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Abstract

This study examines the transformation of environmental governance processes in recre-
ational tourism in Turkey and Lithuania through artificial intelligence (Al)-supported
waste management applications. The research focuses on the contributions of Al-based
applications to sustainable destination management, environmental sustainability, and
data-driven governance processes. A case study design was used within the framework
of qualitative research methods. The dataset was obtained through semi-structured in-
terviews with a total of 40 experts from Turkey and Lithuania. The data were analyzed
using content analysis with the NVivo 14 program. The research findings reveal significant
differences between the two countries in terms of digital infrastructure, institutional co-
ordination, governance structures, and Al integration capacity. In Turkey, Al-supported
waste management applications are still in their development phase; processes are largely
shaped by managerial initiative, project-based approaches, financial constraints, and lack
of institutional coordination. In contrast, Lithuania exhibits a more systematic and in-
stitutionalized digital governance structure thanks to EU-supported environmental and
digitalization policies. However, data security, system sustainability, and high technology
costs in small-scale recreation areas stand out as significant problem areas for Lithuania.
This study addresses an underexplored intersection between artificial intelligence applica-
tions and environmental governance within recreational tourism contexts, contributing to
the emerging literature on digital transformation in sustainable destination management.
The findings reveal that Al-supported environmental management systems have significant
potential to strengthen sustainable tourism management, increase operational efficiency,
and support data-driven sustainable destination strategies. These findings offer practical
implications for destination managers and policy makers by highlighting how Al-enabled
environmental governance systems can enhance sustainability-oriented decision-making
and improve operational efficiency in recreational tourism areas.

Keywords: tourism; recreation; artificial intelligence; environmental governance; waste
management; smart destination management
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1. Introduction

Despite the contribution of tourism activities to economic growth, their relationship
with environmental sustainability appears to be complex and, at times, contradictory. The
literature indicates that intensive tourism activities are associated with problems such as
carbon emissions, natural resource consumption, and environmental pollution [1]. Fossil
fuel-based transportation, increasing energy consumption, and infrastructure develop-
ment exceeding carrying capacity are considered to intensify climate change, habitat loss,
and environmental degradation processes [2—4]. In this context, recreational areas, which
constitute one of the important application fields of sustainable tourism, attract atten-
tion with their environmental, social, and economic dimensions. Recreational areas and
nature-based tourism destinations are regarded as spaces providing significant ecosystem
services in terms of biodiversity conservation, maintenance of natural cycles, and balancing
carbon emissions [5,6]. In this respect, recreational areas can be considered important in
establishing a balance between economic benefits and ecological conservation.

Recreational tourism activities are increasingly recognized as important components
of sustainable tourism due to their positive contributions to individual and societal well-
being. Participation in recreational activities has been reported to support mental health
and overall quality of life by helping to reduce stress, anxiety, and depression levels [7-10].
Therefore, tourist recreation can be regarded not only as a leisure activity but also as a
process supporting the development of environmentally responsible social behaviors [11].
Environmentally responsible social behaviors refer to individual actions that contribute
to environmental protection, resource conservation, waste reduction, and sustainable use
of natural areas. Recreational tourism activities may support the development of such
behaviors by increasing environmental awareness, encouraging direct interaction with
natural environments, and fostering positive attitudes toward environmental stewardship
and sustainability. Nevertheless, the growing interest in recreational areas and increasing
visitor density may generate various environmental pressures on ecosystems. The literature
indicates that intense visitor mobility in popular recreational areas is associated with
physical impacts such as vegetation degradation, soil compaction, and the displacement
of wildlife from their habitats [12]. It can be argued that the increasing human presence
creates pressure on natural cycles, thereby constituting a significant risk for the long-term
sustainability of tourism [13].

Waste Management and Localized Governance

Waste management problems, natural resource consumption, and environmental
degradation resulting from visitor pressure are recognized as major factors complicating
sustainability in recreational tourism areas. Therefore, tools such as visitor planning,
sustainable management of recreational tourism areas, regulation of entrance and visitation
processes, and the implementation of demand management strategies are considered
functional in reducing environmental pressures [14]. This is because waste generation
and transportation-based carbon emissions arising from tourism activities are reported to
increase pressures on ecological balance [15-17]. Such conditions may lead to a decline in
the touristic attractiveness of natural recreational areas over time and transform destinations
into structures that consume their own natural resources [18-20]. The increasing volume
and complexity of waste generated in recreational tourism create significant management
challenges for destination managers and public authorities. Traditional waste management
approaches often struggle to provide real-time monitoring, efficient resource allocation, and
data-driven decision-making in rapidly changing tourism environments. Consequently,
the need for digital solutions capable of supporting more effective monitoring, planning,
and environmental governance processes has become increasingly evident. In this context,
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the transfer of digital transformation processes into tourist recreational areas has become
increasingly important.

Recent literature on waste management in tourism and recreational areas empha-
sizes the increasing role of digital technologies and data-driven systems in enhancing
environmental performance. Studies highlight that artificial intelligence, sensor-based
monitoring systems, and smart waste collection technologies significantly improve op-
erational efficiency, resource optimization, and environmental sustainability outcomes.
In parallel, the governance dimension of waste management has shifted toward more
localized and multi-actor structures, where municipalities, tourism operators, and local
stakeholders jointly contribute to environmental decision-making processes. Within this
context, localized environmental governance is increasingly conceptualized as a hybrid sys-
tem that combines institutional coordination, community participation, and technological
integration. Empirical studies further suggest that the effectiveness of waste management
systems in recreational and tourism destinations is highly dependent on the degree of
institutional collaboration, digital infrastructure capacity, and policy coherence at the local
level. Therefore, contemporary research calls for integrated analytical approaches that
jointly consider technological innovation and governance structures in understanding
sustainability transitions in waste management systems [21-23].

The literature emphasizes that technological developments are not merely tools en-
hancing economic efficiency but also innovative solutions supporting the achievement
of sustainable development goals [24]. Accordingly, the integration of technology into
decision-making processes may contribute to the more planned, rapid, and data-driven
implementation of environmental policies. Al-supported environmental monitoring sys-
tems are used to track environmental changes occurring in natural areas, analyze risks,
and identify potential ecological threats in advance [25]. In this regard, artificial intelli-
gence technologies may contribute to conducting environmental policy processes in a more
proactive manner.

It is widely recognized that uncontrolled waste generation constitutes one of the
most significant environmental problems caused by increasing tourist mobility, and Al-
supported systems provide various solutions in this field. The literature states that “smart
waste collection systems” optimize collection processes by analyzing fill levels through
sensor technologies. In addition, Al-based waste classification systems are reported to
separate different waste types more rapidly and accurately [26]. Such developments may
contribute to conducting waste management processes in a more planned, sustainable, and
circular economy-oriented manner. Increasing visitor density and the associated growth in
waste generation in recreational tourism areas can therefore be considered an important
source of environmental pressure. Al-supported waste management systems developed
within the framework of digital sustainability are recognized as having significant potential
to reduce pollution, optimize resource use, and decrease pressure on habitats.

The originality of this study is considered to stem from its integration of different disci-
plines, including recreation, sustainable tourism, environmental governance, and artificial
intelligence technologies, within a holistic framework. The literature indicates that Al appli-
cations have predominantly been examined in areas such as tourist experience, marketing
processes, and service optimization, whereas studies addressing their use in the context
of environmental sustainability and waste management remain relatively limited [27]. In
this respect, the present study is important because it conceptualizes artificial intelligence
technologies not merely as tools ensuring operational efficiency but also as strategic man-
agement components supporting environmental protection and sustainable destination
management. Another significant aspect of the study is its comparative perspective based
on the cases of Turkey and Lithuania. Through comparing these two countries, which
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differ in terms of environmental policy approaches, digital transformation processes, and
recreational area management strategies, it becomes possible to evaluate more comprehen-
sively how Al-supported environmental management practices are shaped within different
governance structures. This may contribute to a better understanding of both the universal
dimensions and local differences of sustainable destination management practices.

