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Abstract: This research aims to analyze the spatial and temporal distribution of residents
and tourists in an urban context, assessing the risk of overtourism. To achieve this, a tourist
city is conceptualized as a complex system and examined through an agent-based model
(ABM), which simulates the interactions between heterogeneous agents and their environ-
ment. This computational approach enables the exploration of emergent spatial-temporal
patterns and facilitates the interpretation of overtourism as a real-world experiment. The
case study focuses on Santa Marta (Colombia), a well-established coastal destination cur-
rently facing potential entry into a phase of tourism decline if management remains reactive.
Simulation results reveal a high risk of overtourism and illustrate the differentiated effects
of two plausible management strategies at distinct spatial scales. Additionally, this study
proposes a tourism intensity indicator, addressing the problem of overestimating tourism
pressure in existing metrics. The proposed model offers a valuable decision-support tool
for assessing impacts and designing proactive management measures in destinations expe-
riencing rapid tourist growth across multiple spatial and temporal dimensions.

Keywords: overtourism; ABM model; urban destination; tourist floating population; tourist
carrying capacity

1. Introduction

The emergence of social movements of residents against tourism in destinations such
as Amsterdam, Barcelona, and Venice shows the impotence felt by residents in the face of
rapid changes, and the difficulties of local governments to manage it [1]. In this context,
the tourism industry is at a crossroads [2], and the concept of overtourism has increased its
use for the actual intensity of touristic movements [3]; however, while it is a new concept
for the old problem of management of negative impacts of tourism [4-10], it allows fueling
the debate about the rapid negative change of tourism [6], with new questions and models
of touristic development [5], reflecting the change in the management of the problem [10].

Overtourism is “the impact of tourism on a destination, or parts thereof, that exces-
sively influences perceived quality of life of citizens and/or quality of visitors experiences
in a negative way” [10]. In conclusion, overtourism is a massive phenomenon where the
balance between optimality and excessive development is broken [11]; it is not only a
question of numbers, which already negatively impact the quality of life of residents [12], it
also involves multiple elements, including tourist behavior [13].
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Overtourism, as a multidisciplinary phenomenon, can be examined through a broad
array of theoretical lenses, including political economy, human geography, social anthro-
pology, cultural studies, urban planning, tourism marketing, and destination management,
among others [14]. Nevertheless, its conceptual framework is most commonly grounded
in two principal approaches: the tourist carrying capacity (TCC) and the tourist area life
cycle (TALC).

TCC establishes a theoretical threshold beyond which tourism pressures become un-
sustainable; we can see this approach in Koens et al. [4], UNWTO [10], WITC and McKin-
sey&Company [15], Bertocchi et al. [16], Pechlaner et al. [17], Dodds and Butler [18], Widz
and Brzeziniska-Woéjcik [19], Abbasian et al. [20], Zmy$lony et al. [21], Kim et al. [22],
Wall [23], Benner [24], Szromek et al. [25]. TALC is a model of tourist destinations, which
analyzes the number of visits through sequential stages and possible future trends, ex-
plained by a variety of factors [26]. TALC is used in overtourism in connection with the
destination stages of stagnation and consolidation, which also shows that without a destination
management policy, the next stage is decline; this model is used in Dodds and Butler [6], Widz
and Brzeziniska-Wéjcik [19], Abbasian et al. [20], ZmysSlony et al. [21], Kim et al. [22].

Both approaches have sparked discussions regarding their limitations. The tourist
carrying capacity (TCC) is neither fixed nor static, and it cannot be reduced to a simple
numerical relationship, as it is influenced by various dynamic factors, such as technological
advancement, social preferences, production and consumption patterns, and the complex
interaction between the physical and biotic environments [27]. In light of these limitations,
the concept of the Limits of Acceptable Change (LAC) has been proposed, which focuses
on the maximum level of alteration that residents of a destination are willing to tolerate [4].
On the other hand, the tourist area life cycle (TALC) model is constrained by its assumption
of a single, linear pattern of destination development and its reliance on a homogeneous
market structure.

For the conceptual and practical development of a model applied to urban overtourism,
it is essential to recognize that we are dealing with complex phenomena that have often
been analyzed in isolation. Overtourism itself is a complex and multifaceted issue [10].
Consequently, a tourist city should be understood as a complex system, one composed
of multiple individual elements whose interactions give rise to emergent phenomena
that cannot be predicted by analyzing each agent in isolation; in the complex systems
paradigm, we have the agent-based model, which is a type of computation modeling where
a phenomenon is analyzed by agents and their interactions [28].

