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Abstract: The research was motivated by the growing importance of visitor management in pro-
tected areas, which can be based on knowledge management, system modelling of processes and
phenomena, and a deeper knowledge of the experience of visitors in connection with the concept
of psychological carrying capacity. The work builds on previous publications and research by the
authors, focused on the optimization of tourism impacts, visitor management and the development of
the theory and applicability of the concept of carrying capacity. It emphasizes the overview analysis
of the possibilities of using agent-based modelling and visualization of visitor flows in protected
areas. The analysis of suitable sources was based on the PRISMA method, which showed the main
research directions for the use of the agent-based approach in visitor management. For the practical
application of modelling, the NetLogo environment was chosen, in which the visitor flows of the
model area were simulated. The visitor attendance was evaluated in relation to the psychological
carrying capacity. Subsequently, visitor management measures were implemented in the model,
and repeated simulations of visitor attendance, based on monitored flows, were run for a specific
location around Oheb Castle (the Železné hory/Iron Mountains, Bohemia). The main result is the
innovative use of agent-based modelling in visitor management in the context of visitor experience,
visitor satisfaction and psychological carrying capacity. The contribution of the presented research
is also the proposal of future research directions for more accurate use of psychological carrying
capacity in visitor management.

Keywords: protected area; visitor management; destination marketing; agent-based model; psycho-
logical carrying capacity; social carrying capacity

1. Introduction

A significant trend in recent years has been the quantitative and qualitive (new forms
of activities) tourism development in protected areas and the increase in the rarity of
protected areas with the growth of their popularity as tourism destinations. Tourism
research has undergone rapid development in recent years in describing, monitoring, causal
analysis, understanding patterns, and predicting tourism impacts [1,2]. The optimization
of tourism impacts, which is particularly important in protected areas, is increasingly
associated with the social responsibility of different tourism actors [3–6] and, in addition
to “classic”, established approaches (e.g., [7]), with new approaches and methodologies
and new techniques [2]. The mutual conceptual relationship between different aspects of
tourism impacts is illustrated in the mind map in Figure 1, emphasizing the importance
of the modelling, prediction and optimization of tourism impacts. The trends in research
and the application of its findings in the tourism industry are highlighted in the mind
map. In the future, emphasis will be placed especially on the approach of optimizing
tourism impacts [1,7], dynamism of the concept of the carrying capacity of the destination
for visitors [8], the social responsibility of tourism actors [3–6] and procedures based on
dynamic knowledge of processes and their impacts [8,9].
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Figure 1. A mind map of basic aspects of optimizing tourism impacts. Source: inspired by [2,3,8–
11]. 

The optimization of tourism impacts in protected areas is closely related to the ap-
propriate quality of visitor management, which is an important part of destination man-
agement [2,8,9,12]. Visitor management in protected areas uses various approaches [13], 
in particular: 
• proactive tourism planning [12,14] 
• spatio-temporal zoning of the territory in relation to tourism (e.g., [8,12,14]),  
• monitoring, modelling and forecasting visitor flows, motivation, behaviour and im-

pacts of visitors [2,12,14,15–24]  
• concept of visiting limitations to the area [14] in the frame of tourism-carrying capac-

ity [1,8,25–27] and/or limits of acceptable changes (LAC; [1,8,12,28,29]), including 
various visitor management models [30] and considering different distributions of 
visitor pressure on the tourism carrying capacity of the territory [31] 

• preserving the visitor experience with an emphasis on its multi-component character 
[32]; this approach is the basis of some visitor management models [14] and a meas-
ure of the success of visitor management [33] 

• the establishment of visiting rules in connection with the appropriate development 
of the visitor infrastructure (type and conduct of trails, viewpoints, visitor centres, 
etc.; [12,14]), and informing visitors and interpreting local heritage [34]  

• modelling and predicting tourism-activated processes and changes in ecosystems, 
cultural and “tourism visiting space” in protected areas [17,30,35–39]  
Tourism visiting space refers to all processes and changes associated with visiting 

protected areas, including visitor flows and the mental space (perceptual and cognitive 
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The optimization of tourism impacts in protected areas is closely related to the ap-
propriate quality of visitor management, which is an important part of destination man-
agement [2,8,9,12]. Visitor management in protected areas uses various approaches [13],
in particular:

• proactive tourism planning [12,14]
• spatio-temporal zoning of the territory in relation to tourism (e.g., [8,12,14]),
• monitoring, modelling and forecasting visitor flows, motivation, behaviour and im-

pacts of visitors [2,12,14–24]
• concept of visiting limitations to the area [14] in the frame of tourism-carrying ca-

pacity [1,8,25–27] and/or limits of acceptable changes (LAC; [1,8,12,28,29]), including
various visitor management models [30] and considering different distributions of
visitor pressure on the tourism carrying capacity of the territory [31]

• preserving the visitor experience with an emphasis on its multi-component charac-
ter [32]; this approach is the basis of some visitor management models [14] and a
measure of the success of visitor management [33]

• the establishment of visiting rules in connection with the appropriate development
of the visitor infrastructure (type and conduct of trails, viewpoints, visitor cen-
tres, etc.; [12,14]), and informing visitors and interpreting local heritage [34]

• modelling and predicting tourism-activated processes and changes in ecosystems,
cultural and “tourism visiting space” in protected areas [17,30,35–39]

Tourism visiting space refers to all processes and changes associated with visiting
protected areas, including visitor flows and the mental space (perceptual and cognitive
maps, the environmental bubble [3] etc.) of all visitors to the area. Computational so-
cial science approaches are applicable to the modelling and subsequent prediction and
optimization of qualitative and quantitative aspects of various phenomena in tourism,
such as tourism infrastructure in protected areas [40,41], tourism flows [30,42], the spatial
distribution of visitors, spatio-temporal curves of visitor behaviour [30] or the impacts of
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tourism, including their relation to tourism-carrying capacity or the application of the LAC
(Limits of Acceptable Change) concept.

Our paper deals with these approaches, namely the agent-based simulation (see the
systemic overview of applications in tourism in Amelung et al. [43]) of the spatio-temporal
distribution and behaviour of tourism actors in relation to the multidimensional concept
of carrying capacity [1,9,22,27,44–47] and the dynamic concept of carrying capacity [27,48]
with an emphasis on psychological/social carrying capacity. Predictive approaches and
those of the interactive influencing spatio-temporal distribution of visitors and their psy-
chological and behavioural changes using the system approach, information and communi-
cation technologies (ICT) and artificial intelligence are of increasing significance for visitor
management, as discussed in the paper.

Although various studies have been published on the psychological carrying capacity
of destination visitors (e.g., [8,49–55]), a deeper understanding of the nature of the process
of exceeding psychological carrying capacity in relation to the number of additional visitors
and their spatial and temporal distribution is lacking. The research presented in this article
focuses on this research gap. By simulating the movement of individual visitors with the use
of agents, the present paper provides a deeper understanding of the variability in the impact
of visitor flows on the perception of a particular visitor, describes this disturbance and, in
conjunction with further research, as proposed in the conclusion, provides a theoretical
and practical basis for understanding psychological carrying capacity. The intention of the
present paper is to provide an analytical description of the variability in the impact of visitor
flows on the perception of a particular visitor by simulating the movement of individual
visitors using agent-based social simulation. In relation to the proposed further research,
this paper aims to provide a theoretical and practical basis for a deeper understanding of
psychological carrying capacity. The research conducted would be guided by the following
research questions:

Q1: How can psychological carrying capacity in protected areas be explored by means
of agent-based social simulation?

Q2: What can be the benefit of agent-based social simulations in the visitor manage-
ment of protected areas in relation to psychological carrying capacity?