Environmental governance has evolved from traditional command-and-control ap-
proaches toward more adaptive and collaborative governance arrangements that involve
multiple stakeholders in environmental decision-making processes. Contemporary envi-
ronmental governance emphasizes institutional coordination, stakeholder participation,
information sharing, and the capacity of governance systems to respond effectively to
complex environmental challenges [28,29]. Within this perspective, adaptive governance
provides a useful analytical framework for understanding how digital technologies sup-
port environmental management by enhancing learning capacities, improving monitoring
systems, facilitating real-time decision-making, and strengthening institutional respon-
siveness. Recent studies suggest that artificial intelligence technologies can function as
governance-enabling mechanisms by supporting data-driven environmental monitoring,
improving resource allocation, and facilitating coordination among governmental agencies,
tourism operators, local communities, and environmental organizations. Accordingly,
this study adopts an adaptive environmental governance perspective to analyze how
Al-supported waste management systems contribute to institutional coordination, decision-
making processes, and sustainable environmental management practices in recreational
tourism destinations [30-33].

From a managerial perspective, the study is expected to provide a guiding framework
for Destination Management Organizations, local governments, and environmental policy-
makers regarding data-driven and technology-supported sustainability practices. Examin-
ing the applicability of Al-supported systems for solving increasing waste management
problems in recreational areas may contribute to the development of future environmental
policies and sustainable tourism strategies. Furthermore, this study may help address
practice-oriented gaps in the literature concerning digital sustainability, smart destination
management, and environmental governance, while also providing a framework for more
comprehensive research on technology-supported environmental management practices in
recreational tourism areas.

Recent studies have increasingly highlighted the transformative role of artificial intel-
ligence in sustainable waste management systems. Al-supported technologies contribute
to waste classification, monitoring, prediction, route optimization, recycling efficiency,
and data-driven environmental decision-making processes. Furthermore, the integration
of Al with digital monitoring systems, sensors, and advanced data analytics has been
identified as a key driver for improving operational efficiency and supporting circular
economy objectives. Recent reviews also emphasize that technological innovation alone
is insufficient for successful implementation; institutional capacity, policy support, gover-
nance structures, and stakeholder coordination remain critical determinants of long-term
effectiveness. Despite these advances, empirical research examining the integration of
Al-supported waste management systems within environmental governance frameworks
in recreational tourism areas remains limited [34,35].

In this context, the aim of the study is to examine the role of Al-supported waste
management applications in the institutional transformation processes associated with the
transition toward sustainable smart destinations in the recreation and tourism sector in
Turkey and Lithuania. In line with this aim, the following research objectives are addressed:

e To analyze the structure and functioning of current waste management practices in
the recreation and tourism sectors in Turkey and Lithuania.
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e Toreveal how Al-supported waste management applications have emerged in these
sectors and how they have been integrated into institutional structures.

e  To identify the institutional, managerial, and political factors influencing the adoption
process of Al-based applications.

e  To evaluate the effects of these applications on environmental governance processes,
including decision-making, coordination, and stakeholder interaction.

e  To comparatively analyze the similarities and differences between Turkey and Lithua-
nia in terms of the implementation of Al-supported waste management applications
and institutional transformation processes.

e To reveal the contributions and limitations of these applications in the transition
process toward sustainable smart destinations.

Despite the growing body of literature on artificial intelligence applications in tourism
and environmental management, there remains a limited understanding of how Al-
supported systems are integrated into waste management processes within recreational
tourism areas from a governance perspective. Existing studies tend to focus either on
technological applications or sustainability outcomes in isolation, while the intersection of
Al environmental governance, and destination-level waste management remains underex-
plored. Furthermore, comparative empirical evidence from different institutional contexts
is still scarce. Addressing this gap, the present study investigates how Al-supported waste
management practices transform environmental governance processes in recreational
tourism areas by providing a comparative analysis of Turkey and Lithuania. In doing so,
the study contributes to bridging the gap between digital transformation literature and
environmental governance studies in tourism contexts.

This study makes several incremental contributions to the existing literature on envi-
ronmental governance, artificial intelligence, and sustainable tourism. First, it extends prior
research by integrating Al-supported waste management systems into the analytical frame-
work of environmental governance, with a specific focus on recreational tourism areas.
Second, unlike previous studies that primarily examine single-country cases or technologi-
cal applications in isolation, this research provides a comparative analysis of Turkey and
Lithuania, highlighting how differing institutional capacities and governance structures
shape the adoption and effectiveness of Al-driven environmental management systems.
Third, the study contributes methodologically by employing a qualitative, cross-national
design supported by NVivo-based thematic analysis, offering a nuanced understanding of
governance transformation processes. Accordingly, this manuscript should be considered
as an extension rather than a replication of previous work, as it introduces new empirical
evidence, a comparative governance perspective, and an Al-integrated analytical lens that
collectively advance current scholarly discussions.

2. Results

Under the findings section of the study, the results obtained from interviews conducted
with experts from both countries are presented. Expert responses were categorized by the
researchers and transformed into findings through thematic analysis. The findings obtained
were visualized through tables and figures and presented to the reader. In addition, to
interpret the findings and provide a more in-depth analysis, direct quotations from expert
responses were incorporated into the text.

Experts from Turkey and Lithuania were asked the following question: “How do you
evaluate the current waste management processes implemented in recreational tourism
areas in your country?” Expert opinions were transformed into findings through thematic
coding and analysis methods and are presented in Table 1 below.
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Table 1. Current waste management processes in Turkey and Lithuania.

Main Themes

Turkey

Lithuania

Adequacy of the current
system

Generally insufficient;
continuity and
standardization problems
are evident

Generally adequate; a more
stable and standardized
structure

Operational processes

Collection-focused,
reactive, and inconsistent;
waste separation practices

More planned and
systematic; waste
separation practices are

are limited widespread

Low; data-driven
monitoring and
digitalization are limited,
and institutional
coordination is weak

Moderate; partial
digitalization is present,
and the institutional
structure is more coherent

Technological and
institutional maturity

Experts from Turkey and Lithuania evaluated the current waste management pro-
cesses implemented in recreation-based tourism areas. According to the findings obtained,
although common themes emerged in both countries, it was observed that the two countries
face different challenges in their implementation processes.

Despite the existence of an operational system in recreational and tourism areas in
Turkey, the findings indicate that this system does not function effectively. It is understood
that there is no standardized process, that a predominantly reactive approach is adopted,
and that the existing structure is fragmented and inconsistent. In addition, inspection
processes and waste collection and separation practices in Turkey appear to lack a sustain-
able character. Furthermore, institutionalization and a data-driven governance model are
considered relatively weak. Experts described these problems as follows:

“I can say that the process in Turkey is regional and seasonal due to the tourism potential.
Issues such as regular waste collection and attention to recycling exist; however, as I
mentioned, this situation is only seasonal and regional. It is known that there is no
holistic structure covering recreational areas and the country as a whole” (Tourism Area
Manager/Turkey). “There is no major problem in collecting waste and transferring it to
specific centers; however, processes such as monitoring, classification, separation, and
preparing waste for recycling are almost non-existent” (Environmental Technologies Ex-
pert/Turkey). “If I were to make a general evaluation, I would say that waste management
processes are not functional. There are many studies on this issue as well. We have a par-
tial, irreqular, and ineffective process in creating and managing sustainable destinations”
(Academic/Turkey). “Waste management processes in our country are carried out based
on human labor. Unfortunately, there is no digitalized process. Therefore, monitoring
and tracking cannot be effectively conducted” (Digital Transformation Expert/Turkey).

According to experts from Lithuania, current waste management processes operate in
a more regular and systematic manner. The findings also reveal the existence of a rule-based
order regarding waste separation practices. Although the Lithuanian system is considered
more organized, regulated, and systematic compared to Turkey, certain limitations still exist,
particularly in recreational areas and fields requiring advanced technological integration.
Due to these limitations, while waste management processes in Lithuania are regarded as
relatively adequate and organized, smart and digital waste management systems are still
considered open to further development and support.

