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Abstract

Digitalization and sustainability are fundamentally transforming the way tourism desti-
nations are planned, managed, and experienced. Among the digital tools supporting this
transition, simulation emerges as a key enabler for developing smarter, more adaptive, and
sustainable tourism systems. By reproducing complex scenarios, simulation allows for the
anticipation of environmental, social, and economic impacts and the testing of strategies
aligned with sustainable development goals (SDGs), without exposing destinations to high
costs or irreversible consequences. Despite its potential, studies on simulation applied to
sustainable tourism remain scattered and lack a consolidated vision. This article therefore
aims to systematically review and analyze the existing literature on the use of simulation
and hybrid simulation in tourism, identifying the main approaches, application contexts,
and scientific contributions developed between 1999 and 2025. Following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology, the
review covered publications indexed in databases such as Scopus, Web of Science, IEEE
Xplore Digital Library (Institute of Electrical and Electronics Engineers), ScienceDirect, and
Multidisciplinary Digital Publishing Institute (MDPI). A total of 34 articles were analyzed,
focusing on the role of simulation models in enhancing sustainable destination manage-
ment and the digital tourist experience. The results show that, although the potential of
simulation is widely recognized, challenges persist regarding data quality, methodological
fragmentation, and real-world validation. Nevertheless, the review highlights simulation
as a catalyst for Tourism 5.0, enabling smarter decision-making and contributing to the
sustainability and resilience of tourism destinations in the digital era.

Keywords: simulation; sustainable tourism; smart tourism; tourist experience 5.0; systematic
literature review; PRISMA methodology

1. Introduction

In recent years, tourism has undergone a rapid transformation. This shift is not only
driven by digitalization itself, but also by the way it is reshaping the traveler’s experience.
Today, visiting a destination goes far beyond booking flights or hotels—it involves smart
platforms and mobile applications that personalize itineraries [1]. The concept of Tourism
5.0, linked to the Experience 5.0 paradigm, embodies the idea of combining technology
with more human, immersive, and sustainable experiences [2]. At the same time, the sector
faces growing uncertainty: global phenomena such as the pandemic [3] and the impact
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of climate change [4], along with increasingly visible environmental pressures [5]. All
these challenges call for solutions capable of forecasting scenarios and supporting risk
management in a more informed and adaptive way [6].

It is within this context that simulation gains relevance. By recreating complex environ-
ments, it becomes possible to understand how tourists, operators, transport systems, and
natural resources interact with each other [7]. Methodologies such as Agent-Based Model-
ing, System Dynamics, and Digital Twins act as digital laboratories, allowing researchers
and decision-makers to test hypotheses and support safer, data-informed decisions [8]. In
tourism, these approaches have been applied to a variety of challenges—from managing
visitor flows in protected areas [9] to predicting mobility patterns in tourist cities [10].
Simulation has also contributed to assessing environmental impacts [11] and reflecting on
the sustainability of tourist destinations [12].

In recent years, there has been a significant increase in the number of publications
addressing the application of simulation to tourism, reflecting the growing academic
interest in this topic. Figure 1 illustrates this trend, highlighting the expansion of research
in areas such as agent-based modeling, digital twins, and smart destination management.
The figure was created in Microsoft Excel using the CSV file exported from Scopus, which
resulted from a bibliometric search based on a specific combination of keywords.
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Figure 1. Annual growth of publications on simulation applied to tourism (1999-2025).

Despite this progress, research in the field remains fragmented. Some studies focus on
mobility and visitor behavior [13], others on sustainability [14], and several on strategic
planning [15]. What is still missing, however, is an integrated perspective that connects
these approaches to the broader challenge of digitalizing the tourist experience [16].

This is precisely the purpose of the present systematic review: to collect, analyze,
and synthesize the literature published between 1999 and 2025, following the PRISMA
protocol, in order to understand how simulation has been applied within the tourism sector.
Specifically, the review aims to:

e Identify the main methodologies employed, such as Agent-Based Modeling (ABM),
System Dynamics (SD), and Digital Twin (DT), among others;
e  Map application areas and trends related to the Experience 5.0 paradigm;
e  Discuss barriers and opportunities in adopting these tools;
e  Suggest directions for future research.
Ultimately, this study seeks to provide a clear, up-to-date, and practical synthesis for
both researchers and professionals, contributing to the development of innovative solutions
that strengthen the competitiveness and sustainability of tourism in the digital era [17].
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To complement this trend analysis, an additional bibliometric overview was conducted
using the Bibliometrix package (via Biblioshiny) based on data exported from the Dimen-
sions database. While Figure 1 was created from Scopus data associated with the final
sample of publications, the following visualization (Figure 2) represents a broader search
universe that includes all records matching the main keywords of this study (“simulation”
AND “tourism”).

Annual Scientific Production

Articles

Year

Figure 2. Annual scientific production on simulation and tourism (Bibliometrix, version 4.2.1; analysis
based on Dimensions data, 1995-2025).

This extended perspective provides a more comprehensive picture of the scientific
evolution of the field, illustrating the global growth of research related to simulation in
tourism and confirming the increasing interdisciplinary attention that the topic has received
in recent years.

It is worth noting that, unlike the Scopus-based dataset used in Figure 1 (covering
1999-2025), the Dimensions database retrieved earlier records dating back to 1995. Despite
this, both analyses reveal a convergent pattern of accelerated growth after 2020, confirming
the consolidation of simulation as an emerging field of research in tourism.

2. Literature Review
2.1. Core Concepts of Simulation

Simulation is an essential tool for analyzing and managing complex systems, allowing
the exploration of future scenarios without exposing the real world to risk. In tourism,
this complexity arises from the interaction between tourists, operators, environmental
resources, infrastructures, and external economic, social, and environmental factors.

Within this context, agent-based modeling stands out as an approach capable of
representing individuals—such as tourists, residents, or operators—as autonomous entities
that interact with each other and with their environment, generating collective behavioral
patterns. This method has been applied to study vulnerabilities in coastal destinations
affected by climate change [5] and to evaluate recovery strategies following crises such as
the COVID-19 pandemic [3], by incorporating behavioral diversity, feedback loops, and
non-linear dynamics.

The concept of the digital twin refers to a virtual replica of a destination, infrastructure,
or system, powered by data—ideally in real time—to simulate and assess dynamic sce-
narios. In smart cities, digital twins are used to monitor tourist flows, forecast congestion,
and evaluate the impact of management measures [8]; in cultural tourism, they enable
immersive experiences and the digital recreation of heritage sites [18].
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These approaches are complementary: agent-based modeling deepens the understand-
ing of individual and collective behavior, while digital twins facilitate real-time monitoring
and operational management. The combination of both gives rise to digital laboratories ca-
pable of testing hypotheses, anticipating failures, and supporting strategic decision-making
in the planning and management of tourism destinations [19].

