbed and become physically and
economically invisible [5]. This is especially true concerning the local residents of urban
areas; they are rarely considered as users of tourism services. Therefore, holistic approach
strategies that even out the seasonality, which would ensure a better utilization of natural
resources and infrastructure and improve the social and economic conditions, are needed
for the sustainable development of both coastal and urban tourism.

The process of marine environment governance is very complex and challenging [6]
and is complicated by the Baltic Sea being among the most intensively used coastal regions
worldwide [7] and one of the busiest and most polluted regional seas in Europe [8]. Even
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though the Baltic Sea is referred to as having the best management in place, in spite of
its good governance system, it is still affected by severe environmental problems and
risks as a result of shortcomings of that governance [9]. Therefore, attempting to meet the
environmental objectives of reaching Good Environmental Status by 2021 in the HELCOM
Baltic Sea Action Plan (BSAP) and by 2020 in the EU Marine Strategy Framework Directive
(MSFD) has been a struggle [6]. Nevertheless, as of today, about 71% of the joint regional
actions and 29% of the national efforts of the Baltic Sea Action Plan have been reported as
fully implemented.

The present study aims to identify and substantiate significant physical geographical
factors impacting the sustainability of South Baltic coastal resorts by applying Bayesian
Networks, relying on the study area’s socioeconomic and long-term observation data.

Our central argument is that physical geographical factors, such as location, beach
type, water, and air temperature, play a significant role in the sustainability of coastal
resorts and are the main reasons why tourists want to visit a particular resort and why they
are chosen as places of residence. Moreover, we aim to assess how well reflected this aspect
is in regional-level planning documents.

To demonstrate this argument and to discuss its implications, this paper is organized as
follows: It begins with an introduction to the methods and materials and descriptions of the
South Baltic region, the study area, and Klaipėda, a case study area. In the results section,
first, we analyze the outputs of the Bayesian Network modeling, aiming to elicit and discuss
the principal components that identify and substantiate significant physical geographical
factors impacting the sustainability of South Baltic coastal resorts based on the variables
from the socioeconomic and long-term observation data. We then present the implications
and opportunities for improved predictions as well as regional adaptation options.

2. Materials and Methods
2.1. Study Area

For this study, the South Baltic Sea coastal region was selected with the spotlight on a
case study area in Klaipėda, Lithuania.

The Baltic Sea presents large variability in the coastal types: stable rocky cliffs at the
northern end and, at the southern end, sandy coasts, vulnerable to coastal erosion and
human pressure [10]. In this study, the authors define the South Baltic region with the
boundary between the Northern Baltic proper. Both the Eastern and Western Gotland basins
serve as the physical boundary as described in the SEAPLANSPACE General Knowledge
Manual [11]. The study area stretches over 79,838 sq. km in seven countries: Sweden
(28,694 sq. km), Denmark (10,596 sq. km), Germany (19,771 sq. km), Poland (9293 sq.
km), Russian Federation (2173 sq. km), Lithuania (4298 sq. km), and Latvia (5013 sq. km)
(Figure 1a).

Coastal regions of the Baltic Sea are among the most intensively used worldwide.
Tourism, predominantly “Sun, Sand & Sea”, plays an important economic role at the South
Baltic coast but poses a challenge to sustainability, as this tourism relies on seasonality-
bound resources. Tourism seasonality, combined with the increasing threat of coastal
erosion, urges an in-depth evaluation of the strengths and weaknesses of the South Baltic
seaside resorts influenced by the physical factors [12]. Most planning documents of the
territorial entities in the study area consider sandy beaches as the key seaside tourism
amenity [12].

We selected a case study area in Klaipėda, Lithuania (Figure 1b) for an in-depth
look. This area is identified as a hot spot on the Lithuanian Baltic Sea coast due to its
vulnerability to natural and anthropogenic influence because it is located in an extremely
high-energy and rapidly developing environment [13,14]. The municipality of Klaipėda
has about 11.2 km of sandy coastline, open to the predominant wind directions [15,16].
The town of Klaipėda covers 6.3 km of the Curonian Lagoon’s shore in the territory of the
Curonian Spit and is about 16 km away from the Klaipėda strait and the northern part of
the Curonian lagoon.
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Figure 1. (a) Study area: the South Baltic Region (© E. Jurkus [12]); (b) case study site: Klaipėda, Lithuania (© I. Šakurova). 