“I can say that municipalities in Lithuania have gradually established an order, especially
regarding waste collection, separation, and recycling. The rules are clear and explicit.
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There is a joint effort by local and central governments for both environmental and
economic sustainability” (Local Government Representative/Lithuania). “There is a
systematic operation in waste collection and separation. There are collection and transfer
points, and thanks to waste collection machines, a systematic process based on waste
monitoring has emerged” (Waste Management Expert/Lithuania). “Digitalization needs
to accelerate. All institutions and operational processes are now organized in virtual
environments. Since waste management directly concerns people and cities, technol-
ogy should be utilized at the highest level” (Digital Transformation Expert/Lithuania).
“Our main deficiency is the digitalization of waste management processes. In fact, as
a country, we are strong in terms of technological infrastructure. Many institutions
and organizations benefit from this infrastructure. Municipalities should be supported,
budgets should be allocated, and incentives should be provided. In this way, the expected
benefits from collection, separation, and recycling can be increased” (Environmental
Technologies Expert/Lithuania). “Research conducted in different countries and sectors
reveals that digitalization processes are accelerating. Education and healthcare are among
the leading sectors in this regard. This issue is also particularly emphasized in studies on
the environment and climate change. Technology transfer should be supported, and the
necessary steps should be taken” (Academic/Lithuania).

Evaluations conducted in the contexts of Turkey and Lithuania indicate that both
countries possess waste management systems. However, waste management systems in
Turkey appear to have an irregular and fragmented structure, which hinders the establish-
ment of an effective management process. In Lithuania, unlike Turkey, waste collection and
separation processes appear to function within a more integrated structure. A rule-based
and systematic management process stands out. Nevertheless, the need for technology
transfer and the digitalization of waste management processes can still be considered
a significant deficiency. In this regard, based on expert opinions, Lithuania appears to
manage waste collection and separation processes in recreation and tourism areas more
effectively than Turkey.

Experts from Turkey and Lithuania were also asked the following question: “Which
institutional factors (policies, legislation, organizational structure, etc.) have influenced
the adoption process of Al-supported waste management applications in your institu-
tion/field?” Expert opinions were transformed into findings through thematic coding and
analysis methods and are presented in Table 2 below.

Table 2. Adoption of Al-Supported waste management processes.

Main Themes Turkey Lithuania

National environmental
policies and local
initiatives are influential;
however, inconsistencies in
implementation persist

EU environmental policies
and standardized
governance structures play
a decisive role

Policy and legislative
influence

Leadership-oriented, More coordinated,
o ject-based, and systematic, and
I 1 projectzbased, s and
nstitutional structure institutionally fragmented  policy-based institutional
structure structure

Digital infrastructure and  Digital readiness levels and
institutional capacity are technological support
limited mechanisms are stronger

Digital and financial
capacity
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The responses provided by experts to the second question of the study indicate
that different institutional factors play a prominent role in the adoption of Al-supported
waste management applications in Turkey and Lithuania. It can be argued that insti-
tutional capacity and country-specific dynamics shape this process alongside varying
motivational factors.

In Turkey, the integration of Al into waste management practices appears to be shaped
around managerial responsibility and initiative, project-based approaches, and digital
transformation visions associated with technology transfer processes. Despite the existence
of legal frameworks and environmental regulations in Turkey, inequalities in technological
capacities among institutions, lack of cooperation and coordination, and imbalances in
institutional technological infrastructures are clearly identified as major barriers within
the process.

“Al-supported technological investments are being implemented in waste collection and
separation processes in many tourism areas. However, these investments are known to
remain limited to specific projects. Moreover, the outcomes largely depend on whether one
or more individuals take ownership and provide leadership during these projects. In other
words, the process is carried out in a person-dependent manner rather than through an
institutionalized structure” (Recreation Area Manager/Turkey). “The legislation is very
clear. There are many legal regulations regarding environmental protection, not only
in recreation or tourism areas but in general. However, our main problem is implemen-
tation. There is no deterrence, and monitoring mechanisms regarding the enforcement
of laws remain weak. People do not show the necessary sensitivity” (Local Government
Representative/Turkey). “Unfortunately, there is no balanced distribution in digital trans-
formation. Not every institution has the same technological infrastructure, level of use,
or level of knowledge. Therefore, unity cannot be achieved during transition processes.
While some institutions move significantly forward, others remain behind” (Digital
Transformation Expert/Turkey). “Cooperation and coordination within institutions are
weak. For example, information technology units exist, but when coordination fails, the
level of utilization and benefit decreases considerably. Processes are generally carried
out through managers, and this situation causes disruptions” (Digital Transformation
Expert/Turkey).

Unlike Turkey, Lithuania appears to possess stronger institutional cooperation and co-
ordination mechanisms, supported by a more developed digital infrastructure. In addition,
as a member of the European Union, EU environmental policies can be considered an im-
portant driving force and motivational factor in Lithuania. In particular, the integration of
technology into the management of sustainable recreational tourism areas has enabled the
emergence of a more systematic structure. Despite these positive developments, increasing
digital investment costs and decreasing technical capacity in small-scale recreational areas
remain among the main challenges.

“The sharing of all datasets among institutions in the country accelerated the digitalization
process. This also includes tourism and recreational areas. Therefore, the greatest advan-
tage in this process can be considered inter-institutional cooperation” (Local Government
Representative/Lithuania). “EU environmental policies and standardized practices have
positively affected waste collection and recycling practices in recreational areas” (Recre-
ation Area Manager/Lithuania). “EU support programs and funds have been highly
decisive in strengthening technological infrastructure. Large-scale investments aimed
at improving the digital network across Lithuania have provided significant advantages.
Naturally, these advantages have also been reflected in the tourism and recreation sectors”
(Al and Digital Transformation Expert/Lithuania). “Research conducted across different
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disciplines in Lithuania reveals that institutional structures and collective processes in
the country are more holistic. Cooperation is based more on a culture of mutual support
than on competition among institutions. This is considered the greatest advantage”
(Researcher/Lithuania).

The comparative evaluation conducted for both countries is summarized in Figure 1
below and presented to the reader. From a comparative perspective, the differences between
the two countries are clearly demonstrated.

I ™

1. Adoption Adoption is primarily driven by Adoption is characterized by a more
Pattern managerial initiative and institutionalized and systematic
project-based implementation. structure.
2. Institutional Institutional functioning is constrained A more organized, institutionalized,
Structure by coordination problems and and systematic structure
limited inter-organizational is evident.
cooperation.
3. Main Processes are shaped mainly by EU policies serve as an important
Determinants local managerial efforts and source of motivation and
project initiatives. strategic quidance.
4. Problem The principal challenge is the Rising costs in small-scale
Areas incomplete institutionalization of recreation areas remain the main
Al-supported waste management issue requiring further attention.
practices.

The comparison indicates that Al-supported waste management in Turkey advances
largely through initiative- and project-based efforts, whereas in Lithuania it is supported
by a more institutionalized and policy-driven governance structure.

Overall Interpretation

\

Figure 1. Comparative adoption patterns of AI-Supported waste management.

When a comparison is made between Turkey and Lithuania, it becomes evident that
the adoption and dissemination of Al-supported waste management processes in Turkey
are largely shaped by managerial initiative and project-based acceptance processes. It can
be argued that institutional functioning remains disrupted, cooperation mechanisms are
insufficient, and therefore the process is still far from full institutionalization. In contrast, a
more institutionalized and systematic structure stands out in Lithuania, where EU policies
appear to function as an important source of motivation. Nevertheless, increasing costs in
small-scale recreational areas continue to create certain operational challenges in Lithuania
that require further solutions.

Experts from Turkey and Lithuania were asked the following question: “From the per-
spective of environmental governance, how do Al-based waste management applications
affect decision-making processes in your country?” Expert opinions were transformed into
findings through thematic coding and analysis methods and are presented in Table 3 below.

A closer examination of the findings regarding Al support in decision-making pro-
cesses reveals that the differences emerging between Turkey and Lithuania in implementa-
tion practices are highly pronounced. It can be argued that these differences are primarily
shaped by variations in technological infrastructures, institutional capacities, and social
structures in the two countries.

Experts in Turkey reported that Al-supported waste management applications provide
significant contributions in terms of planning, field intervention, operational management,
and site supervision processes. However, it is understood that institutions have not yet
fully adopted data-driven approaches within planning and management processes. The
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findings indicate that the human factor remains dominant and that managerial discretion
continues to play a decisive role in decision-making processes. Furthermore, due to the
weak development of a data-driven governance culture, communication and coordination
among institutions also remain limited. Consequently, Al-supported applications in waste
management decision-making processes within tourist recreational areas in Turkey appear
to remain relatively restricted.

Table 3. Al-Supported waste management applications in decision-making processes.