From the normative field, various strategies have been proposed: tourism planning,
urban tourism management, generation and improvement of urban provision, adaptation
of regulation, promotion of inclusive and sustainable business, diversification of economic
activities, segmentation of sustainable markets, spatial and temporal dispersion of tourists,
coordinated response and monitoring, and communication. These strategies are proposed
in several studies: WTTC and McKinsey&Company [15] proposed 5 tactics to address
overtourism; 10 strategies were proposed in Postma and Schmuecker [29]; 5 groups of
strategies were proposed within the framework of tourism 5D of Milano [7]; 11 types of
solutions were proposed by Gross et al. [3]; 121 measures were grouped into 17 strate-
gies by Peeters et al. [8]; 11 strategies and 12 policy recommendations originated from
UNWTO [10]; and 4 types of solutions were propsed by Abbasian et al. [20]. However,
existing research has largely stopped short of evaluating the effectiveness of these strategies
in context-specific scenarios. Notably, Martins [1] provided one of the few assessments,
using Barcelona’s Tourism Plan, while Shimoyamada [30] called for empirical evaluations
in other urban contexts.
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In the search for strategies for the development of responsible and sustainable tourism
in cities, there are limited conceptual, theoretical, and practical approaches to analyze
the complex interaction of agents in the cities with the presence of overtourism. Current
approaches tend to overlook the emergent dynamics that arise from these interactions-
dynamics that are critical to both theory building and informed decision making. It delimits
the design of planning tools that improve the quality of life of the tourist destination’s host
society and the visitor’s experience.

In this context, the main objective of this research is to analyze overtourism in the
city of Santa Marta (Colombia), by identifying the spatial and temporal dynamics of
tourist and resident interactions, as well as evaluating the effects of plausible management
strategies. To achieve this, the study develops and applies an agent-based model (ABM) as
a methodological tool to simulate tourism flows and their impact on the urban environment.
Specifically, the study aims to: (1) simulate the spatial and temporal distribution of residents
and tourists in the city; (2) identify emergent patterns of tourism intensity that may lead
to overtourism; and (3) assess the effectiveness of selected management strategies under
different scenarios. The model provides a novel methodological contribution by integrating
spatial-temporal dynamics into the overtourism debate. Moreover, the findings offer
broader applicability to other urban destinations, serving as a transferable analytical
tool and supporting evidence-based, proactive governance. In doing so, the research
bridges theoretical perspectives with practical planning needs, contributing to the ongoing
development of sustainable urban tourism management.

2. Materials and Methods

Overtourism has generally been accepted as a negative outcome of unsustainable
tourism practices, particularly in urban environments, where it has been most intensely
debated [31]; taking this into account, it is known that urban overtourism is a complex
and multifaceted phenomenon [10]. In this context, this research generated computa-
tional simulations under the paradigm of an agent-based model (ABM), which is a form
of computational modeling, where a phenomenon is modeled in terms of agents and
their interaction [28]. It is beneficial when seeking to explain the behavior of complex
interactions between heterogeneous agents, and between these agents and the environ-
ment [32]. Moreover, ABMs enable the development of models that more closely resemble
the characteristics of real-world systems [33], and they are particularly useful in contexts
where traditional structural equation models are difficult to establish or insufficient to
capture complex interactions among heterogenous agents [34]. It can generate possible
scenarios and study the effects of economic policies [35], because ABM simulations can
be substitutes for real-world experiments [34]. For ABM communication, the structure of
ODD+2D protocol was used, as proposed by [36-39].

2.1. Overview

The purpose of the model is to illustrate the spatial and temporal distribution of the
population and tourists in the city of Santa Marta, according to different levels in the
number of tourists who visit it, illustrating the moment in which the city is in a situation of
overtourism, and analyze the results of the proposed management strategies.

Santa Marta represents a medium-sized coastal city in a developing country context,
where tourism has grown rapidly in recent years. Despite increasing pressures, the over-
tourism phenomenon has not yet been formally recognized in local planning frameworks.
This makes Santa Marta an ideal case for testing the applicability of overtourism models
in destinations characterized by limited institutional capacity, high scenic attractiveness,
and the absence of proactive tourism management strategies. Studying such a context
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contributes to broadening the understanding of overtourism beyond the traditional Global
North hotspots.

Entities are grouped into three groups: global environment (world), spatial units, and
agents. The global environment is the spatial limit of the artificial world, geographically
defined with a rectangle of 358 square kilometers (sz) ; thus, it includes the urban area of
Santa Marta and a populated center called Minca (see Figure 1). The state variables and
parameters of the global environment are presented in Table 1. The road network spatial
unit is made up of lines and nodes through which agents move between blocks (manzanas,
abbreviated as MZs), which represent the basic spatial unit of the model.