2. Literature Review
2.1. Visitor Management Concept

The optimization of tourism in a protected area, including its impacts on nature and
the landscape of the area, is based on several starting points. The basic starting point is the
choice of an appropriate philosophy of the relationship between the protected area and its
visitors. Weaver and Lawton [56] describe their progressive approach as the “third gen-
eration” approach to visitation in higher-order protected areas. Their concept assumes
the optimal number of visitors to the protected area due to the close link between visitors
and the protected area (see the dynamic concept of carrying capacity, [27]), resulting in
influencing not only their behaviour, but also their motivation to visit and their relation-
ship to the protected area. According to them, visitors should be directly involved in
the protection of the values of the area within the symbiosis of visitors and the protected
area. Another starting point that Weaver and Lawton [56] incorporate in the previous
“second generation” concept of visitation is the use of an appropriate combination of moni-
toring, carrying capacity, spatial-temporal zoning, etc., according to local conditions in the
protected area. Both of these starting points are summarized in the mind map in Figure 2.
In this mind map, there is also another starting point in relation to visitors, which is the
possibility to qualitatively and quantitatively predict the course of processes in a protected
area. The empirical-conceptual part of the article focuses on this possibility of prediction
using computational models, namely agent-based models.
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The system concept in its synergistic form is another important basis for considering
how to design the visitor management of protected areas. Some sub-notes on synergy
related to protected area visitor management follow:

• As documented by D’Antonio and Monz [57], the spatial behaviour of visitors changes
with the intensity of visitor flow (thus the process affects itself).

• Removing the soil cover when expanding trails or moving visitors off the trails signifi-
cantly increases the rate of soil erosion. These effects are more pronounced in mountain
areas (e.g., [58]) and must be subject to accurate measurement and modelling [59] and
more rigorous visitor management (see Figure 3).

• The poor condition of the trail infrastructures and their low capacity in relation to
the number of visitors leads not only to their accelerated erosion [60] but also to
parallel paths, the movement of visitors completely off-trail and the trampling of trail
surroundings [61,62].
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2.2. Psychological and Social Carrying Capacity

In visitor management, attention is paid not only to the impacts of visiting the site
and their prevention, but also to the increasing focus on visitor satisfaction, which can be
described in a variety of ways. One is the comprehensive finding of a multidimensional
cognitive map as an image of a visit to a destination; another is the spectrum of satisfaction
with services and experiences at a destination (a typical component of marketing research).
One-dimensional simplified metrics are often used. A frequently used one-dimensional
metric of visitor satisfaction is the feeling of not exceeding the degree of negative influence
of a certain irritating factor, most often the number of other visitors in the destination. This
limit state of well-being of the visitor is alternatively referred to as

• psychological carrying capacity [1]
• perceptual carrying capacity [52]
• socio-psychological capacity [49,53]
• social carrying capacity (e.g., [50,51,54,55]) as refinements of the tourism-carrying

capacity [25]

The tourism-carrying capacity is already used as a standard, e.g., in Chinese destina-
tions; see [63].

Some authors refer to the social carrying capacity of tourism by local residents and
visitors who perceive tourism (e.g., [64,65]). There are also authors who assess the per-
ception of tourism by local residents in terms of psychological carrying capacity [66]. For
the description in this article, the term psychological carrying capacity was chosen to
describe the relationship of visitors to tourism (and in particular to other visitors), and the
description of the relationship of local residents to tourism is called social carrying capacity.

Visitor management seeks to find a link between the degree of irritating factors (or
the quality of the visited environment) and visitor satisfaction. Klanjšček et al. [67] found
a link between the limit of acceptable disturbance (LAD) and the crowding rate by direct
field measurements in PP Telasćica, Croatia. It is also possible to analyze visitor sentiment
on social networks and review sites, as shown by Tokarchuk, Barr and Cozzio [68,69]
for reviews on Tripadvisor. When analyzing the impact of environmental aspects on
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visitor satisfaction, some authors (e.g., Wang et al. [70]) introduce the concept of tourism
environmental psychological carrying capacity (TEPCC).

Suitable predictive visitor management tools include visitor flow simulations, which
not only allowmanagers to avoid congestion, as described by Murata and Totsuka [71], but
also to increase visitor satisfaction. The first approximation to estimate of the degree of this
satisfaction can be a simulation whose output is the proportion of visitors for whom the
psychological carrying capacity has been exceeded.