Main Themes

Turkey Lithuania

Data-driven decision-making

Data-oriented and systematic

Dat. is developing; the h . . .
ala usage 1s developing, the uman decision-making structure is

factor still remains decisive

dominant
Operational plannin Partial improvement in field More optimized and predictive
p p & planning operational structure

Institutional coordination

Coordination and data sharing are

limited Strong institutional coordination

Digital infrastructure

Technological integration is limited =~ High level of digital integration

Transparency and traceability

Monitoring and evaluation capacity =~ Decision-making processes are more
are limited measurable and observable

“Particularly during tourism seasons, Al-supported applications provide major opportu-
nities in terms of time and cost efficiency for identifying visitor density, planning areas,
and collecting generated waste. However, the absence of such infrastructure across all re-
gions and destinations damages overall integration, and this is essentially a technological
infrastructure issue” (Recreation Area Manager/Turkey). “Of course, it is a tremendous
opportunity. We are living in the age of technology, and it should be used more extensively
in tourist and recreational areas as in every field. But are institutions, clubs, or tourism
facilities ready for this? Can cooperation and coordination be ensured? The answer
is no” (Tourism Area Manager/Turkey). “We do not have a data-based or systematic
mechanism. Each institution maintains its own records according to the decisions of its
managers. This situation constitutes the greatest barrier to coordination. There is no
common platform or shared environment for data exchange. Therefore, the use of Al-
supported tools remains limited” (Artificial Intelligence Expert/Turkey). “Individuals and
managers are still decisive in the management of these areas. Since the process depends
on managerial initiative, employees wait for decisions from their managers rather than
focusing on technology use, and they act according to those decisions” (Local Government
Representative/Turkey). “Because decision-making processes remain dependent on upper
management, we cannot ensure technology transfer into waste management processes.
As a result, the level of use remains limited” (Digital Transformation Expert/Turkey).

Compared to Turkey, Al-supported waste management processes in Lithuania appear
to be integrated into governance structures in a more systematic manner. In these processes,
the implementation of data-oriented decision-making mechanisms is particularly note-
worthy. Environmental protection, monitoring activities, cooperation, and coordination
processes appear to complement one another. It is evident that Al-supported waste manage-
ment processes are implemented with strong institutional support in Lithuania. According
to Lithuanian experts, Al-supported applications contribute to transparency, visibility, and
sustainable environmental planning within governance processes. Despite these positive
developments, concerns related to data security, the long-term sustainability of systems,
and the further development of advanced digital applications continue to be emphasized.
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TURKEY

reader. Through a comparative evaluation, the distinctions between the two countries are

“The fact that institutions throughout the country operate in a data-oriented manner
and have rapidly improved institutional integration processes is positively reflected in
waste management practices as well. Particularly in decision-making processes, the
use of real-time data rather than human-centered approaches increases operational effi-
ciency” (Environmental Technologies Expert/Lithuania). “Tourism-based recreational
areas are locations with extremely high levels of human mobility. Monitoring and tracking
these areas through digital tools make major contributions to sustainable environmen-
tal management” (Tourism Area Manager/Lithuania). “Above all, this technological
infrastructure supports a transparent management style. Human factors are open to
error, whereas these technological initiatives minimize the margin of error. This situa-
tion provides advantages regarding accountability and institutional monitoring” (Local
Government Representative/Lithuania). “In recent years, interdisciplinary research in
areas such as Al, environment, tourism, and recreation has demonstrated that digital
transformation provides significant convenience. However, the most criticized issue
concerns data privacy and security. Stricter rules and practices should be introduced in
this regard. Moreover, this digital transformation should not be abandoned; instead, it
should be implemented permanently across all institutions and sectors and continuously
improved” (Researcher/Lithuania).

The differences identified are summarized in Figure 2 below and presented to the
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The differences between the two countries can be attributed to governance culture, institutional capacity, and technological
infrastructures. While Lithuania demonstrates a systematic operational model, Turkey can be considered to be in a transition process.

Figure 2. Comparative perspectives on Al-Based waste management process.

The findings clearly demonstrate that differences in infrastructure, institutional struc-

tures, and implementation practices significantly affect Al-supported waste management

decision-making processes in both countries. In Turkey, it is evident that digital infrastruc-

ture needs to be strengthened, human-centered governance practices should be reduced,

and inter-institutional communication and coordination mechanisms should be improved.

In Lithuania, by contrast, digital transformation appears to operate within a more sys-

tematic and coordinated structure. Nevertheless, issues such as ensuring the long-term

sustainability of technology integration, further technological development, and concerns
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related to data privacy and security remain areas requiring further improvement. The
differences observed between the two countries can largely be associated with variations
in management culture, institutional capacity, and technological infrastructure. While
Lithuania demonstrates a more systematic operational structure, Turkey can be in a transi-
tional phase.

Experts from Turkey and Lithuania were asked the following question: “What are
the main challenges encountered during the implementation of these technologies in your
country?” Expert opinions were transformed into findings through thematic coding and
analysis methods and are presented in Table 4 below.

Table 4. Challenges encountered in the use of Al-Supported applications.

Main Themes

Turkey Lithuania

Digital infrastructure challenges

Infrastructure is stronger; however,

Digital infrastructure and data there is a continuous need for system

integration are insufficient

updates
. . . Lack of financial resources and cost ~ Cost and maintenance burdens are
Financial and operational challenges . .
pressures are more pronounced more evident in small-scale areas
e . . Problems related to user adaptation
Human resources and institutional Lack of technical personnel and high P

resistance

and adjustment to the pace of

levels of institutional resistance .
transformation are observed

Data security and sustainable

management

Deficiencies in data security and Data security and sustainable
long-term strategic planning are technology management are
evident prioritized

There are various challenges and barriers encountered in the implementation of Al-
supported waste management applications in tourist recreational areas in Turkey and
Lithuania. Although the challenges identified in both countries converge around common
themes, different difficulties become more prominent in practice due to variations in
infrastructure, financial capacity, institutional potential, and governance capabilities.

The major challenges observed in Turkey include institutional resistance to digital
transformation, limited financial resources, the ongoing transitional nature of technological
infrastructure, and the shortage of qualified technical personnel. In addition, the lack of
data-centered integration significantly restricts the development and effective implementa-
tion of Al-supported applications.

“The fundamental problem in Turkey is that institutional transformation has not yet
been fully achieved. Data integration among institutions has not been established.
Of course, insufficient digital infrastructure is a determining factor in this regard”
(Researcher/Turkey). “As technology advances, it becomes more expensive. Therefore,
larger budgets and a nationwide transformation process are required. In short, more
financial investment is needed” (Digital Transformation Expert/Turkey). “More people
need to be trained in the field of technology. Education directly focused on artificial
intelligence should be provided. As the number of qualified individuals in this field
increases, technology acceptance may develop more rapidly. One of the major problems
institutions faces is the inability to find qualified personnel in this area” (Artificial
Intelligence Expert/Turkey).

Compared to Turkey, Lithuania demonstrates a more institutionalized structure. Nev-
ertheless, the primary challenges encountered in Lithuania are associated with the sustain-
able operation of existing systems, the continuous need for technological updates, and con-
cerns regarding data security. Furthermore, the high costs of implementing Al-supported
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TURKEY

=)

o]

@

systems in small and fragmented recreational areas reflect the financial dimension of

these challenges.

“Digital transformation is being implemented within institutions, particularly in the
tourism, recreation, and sports sectors. However, there is a long-term challenge here. This
transformation must become sustainable, and updates that allow global competitiveness
must continuously be implemented. Technology changes every day, and keeping pace
with this change is inevitable” (Local Government Representative/Lithuania). “Change
is occurring very rapidly. Adapting the existing infrastructure to these developments
is an extremely challenging process. This process must be monitored very closely”
(Researcher/Lithuania). “Today, all management processes are data driven. The greatest
challenge here is ensuring the security of these data. The storage and protection of
personalized data such as facial recognition and fingerprints are becoming increasingly
difficult. We live in a cyber world, and cybersecurity is one of the greatest challenges”
(Artificial Intelligence Expert/Lithuania). “The recreational area I manage is probably one
of the smallest in the country. Installing digital systems here is technically possible, but
it would perhaps double the costs. This is exactly where we face difficulties” (Recreation
Area Manager/Lithuania).

The comparative evaluation conducted for both countries is summarized in Figure 3

below. Through comparative interpretation, the differences between the two countries are

presented clearly to the reader.