Tourism is a growing sector for the area, aided by the cruise ship terminal opened in 
2003. The number of overnight stays in 2019 totaled over 250,000 [17]. Klaipėda is also the 
northernmost ice-free port on the eastern coast of the Baltic Sea and has a deep-water har-
bor with an annual port cargo handling capacity of up to 70 million tons and an annual 
turnover exceeding 47 million tons [18]. 

Being one of the most rapidly developing cities in the country and due to its coastal 
disposition, Klaipėda is increasing in popularity among tourists from Lithuania and 
abroad. As a result, a home-sharing service tendency is on the rise, especially during the 
warm summer months, causing an ever-growing pressure while creating a constantly in-
creasing demand for good quality services and environmental solutions. 
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Figure 1. (a) Study area: the South Baltic Region (© E. Jurkus [12]); (b) case study site: Klaipėda, Lithuania (© I. Šakurova).

Tourism is a growing sector for the area, aided by the cruise ship terminal opened in
2003. The number of overnight stays in 2019 totaled over 250,000 [17]. Klaipėda is also
the northernmost ice-free port on the eastern coast of the Baltic Sea and has a deep-water
harbor with an annual port cargo handling capacity of up to 70 million tons and an annual
turnover exceeding 47 million tons [18].

Being one of the most rapidly developing cities in the country and due to its coastal
disposition, Klaipėda is increasing in popularity among tourists from Lithuania and abroad.
As a result, a home-sharing service tendency is on the rise, especially during the warm
summer months, causing an ever-growing pressure while creating a constantly increasing
demand for good quality services and environmental solutions.

Klaipėda municipality administrates seven beaches (Table 1, Figure 1b) located on two
morphologically different coasts, separated by the Klaipėda strait. The port of Klaipėda is
situated at the entrance channel that interrupts the natural longshore sediment transport
path [19,20].

Table 1. Klaipėda municipality beaches.

Beaches and Boundaries Length, m

North Melnragės I, Melnragės II,
Handicapped and Girulių beaches 4420

South Smiltynės I and Smiltynės II beaches 3400

Total: 7820

The Curonian Spit coast is home to the Klaipėda residents’ beaches of preference [21].
Located there are the Smiltynės I and Smiltynės II beaches (Figure 2) (total length 3400 m):
an accumulative coast with fine sand and a well-developed dune system [22,23]. On
the opposite side of the Klaipėda strait, at the mainland coast, a geomorphologically
different [23] coast is located. The Melnragės I and Melnragės II beaches (Figure 2) are in
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the vicinity of the Port of Klaipėda and have suffered from significant erosion in the last
few years; more coarse sediments and narrow beaches [15,23,24] are typical in this part
of the territory. Girulių Beach, situated more to the north of the Port of Klaipėda jetties,
is wider and with finer sediments than the Melnragės beaches (Figure 2). Handicapped
Beach, located at the moraine cliff coast, is very popular among Klaipėda‘s residents [23].
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(d) Smiltynės II (© V. Kondrat).

The Smiltynės I and Melnragės II beaches (Figure 2) were awarded Blue Flag cer-
tificates for the years 2018–2021 [25], proving that important environmental, educational,
safety-related, and access-related criteria have been met.

2.2. Background of the Methodology Used—Bayesian Networks for Influence Factors

There are two main philosophies of probability and statistics, Bayesian and Frequen-
tist [26,27]. The Bayesian probabilistic paradigm is one of personal perspective with tools
to update our beliefs about random events by considering new data about those events.
Specifically, Bayesian approach allows researchers to incorporate background knowledge
into analysis, including the lessons of previous studies. The basic steps of the Bayesian
analysis are: (1) quantifying current beliefs via a prior distribution, (2) quantifying informa-
tion provided by new data via the likelihood, (3) using Bayes’ Theorem to update beliefs
and form the posterior distribution [28,29].

The Bayesian approach is becoming more common in many scientific fields. The
increase in Bayesian applications is taking place not only in social sciences but also in hu-
manities research [30,31]. This increase is related to the availability of Bayesian computation
methods in various popular software packages [32].