2.2. The Tourism Experience 5.0

The concept of Tourism Experience 5.0, inspired by the philosophy of Industry 5.0,
places technology at the service of more human, immersive, and sustainable experiences. It
involves the integration of technologies such as virtual reality, augmented reality, artificial
intelligence, and personalized recommendation systems, capable of adapting experiences
to the visitor’s profile and preferences.

These technologies enhance tourist engagement and satisfaction—for instance,
through virtual visits to museums and monuments that positively influence travel in-
tention [20]. In addition to personalization, they add a sustainability dimension, promoting
more conscious choices and contributing to the Sustainable Development Goals (SDGs)
through digital platforms that encourage shared mobility and efficient management of local
resources [2].

The Experience 5.0 paradigm therefore represents the convergence of innovation
and responsibility, reinforcing the competitiveness, intelligence, and resilience of tourism
destinations [1].

Beyond its descriptive use, Tourism 5.0 should be interpreted as a strategic and human-
centered paradigm that redefines the relationship between technology, sustainability, and the
tourist experience. Rather than representing a mere technological evolution of smart tourism,
it embodies a holistic approach in which digital systems support anticipation, resilience,
and responsible governance of destinations. However, the literature reveals that Tourism
5.0 remains inconsistently conceptualized and often lacks clear operationalization within
simulation frameworks, limiting its capacity to guide concrete decision-making processes.

2.3. Previous Reviews and Identified Research Gaps

Despite the growing number of studies on simulation in tourism, existing reviews
remain limited and fragmented. Some focus on demand forecasting and statistical model-
ing [21], others on climate resilience [4] or smart tourism systems [22], but few integrate
different methodological approaches or reflect the recent transformations driven by digital-
ization and the pandemic.

There is, therefore, a lack of an integrated perspective that combines simulation,
digitalization, and sustainability. This systematic review aims to address that gap by
gathering and analyzing the literature published between 1999 and 2025, following the
PRISMA protocol, to understand how simulation has been applied in the tourism sector
and how it can contribute to the development of Tourism Experience 5.0 and to a more
efficient and sustainable management of destinations.

3. Materials and Methods

This section describes the methodological procedures adopted for the systematic re-
view, conducted in accordance with the PRISMA 2020 guidelines to ensure transparency,
rigor, and reproducibility. The methodological process comprised four main stages:
(i) definition of the search strategy, (ii) establishment of eligibility criteria, (iii) screening
and selection of studies, and (iv) bibliometric and qualitative analysis of the results.
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3.1. Search Strategy

The bibliographic search was conducted between June and August 2025 and focused
on six highly relevant scientific databases: Scopus, Web of Science, IEEE Xplore, Sci-
enceDirect, and MDPI. These databases were selected to ensure multidisciplinary coverage,
encompassing not only literature from management and tourism but also studies from
engineering, computer science, and related fields.

The time range (1999-2025) was defined to capture both the historical and conceptual
evolution of simulation applied to tourism. This range allowed for the inclusion of early
foundational studies prior to 2015—which established the methodological basis of the
field—as well as recent literature marked by digital transformation, smart tourism, and the
impacts of the COVID-19 pandemic.

The search expressions were developed iteratively, based on recurring terms in the
simulation and tourism literature, complemented by emerging concepts such as smart
tourism and digital experiences. To maximize coverage and precision, Boolean operators
were applied in multiple combinations and adapted to the syntax of each database.

This systematic review was conducted and reported in accordance with the PRISMA
2020 statement (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). A
completed PRISMA 2020 checklist is provided in the Supplementary Materials (Table S1),
and the PRISMA 2020 flow diagram is included as Figure 3. No formal protocol for this
review was registered (e.g., in PROSPERO). The methodological steps—search strategy,
eligibility criteria, screening, and synthesis procedures—were defined a priori and are fully
described in the Methods section.
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)
5
= Records identified from
E databases »| Duplicate records removed
b Scopus, Web of Science, IEEE before screening (n = 44)
5 Xplore, ScienceDirect (n = 340)
k-]
—
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(n =296) (n=226)
v
Report; ht for retrieval (full
> tei?)o s sought for retrieval (fu > Reports not retrieved
£ (n=70) (n=0)
:
3 v
Reports assessed for eligibility Reports excluded, with reasons
(n=70) —*| (n=36)
Thematic irrelevance (n = 18)
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Too technical / unrelated
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—
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3 . o
3 Studies included in review
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c

Figure 3. PRISMA 2020 flow diagram.
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Full search strings, field tags, and filters for each database are provided in Table S2
(Supplementary Materials). The search was last updated on 31 August 2025. Only studies
published in English or Portuguese were considered; no restrictions were applied regarding
study design, document type, or publication status.

The main search combination was:

(“Simulation” OR “Modeling”) AND “Tourism”
(“Digital twin”) AND “Tourism”

(“Agent-based modeling”) AND “Tourism”
“Virtual reality” AND “Tourism”

“Tourism 5.0”

© O © © O ©

“Tourism experience” AND “Simulation”

3.2. Eligibility Criteria

The inclusion and exclusion criteria were defined a priori to ensure consistency and
minimize bias in study selection. The eligibility criteria and the corresponding future
research opportunities are summarized in Table 1.

Table 1. Eligibility criteria and future research opportunities.

Inclusion Criteria (I)

Exclusion Criteria (E)

Potential Future Research Question

Studies that explicitly apply simulation
methodologies (ABM, SD, DT, VR, etc.) in
tourism contexts.

Studies without a substantive link between
tourism and simulation.

How can different simulation approaches be
integrated to represent the dynamic behavior
of tourists in smart destinations?

Publications in peer-reviewed journals or
conference proceedings.

Documents not subject to peer review (white
papers, technical reports, dissertations).

How do scientific credibility and
methodological rigor influence the adoption of
simulation in tourism planning?

Studies that explore empirical applications or
case studies with validated simulation models.

Purely theoretical or technical studies without
empirical demonstration.

How can simulation models support real-time
decision-making in tourism destinations?

Works addressing themes such as mobility,
sustainability, planning, digital experiences, or

smart tourism.

Which thematic areas emerge as priorities for
developing digital twins in
sustainable tourism?

Redundant or duplicate publications
across databases.

Articles published between 1999 and 2025, in

English or Portuguese.

How has simulation research in tourism
evolved from early foundational models to
digital and post-pandemic applications?

Studies of poor methodological quality or
outside the defined time range.

3.3. Selection and Data Processing

The selection process followed the four stages of the PRISMA 2020 protocol:

e Identification—340 articles initially retrieved.

e  Screening—duplicates removed (n = 44), resulting in 296 unique records.

e  Eligibility—title and abstract screening led to the exclusion of 226 studies. Of the
70 remaining, 36 were rejected for thematic irrelevance (n = 18), insufficient method-
ological rigor (n = 15), or excessive technical focus (n = 3).

e Inclusion—34 articles met all criteria and were included in the final analysis.