EARLY-STAGE INSTITUTIONAL AND

DIGITAL TRANSFORMATION
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These factors place Turkey under significant pressure in
implementing and scaling Al-supported waste management
systems in tourist-recreation areas.

Challenges differ based on country contexts,
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+ Ensuring the long-term sustainability of
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NEED FOR CONTINUOUS UPDATES

« Frequent updates and technological
improvements are necessary.

+ Keeping systems up to date requires
ongoing investment and management.

DATA SECURITY REQUIREMENTS

« Data security, privacy, and compliance with
regulations are major priorities.

« Increasing cyber risks demand robust
security frameworks.

COST CONCERNS IN FRAGMENTED CONTEXT
* The fragmented and small-scale structure

of recreation areas raises cost concerns.
* Cost-effectiveness of Al-supported systems

is frequently questioned.

These factors lead Lithuania to focus on system
sustainability, update needs, data security, and
cost-effectiveness considerations.

between Turkey and Lithuania

Turkey struggles mainly
financial i

Challenges in Al-supported waste in touri areas vary
due to differences in instituti structures, p an
OVERALL with foundational institutional and digital transformation issues, including infrastruct: 3
EVALUATION and lack of qualified human resources. Lithuania, despite its advanced digital infrastructure, faces critical needs related to

system sustainability, update requirements, and data security, while the fragmented and small-scale structure of areas
leads to concerns about the cost-effectiveness of Al-supported systems.

Figure 3. Comparative challenges of AI-Supported waste management.

The challenges encountered in Al-supported waste management applications in tourist

recreational areas vary according to national structures, governance processes, and techno-

logical infrastructures. Turkey continues to face difficulties in the most fundamental stages

of institutional and digital transformation. Deficiencies in technological infrastructure,

limited financial resources, and the shortage of qualified personnel constitute major barriers
for Turkey. Although Lithuania appears to be ahead of Turkey in terms of digital infras-
tructure, significant concerns remain regarding the sustainability of existing systems, the
continuous need for technological updates, and data security. In addition, the fragmented
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and small-scale structure of recreational areas in Lithuania leads to increasing concerns
regarding the high costs of Al-supported systems.

Experts from Turkey and Lithuania were asked the following question: “How do you
evaluate the contribution of Al-supported waste management applications to sustainability
goals in recreational tourism areas in your country?” Expert opinions were transformed into
findings through thematic coding and analysis methods and are presented in Table 5 below.

Table 5. Contributions of AI-Supported applications to sustainability goals.

Main Themes

Turkey

Lithuania

Environmental
performance and waste
reduction

High contribution
potential; however, the
practical impact remains
limited

Contributions are more
visible; monitoring and
recycling processes are
more systematic

Resource efficiency and
operational sustainability

Route and resource
optimization are still in the
development phase

Resource utilization and
operational efficiency are
stronger

Data-driven sustainability
management

Data quality and
monitoring capacity are
limited

Data-driven
decision-making and
performance monitoring
are more institutionalized

Sustainable destination
image and visitor
experience

Offers opportunities in
terms of clean area and
destination image

More strongly supports the
perception of a sustainable
destination

Implementation limitations
and long-term impact

Problems related to
financing, infrastructure,
and institutionalization are

Cost-effectiveness, data
security, and system
sustainability are the

evident primary concerns

In both countries, Al-supported waste management applications are expected to
make significant contributions to sustainable recreational tourism areas. Experts from
Turkey and Lithuania emphasized the high potential of these applications in optimizing
waste collection processes, monitoring environmental impacts, improving planning in
natural resource use, digitalizing recycling processes, and supporting the perception of
sustainable destinations.

In Turkey, Al-supported applications in recreational tourism areas are still consid-
ered to be in the developmental stage. Nevertheless, these systems are primarily used
as environmental impact monitoring tools. At the same time, they contribute to reduc-
ing waste generation, supporting planning processes related to natural resource use, and
strengthening the perception and image of sustainable recreational areas. However, finan-
cial limitations regarding the development of Al systems and digital infrastructure are
regarded as major obstacles. In addition, low data quality, insufficient data capacity, and
limited institutionalization processes are identified as other significant barriers.

“The use of these systems in recreational areas is still very new. However, even though
they are used within a limited scope, they provide significant convenience. They greatly
facilitate waste tracking, planning collection schedules, and monitoring waste processes”
(Local Government Representative/Turkey). “In fact, there is no direct problem related
to tourism itself, but these systems are extremely important for monitoring recreational
tourism areas, protecting resources, and carrying out monitoring processes. At the same
time, they make it possible to support management processes through digital tools” (Re-
searcher/Turkey). “Greater budgets and stronger support are required for the widespread
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implementation of Al systems and other digital tools. The issue is not only financial;
institutions must also adopt this process. We need to move away from traditional methods.
In other words, both financial and institutional support are inevitable” (Digital Trans-
formation Expert/Turkey). “With increased financial resources, more advanced systems
could be established. This would enable access to larger and higher-quality datasets.
Otherwise, the use of these systems remains limited” (Al Expert/Turkey).

Compared to Turkey, Lithuania demonstrates a more systematic and integrated struc-
ture. In particular, the strong technological infrastructure in the country facilitates the
continuous monitoring and evaluation of environmental impact indicators. Furthermore,
unlike Turkey, data-driven decision-making processes appear to be institutionalized within
governance structures. As a result, the perception of sustainable destinations in recreational
areas is stronger. However, the need for continuous system updates, concerns regarding
data privacy and security, and the high costs associated with small-scale recreational areas
remain significant issues requiring attention.

“Lithuania has allocated significant budgets to digitalization in recent years. Govern-
ments and administrators also strongly support this process. As a result, we have gained
considerable momentum. We are trying to implement data-driven governance processes
across all institutions” (Public Authority Representative/Lithuania). “Monitoring and
evaluation systems are extremely useful in recreational tourism areas. The data collected
are analyzed by senior administrators. This provides a major advantage for the sustain-
able destinations you mentioned. We can access management planning processes for
recreational areas throughout the country from a single digital platform” (Tourism Area
Manager/Lithuania). “As I mentioned in one of your previous questions, the greatest
disadvantage of digital systems is the constant need for updates. These systems require
continuous monitoring and improvement. Data storage and security must also be en-
sured. These are now the issues that should be emphasized. As a country, we possess a
significant technological infrastructure” (Digital Transformation Expert/Lithuania).

The comparative evaluation conducted for both countries is summarized in Figure 4
below. Through a comparative interpretation, the differences between the two countries
are presented to the reader following the figure.

When the two countries are compared, it becomes evident that Turkey demonstrates
a manager-oriented process that remains relatively distant from full institutionalization.
Although Al-supported systems are perceived as having considerable potential, these
applications are still in their early stages of development. In this regard, the comparatively
weaker technological infrastructure in Turkey, relative to Lithuania, appears to be a deter-
mining factor. Furthermore, financial limitations associated with strengthening the existing
infrastructure constitute another significant challenge that Turkey must overcome.

In Lithuania, by contrast, digital transformation appears to have become institution-
alized and is managed through a more systematic structure. Al systems integrated into
sustainable destination processes contribute significantly to planning, monitoring, control,
and supervisory mechanisms. Nevertheless, concerns related to the continuous updating
of these systems, as well as the storage and protection of large-scale data, are considered
priority issues for Lithuania.

Based on the comparative findings presented in Tables 1-5 and Figures 14, a concep-
tual framework was developed to synthesize the key determinants influencing the adoption
of Al-supported waste management systems in recreational tourism areas Figure 5. The
framework demonstrates how institutional, political, technological, and financial factors
interact to shape Al adoption capacity and subsequently influence environmental gover-
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nance outcomes. The model also reflects the comparative patterns identified in Turkey and
Lithuania and provides an integrative interpretation of the findings.

LITHUANIA

Institutionalized and
Systematic Structure

Digital transformation is
institutionalized and operated
within a systematic framework.

Integrated Al Systems in
Sustainable Destinations
Al systems integrated into
sustainable destination

processes and contribute to
planning, control, and monitoring.

Stronger Infrastructure
and Strategic Investment
Digital infrastructure is strong
and investments are supported
strategically at national and
EU levels.