2.3. Agent-Based Simulation

Agent-based modelling represents the process of creating a computational model,
usually replicating the real world, and performing experiments to understand its behaviour.
Agent-based modelling allows defining situations in which autonomously functioning
entities (agents representing individuals or groups) interact with each other and with the
virtual environment that surrounds them. The environment is most often a geographical
space, but it can also be an abstract space of permissible behaviour as well as manifestations
of agents. A simplified formal representation of space is a two- or three-dimensional grid,
or a network in the sense of a mathematical graph theory. A common principle applied in
agent-based models is to combine an environment based on real GIS data with artificially
defined agents. The properties of agents are based on real-world modelling derived from
research on observed properties of real-world individuals (typically they may correspond
to segments of visitors or local residents). In the model, it is possible to connect the map of
the protected area with agents representing its visitors and residents. Using agent-based
models with appropriate spatial and temporal scales and computational power, it is possible
to study pedestrian movement, traffic, migration, urban growth, changes in land use, the
spread of diseases or adaptation to climate change. Examples of simulations are given,
for example, in JASSS [72], conference papers from the Winter Simulation Conference [73],
and archives of models such as the CoMSES Network [74]. Simulations of pedestrian
movement using synthetic populations are created using real data (census data, surveys,
sensor information [75]).

By conducting experiments on the agent-based computational model, it is possible to
test theories and to refine hypotheses about the studied phenomena (e.g., psychological car-
rying capacity), create new hypotheses (e.g., in relation to socio-cultural carrying capacity),
analyze different scenarios of tourism development [76], and study the influence of various
factors on phenomena in tourism (e.g., how the type of transport affects the behaviour of
visitors to protected areas–Orsi, Geneletti [77]). In general, these factors are studied in Lew
and McKercher [78]). Others study system dynamics [79] and test what-if scenarios. In pro-
tected areas, these scenarios may include, for example, how trail accessibility affects visitor
behaviour, how visitor flows change when a new trail is created, or how the tourist market
might be described (Galapagos–Pizzituttia, Menab, Walshc [80]). It is also possible to model
nonlinear collective manifestations in tourism [76] that cannot be estimated or predicted
based on the knowledge of individual behaviour (e.g., the effect of congestion on trails or
attraction sites on the behaviour of visitors), and the effect of visitor activities on the natural
environment (Grand Canyon–Roberts, Stallman, Bieri [35]). An overview of crowd move-
ment during mass gatherings was provided by Owaidah et al. [81]). Batty [82,83] explores
the idea of urban modelling by combining agents with other computational approaches.

Methods from the field of computational intelligence (e.g., genetic algorithms, fuzzy
sets, neural networks) can be incorporated into the computer implementation of agent-
based models, enabling conceptual work in modelling with randomness and uncertainty,
both of which are a natural part of the real world. The advantage of this approach is that
the models are relatively easy to build and allow many different scenarios to be created by
simply changing, modifying, or combining input data. Methods for analyzing the outputs
of agent-based simulation have been summarized by Lee et al. [84].
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3. Materials and Methods

The aim of this research was to find out, within a proper concept of visitor management,
typical ways of using agent-based social simulations in visitor management in the context
of psychological carrying capacity.

The aim of the first part of the research procedure, whose individual stages are shown
in the following graph in Figure 4, was to obtain a comprehensive idea of which external
and internal factors influence visitor behaviour and perception. This was done through a
conceptual analysis of tourism impacts (Figure 1) and visitor management tools (Figure 2)
as a basis for a general model of destination visitation. For the purposes of the present
study, this model was simplified to a model for creating spatio-temporal curves of visitors’
movement via agent-based modelling.
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The method selected to obtain structured knowledge for the formulation of a sim-
ulation model of visitors was mind mapping, based on the analysis of the concepts of
various authors [2,9,14,21,22,27]. The resulting mind map (Figure 5) was used to visualize
various types of factors influencing the behaviour of visitors to protected areas. The model
in our study includes spatio-temporal curves of visitor movement in the protected area,
and visitors’ effects on nature and landscape. Other visitors can be included in a future
follow-up study.