The screening and selection were conducted independently by two reviewers using
Microsoft Excel to ensure consistency. Titles and abstracts were first evaluated to remove
irrelevant papers. Full texts of the remaining records were then assessed according to the
predefined eligibility criteria. Any disagreements between reviewers were discussed and
resolved by consensus, with a third reviewer consulted when necessary.

The process is summarized in the PRISMA flow diagram (Figure 3), which illustrates
the steps from initial identification to the final sample.

The included studies were organized in a synthesis matrix (Excel) containing vari-
ables such as author, year, geographical context, simulation methodology, benefits, limi-
tations, and main conclusions, allowing data consolidation and supporting subsequent
interpretive analysis.
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Data extraction was performed in duplicate using a standardized Excel spread-
sheet to ensure accuracy and reproducibility. For each study, we collected informa-
tion on bibliographic details (authors, year, journal), geographical context, simulation
methodology (e.g., agent-based, system dynamics, discrete-event, digital twin), appli-
cation domain, objectives, benefits, limitations, and main conclusions. The extracted
data were cross-checked by both reviewers, and discrepancies were resolved through
discussion and consensus.

A formal risk-of-bias assessment (e.g., RoB 2 or other standardized tools) was not
applicable due to the methodological heterogeneity of the included studies, which mainly
focus on modeling and simulation approaches rather than empirical or clinical designs.
Instead, a qualitative appraisal was conducted, considering the transparency of modeling
assumptions, data sources, and validation or calibration procedures reported by the authors.

Given the heterogeneity of study designs and outcomes, a quantitative meta-analysis
was not feasible. Therefore, the results were synthesized using a mixed approach that
combined narrative analysis with bibliometric techniques (VOSviewer version 1.6.20 and
Bibliometrix version 4.2.1). Studies were grouped into four thematic axes—smart tourism
and decision support, digital experiences, strategic planning and management, and sus-
tainability and environmental impacts—to facilitate interpretation of trends and evidence.

3.4. Analytical Tools
The bibliometric and qualitative analyses were conducted using the following tools:
e  VOSviewer—used to construct two maps:

i. akeyword co-occurrence network revealing thematic clusters and the conceptual
structure of the field;

ii. a keyword density map highlighting the most frequent and interconnected terms
within the analyzed literature.

e  Synthesis Matrix—used to consolidate variables such as author, year, geographical
context, simulation methodology, benefits, limitations, and main conclusions.
e  Thematic Analysis—categorization of the 34 articles into four conceptual axes:

1. Sustainability and Environmental Impacts,

2. Planning and Strategic Management,

3. Digital Experiences and Tourist Interaction, and
4. Smart Tourism and Decision Support Models.

This combined approach made it possible to articulate quantitative analysis (biblio-
metrics) with qualitative interpretation (thematic synthesis), ensuring a comprehensive
and coherent reading of the literature.

To provide an extended bibliometric overview of the global research landscape,
two additional visual analyses were generated using the Bibliometrix package (via Bib-
lioshiny) from the dataset exported from the Dimensions database. This complementary
step aimed to contextualize the worldwide scientific production and international collabo-
ration related to simulation and tourism.

The first map (Figure 4) illustrates the global scientific production by country, showing
a clear concentration of publications in Asia, particularly in China, followed by strong
contributions from European countries and North America. This geographical distribution
highlights the growing academic interest in applying simulation and data-driven modeling
to tourism research, especially in rapidly developing economies. The darker shades of blue
correspond to countries with the highest number of publications, providing a clear visual
representation of global research intensity and helping to contextualize the geographical
distribution shown on the map.
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Country: CHINA
N.of Documents: 613

Figure 4. Global scientific production by country in the field of simulation and tourism (Bibliometrix
analysis based on Dimensions data).

The second visualization (Figure 5) represents the collaboration network among coun-
tries, where the thickness of the links indicates the strength of co-authorship connections.
The map reveals an increasingly internationalized research environment, with active col-
laboration between Asian and European institutions, emphasizing the global and interdis-
ciplinary character of simulation-related studies in tourism.

Longitude

Latitude

Figure 5. International research collaboration network in simulation and tourism (Bibliometrix
analysis based on Dimensions data).

4. Results

To synthesize the contributions of the 34 selected articles, a multidimensional clas-
sification structure was adopted, inspired by recent systematic reviews in the fields of
tourism, engineering, and management. This framework made it possible to organize
the studies according to the simulation methodologies employed, contexts of application,
and their theoretical and empirical contributions, thereby providing a cross-sectional and
comparative overview of the existing literature.

The analysis considered a set of interrelated dimensions—namely, the simulation
methodology, geographical context, area of application, reported benefits and limitations,
and main conclusions—allowing a comprehensive understanding of how different ap-
proaches have been used to address the specific challenges of contemporary tourism.

Table 2 shows that recent research on tourism simulation is structured around four
conceptual axes—(A) Smart Tourism and Decision Support Models, (B) Digital Experiences
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and Tourist Interaction, (C) Strategic Planning and Management, and (D) Sustainability and
Environmental Impacts. These dimensions are interrelated, reflecting the multidisciplinary
nature of the field.

Table 2. (A) Smart Tourism and Decision Support Models. (B) Digital Experiences and Tourist
Interaction. (C) Strategic Planning and Management. (D) Sustainability and Environmental Impacts.