Priority Concerns:
Updates, Data Security
and Storage

Continuous system updates,

large data storage, and data
protection are top priorities.
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Figure 4. Contributions of AI-Supported applications to sustainability goals.
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Figure 5. Conceptual framework of determinants influencing Al adoption in waste management.
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3. Discussion

The comparative examination of Turkey and Lithuania within the context of tourism
and recreation policies and digital transformation capacities provides an important con-
ceptual framework for understanding contemporary tourism and recreation paradigms.
Turkey, as one of the most visited destinations globally, is considered to experience increas-
ing ecological and social pressures due to its high visitor density, which challenges the
limits of “carrying capacity” and contributes to the emergence of “overtourism” in certain
regions [36-38]. The growing interest in tourism-based recreational activities and areas in
Turkey further increases the importance of environmental sustainability policies [39,40]. In
contrast, Lithuania appears to align its tourism and environmental governance strategies
with the sustainability policies of the European Union and the objectives of the “European
Green Deal,” particularly regarding carbon-neutral transformation processes. In this regard,
both countries can be said to be shaping their “smart tourism” and “smart destination”
strategies according to their institutional, economic, and environmental requirements [41].

The findings obtained reveal that the concept of sustainable recreational tourism
extends beyond the mere protection of the environment. Rather, it also places effective
resource management, governance structures, and digitalization processes at the center of
sustainability practices. Lithuania appears to integrate digitalization processes into gover-
nance structures in waste management practices through its relatively advanced techno-
logical infrastructure. Therefore, data-driven decision-making mechanisms in Lithuania’s
sustainable tourism and recreation sector are actively employed in waste management, re-
source allocation, and environmental monitoring and evaluation processes. In this context,
supporting waste management processes through Al-supported integrated governance
systems is considered highly important for sustainable destinations [42]. In Turkey, how-
ever, sustainable tourism practices appear to remain in a developmental phase, while
Al-supported environmental applications have not yet become fully institutionalized. Fi-
nancial limitations, deficiencies in technical infrastructure, and coordination problems
among institutions significantly restrict the implementation capacity of sustainable tourism
policies. This situation corresponds with studies emphasizing that sustainability policies
in developing tourism destinations are often shaped by managerial capacity and digital
infrastructure levels. In the context of Turkey, environmental and waste management
governance is primarily structured through national policy frameworks and centralized
regulatory mechanisms coordinated by the Ministry of Environment, Urbanization and
Climate Change. The national waste management system is guided by strategic policy
documents such as the Zero Waste Regulation and the National Waste Management Action
Plan, which aim to enhance resource efficiency, reduce environmental pollution, and pro-
mote sustainable urban and recreational area management. In addition, municipalities play
a critical role in the implementation of waste collection and disposal systems, although
their capacity varies significantly depending on financial resources, technical infrastructure,
and institutional coordination mechanisms. Recent policy developments emphasize digital
transformation and smart city applications; however, the integration of advanced technolo-
gies such as artificial intelligence into environmental governance processes remains in an
emerging stage.

At the same time, the literature frequently emphasizes that the use of smart tech-
nologies in destination management not only provides opportunities but also introduces
various environmental and ethical risks. The “digital divide” resulting from technological
infrastructure inequalities among different social groups and regions can be identified as
one of the major structural challenges in Al adaptation processes [43]. Moreover, issues
such as the high energy consumption of data centers, violations of data privacy, perceptions
of technological surveillance, and employment losses among low-skilled workers reveal
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dimensions in which smart technologies may conflict with sustainability goals [44,45].
Therefore, it can be argued that both Turkey’s digital capacity-building processes and
Lithuania’s digital adaptation policies should address these technological risks through
proactive and ethically grounded approaches.

Destination Management Organizations (DMOs) play a critical role in managing smart
destinations and recreational areas in line with sustainability visions. Modern DMOs are no
longer merely institutions responsible for marketing and promotional activities; rather, they
have evolved into organizations that mobilize stakeholders, manage processes, analyze
data, and guide tourism ecosystems during digital transformation processes [46,47]. The
innovative approaches adopted by these institutions within digital sustainability processes
are considered highly significant for preventing recreational carrying capacity exceedances
and controlling over-tourism pressures through big data and Al-supported predictive
models. The use of loT-based sensors in recreational areas allows visitor flows to be
balanced and pressure on natural resources to be reduced [48,49].

The evaluations conducted through the cases of Turkey and Lithuania demonstrate
that Al-supported environmental governance in recreational areas is not merely a tech-
nological modernization process but also requires a holistic, sustainable destination man-
agement approach that prioritizes local communities and protects destination carrying
capacities [50]. Strengthening institutional DMO capacities, managing smart tourism
ecosystems by considering ethical and environmental risks, and aligning digital tech-
nologies with environmental sustainability goals necessitate the development of a new
sustainability paradigm in tourism based on data and technology. When environmental
governance and technology adaptation processes in both countries are examined, clear
structural differences emerge. In Turkey, the intensity of mass tourism movements increases
the necessity of structuring technological infrastructures in ways that reduce environmental
pressures. Lithuania, on the other hand, appears to possess greater potential to develop
sustainable practices through more integrated European Union-oriented digital governance
and “circular economy” policies.

Within this digital transformation process, the role of Destination Management Organi-
zations (DMOs) is also being redefined. The literature emphasizes the need to move beyond
traditional marketing-oriented destination management approaches toward “smart DMO”
structures that manage data-driven decision-making processes, coordinate stakeholders,
and prioritize environmental sustainability [51]. In destinations with high visitor density,
such as Turkey, DMOs require greater use of the “Internet of Things” (IoT), big data, and
real-time analytics systems to manage complex “visitor management” processes [52]. In the
Lithuanian context, digital governance mechanisms appear to be more integrated with local
participation and stakeholder management processes, while data-driven environmental
decision-making functions as a tool supporting social integration.

“Al-supported waste management” and smart environmental management systems
are considered to play a significant role in reducing environmental pressures emerging in
recreational areas. Artificial intelligence and smart technologies are reported to contribute to
preventing environmental degradation by increasing operational efficiency and optimizing
resource use [53,54]. In Turkey’s large-scale coastal and recreational destinations, the
widespread implementation of smart waste management systems appears to be a structural
necessity for reducing environmental footprints and protecting natural resources. Lithuania,
due to its existing digital infrastructure capacity, appears to possess greater potential for
implementing data-driven environmental monitoring and governance processes in a more
systematic manner [55,56].

Increasing tourism mobility, uncontrolled urbanization, and changing consumption
patterns create serious environmental pressures and waste management problems, par-
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ticularly in recreational areas, open-air tourism destinations, coastal zones, and national
parks [57,58]. In areas where visitor density begins to exceed carrying capacity limits,
traditional waste management systems are becoming increasingly ineffective due to high
logistical costs, inadequate resource planning, and carbon emissions resulting from waste
collection operations. In this regard, the need for technology-based environmental man-
agement solutions aimed at reducing tourism’s environmental footprint and supporting
sustainable circular processes is becoming increasingly evident [59,60].

From a theoretical perspective, Al-supported waste management can be defined as
the transformation of all waste-related operations, from waste generation to disposal,
into data-driven, autonomous, and proactive systems through advanced information and
communication technologies. This approach is directly associated with Smart Tourism,
Smart Destinations, environmental sustainability, and digital governance structures [61].
The technological infrastructure of the system consists of IoT sensors, smart bins, computer
vision technologies, machine learning, predictive analytics, and real-time data analytics.
This technological integration is reported to provide broad environmental management
capacities ranging from route optimization to automated waste classification processes [62].

The real-time monitoring of fill levels through IoT-supported smart bins installed
in recreational areas creates a significant transformation in waste collection operations.
Dynamic route optimization generated through Al algorithms reduces unnecessary vehicle
movement, thereby significantly decreasing fuel consumption and logistics-based carbon
emissions [63,64]. Furthermore, waste separation mechanisms supported by computer
vision and deep learning systems make it possible to classify plastic, metal, glass, and
organic waste with high levels of accuracy without human intervention. This contributes
to accelerating recycling processes and strengthening circular economy applications in the
tourism sector [65].

When the environmental sustainability impacts of Al-supported waste management
are examined, the system appears to provide important advantages in terms of reducing
carbon footprints, saving energy, and optimizing resources. Moreover, real-time environ-
mental monitoring mechanisms enable destinations’ carrying capacities to be managed
more effectively while reducing overtourism pressures. Artificial intelligence is consid-
ered to play a critical role in early warning and proactive intervention processes aimed at
preventing habitat degradation, water and soil pollution, and biodiversity loss caused by
waste accumulation [66,67].