The selected model of the spatial behaviour of visitors was implemented in two
steps. The first was to simulate visitor behaviour at the model destination in order to
gain knowledge about the basic features of the proposed model, including the selection
of a suitable environment for the simulation. This knowledge was subsequently used
to simulate the spatial behaviour of visitors in a specific destination, in which long-term
monitoring of visitor flows took place in several places.
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The actual agent-based social simulation was based on the assumption that the model
for the social simulation must reflect the studied system with sufficient fidelity, i.e., it must
cover all its main features. At the same time, the model is required to be simpler than the
real system and to be comprehensible (a compromise between realism and minimalism).
The general procedure for developing a discrete event simulation model consists of six main
steps, which are:

1 formulation of research questions and hypotheses,
2 conceptual design,
3 implementation,
4 validation,
5 experiments and their evaluation,
6 publication of results.
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The formulation of hypotheses was based on research questions 1 and 2. The ODD
protocol was used for the conceptual design [85–88].

The freely available program NetLogo was chosen for implementation [89]. NetLogo
offers a wide range of tools, functions and extension packages and a library of ready-
made models that can be modified. A number of NetLogo packages (extensions) have
been developed and shared by the user community. The extensions include libraries
for working with more complex data structures (arrays, tables), GIS data, audio and
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video files, function sets for statistical network analysis, cluster analysis, fuzzy logic and
more. NetLogo supports an agent-based modelling paradigm as well as system dynamics
modelling. System dynamics modelling involves the construction of flowcharts and positive
and negative feedback loop diagrams. NetLogo also provides constructs for specifying
agent networks.

NetLogo offers a square grid to represent the environment. The grid is suitable for
creating a cellular automaton with a number of parameters. The state of the cell typically
depends on the state of the neighbouring cells, and the size of the monitored neighbourhood
can be selected. Changes in cell state are determined by transition rules that are applied to
all cells in parallel, either synchronously or asynchronously. Thus, cellular automata are
used to represent the landscape as it evolves over time.

In addition to regular spatial structures (grids), a graphical representation of environ-
ment can be defined. A graph consists of nodes and edges (links) representing, for example,
a system of routes in a tourist area. The nodes indicate junctions or places of interest, while
weighted edges correspond to connections of places with additional parameters such as
travelling distance or carrying capacity. The interpretation of the graph depends on the
aim of the simulation model. The environment can be simplified as the basic variables of
the model include the number of people moving in an area, their approximate travel time
and the total number of visitors to a certain location. The objective of the simulation is to
determine the distribution of people in the area and how the distribution changes under
different circumstances.

Experiments with models are performed using a NetLogo BehaviorSpace tool. Behav-
iorSpace provides a form in which the user selects the model parameters to be varied, the
output variables to be monitored, and the number of repetitions of the simulation for each
combination of inputs. When the experiment is run, the values are reinitialized, or new
pseudorandom numbers are generated. The outputs of the experiments can then be com-
pared with each other and converted to statistical outputs. Alternatively, optimization tools
such as BehaviorSearch [90] can be used in the experiments. In this case, we would choose
an evaluation function (metric), and an optimization method (such as genetic algorithm or
simulated annealing), which is then used to automatically search for the combination of
the most optimal values of the model parameters.

4. Results

In order to demonstrate our agent-based exploration of physical and psychological
carrying capacity, two models were developed in NetLogo. First, a random network was
created. The network represents an unspecified tourist area consisting of a few entry points
(e.g., bus stops or car parks), a number of points of interest, junctions, and connecting
routes. The second model was developed for a specific location in the surrounding area
of Oheb Castle, located in the Železné hory (Iron Mountains) Protected Landscape Area
in Bohemia. The objective of our models is to simulate tourist movement patterns and to
provide basic statistics on visitor experience.

4.1. Model 1: Random Network

The nodes of our random network are generated to reach degrees one to four. It is
common for a hiking path to branch in one place to a maximum of four other directions,
and it is also clear in terms of model visualization. A node of degree one may indicate, for
example, a viewpoint where a tourist goes and must subsequently return from. From all
the nodes, some are then selected to indicate points of interest and some to serve as entry
points for visitor-agents. Distances between nodes are set to correspond to the length of
tourist routes (in kilometers or hours). The environment can be parameterized; however,
for statistical comparisons it is advisable to keep as many elements as possible with a
certain probability and then compare the result with a real example.