(A)
No. Geographical Context Simulation Method Benefits Limitations Main Conclusions
Bibliometric Review (ABM, . Based only on Scopus Integration of Artificial
[1] Gfr}fgléﬁﬁfao)p e SD, Internet of Things (IoT), trenMdzpasxfgcr};rsfﬁgﬁca; s data; lacks empirical Intelligence (Al), IoT, and Big
Big Data, VR) &ap validation Data optimizes tourism planning
Global (Europe Theoretical Links digital platforms to - - Digital platforms promote
2l and Tunisia) Framework—Industry 4.0 SDGs and sustainability No empirical validation sustainable tourism
Provides a
Conceptual framework comprehensive Simulation models, when
integral:ing Agent-Based methodological Theoretical focus; lacks properly designed and validated,
. . foundation for applying o ArpA are powerful tools for
[7] Global/Theoretical Modeling '(ABM), System computational modeling emlinrlca% glahditlor} or - derstan ding complex tourism
Dynami(csS '(SD)l, a_nd in tourism; supports real-world application systems and supporting
Network Simulation decision-making and evidence-based decision-making
policy design
[ Clobl Bumpo dsa, SystematicReviewon KOO SPUNS  Costand cybersurty D1 Tuins opimie ouriom
Middle East) Digital Twins experiences issues experience
: - Plans, monitors, and P Integration between simulation
Lisbon, Portugal ABM (GAMA) + Wi-Fi ir ! Complex calibration & -
el (RESETTING Project) sensors + 3D visualization fsg:gz&?;ﬁ;t and setup required and real rcr11aat1f11 ;é%ggr‘:tes crowd
Digital Twin + Monte Carlo Real-time simulation of Single-case study; Smart Xining improves tourism
18] Xining, China + Particle Simulation tourist and safety flows requg:ac?;;ﬁuous managegae:;;réd urban
. Requires long data SDM models outperform
[20] Japan SDM Mogifrlifalt\ﬁ)onnte Carlo AC(?tl;Lal‘tizrﬁ)léeeC;S:;rég of series and high ARIMA and Neural Networks in
computational power the medium term
[21] Shiretoko National Park, Cellular Automata Model Forecasts tcong(:s?ior;i nd Simplified and seasonal Decentralizing entrances and
Japan Sup?ﬁ’;nsazgrsnaeﬁa € model limiting cars reduces congestion
[22] Jilin, Chin Big Data + AR + Apriori Provides (iintglligent d High infrastructure and Stabh; and pler‘sonalizefi system
tin, &hina and FP-Growth algorithms frff;rn:lrrs?sg ei;g?izg?es computational cost or ﬁz:;{;ﬁgﬁ{lsm
Identifies traffic flow - Policies for tourist flow
[23] Xiamen, China ABM (tourists and vehicles) thresholds and supports Model restricted to one reduction alleviate urban
congestion management urban area congestion
[24] USA Deep Learning (MLP High accuracy in flow Data requirements and Reliable forecasts optimize
Neural Network) prediction computational cost tourism planning and mobility
; BiLSTM-Transformer Robust forecasting and High computational Hybrid model reduces errors
[25] Thailand (Hybrid Neural Network) tainable planni cost and data and supports strategic
y sustainable planning requirements decision-making
(B)
No. Geographical Context Simulation Method Benefits Limitations Main Conclusions
Virtual Reality . . .
. Creates immersive Integrates VR/AR, Big Data, and
[14] China (VR)/ Augmented_ Reality experiences and smart Costsd and r?é} I1:lletworl< 5G, boosting hybrid and
(Urfﬁ;é)]:‘)s ?ﬁ?g%zve) destination management ependency sustainable fourism
. Improves management and
. oy - , High cost and P &
p  Aeang China g DigtlTuin | jertgeand pomotestecnologieal  evialzation of cultual o
smart rural tourism dependency integration
Demf;lst;itesft\}}ilz;sltlve Limited sample and VR experiences strengthen
[19] Thailand PLS-SEM (VR) destinljition image and absence of negative destination image and increase
travel intentigon factors real visit intention
1 Social influence concentrates
Moroccan tourism ABM with Barabdési—-Albert Analy.ze.s social mf!uence Theoretical model; no tourists in popular destinations;
[27] and digital marketing on
network (11 destinations) social network toﬁris " behaviorg empirical validation balanced promotion reduces
congestion
Manila, Philippines Intranet simulation Practical, risk-free Academic application; The system meets ISO standards,
[28] (EARIST) (Agile-SDLC) training in an educational lacks real data enhances competencies, and can
environment expand to other sectors
; : : : VR revolutionizes tourism
Global (University of . Planning, marketing, and Costs and lack of full ; :
[29] Waterloo, Canada) Conceptual VR modeling touriem education realism experiences and education, but

authenticity remains a barrier
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Table 2. Cont.

(B)
No. Geographical Context Simulation Method Benefits Limitations Main Conclusions
Identifies main digital Limited to Digital technologies and smart
Systematic Literature tourism trends, English-language development redefine the
[30] Global Review + Bibliometric (e nologies (AL VRIAR studies; theoretical tourism industry through
Analysis (CiteSpace) Big Data, Bloc ch;mf) and synthesis without ) mnov_atlonf, f“g.ef%“an ac?d !
integration paths for experimental validation integration of the digital and rea
smart tourism economy
. . Effective system with 90%
Enables immersive VR hardware . : :
[31] Liaoning, China Uni tV;{DSyS;gmM virtual visits and reduces dependency and satlsfa'ctiofn ra}tle, fshowmgf (s:it'rqngl
(Unity3D + 3ds Max) pressure on real sites vertigo isSues potentia Ortt)tfri:étlre of digita
©
No. Geographical Context Simulation Method Benefits Limitations Main Conclusions
. Applied to only five Effective pricing strategies;
[3] Yunnan Province, China (NetLOgO)Iﬂg}i\gSt-COVID Fr(i)zierfasz:in;hii;ﬁyr:;ttigfl destinations; information varies by
’ ’ recovery simulation P gs’tra’te ies dependent on destination; combination may
y & simulated parameters yield inconsistent results
Idengl_ﬁei.opnma; Limited context; does Prograrln agdtstafgt}; are (;helmost
[12] South Korea (10 marinas) Conjoint Analysis combinations anc not include external Vvalued atiributes, icea
preferences in nautical variables combination includes
tourism accessibility within <1 h
. Optimizes C e — Optimal ratio 2:1:2 between
) ABM (NetLogo)—tourlst tourist—attraction Theoretical simulation; attractions and 21 between
[13] Indonesia behavior and types of lationshi d lacks empirical 3
attractions relationships and validation tourists; balance between
maximizes satisfaction satisfaction and boredom
Maximi d Market diversification reduces
Australia, Greece, Japan, Tourist portfolio models aximizes revenue an Based on static risk and increases revenues;
[15] N reduces demand ; .
and USA (Markowitz) instability historical data Levels 1 model proves most
reliable
. System Dynamics Assesses the impact of Lacks seasonality and Domestic tourism strengthens
[32] Austria 4 b4 t GDP and Y 8
(SD) + CGE Ounﬁﬁieing an detailed regional data GDP and economic resilience
(D)
No. Geographical Context Simulation Method Benefits Limitations Main Conclusions
; Forecasts effects of : Climate has less impact than
[4] Global (207 countries) Eco:;;;r:\{e; trilgr?rrﬁ’gle(ibal climate change on Aggrega’ge;it:nd static economic factors; colder regions
tourism will benefit
Understands
) ) soc10ecqlgglcal Exploratory and ) Pollution and lpw ?eturns'
[5] Curagao, Caribbean ABM—Coasting Model vulnerability and L increase vulnerability; reducing
; simplified model U o
supports sustainable pollution improves resilience
adaptation
Douglas Shire and Great Tourism Futures Assesses scenarios and Complex model TFS §upp0rts sustaingble
[6] Barvier Reef. Australia Simulator (System environmental and dependent on local planning and prevention of
’ Dynamics) economic impacts data environmental overload
. Lo Analyzes environmental Simplified model ABM helps define carrying
[9] Czech Republic ABM—visitor behavior in and social impacts and dependent on capacity limits and support
natural areas
visitor flows calibration sustainable management
: Assesses overtourism risk Limited data and Visitor dispersion and digital
[10] Santa Marta, Colombia Afltv[ (GANIIIZ)._,[S.Ea?al and tests management simplified behavior monitoring reduce
and temporal distribution strategies modeling overcrowding
Quantifies emissions and Simplifies external Effective model for predicting
[11] Hunan, China System Dynamics (SD) supports low-carbon factors and uses emissions and supporting
policies aggregated data sustainable tourism
1a . Reduces emissions and L Hybrid system viable and
Limited stud d yord sy
[17] Fayoum, Egypt HOMER Grid Simulation energy costs; promotes 'mitec study area an efficient; reduces CO, emissions
(PV/wind + EV) sustainable mobility high initial investment and grid dependence
i T s Environmental and institutional
Identifies resilience Limited to one : a9
. .. . LSTM Neural . P factors determine resilience;
[33] Heilongjiang, China Network + GeoDetector factors gnd predlct's rural province; depends on LSTM more accurate than
tourism evolution questionnaires BP model
Simul inabl Venice exceeds sustainable
(34] Venice, Italy Fuzzy Linear ségﬁf: :rlllcsltgler}?neg Parameter uncertainty ~ capacity; fuzzy model supports