The Bayesian formula is universal in its theory as well as in its application [28]. As
the Bayesian belief networks allow, we used a combination of objective and subjective
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information. Where hard data were absent, we performed calculations based on specialists’
estimations, as per the authors of [33]. A numerical value was attributed to all qualitative
data in a format that is complementary to the quantitative data.

P(H/E) =
P(E/H) ∗ P(H)

P(H)
. (1)

Here, P is the probability, H is the hypothesis, and E is the event, where P (H) is a
prior probability and P(H/E) a posterior one.

By applying Bayesian Networks (BNs), we did not reach a final conclusion but per-
formed a continuous evaluation of understanding as new information occurs, each time
updating the probability that something is true.

P(H/E) =
P(E/H) ∗ P(H)

P(H) ∗ P(E/H) + P(−H) ∗ P(E/−H)
. (2)

BN modeling methodology helps to represent the causal relationships of a system in
the context of variability, uncertainty, and subjectivity; elicits subjective expert opinion;
and provides a framework for model improvement as new data and knowledge become
available [34].

It also provides a systems thinking framework for combining knowledge/data from
different sources and of different accuracy levels [35], including the capacity to integrate
social, economic, and environmental variables within a single model [36].

2.3. Data Sources
2.3.1. Physical Gfeographical Factors of Klaipėda

The hydrometeorological data (Table 2) used in this research was obtained from
the Marine Environment Assessment Division of the Environmental Protection Agency
(EPA), Lithuanian Hydrometeorological Service, under the Ministry of Environment, the
Palanga Aviation Meteorological Station, and the National Oceanic and Atmospheric
Administration. The data were initially collected at the Klaipėda Meteorological Station on
the Baltic Sea coast in Lithuania and processed by the authors. The Klaipėda Meteorological
Station is located near the Klaipėda Sea Gate (Figure 1b). As buildings surround it, there is
no direct access to the Baltic Sea. The height above sea level is 6.2 m.

Table 2. Variables used in the Bayesian Network. Klaipėda.

Variables Data Source Time Scale

Air temperature, ◦C Marine Environment Assessment Division of
the Environmental Protection Agency (EPA)

Lithuanian Hydrometeorological Service under
the Ministry of Environment

Palanga Aviation Meteorological Station
The National Oceanic and Atmospheric

Administration

1960–2019
Atmospheric pressure, mm 1960–2019

Wind direction, degrees 1961–2019
Mean wind speed, m/s 1961–2019
Wave direction, degrees 1961–2019
Mean wave height, m 1961–2019
Water temperature, ◦C 1991–2019

Klaipėda survey Residents survey data 2020

The recommended, decadally updated 30-year averages in the data sets of the period
1960–2019 were used as the standard World Meteorological Organization (WMO) climate
normals [37].

The selection of the following physical geographical factors withiFn this study was
made with regard to sustainability and was based on their conclusive influence on tourism
and shoreline changes [16,38,39].
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2.3.2. Klaipėda Survey Data

A questionnaire survey identifying local residents’ perceptions of the physical pa-
rameters of bathing water quality, beach quality, beach location, and water temperature
preferences was conducted from fall 2019 to winter 2020 in the Klaipėda Municipality
(Table 2). Altogether, 220 respondents participated. The questionnaire (Appendix A) was
provided in the Lithuanian language only and focused on local inhabitants of Klaipėda
Municipality who visited the seaside territory.

The results were significant in providing local knowledge and a perspective of the
local community, so that, through Integrated Coastal Management, development planning
of the beaches could be improved, and questions such as the seasonality of use, where to
direct investments to improve the quality of beaches and protect them from storm erosion,
and the sand quality and beach infrastructure could be addressed.

On average, a beachgoer spent up to 2–3 h on the beach. The minimum temperature
considered acceptable for the Baltic Sea bathing season to begin, according to Klaipėda
area locals, was 17 ◦C, but optimal bathing water temperature was 21 ◦C.

Most of the respondents found information about weather conditions and bathing
water quality online or at beach information boards, which was especially the case for
water and air temperature (57%).

Beaches located on the Curonian Spit (in the south part; Table 1) tended to be used
mostly as summer beaches for bathing and sun-bathing. This area is a part of a national
park and has a ferry connection that restricts its accessibility.