However, the effective implementation of such systems depends not only on the
availability of technological tools but also on the establishment of strong environmental
governance mechanisms. In this process, multi-actor governance networks composed of
DMOs, local governments, the private sector, technology providers, and local communities
play a decisive role [68-70]. Al-supported environmental management applications are
considered to evolve within integrated structures associated with smart governance, digital
governance, and data-driven management approaches [71,72].

In this context, a comparison of Turkey and Lithuania demonstrates that the two
countries exhibit different tendencies in terms of digital infrastructure and governance
capacities. Lithuania appears to implement data-oriented and participatory environmental
governance models in a more integrated manner in line with European Union digital gov-
ernance standards. In Turkey, IoT- and Al-based environmental infrastructure investments
have accelerated, particularly in coastal and recreational destinations with high visitor
density; however, environmental governance processes still demonstrate a more centralized
and hardware-oriented structure. This situation reveals the necessity of strengthening local
participation mechanisms during technological transformation processes.
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Despite all these advantages, it should not be overlooked that Al-supported waste
management systems also involve various environmental, economic, and ethical risks.
High installation and maintenance costs, the intensive energy consumption of AI models
processing Big Data, and the electronic waste (e-waste) problem generated by short-lived
technological equipment may create new environmental problems that conflict with sus-
tainability goals. In addition, sensor and camera systems used in public spaces generate
ethical debates concerning data privacy violations, surveillance concerns, and algorithmic
bias [73-76]. Furthermore, inequalities in access to advanced technologies may deepen the
digital divide between destinations.

Al-supported waste management should therefore be regarded not merely as a tech-
nical innovation but as a strategic environmental management model for environmental
sustainability, smart destination governance, and digital transformation processes. How-
ever, the long-term success of this model depends not only on technological capacity but
also on ethical data governance, participatory governance approaches, and the sustainable
management of the environmental impacts generated by digital infrastructures themselves.

Beyond the opportunities associated with Al-supported waste management systems,
the findings also reveal several critical challenges that may affect the long-term sustainabil-
ity of digital environmental governance initiatives. First, the high costs associated with
technological infrastructure, system maintenance, and continuous software updates may
limit the widespread adoption of Al applications, particularly in small-scale recreational
tourism areas. Second, effective implementation requires strong inter-institutional coordi-
nation and data-sharing mechanisms among public authorities, local governments, tourism
stakeholders, and environmental organizations. The findings suggest that fragmented gov-
ernance structures may hinder the integration and effectiveness of Al-supported systems.
Finally, increasing reliance on digital technologies raises important concerns regarding
data security, privacy protection, cybersecurity risks, and long-term data management.
Therefore, future policy frameworks should not only promote technological investments
but also strengthen institutional collaboration, governance capacity, and data protection
mechanisms to ensure the sustainable and responsible implementation of Al-supported
environmental governance systems.

From a policy and governance perspective, the findings suggest several practical ac-
tions for improving Al-supported environmental governance in recreational tourism areas.
For Turkey, priority should be given to strengthening digital infrastructure, promoting
inter-institutional data-sharing mechanisms, increasing financial support for smart waste
management technologies, and investing in specialized human resources. In Lithuania,
policy efforts should focus on ensuring long-term system sustainability, strengthening
cybersecurity and data protection frameworks, and developing cost-effective technological
solutions for small-scale recreational destinations. In both countries, the establishment of
multi-stakeholder governance structures involving public authorities, local communities,
tourism operators, and technology providers may facilitate the more effective implementa-
tion of Al-supported environmental management systems.

In addition to technical and operational challenges, the deployment of Al-supported
systems in recreational tourism destinations raises important ethical considerations. The
collection, storage, and processing of large volumes of environmental and user-related data
may create concerns regarding privacy, data ownership, transparency, and cybersecurity.
Furthermore, excessive reliance on automated decision-making systems may reduce human
oversight and increase the risk of algorithmic bias in governance processes. Therefore, the
successful implementation of smart technologies in destination management requires not
only technological and financial capacity but also robust ethical frameworks, transparent
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governance mechanisms, and effective data protection policies to ensure responsible and
trustworthy use of Al technologies.

4. Materials and Methods

In this study, which brings together the disciplines of tourism, recreation, and artificial
intelligence, the case study design was employed within the framework of qualitative
research methods to conduct an in-depth analysis [77,78]. Qualitative research describes a
process progressing from the particular to the general while facilitating the identification of
meaningful insights through situational analysis [79,80]. In qualitative studies, opinions,
narratives, and participant perspectives are prioritized rather than numerical expressions
to obtain in-depth and meaningful information. This approach enables researchers to focus
directly on participants included in the interview groups and to develop interpretative
insights [81-85].

4.1. Data Trustworthiness

To ensure research trustworthiness, the criteria proposed by Lincoln and Guba (1986)—
credibility, transferability, dependability, and confirmability—were systematically ad-
dressed [86]. Credibility was enhanced through prolonged engagement with the data
and iterative coding procedures. Transferability was ensured by providing detailed con-
textual descriptions of the research settings in Turkey and Lithuania. Dependability was
supported through a transparent and stepwise coding process conducted using NVivo 14,
allowing for an auditable research trail. Confirmability was strengthened by maintaining
an audit trail and ensuring that interpretations were grounded in raw data rather than
researcher bias. In addition, member checking was conducted by sharing preliminary
findings with selected participants to validate interpretations. Any feedback obtained from
participants was incorporated into the final thematic structure.

To increase analytical rigor, inter-rater reliability procedures were applied during
the coding process. Two researchers independently coded a subset of the interview data
using NVivo 14. The initial coding outputs were compared, and discrepancies were
discussed until consensus was reached. This iterative comparison process contributed to
the refinement of the final coding framework and improved consistency across themes.

4.2. Sample Group

The sample size of 40 participants was determined based on the principle of theoretical
saturation rather than a predefined numerical target. In qualitative research, sample ade-
quacy is assessed through the point at which additional interviews no longer generate new
themes, categories, or conceptual insights. During the iterative data collection and analysis
process, saturation was reached when subsequent interviews began to confirm existing
codes and no novel information emerged across the two-country dataset. This approach
is consistent with established qualitative methodological literature, which emphasizes
information redundancy as a key criterion for determining sample sufficiency. Therefore,
the final sample size was considered adequate to ensure depth, richness, and analytical
completeness of the data.

Purposive sampling was employed in the study. This method was preferred in order to
obtain comprehensive and in-depth information related to the research topic and research
questions. In determining the experts included in the study, particular attention was
paid to participants” knowledge, expertise, experience, and professional background [87].
Priority was especially given to including experts with high representational capacity,
sufficient professional experience, and the ability to contribute directly to the objectives
of the research [88,89]. Based on these criteria and priorities, the expert group consisted
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of a total of 40 participants from Turkey and Lithuania (20 from Turkey and 20 from
Lithuania). Quantitative data regarding the sample group are visualized and presented in
Table 6 below.

Table 6. Sample group and number of experts.

Local government and public authority representatives
Recreation and tourism area managers

Waste management and environmental technologies experts
Artificial intelligence and digital transformation experts

Academics/Researchers
Total

Sample Group Turkey Lithuania Total
4 4 8
4 4 8
4 4 8
4 4 8
4 4 8
20 20 40

To conduct a comparative analysis between Turkey and Lithuania and to obtain in-
depth information related to the research topic, an equal distribution between the two
countries was taken into consideration. In this context, the study included local govern-
ment and public authority representatives, recreation and tourism area managers, waste
management and environmental technologies experts, artificial intelligence and digital
transformation experts, and academics/researchers from both countries. Accordingly, the
study group consisted of a total of 40 experts. In the selection and determination of the
experts, key criteria such as institutional experience, professional expertise, and active
involvement in field practices and implementation processes related to the research topic
were taken into consideration. Within this framework, the following criteria were accepted
as the main selection standards for participants:

e  Actively working individually or institutionally in the fields of recreation, tourism,
environmental management, digital transformation, or artificial intelligence,

e Having at least five years of professional experience within relevant institutions
or organizations,

e Directly working in waste management, environmental sustainability, smart city
applications, or digital governance processes,

e  Possessing experience in decision-making, implementation development, project man-
agement, or policy-making processes,

e Having knowledge of Al-supported systems, digital environmental management, or
sustainable destination applications,

e  Voluntarily agreeing to participate in the interview process.