The second part of the model initialization is the creation of visitor-agents moving
through the network. Agents are assumed to enter the area through one of the entry points,
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take the shortest path to their points of interest, spend some time there, continue to other
points and finally return to their entry points and exit the model. This is a simulation of
the behaviour of visitors who travel to the site by car or train, so they have to return to the
same place at the end of their trip. The basic pattern of visitor-agent behaviour may by
refined with additional parameters in future versions of the model.

During the simulation, it is possible to monitor the distribution of visitors over the
area and their number in each node Figure 6.
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4.2. Model 2: Region of Oheb Castle

The path network represents the real path system in the locality of Oheb, the Železné
hory (Iron Mountains), the Czech Republic Figure 7 The simulation model was adapted to
the real environment of the tourist area around Oheb Castle for verification. The priorities
and locations of the nodes were fixed, and the result was consistent with the statistical
results from previous experiments. To achieve a more realistic simulation, the model was
extended with the following two features.
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1. Hikers rarely move alone. Typically, families or couples move together at the speed
of the slowest member and stay at the place of interest for the same length of time.
It is advisable to aggregate these individuals in one visitor-agent. A parameter
specifying the number of people in the group was defined and a normal distribution
was used to denote initial numbers. This aggregation also improves the performance
of the simulation.

2. In order to refine the model, points of interest were assigned a priority according to
which tourists choose a particular point as their destinations. In addition, these places
were assigned a physical capacity, which indicates the reasonable limit of visitors to
these places (e.g., a tour, castle, or cave) at a time, and/or a psychological capacity,
which indicates the maximum number of visitors that a person is willing to tolerate
alongside him or her.

4.3. Simulation Outputs–Region of Oheb Castle

The key output variable is the frequency of encounters with other tourists during the
trip. The frequency of encounters over the course of an hour was plotted in a histogram
Figure 8. The outputs of Model 1 and Model 2 are similar.
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In addition to comparing the two models, the simulation for a specific territory allows
us to compare the impact of different boarding points in the territory as well as different
boarding times. This is shown by the detailed analysis on the following graphs Figures 9–11.
This analysis can be an important basis for visitor management and its recommendations
for visitors to the territory (choice of time, boarding points). It can also be presented to
visitors in a simplified form (e.g., verbal description).
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The first histogram (Figure 9) shows that even if a visitor arrives in the area in the
morning, he or she still encounters a relatively large number of people. This may seem
strange at first glance as this is the least used entry point due to the greatest distance from
points of interest. This is because by the time this distance is covered, the main area will be
crowded with visitors who have chosen a closer entry point. This phenomenon can also be
evident in the green part of the histogram. When a visitor enters the area in the afternoon,
before he or she travels the distance to the given number of points of interest, the area is
depopulated, and the number of encounters is the lowest of all.

It can also be seen here that the histogram shows the highest number of meetings
at midday, when the attendance is highest. This is because the number of encounters is
counted from the main area (visitors from all entry points meet here), but also after a long
way there and back (part of the journey is even shared with the path from entrance B,
Figure 10).

The third histogram (Figure 11, Entrance C), on the other hand, shows that the number
of encounters is higher immediately after entering the area and remains high throughout
the day. This is because this is the most frequently used entry point (due to the small
distance to points of interest).

It should be noted here that the determination of appropriate outcome variables
needs to be the subject of further research. It is important for a deeper exploration of
psychological carrying capacity. For example, to simplify our demonstration, we did not
consider repeated encounters with the same visitor-agents, a factor that can undoubtedly
positively or negatively affect the visitor experience.

5. Discussion and Conclusions

Psychological carrying capacity can be studied using variables such as the frequency of
encounters, as indicated in our models. Naturally, the more input parameters a visitor-agent
has, the more variables can be observed as simulation outputs. Well-designed variables
and graphs (histograms, scatterplots, time series, spatio-temporal trajectories) are key to
interpreting simulation outputs by future model stakeholders (policymakers, destination
managers) [91].