Bathing water quality concerns regarding Klaipėda beaches were not as highly pri-
oritized by locals as they were in the neighboring Neringa resort, where a study was
conducted on tourists in 2016 [7].

Sixty-five percent of the respondents that owned dogs took them to the beach, and
their beach choices were usually influenced by the season. Dog owners mostly (77.3% of
the time) chose to visit beaches on the mainland (in the north area; Table 1).

Benford’s law was applied to assess the data set, as it could be used to test for data
abnormalities, including respondent distortions, and could serve as a valuable tool for
evaluating and testing survey data integrity [40–42]. In addition, it has been frequently
used in forensic accounting and gaining momentum in testing elections for potential fraud
detection, popular social networking websites, and other fields [40,41].

Benford’s law states that all systems that occur naturally follow the tendency to
distribute first digits unevenly, but their frequency follows a first digit phenomenon.
Numbers beginning with the number 1 are far more common than numbers starting with
the number 9. Numbers begin with a 1 more than six times as often. The exact frequency P
predicted for a digit is given by the following formula [41]:

P(x) = log 10(1 + 1/x). (3)

2.3.3. South Baltic Management Variables

The authors of this study compiled a data set of seven selected socioeconomic variables
based on the demand for physical geographical resources (Table 3, Figure 3) and the
influencing competitiveness and sustainability of the South Baltic seaside resorts to allow
for a comparison of different areas to assess the sustainability and competitiveness of the
study area.

To assess the effectiveness of coastal area planning processes concerning sustainable
tourism, a qualitative study (content analysis of planning documents) and a quantitative
survey of tourists’ needs expressed on a social media platform were applied to a South
Baltic seaside. Content analysis of comprehensive plans and development strategies was
applied using a “nuts-and-bolts” [43] approach to obtain insight into the planning of the
Baltic seaside sustainability.
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Table 3. Variables used in the Bayesian Network. South Baltic seaside.

Variables Data Source Time Scale

Planning, management, development documents Local government entities 2017
Dominant seaside features HELCOM map and data service 2017

Protected areas HELCOM map and data service 2017
UNESCO World Heritage sites and Biosphere reserves whc.unesco.org 2017
Number of monthly mentions—user-generated content Instagram API 2019–2020

Sentiment ratio—emotion symbols Instagram API 2019–2020
Blue flag sites blueflag.global 2021Sustainability 2021, 13, 7173 8 of 21 
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Images of tourist attraction sites are some of the most common subjects in tourism
research [44,45], but qualitative analysis of tourist feedback on social networks (user-
generated content) has rarely been done. Increasingly, information communication tech-
nologies have a decisive influence on the competitiveness of tourism organizations and
destinations and on the tourism system itself. They enable tourists to exchange information
about tourist attractions and services, thus influencing other tourists’ decisions about where
to go and which services to choose [46–50].

For establishing which factors were important to the tourists of the South Baltic seaside
resorts, consumer-generated content, i.e., public photos and videos that were tagged with
specific hashtags and posted on the social media site Instagram, was used. Gathered
data were processed using content analysis software (KH Coder 2.0) for quantitative
content analysis and text mining [51]. Using KH Coder, hierarchical cluster analysis
was undertaken to elicit topical co-occurrence networks for nouns, verbs, and adjectives
occurring in the reviews.
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2.4. Quantitative and Qualitative Analysis

To assess the significant physical geographical factors impacting the sustainability of
South Baltic coastal resorts, data from a qualitative study (a content analysis of planning
documents), a quantitative survey of residents’ needs, and long-term hydrometeorological
observation data were used.

Via correlation statistics, an initial view of the inter-relation of variables was obtained,
which was necessary for the subsequent multilinear analysis phase, which is an important
factor in selecting parameters entering the analysis.

IBM SPSS Statistics, SPSS Modeler, and Watson Studio Modeler Flows software were
used for the data analysis.

3. Results
3.1. Benford’s Law for Survey Accuracy

Information provided by survey data often plays a significant role in policy decisions.
Therefore, it is essential to have a basis for identifying the quality of the reported data.