The rationale for examining Turkey and Lithuania within the scope of this research is
that the two countries possess different institutional and managerial structures in terms of
digital transformation capacity, environmental governance systems, technological infras-
tructure, and sustainability policies. Turkey is currently in a developmental phase regarding
its digital infrastructure characteristics. At the same time, the country is experiencing a
transformation process, particularly in terms of urbanization and sustainability policies
and demonstrates considerable potential in this regard. Furthermore, Turkey represents a
valuable case for examining Al-supported environmental management practices shaped
largely by managerial initiative and project-based approaches. Lithuania, on the other
hand, has made significant progress in institutionalization processes, particularly within the
framework of European Union environmental policies. In addition, the country’s advanced
digital infrastructure is particularly noteworthy. EU-supported digitalization policies are
also emphasized as important factors supporting environmental sustainability practices in
Lithuania. In this context, since both countries possess distinct technological, managerial,
and social characteristics, it can be argued that Al-supported waste management processes
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should be examined in depth through a comparative analysis focusing specifically on
Turkey and Lithuania.

4.3. Data Collection Tool

A semi-structured interview form was used for the interviews conducted with experts
from both countries. The interview form was developed by the researchers and reviewed
by language and field experts prior to its finalization. Such forms, which are frequently
employed in qualitative research, allow researchers to guide participants during the inter-
view process when necessary [90]. During the question-and-answer process, researchers
may intervene when required and ask additional questions to obtain more detailed and
in-depth information from participants [91-93]. The questions included in the interview
form used in this study are presented below:

1. How do you evaluate the current waste management processes implemented in
recreational tourism areas?

2. Which institutional factors have been influential in the adoption process of Al-
supported waste management practices in your institution/field?

3. From the perspective of environmental governance, how do Al-based waste manage-
ment practices affect decision-making processes?

4. What are the main challenges encountered during the implementation of these technologies?

5. How do you evaluate the contribution of Al-supported waste management practices
to sustainability goals in recreational tourism areas?

4.4. Analysis of Interview Data

NVivo 14 software was utilized to analyze the interview data obtained from experts in
Turkey and Lithuania. The content analysis technique was employed during the analysis
process, and the main themes were identified while comparative evaluations between the
two countries were conducted. The process of theme identification, coding procedures, and
comparative analyses is presented in the Figure 6 below.

1. Data Preparation
2. Open Coding

. Focused Coding

)

Qualitative Data Coding Stages 4. Axial Coding (Categorization)
5. Selective Coding (Thematic Coding)
6. Ensuring Intercoder Reliability

7. ldentification and Mitigation of Biases

Figure 6. Data coding stage.

Coding and content analysis methods enable the findings obtained to be presented
to the reader in a holistic and systematic manner [94]. In the presentation of the findings,
thematic categorization and the relationships among these themes were established through
the comparison of practices implemented in the two countries [95]. In addition, expert
opinions were directly quoted in the presentation of themes and comparative findings
to facilitate the interpretation and contextualization of the results. This is because, in
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qualitative research, participant perspectives constitute one of the most important elements
that should be emphasized when presenting findings to the reader [96].

Artificial intelligence tools were used exclusively for the purpose of enhancing the
visual presentation of the analytical outputs. The thematic structure, coding process, and
interpretation of qualitative data were fully conducted by the researchers through iterative
manual coding using NVivo 14. Figures 1-5 were generated based on researcher-developed
codes and themes to visually represent the analytical relationships identified in the dataset.
In this regard, Al did not play any role in data coding, theme development, or interpretation
processes. Instead, it was only utilized as a supplementary tool for improving the clarity
and consistency of graphical representations. Therefore, the analytical logic and thematic
structure are entirely grounded in the empirical data and researcher-led qualitative analysis
process, in compliance with the journal’s Al usage and transparency policies.

5. Conclusions

This study focuses on supporting waste management processes in recreational
tourism areas through artificial intelligence (Al) systems and comparatively examining
Al-supported environmental management practices in Turkey and Lithuania. The findings
suggest that integrating Al into waste management processes may facilitate the achieve-
ment of sustainable destination goals. In addition, improving environmental manage-
ment performance, optimizing waste management processes, and expanding data-driven
decision-making mechanisms appear to be increasingly feasible. However, the results
also indicate that the two countries differ significantly in terms of technological infrastruc-
ture, digital transformation capacity, institutional structures, and environmental gover-
nance approaches.

In Turkey, although Al-supported waste management applications demonstrate con-
siderable potential, the findings indicate that the country is still in a transitional phase and
that transformation efforts are perceived to be insufficient at the current stage. Financial
limitations, the uneven distribution of digital infrastructure, deficiencies in qualified human
resources, and inadequate communication and coordination among institutions emerge
as the primary challenges identified by participants. Despite these constraints, Turkey
is perceived to have strong potential for advancing sustainable tourism and recreation
management. Awareness and institutional sensitivity toward digitalization and digital
environmental governance appear to be increasing, according to expert views. Within this
framework, strengthening technological infrastructure, expanding financial investments,
improving institutional coordination and cooperation, and addressing shortages in quali-
fied personnel emerge as priority areas. Resolving these issues is expected by participants
to accelerate the broader adoption of data-driven decision-making processes. Accordingly,
through the implementation of appropriate measures and strategic policies, sustainable
recreation and tourism management processes in Turkey may become more effective and
institutionalized over time.

Within the scope of this study, Lithuania appears to possess a more systematic and in-
stitutionalized digital transformation structure compared to Turkey. Institutional decision-
making processes in Lithuania are perceived to reflect a more data-driven governance
model. In this regard, cooperation and coordination mechanisms appear to be more devel-
oped, while Al-supported monitoring systems have contributed to technology integration
within environmental management processes. Despite these positive developments, con-
cerns regarding the management of large-scale datasets and issues related to data privacy
and security remain prominent in Lithuania. Moreover, the high installation costs of
technological infrastructure in small-scale recreation and tourism areas constitute another
important financial challenge. Therefore, stronger financial support mechanisms are con-
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sidered necessary to sustain further digitalization processes. In addition, updating digital
infrastructure and addressing concerns regarding data privacy and cybersecurity emerge as
critical priorities. Finally, the development of cost-effective technological models suitable
for small-scale destinations and the integration of digital sustainability strategies with
environmental governance policies are recommended for Lithuania.

When evaluated comparatively, the findings suggest that Al-supported waste man-
agement processes possess substantial potential for promoting sustainable environmental
governance and supporting sustainable tourism and recreation sectors in both countries.
However, the most critical issue in this transformation process is not merely digitalization
itself, but also institutionalization, sustainability, the strengthening of financial resources,
and the establishment of multi-stakeholder governance structures. In this respect, the study
provides comparative and interdisciplinary contributions by bringing together the fields of
sustainable tourism and recreation, environmental governance, digital transformation, and
Al-supported environmental management.

The findings of this study also reveal several important research gaps that warrant
further investigation. First, empirical studies examining the long-term effectiveness of
Al-supported waste management systems in recreational tourism areas remain limited.
Second, there is a need for comparative research involving a broader range of countries
and governance contexts to better understand the factors influencing Al adoption and
environmental governance outcomes. Third, future studies may benefit from integrating
quantitative performance indicators with qualitative stakeholder perspectives to evalu-
ate the operational and sustainability impacts of Al technologies more comprehensively.
Addressing these gaps would contribute to a deeper understanding of the role of Al in
sustainable destination management and environmental governance.

Despite its contributions, this study has several limitations that should be acknowl-
edged. First, the research was limited to experts from Turkey and Lithuania; therefore,
the findings may not fully reflect the diversity of environmental governance and waste
management practices in other geographical and institutional contexts. Second, the study
was based on qualitative expert perceptions, which provide valuable insights but do not
allow for direct measurement of the operational performance of Al-supported waste man-
agement systems. Third, the cross-sectional nature of the research captures views at a
specific point in time and may not fully reflect ongoing technological and institutional
developments. Future studies may address these limitations by incorporating additional
countries, employing mixed-method or quantitative research designs, and conducting lon-
gitudinal investigations to evaluate the long-term impacts of Al-supported environmental
governance practices in recreational tourism areas.
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