The main benefits of agent-based simulations in the area of visitor management are
in providing insight into the spatio-temporal behaviour of heterogeneous individuals,
including the ability to explore specific issues of carrying capacity. NetLogo is a well-
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applicable tool for developing both sample models and realistic simulations. It is strongly
recommended to adopt existing agent-based pedestrian models or evacuation models. For
example, Wozniak and Dziecielski [92] provide a NetLogo model of pedestrian behaviour in
urban environments during the daytime. Their ambition is to design a general agent-based
model for the replication of pedestrian flows. The output variables are trajectories and
densities. In domain-specific models, such as models of visitor flows in protected areas, the
concept of psychological carrying capacity is the relevant measure.

In line with the analysis in the Literature Review, the research carried out showed,
among other things, the concepts of Weaver and Lawton [56] and their emphasis on, among
other things, visitor monitoring, the predictive power of simulating the movement of
individual visitors in connection with the monitoring of visitor flows. The used simulation
procedures can be further refined, e.g., by incorporating the fact that the spatial behaviour
of visitors changes with the intensity of visitor flow [57]. The performed simulations also
have a direct connection with visitor management models associated with the preservation
of visitor experience (VERP—Visitor Experience and Resource Protection; [30]).

The selected procedure for simulating the movement of individual visitors develops
the dynamic concept of psychological carrying capacity [27,48], fully respecting individual
influences on individual visitors, including changes in these influences in time and space
of the destination in a protected area. The individuality of setting the limits of psycho-
logical carrying capacity should be the subject of further research, as discussed in the
following chapter.

Future Research

The presented study showed that there is a lack of a deeper understanding of the
dynamic character of psychological carrying capacity in the context of its temporal develop-
ment during the visit to the destination and the degree of its individuality. Further efforts
need to be focused on designing clear ways of visualizing the main aspect of research
interest, i.e., the psychological carrying capacity of tourism. The visitor-agents in the model
can be heterogeneous in terms of different perceptions and tolerance of the presence of other
visitors, different expectations, or varying degrees of flexibility in changing their itinerary.
Therefore, our next research will focus on exploring how the distribution of visitor-agents
would change if they made decisions based not only on their own priorities, but also on
the actual or expected number of people around. A realistic scenario is that a visitor who
arrives at an overcrowded location (e.g., historic city centres, attractive museum rooms)
either waits there or moves elsewhere with the expectation of returning later. The estimated
number of people in a place can be communicated by various means to visitors already
on their journey to the place (e.g., information signs or mobile applications). Agent-based
simulations promise to provide a deeper understanding of the implications of contact
tracing mobile applications or the influence of social networks on visitor decision-making.

Reflections on determining psychological carrying capacity in relation to the number
of encounters with other visitors, their spatio-temporal distribution and the emotional
setting of the visitor led to the following questions for follow-up research:

1. How long does the emotional state resulting from encountering an excessive number
of other visitors, which is perceived as exceeding the psychological carrying capacity,
manifest itself? What influences this state positively or negatively?

2. How significantly is this emotional state related to the type of visitor, the group of
other visitors (size, type of group, e.g., own family) with whom he or she visits the
protected area, and the type of activities that the visitor seeks in the protected area?

3. How best to use the knowledge gained from monitoring, simulations of visitor flows
and the detection of (not) exceeding the psychological carrying capacity of visitors in
visitor management?

Answering questions 1 and 2 will require detailed individual research into the emo-
tional state of visitors to the area, the number of encounters the visitor has with other
visitors, and the monitoring of other conditions during the entire visit to the protected
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area. This will then enable the effective use of detailed data on the visitation to the area,
obtained by combining automatic monitoring and simulation of visitor flows using agent-
based modelling. The success of modelling depends on communication between model
developers and stakeholders, who must rely on the simulation outputs. The guideline is
provided by, e.g., [93].
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37. Clius, M.; Teleucă, A.; David, O.; Moroşanu, A. Trail Accessibility as a Tool for Sustainable Management of Protected Areas: Case
Study Ceahlău National Park, Romania. Procedia Environ. Sci. 2012, 14, 267–278. [CrossRef]
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