The Klaipėda residents survey data set was created by attributing numerical values
to all qualitative data in a format that was complementary to the quantitative data. To
evaluate the data set’s integrity after coding and to select data for further use, Benford’s
law was applied (Table 4, Figure 4).

Table 4. Leading digit distribution in survey data. Benford’s law.

Leading Digit COUNT Actual Distribution Benford’s Law Cumulative Difference

1 3644 0.418 0.3010 0.1168
2 2097 0.240 0.1761 0.0644
3 1577 0.181 0.1249 0.0559
4 727 0.083 0.0969 −0.0135
5 510 0.058 0.0792 −0.0207
6 69 0.008 0.0669 -0.0590
7 57 0.007 0.0580 −0.0515
8 40 0.005 0.0512 −0.0466
9 0 0.000 0.0458 −0.0458

Total 8721 1.000

Here COUNT—the number of numerical values with the certain leading number; Actual Distribution of the leading number in the data set;
Benford’s law—leading number distribution following Benford’s law; Cumulative Difference—the difference between Benford’s law and
Actual Distribution columns.
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As we can see, the distribution of actual digits deviated from Benford’s law. However,
such deviation does not necessarily imply a problem with the data set and may not be
related to the analysis performed. Although it suggested that the subjects did not reflect
an expected distribution, it may be explained by the absence of numbers starting with a
9. The received results followed the established principle as shown in Figure 4 and were
supported by the cumulative difference (K-S test) values shown in Table 4.

Benford’s law was applied to the data set each time data were added to ensure
continuous compliance to the established principle.

3.2. South Baltic Seaside Sustainability

The following sequential process was used to develop the Bayesian Network models
for the study areas: a Bayesian approach using Gibbs sampling [52] was applied as part of
the Markov chain Monte Carlo algorithm steps. Step 1 used the entire record to determine
candidate change points, and Step 2 determined the posterior distributions of the data
before and after the candidate change point [53].

In the first stage, separate prior distributions (presumed probabilities) were applied
individually to the quantitative and qualitative data. The Bayes factor for the related sample
t test was performed, and a posterior distribution characterization for the related sample
mean difference was compared and combined when 95% confidence intervals overlapped.

The second stage of the model’s development process involved using the system
conceptualization as a mechanism for identifying three dimensions of sustainability—
environmental/ecological, economic, and social (representing an adaptive capacity of the
system)—and the variables influencing them (determinants of adaptive capacity). Variables
presented in Tables 2 and 3 were distributed in the three pillars of sustainability accordingly,
as shown in Figure 3.

A BN is well suited for explicitly integrating both prior knowledge and information
obtained from the data [54]. After performing the first step, each modeled node was
attributed a conditional probabilistic table (CPT) showing relations between each node
and its parents. Part of the CPT for nodes is illustrated in Figure 5. The left side of
the network shows different combinations of parent nodes. The right side shows the
conditional probability distribution of the nodes given different combinations of their
parent nodes.

The greater conditional probability received for a specific value of predictors is indica-
tive of the greater importance of that variable with a precise specific value. Air temperature
and wind direction were shown to be of greater importance in relation to other physical ge-
ographical factors, as their conditional probability was higher compared to other variables
(Figure 5c). The most influential predictors of the physical factors were temperature and
the bathing water temperature that were acceptable and preferable for bathing according
to Klaipėda’s residents (Figure 5b,e).

When it came to the choice of beach for recreation, the most important predictor was
not one that had to do with physical factors; the highest rankings were attributed to the
distance to the beach. Other essential factors were the perceived positive change in the
beach quality and the type of beach (common area, women’s areas, etc.). In the off-season,
the highest conditional probability was shown in the Melnragės I and Girulių beaches,
as well as other, nonofficial beaches. Furthermore, the off-season probabilities correlated
most with the duration of stay at the beach (Figure 5b, Appendix A Q3) as well as bathing
temperature preferences (Figure 5b, Appendix A Q4).