Programming (TCC)

visitor limits

and local dependency

decision-making and
urban policies

Within these axes, distinct methodological approaches can be observed, with particular
emphasis on Agent-Based Modeling (ABM), System Dynamics (SD), Digital Twins (DT),
and hybrid models combining machine learning and predictive analytics.
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ABM models are widely applied to the analysis of tourist behavior and mobility,
simulating interactions between tourists and residents to understand phenomena such as
overtourism and flow distribution in urban and natural destinations, as illustrated by [9,10].

System Dynamics, on the other hand, appears in studies on planning and sustainability,
enabling the modeling of tourism demand, energy consumption, and carbon emissions.
Representative examples include [11,32].

Digital Twins (DT) and hybrid models represent a more recent evolution associated
with smart tourism, combining IoT data, artificial intelligence, and 3D visualization to
support real-time decision-making and predict visitation patterns. Relevant studies in-
clude [7,8,18,25].

These methodologies have been applied across diverse domains such as strategic plan-
ning and destination management (e.g., [3,34]), environmental sustainability (e.g., [4,5,34]),
tourist behavior and mobility (e.g., [21]), and immersive digital experiences (e.g., [2,19,29]).

This diversity demonstrates that simulation, once primarily used as an exploratory
tool, has evolved into a core instrument for decision support and digital innovation
in tourism.

Overall, the 34 studies analyzed reveal a clear trend toward integrating technological,
social, and environmental dimensions, with hybrid models that combine real data, forecast-
ing systems, and behavioral simulations. This evolution reflects the growing maturity of
the field and reinforces the importance of simulation as a methodological foundation for
developing smarter, more sustainable, and resilient tourism destinations.

4.1. Bibliometric Analysis

The bibliometric analysis of the 34 articles included in this systematic review made it
possible to identify publication patterns, thematic trends, and the distribution of the most
relevant scientific journals in the field of simulation applied to tourism.

Figure 6 presents the number of articles published per year, between 1999 and 2025.
A clear acceleration in scientific production can be observed from 2020 onwards, coincid-
ing with the consolidation of digital technologies and the growing interest in applying
simulation models to tourist mobility and sustainable destination management.

Documents by year

4

3

| I
0 I I I I I

1999 2005 2010 2013 2018 2020 2021 2022 2023 2024 2025

Figure 6. Number of articles published by year (1999-2025).

In the early years (1999-2013), publications appeared sporadically and had an ex-
ploratory nature, focusing mainly on territorial planning, carrying capacity, and sustain-
ability policies. From 2020 onwards, studies became more sophisticated, integrating Agent-
Based Modeling (ABM), Digital Twins (DT), and Artificial Intelligence (AI). The peak
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occurred in 2024 (8 articles) and 2025 (7 articles), confirming the emerging and interdisci-
plinary character of this research area.

To enhance the understanding of the bibliometric profile of the selected studies, two
complementary visualizations were developed using Flourish Studio version 38.6.3, based
exclusively on the 34 articles included in this systematic review. These charts provide
additional insights into the temporal evolution and the geographical distribution of research
on simulation applied to tourism.

The keyword co-occurrence network (Figure 7), generated using VOSviewer 1.6.20,
reveals four main clusters representing the dominant dimensions of the field:

1. Sustainability and planning policies (green)—includes terms such as system dynam-
ics, policy, carrying capacity, and sustainability, referring to policy modeling and
sustainable destination management.

2. Tourism and demand forecasting (blue)—includes keywords such as tourism, de-
mand forecasting, prediction, and resilience, focusing on mobility patterns and
tourist behavior.

3.  Simulation and mobility (yellow)—includes simulation, ABM, traffic, and decision
support, emphasizing tourist flows, congestion, and decision-making processes.

4.  Digitalization and smart destinations (red)—includes digital twin, smart tourism, big
data, augmented reality, and smart destination, representing technological evolution
and the integration of real-time data.
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Figure 7. Keyword co-occurrence network (VOSviewer).

The clusters are strongly interconnected, highlighting the convergence between sus-
tainability, digital innovation, and intelligent planning in contemporary tourism.

The density map (Figure 8) reinforces the centrality of the concepts simulation, tourism,
sustainability, and digital twin. The most intense zones (in yellow) indicate the most
frequent and interrelated terms.

A clear transition can be observed from the initial focus on system dynamics and
policy (until 2015) to digital twin, Al, and smart tourism (from 2020 onwards), reflecting
the field’s migration toward a digital and predictive paradigm.
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Figure 8. Density map of keyword co-occurrence (VOSviewer).

Figure 9 presents the word cloud generated using the WordArt platform, illus-
trating the frequency and relative weight of the most recurrent keywords across the

34 analyzed articles.
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Figure 9. Word cloud representing the frequency of keywords in the 34 analyzed articles, generated
with the Word Art tool (2025).

The largest terms—tourism, simulation, models, planning, digital twin, and
reality—correspond to the most central and transversal concepts in the literature. This
visual representation enables the immediate identification of the most conceptually relevant
terms, serving as a lexical synthesis of the research field.

Although it does not represent temporal evolution, the word cloud highlights the
thematic predominance of studies linking simulation, planning, and digital transformation
in tourism.