Overall, for the South Baltic seaside, the existence of a Blue Flag award was a sig-
nificant predictor concerning development plans and the number of plans in place at a
specific location (Figure 5a,d). The presence of sandy beaches and dunes were shown to be
the highest influential predictors in both TAN (Tree Augmented Naïve Bayes Network)
structure and Markov Blanket structure.
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4. Discussion

Nowadays, coastal municipalities face a combination of urban industrial develop-
ment and the recreational needs of the residents [55,56]. Coastal municipalities aiming
to sustainably manage beaches and attract tourism worldwide are utilizing the benefits
provided by the Blue Flag award scheme. Such eco-labels play an important role in increas-
ing the competitiveness of recreational areas [57,58]. The Klaipėda municipality has met
and maintained the level of environmental, educational, safety-related, and access-related
criteria in the Smiltynės I and Melnragės II beaches in order to keep in line with the Blue
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Flag certificate requirements. Meanwhile, our study showed that locals prefer recreational
areas that have not been awarded the Blue Flag. The Smiltynės I and Smiltynės II beaches
appear to be preferred during the summer months of the high season to the other beaches
in the Klaipėda municipality. As stated earlier, these beaches feature finer sediments and
wider beaches (Figure 2). In the off-season, Melnragės I and Girulių become more popular.
It is clear that the higher probability rankings are mainly attributed to the distance to the
beach; the easier accessibility of these beaches is explained by their favorable geographical
location. The beaches located on the mainland are more easily accessible throughout the
year and provide free parking in the off-season. Meanwhile, beaches in the southern part of
Klaipėda (Figure 1b, Table 1) are a part of a national park and have a ferry connection that
restricts their accessibility. These insights will be valuable in the sustainable planning of
these recreational areas and the further adaptation to growing tourism and climate change.

Climate factors and especially temperature are the main factors for consistent tourism
sector development [59–61]. Daily air and water temperature and seasonality are key
components to consider for non-local and international tourist attraction and the further
strategic planning of tourism [60]. The BN showed that wind direction also plays an
essential role among the local communities in deciding whether to visit a beach. Walking
along the sea and amber picking in the breaking wave zone are the visitors’ main activities
during the stormy season; this information was supported by the Melnragės I beach
supervisor (expert judgment). Amber picking requires moderate westerly winds in the
study area; meanwhile, the dominant wind directions are south and southwesterly, and the
most comfortable walks along the shore can be done during easterly winds.

The appearance of tourist attraction sites is one of the most common subjects in tourism
research [44,45]. Still, qualitative analysis of tourist feedback on social networks (user-
generated content) is rarely used. Increasingly, information communication technologies
have a decisive influence on the competitiveness of tourism organizations and destinations
and on the tourism system itself. They enable tourists to exchange information about
tourist attractions and services, thus influencing other tourists’ decisions about where to go
and which services to choose [46–50]. Evidently, the BN monthly user-generated content
about the South Baltic sites plays an important role and therefore should be utilized in the
sustainable management strategies. The highest numbers of monthly mentions were found
in Germany’s Schleswig-Holstein and Denmark’s Zealand Region, which have the highest
concentration of Blue-Flag-awarded sites in the region.

Social media is perceived as a central platform for opinion formation, public participa-
tion, and triggering political and societal change [62,63]. The user-generated data provide
a unique perspective as they are based on the voluntarily shared opinions of users. These
data complement the local perspective obtained via the questionnaire survey. Therefore,
social media data are of great value to social researchers and decision makers [64] in the
context of sustainability.

The Bayesian approach application in stakeholder involvement has been broadly
applied in the research [36,65,66] and expert judgment implied in the paradigm. However,
different experiences result in different prior knowledge and different priors in the Bayesian
Network model. Therefore, the Bayesian approach moderates the prior beliefs by the actual
data and incorporates the information gaps [67].

As a tool for Environmental Risk Assessment, the Bayesian paradigm can synthesize
different data types and account for the probabilities of different scenarios [33,68]. In
addition, one of the significant benefits of the Bayesian approach is the ability to incorporate
prior information [69,70] and extract qualitatively new knowledge from the available data
with the help of machine learning techniques.

This study presents Benford’s law to be a valuable instrument for evaluating the
accuracy of qualitative survey data and shows that the Bayesian Network framework
can be used as a tool to support coastal management in focusing on sustainability and
incorporating environmental/ecological, social, and economic aspects. Furthermore, it is
helpful in modeling and analyzing the potential impact on future management scenarios.
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5. Conclusions

Physical geographical factors and many other environmental/ecological factors are
more affected by factors of the other two pillars of sustainability—the economy and
society—than by the system itself.

The Bayesian approach provides valuable tools that have a wide range of applications
and levels of difficulty. We are confident that it can be broadly applied in the advancement
of sustainability research to understand human interactions with the environment, recog-
nize, interpret, project, and model environmental change and its impacts, and provide a
spatial perspective. By selecting the variables to use in this study, we found it evident that
the prior knowledge associated with the long-term observation data is essential to collect
and assess the available data and its comparability.

The main advantage of the tool is that it can be continuously used for decision making
on sustainable management strategies that ensure the non-declining well-being of the
coastal and urban population.

It is essential to move toward quantitative approaches and link all available scientific
knowledge with physical geographical factors and their socioeconomic benefits, and these
should be some of the priorities in efforts to understand the current knowledge status and
identify future research directions. In addition, further research can be conducted in an
effort to predict management decision outcomes by running further simulations.

The approach used in this work can be applied to the other sectors of the rapidly
developing coastal areas of the entire Baltic Sea and similar water bodies, which can help
decision makers select the most appropriate coastline stretches to adapt to recreation, thus
avoiding confrontation between industry and citizens.

Rethinking our current efforts and evaluating whether they are sufficient for achieving
environmental and sustainability targets in the South Baltic region are the next steps for
this research team.

With the present study, we aimed to identify and substantiate significant physical geo-
graphical factors impacting the sustainability of South Baltic coastal resorts. With the help
of Bayesian Network modeling, we identified that physical geographical factors such as
location, beach type (sandy beaches and dunes), acceptable bathing water temperature, and
air temperature play a significant role. We can also state that the significance of the sandy
beaches and dunes is widely reflected in the planning documents at the regional level.

By applying the Bayesian approach, we can learn how effective the system is and
how the different variables in the sustainability dimensions interact and make governance
adjustments accordingly.
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Appendix A

The Klaipėda survey (translation)
What is this research all about?
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This research aims to understand whether Klaipeda residents visit beaches, what
activities they enjoy doing, what they value and the benefits they enjoy.

The study is part of an independent study conducted by Klaipeda University.
Who will be involved?
The research study area is Klaipeda municipality, and the adjacent territory, so more

than 350 respondents using the infrastructure of Klaipeda beaches will be interviewed.
What are your rights?
Participants are invited to contribute voluntarily to this study and further research.

You are also free to withdraw from participating at any time. The information you provide
is anonymous and will be treated as confidential. The data gained from this research will
be stored at Klaipeda University, and data relating to your individual answers will not
be shared with any other organizations. Once your answers are entered into data files,
your personal details will not be linked to your answers. When the research based on this
survey is published, all information will be presented in an aggregated form that does not
identify individuals.

Q1. Do you visit the beach? *
Mark only one option.
Yes
No
If so, how many times a year? *_______________
When was the last time? (how many months/ days ago?) *_______________
Q2. Do you visit Klaipėda beaches during the offseason? *
Mark only one option.
Yes
No
Q3. How much time do you usually spend on the beach? (hours) *_______________
Q4. Do you take baths in the sea? *
Mark only one option.
Yes
No
At what water temperature do you start the bathing season? *_______________
What water temperature is most suitable for your bathing in the sea? *_______________
Q5. Which Klaipeda beach do you visit most often?
Mark all the suitable options.

During the Summer Holiday Season Offseason

Smiltynės I Smiltynės I
Smiltynės II Smiltynės II
Melnragės I Melnragės I
Melnragės II Melnragės II
Neı̨galiųjų Neı̨galiųjų
Girulių Girulių
Other:__________ Other:__________

Q5.1. If you usually visit Other beach in Klaipeda, which one is it? _______________
Q6. What part of the beach do you visit most often? *
Mark only one option.
Common
Women’s
Men’s
Nudist
Handicap
Pet
Other: _______________
Q7. Which of the following activities do you practice during your time on the beach?
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Mark all the suitable options.