Figure 10 presents the treemap of scientific journals in which the 34 analyzed articles
were published. The chart shows the disciplinary diversity and transversality of research
in this domain, covering areas such as tourism, sustainability, engineering, urban systems,
and digital technologies. The journal Sustainability (MDPI) emerges as the most represen-
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tative, followed by Tourism Management, Journal of Cleaner Production, and Simulation
Modeling Practice and Theory.

Computers, Transportation
Environment and Urban | Journal of Cleaner Research n I IEEE World
Systems Production Interdisciplinary Tourism Management d Conference on
Perspectives Perspectives Complex Systems.

Physics and Chemistry |Simulation Modelling " Tourism Planning &
of the Earth Practice and Theory Development.

Results in Engineering™ | Global Environmental
Change Applied Sciences

Annals of Tourism
Research Empirical Journal of Physics:
Insights. Tourism Geographies | Conference Series Procedia Computer
Science

Environmental Annals of Tourism
Sustainability Modelling & Software | Business Informatics Research Uncertain Supply Chain Management

Figure 10. Treemap of scientific journals where the 34 analyzed articles were published.

This dispersion demonstrates that the topic of simulation in tourism is not confined to a
single disciplinary field but is distributed across multiple scientific communities, reflecting
its integrative role between tourism, data science, and sustainable management.

Taken together, these results confirm that simulation has become a fundamental tool
for the strategic and sustainable planning of tourism destinations, enabling the integration
of policies, mobility, and technological innovation within a unified analytical ecosystem.

4.2. Geographical and Sectoral Differences in the Application of Simulation

The geographical distribution of the 34 analyzed studies reveals a clear predomi-
nance of research conducted in Asia, particularly in China, which accounts for 24% of all
publications (Figure 11). This concentration reflects the country’s strong investment in
digital technologies and smart cities, resulting in studies that employ various simulation ap-
proaches. Among the most representative examples are [18], which develops an integrated
digital twin for analyzing urban tourist flows; [33], focused on predicting resilience in rural
villages; and [11], which applies System Dynamics to estimate carbon emissions in the
tourism sector. These studies illustrate the technological maturity and thematic diversity of
simulation research in the Chinese context, covering areas ranging from urban and energy
planning to environmental sustainability.

International studies (12%) and those conducted in countries such as Portugal, Japan,
Thailand, Australia, and the United States (6% each) show more balanced approaches,
alternating between technological innovation and strategic planning. In the European con-
text, several works emphasize sustainability and decision support in tourism destinations.
Article [16] demonstrates how Agent-Based Modeling, combined with Wi-Fi sensors and
3D visualization, can support crowd management and reduce the impacts of overtourism.
Article [34] applies an innovative mathematical approach to define sustainable visitor limits,
proposing management scenarios that balance economic performance and local quality
of life.

In the United States, Article [24] highlights the potential of artificial neural networks
to predict tourist flows and optimize mobility during peak periods, while in Australia, Ar-
ticle [6] represents one of the first applications of System Dynamics in tourism, integrating
economic, social, and environmental variables to support sustainable destination planning.



Sustainability 2025, 17, 10850

15 of 23

Indonesia
2.94%

D

Figure 11. Percentage distribution of articles by country (1999-2025).
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In Latin America and the Caribbean, studies of a socioecological and experimental
nature have emerged, such as Articles [5,10]. These examples demonstrate the use of simu-
lation as a diagnostic and adaptive planning tool, contributing to reduced vulnerabilities
and improved territorial management in contexts of high tourism pressure.

From a sectoral perspective, significant differences can be observed in how simulation
is applied. In Asia, a predominantly technological and operational approach prevails,
strongly associated with digitalization, artificial intelligence, digital twins, and big data,
as evidenced in Articles [18,22,25]. In European contexts, the focus is more strategic and
sustainability-oriented, emphasizing carrying capacity, urban planning, and public policy,
as seen in Articles [6,32,34]. In Latin American and island regions, simulation is mainly
used to support resilience and mitigate environmental impacts, with Articles [5,10] as
notable examples.

This geographical and sectoral heterogeneity demonstrates that technological maturity,
data availability, and public policy priorities strongly influence the adoption of simulation
tools in tourism. While countries such as China and South Korea invest in models with
high computational complexity, Europe and Latin America continue to prioritize integrated
approaches to sustainable planning and collaborative destination management.

4.3. Emerging Technologies and Integration with Smart Tourism

Recent literature shows that simulation is evolving from a purely analytical tool into
an intelligent digital system increasingly integrated within Smart Tourism ecosystems.
This transformation is driven by the convergence of advanced simulation models and
emerging technologies—such as Digital Twins (DTs), Artificial Intelligence (Al), Big Data,
Augmented Reality (AR), and the Internet of Things (IoT)—which are reshaping how
tourism is planned, monitored, and experienced [18].

Among these technologies, Digital Twins (DTs) play a central role in the transition to-
ward smart tourism destinations. A digital twin consists of a virtual replica of a destination
or infrastructure, continuously fed by real-time data and synchronized with its physical
counterpart [17]. These models enable the evaluation of mobility scenarios, simulation
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of tourist flows, optimization of resources, and testing of policies before their real-world
implementation [14].

In smart tourism, digital twins are applied to represent complex urban systems,
allowing for predictive and adaptive planning guided by real-time data [13]. In Aveiro, for
example, recent studies demonstrated how the integration of sensors and digital models
improves congestion forecasting and energy efficiency in coastal destinations [30].

Artificial Intelligence (Al) emerges as one of the most transformative technologies in
decision support. Machine learning and deep learning models are widely used to predict
visitor flows, detect mobility patterns, and adjust tourism supply in real time [7]. By
integrating data from urban sensors, booking platforms, and social media, Al enables a
dynamic response to fluctuations in demand [26]. Recent studies show that combining
Al with Agent-Based Modeling (ABM) enhances the predictive capacity of simulations,
allowing for the anticipation of seasonal peaks, urban congestion, and health crises [15].

Big Data forms the informational backbone of the new generation of tourism mod-
els. Massive data collection platforms—fed by sensors, transport networks, social media,
and accommodation services—nurture cyber-physical systems capable of replicating real
tourist behavior in near real time [22]. These systems enable the integration of histori-
cal and real-time variables, producing indicators of sustainability, energy consumption,
and environmental impact [29]. The integration of big data and simulation transforms
destinations into dynamic platforms for continuous planning and monitoring [24].

Augmented Reality (AR) and immersive technologies are transforming how visitors
interact with destinations. Recent studies highlight AR’s role in creating personalized,
educational, and sustainable experiences that reduce pressure on sensitive heritage sites [23].
The combination of 3D modeling, visual simulation, and georeferenced data has enabled
the development of interactive routes and digital twins of cultural heritage [11]. These
applications illustrate the convergence between predictive analytics and sensory experience,
marking the emergence of Tourism 5.0, where simulation serves both as a planning and
communication tool [6].