During the Summer Holiday Season Offseason

Sunbathing Sunbathing
Bathing at the sea Bathing at the sea
Jogging Jogging
Taking walks Taking walks
Spending time in the recreational areas of the beach (volleyball/
football/ surfing/ kiting)

Spending time in the recreational areas of the beach (volleyball/
football/ surfing/ kiting)

Wellness treatments Wellness treatments
Fishing Fishing
Amber, seashell, stone picking Amber, seashell, stone picking
Reading Reading
Other: ____________________ Other: ____________________

The following questions are about your leisure in general (not only in Klaipeda):
Q8. How important are the following factors when choosing a location for your

vacation? *
Mark only one option in each row.

Very important Important Moderately important Slightly important Not important
Water quality
Beach quality

Q9. How important are the following factors when choosing a beach for your vacation? *
Mark only one option in each row.

Very important Important Moderately important Slightly important Not important
Water transparency
High water temperature (18 ◦C)
Absence of bacterial
contamination
Absence of micro-algae
Absence of jellyfish
Absence of dead fish
Absence of oil marks
Absence of seaweed
Absence of foam in the
water\on the beach
Shallow slope
Absence of foreign odour
Crowding f the beach
Distance from the city
Beach infrastructure (WC,
changing rooms, lifeguards,
eateries, parking spaces)

The following questions are about the Baltic Sea and Klaipeda beaches:
Q10. How would you rate: *
Mark only one option in each row.

Extremely poor Below average Average Above average Excellent
Water quality
Beach quality

Q11. Would you agree that the Baltic Sea bathing water condition improved over the
last 5 years? *

Mark only one option.

Strongly agree Agree Undecided Disagree Strongly disagree
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Q12. Would you agree with the statement that the condition of Klaipeda beaches has
improved in the last 5 years? *

Mark only one option in each row.

Strongly agree Agree Undecided Disagree Strongly disagree
Smiltynės I
Smiltynės II
Melnragės I
Melnragės II
Neı̨galiųjų
Girulių
Other

Q13. Where do you find information about:
Mark all the suitable options.

The Quality of Bathing Water in Your Place of Leisure Air and Water Temperature of the Klaipėda Beaches

From friends/relatives From friends/relatives
Tourist Information Center Tourist Information Center
At the Travel Agency/Guide Beach information boards Beach information boards
On the Internet On the Internet
In the mobile app In the mobile app
In Newspapers/TV/Radio In Newspapers/TV/Radio
I’m not looking for such information I’m not looking for such information
Other: _______________ Other: _______________

Q14. If you use a mobile app, which one?
Mark all the suitable options.
Standard, available on mobile phone
meteo.lt
gismeteo
WindGuru
Weather Live
AccuWeather
Other: _______________
Q15. Where do you think other beaches/bathing places in the territory of Klaipeda

municipality could be established? *
___________________________________________________________________________
_

The final questions are to ensure we have a good cross-section of the community.
Q16. How many years have you lived in Klaipeda? *_______________
Q17. You are? *
Mark only one option.
Male
Female
Q18. What is your age? *
Q19. How many people live in your household, including you? *
Preschool-age _______________
Young people (17 years or younger) _______________
Adults (18 years or older) _______________
Q20. Do you have a dog? *
Mark only one option.
Yes
No
If you have a dog, then please answer questions 21–23 as well.
Q21. Are you taking your dog (s) to the beach?
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Mark only one option.
Yes
No
Q22. If yes, which beach?
Mark only one option.
Smiltynės I
Smiltynės II
Melnragės I
Melnragės II
Handicapt
Girulių
Other: _______________
Q23. Whether you take your dog (s) to the beach, do you choose a different beach

than when you go without the dog (s)?
Mark only one option.
Yes
No
ALL INFORMATION PROVIDED BY YOU IS CONSIDERED CONFIDENTIAL
Q24. You are welcome to make extra comments or suggestions on any issue in the

space below
Thank you for your time
Who do I contact for more information?
If you have any questions about the survey or the research project or any concerns,

please contact the research leader.
dr. Loreta Kelpšitė-Rimkienė
Klaipėda University
loreta.kelpsaite-rimkiene@ku.lt
Prof. dr. habil. Ramūnas Povilanskas
Klaipėda University
ramunas.povilanskas@ku.lt
Eglė Baltranaitė
Klaipėda University
egle.baltranaite@ku.lt
Research results will be available from Eglė after April 2020.
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