The reviewed studies indicate that the integration of these technologies occurs through
interoperable and collaborative platforms capable of aggregating data from transport,
energy, environment, and tourism behavior systems [5]. This model constitutes the core
of the Smart Tourism Ecosystem, in which Al, big data, digital twins, and agent-based
simulation work in synergy to support data-driven public policies [27].

However, this technological convergence introduces new challenges, particularly con-
cerning data privacy, platform interoperability, and algorithmic transparency [1]. The
literature emphasizes that the adoption of interoperability standards and ethical data
management practices is essential for consolidating smart and resilient tourism destina-
tions [12].

In summary, the emerging technologies analyzed reveal a clear evolution in the role of
simulation—from a static analytical tool to a dynamic, intelligent, and integrated system.
The combination of digital twins, artificial intelligence, and big data now represents the
core axis of digital transformation in tourism, enabling more sustainable, participatory,
and evidence-based planning [12]. This integration reflects the growing maturity of the
field and paves the way for smart tourism destinations capable of learning, predicting, and
adapting in real time.

4.4. Barriers and Limitations to the Adoption of Simulation in Tourism

Despite the conceptual and technological progress observed over the past decade,
the effective adoption of simulation in tourism still faces several barriers of a technical,
organizational, economic, and cultural nature.
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The literature shows that although modeling tools—such as Agent-Based Modeling
(ABM), System Dynamics (SD), and Digital Twins (DT)—have demonstrated high poten-
tial, their practical application remains limited due to structural, economic, and human
factors [33].

The barriers identified in the reviewed studies extend beyond generic technologi-
cal constraints and reveal structural and operational challenges that hinder the effective
implementation of simulation in tourism contexts. Key limitations include restricted ac-
cess to high-resolution and real-time data, limited interoperability between simulation
platforms and existing Destination Management Systems (DMS), and the absence of stan-
dardized protocols for model validation and calibration. Additionally, several studies
highlight institutional barriers, such as insufficient technical expertise within destination
management organizations and resistance from stakeholders to integrate simulation out-
puts into strategic planning processes. These challenges are particularly evident in small
and medium-sized destinations, where financial constraints and limited digital maturity
further reduce the practical adoption of simulation-based decision support tools.

One of the main barriers identified is the lack of reliable, up-to-date, and interoperable
data to feed simulation models [4]. Many tourist destinations, especially in regional or
emerging contexts, lack adequate data collection and management infrastructures, com-
promising model validation and calibration [22]. In addition, the absence of standardized
interoperability protocols between transport, environmental, and tourism platforms makes
it difficult to use real-time predictive models [8].

The computational complexity of some models—especially those based on agents and
digital twins—is also frequently mentioned as an obstacle, requiring advanced computing
resources and technical expertise [16]. Another significant limitation refers to the shortage
of technical and analytical skills among destination management teams [32]. Implementing
simulation requires specialized knowledge in modeling, programming, and statistical
analysis, which is often absent from tourism governance structures [5].

Resistance to change and the perception that simulation technologies are “research tools”
rather than operational management instruments further hinder adoption [28]. The litera-
ture suggests that successful integration depends on participatory models, where managers,
researchers, and policymakers collaborate in the design and validation of models [20].

The adoption of technologies such as Digital Twins and Al-driven simulation implies
high development, licensing, and maintenance costs [7]. Small and medium-sized destina-
tions rarely have budgets dedicated to digital transformation, which limits investment in
technological infrastructure [18]. Even when tools are implemented, long-term economic
sustainability is not always guaranteed, leading to the abandonment of pilot projects af-
ter initial public funding [29]. The absence of clear business models to justify return on
investment is another frequently mentioned obstacle [31].

Barriers are not only technical or financial. Many studies highlight cultural and
institutional resistance to the use of simulations as decision support tools [3]. In destinations
with fragmented governance structures, adoption is hindered by a lack of trust in digital
model results, which are often perceived as too complex or abstract [1]. This perception is
frequently associated with low digital literacy and the lack of translation of technical results
into operational metrics understandable to policymakers and local stakeholders [14].

The growing integration of data-driven technologies—such as Al and IoT—raises
ethical and privacy concerns that hinder public acceptance [15]. Many projects face legal
restrictions on the collection and sharing of personal data, especially in urban contexts [11].
The absence of clear data governance structures and the lack of transparency in forecasting
algorithms reduce trust among users and stakeholders [17]. According to [23], implement-
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ing data protection policies, algorithmic audits, and informed consent mechanisms are
essential conditions for legitimizing these technologies.

The literature reviewed converges on four main dimensions of barriers to simulation
adoption in tourism, as summarized in Table 3.

Table 3. Main barriers to the adoption of simulation in tourism.

Dimension Description Examples of Articles
Technical Lack of interoperable data, scalability, and computational resources. [4,8,16,22]
Organizational Lack of technical skills, resistance to innovation, and limited institutional integration. [5,20,28,32]
Economic High implementation costs and lack of tangible economic returns. [7,18,29,31]
Cultural and Ethical Resistance to digitalization, lack of trust, and privacy concerns. [1,3,11,15,17,23]

These barriers demonstrate that the digital transformation of tourism, although ac-
celerating, still lacks robust technical infrastructure, human capacity building, and a solid
ethical framework. The success of simulation applied to tourism will therefore depend
on cooperation between academia, the public sector, and industry, ensuring technological
interoperability, transparent data governance, and continuous professional training [12].

5. Discussion
5.1. Theoretical and Practical Implications

This systematic review contributes to the literature on simulation applied to tourism
by consolidating a theoretical-methodological framework that reflects the growing ma-
turity of the field. The findings made it possible to propose an integrated taxonomy of
simulation methodologies encompassing four main approaches—Agent-Based Modeling
(ABM), System Dynamics (SD), Digital Twins (DT), and hybrid models—which have been
used complementarily to analyze complex tourism systems [16].

This taxonomy reveals an epistemological evolution: from exploratory models focused
on spatial planning and carrying capacity [4,34], to predictive and interactive models based
on real-time data and emerging digital technologies [8,24].

From a theoretical perspective, the study contributes to integrating interdisciplinary
perspectives from tourism, systems engineering, and data science, providing a transversal
understanding of how simulation is conceptualized, validated, and applied. The analysis
of the 34 articles made it possible to identify a digital maturity model in tourism, in
which destinations evolve from analytical practices based on historical data to intelligent
approaches (smart tourism systems) supported by adaptive simulation, Al, and digital
twins [6,26].

Thus, simulation ceases to be merely an academic tool and establishes itself as a
structural pillar of digital and sustainable transformation in tourism [5,24].

From a practical standpoint, this review shows that simulation has become a virtual
decision support laboratory, with direct implications for policymakers, destination man-
agers, and urban planners. Several studies demonstrate how simulation models enable
testing public policies before implementation, reducing associated risks and costs [10,33].

Digital twin-based applications have proven particularly promising for urban plan-
ning and tourism flow management, allowing congestion monitoring, visitation forecasting,
and optimization of infrastructure use [8,18].

Moreover, the integration of big data and simulation has enabled the assessment of
sustainability indicators and environmental impacts based on real data, strengthening the
adaptive and participatory planning capacity of tourism destinations [29,34].

In summary, the theoretical and practical implications converge into an interpretative
model of simulation maturity in tourism, which articulates four key dimensions:
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i. conceptual axes (smart tourism, digital experiences, planning, and sustainability);
ii. simulation methodologies (ABM, SD, DT, and hybrids);
iii. emerging technologies (A, IoT, big data, augmented reality); and
iv. adoption barriers (technical, organizational, economic, and cultural).

This integration is represented in Figure 12, created in Canva (2025), which synthesizes
the relationship between technological maturity, sectoral application, and impact on tourism
destination management.

Smart Tourism
Digital Experiences
Planning
Sustainability _g

Agent-Based
Modeling (ABM)
System Dynamics

(SD)
Digital Twins (DT)
Hybrid Models

EMERGING
TECHNOLOGIES

Artificial Intelligence (Al
Internet of Things (loT)
Big Data
Augmented Reality (AR)

Figure 12. Conceptual model of simulation maturity in tourism, integrating thematic axes, method-
ologies, emerging technologies, and adoption barriers (author’s own elaboration using Canva online
platform, accessed in 2025).

Beyond these contributions, this review offers valuable lessons for both academics
and industry professionals. For academia, it highlights the importance of hybrid and
interdisciplinary approaches capable of bridging theory and digital experimentation. For
practitioners, it provides operational guidelines for applying simulation models in urban
planning, tourism mobility, and sustainability, encouraging the use of digital twins and Al
as strategic management and decision support tools.

While the reviewed studies demonstrate a growing interest in the application of simu-
lation to support sustainable tourism planning, the analysis reveals a fragmented research
landscape characterized by methodological heterogeneity and limited cross-comparability
between models. Most simulation approaches remain developed in isolation, tailored to
specific case studies, and rarely subjected to standardized validation procedures. This
lack of convergence restricts the scalability and transferability of simulation-based solu-
tions, limiting their evolution into robust decision support systems capable of informing
long-term destination governance. Consequently, there is a clear need for an integrated
conceptual and operational framework that aligns simulation methodologies with the prin-
ciples of Tourism 5.0, reinforcing the transition from experimental modeling to strategic,
evidence-based destination management.

5.2. Limitations and Future Research Directions

Although this review offers a comprehensive and up-to-date analysis, several method-
ological and structural limitations should be acknowledged. First, the temporal scope
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(1999-2025), while appropriate for capturing the historical and digital evolution of simula-
tion, may have excluded earlier foundational studies and very recent publications not yet
indexed [13,27].

Second, the selection of databases—Scopus, Web of Science, IEEE Xplore, ScienceDi-
rect, and MDPI—ensured disciplinary breadth but may have overlooked regional or gray
literature relevant to the field [7].

The total number of analyzed articles (n = 34) enabled a deep qualitative assess-
ment but limits the statistical generalization of the findings, especially considering the
heterogeneity of contexts and methodologies [16,32].

Furthermore, this review primarily focused on conceptual and modeling studies,
without including empirical or experimental validations in real-world contexts [12,15].

Finally, a significant terminological variation among authors was identified—"simulation”,
“modeling”, “digital twin”, and “smart system”—which may affect semantic consistency and
hinder future meta-analyses [14,20].

Looking ahead, the analyzed literature highlights several future research avenues that
can consolidate and expand the role of simulation in tourism:

e  Development of interpretable hybrid models that combine ABM, SD, and Al, enhanc-
ing transparency and predictive capacity [24,25];

e  Creation of participatory simulation frameworks, engaging local stakeholders in the
design and validation of models [22,33];

e  Exploration of the nexus between simulation, sustainability, and digital experience,
assessing how technology can balance visitor experience and environmental conserva-
tion [5,19];

o  Comparative studies across geographical regions (Asia, Europe, Latin America) to
understand differences in digital maturity and public policy adoption [28,30];

e Implementation of real-time digital twins for urban planning and continuous monitor-
ing of tourism destinations [8,26];

e Promotion of interdisciplinary syntheses between tourism, engineering, and data
science to create a common ontology for applied simulation [1,2].

In summary, the consolidation of simulation in tourism will depend on transpar-
ent data governance, continuous technical capacity building, and collaboration between
academia, industry, and public administration. Future research should focus on predictive
and participatory models capable of transforming tourism destinations into intelligent,
sustainable, and socially inclusive systems.

6. Conclusions

This systematic review was undertaken in response to a pressing global challenge in
contemporary tourism: the growing mismatch between accelerated digital transformation
and the capacity of destinations to manage sustainability, resilience, and visitor experi-
ence in an integrated manner. The rapid evolution of Tourism 5.0 has created an urgent
need for structured, decision support mechanisms capable of anticipating complex dy-
namics such as overtourism, environmental degradation, and fluctuating visitor behavior.
This study therefore aimed to critically examine how simulation has been applied as a
strategic tool to support more informed, adaptive, and human-centered governance of
tourism destinations.

The results demonstrate that simulation has evolved from an exploratory analyti-
cal technique into a strategic instrument capable of supporting sustainable destination
planning, visitor flow optimization, and intelligent policy testing. Agent-Based model-
ing, System Dynamics, and Digital Twins emerged as the most influential approaches,
revealing a clear shift toward predictive, adaptive, and technology-integrated models.
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However, the analysis also exposed persistent fragmentation in validation practices and
a limited translation of simulation outputs into operational decision-making within real
tourism environments.

Despite its contributions, this review is constrained by the still limited number of
peer-reviewed studies explicitly focused on simulation within the Tourism 5.0 paradigm, as
well as by methodological heterogeneity and uneven levels of empirical validation across
the analyzed works. Additionally, the exclusion of non-indexed sources and real-time
operational data restricted the ability to fully capture the breadth of emerging practices in
rapidly evolving destination contexts.

Future research should prioritize the development of integrated simulation frame-
works that combine behavioral, environmental, and economic dimensions, supported by
real-time data and participatory governance models. Greater emphasis should be placed
on empirical validation in living tourism environments and on the creation of standard-
ized evaluation protocols capable of strengthening the transferability and scalability of
simulation-based solutions. Such advances will be critical for transforming simulation into
a core pillar of sustainable, resilient, and ethically grounded Tourism 5.0 ecosystems.
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