(c) Study area (world) $ Parque (a) Colombia

™ Tayrona

Santa Marta

Caribbean Sea

Parque

Sierra (b) Northern Colombia
Nevada de
Santa Marta
S Santa Marta
Barranquilla
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0 2.5 Legend

Scale 1:120,000 BX3 Santa Marta -Urban area

Figure 1. Study area (world).

Table 1. State variables and parameters of the global environment.

Definition Symbol! Code 2 Scale/Value
Parameters

Percentage of residents who move for recreation TR T_Recreo [0-100]
Minimum speed at which agents move Vinin min_speed 1km/h
Maximum speed at which agents move Vinax max_speed 60 km/h
Average speed at which agents move Viedia prom_vel 30 km/h
Average size of agent groups that are recreated Siedia Msize_group 3.786

State variables
Day and hour T starting_date [1 January 2018-31 December 2018]
Hour Ty current_date.hour [0-24]
Time in hours for each step t step [1-760]
Minimum number of tourists in the world Minyt MinTuristas /
Maximum number of tourists in the world MaxnTt MaxTuristas /
Number of tourists daily in the world NT NTuristas [MinnyT—Maxnt]

! Nomenclature used to identify variables in the paper. 2 Nomenclature used to identify variables in the
software used.

The block spatial units (MZs) represent polygons where agents carry out activities.
The MZ can be places of residence (Home MZs), places of recreation (SIT MZs), and lodging
places (Lodging MZs) (see Figure 2). MZ categories are not mutually exclusive, that is, the
MZ can be of different types. The MZ are grouped by geographical zones of tourist interest
(ZITs), a characterization developed in the POT (Zoning Land Plan) of Santa Marta of
2020 [40] (see Figure 3). The state variables and parameters of MZ are presented in Table 2.
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Figure 2. Summary of process and results.
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Figure 3. Zones of tourist interest (ZITs): designated urban areas with high concentrations of tourism
infrastructure and activity, as defined in the Santa Marta Land Use Plan .
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Table 2. State variables and parameters of the spatial blocks (MZs).
Definition Symbol! Code 2 Scale/Value
Parameters
Minimum per-capita public space needed in SIT-MZ EPyc espput_pc 15
State variables
Entry MZ: dichotomous variable indicating that the MZ is an entry for IN INOUT [0-1]
tourists to the destination
Lodging MZ: dichotomous variable indicating the presence of lodging HP LODGING [0-1]
in MZ
SIT MZ indicating the presence of tourist sites AT AT [0-1]
SIT MZ with current tourist use ur UT [0-1]
SIT MZ beach SITpiaya  Playa [0-1]
SIT MZ with cultural and historical heritage SITycn EPCH [0-1]
SIT MZ with commercial center SITeom Comercial [0-1]
SIT MZ with parks SITysy  Parque [0-1]
SIT MZ with natural site (excludes beach) SITyat SN [0-1]
SIT MZ with public space EP EP [0-1]
SIT MZ to identify Playa Rodadero SIT,pq ROD [0-1]
SIT MZ to identify Playa Blanca SITy, PB [0-1]
SIT MZ to identify Playa Bello Horizonte SITgy BH [0-1]
SIT MZ to identify Playa Taganga SITtaq TG [0-1]
SIT MZ to identify Centro Histérico ZI1Tcy CH [0-1]
ZIT MZ to identify Rodadero ZITrp RD [0-1]
ZIT MZ to identify Salguero ZITsq SG [0-1]
ZIT MZ to identify Mamatoco ZITmyr MT [0-1]
ZIT MZ to identify Pozos Colorados ZITpc PC [0-1]
ZIT MZ to identify Bello Horizonte ZITgy BEHO [0-1]
ZIT MZ to identify Don Jaca ZITpy DJ [0-1]
ZIT MZ to identify Cabo Tortuga ZITcr Ct [0-1]
ZIT MZ to identify Taganga ZITraca TAGA [0-1]
ZIT MZ to identify Minca ZITyc MC [0-1]
SIT MZ Top20: dichotomous variable that identifies the SIT that is one SITig T20 [0-1]
of the 20 most visited
SIT MZ Topb: dichotomous variable that identifies the SIT that is one of SITs T5 [0-1]
the 5 most visited
Residents Ry, Personas [0 — n(residents)]
Residents who move for recreation d NR_REC [0 — Ry,]
Block area (m?) Ap area (0-5,886,274]

1 Nomenclature used to identify variables in the paper. 2 Nomenclature used to identify variables in the
software used.

The residents are agents who permanently carry out activities within the destination:
they live and recreate in the MZ, but in the model, they only move between MZs to
carry out recreational activities in the MZ SIT and return to the home MZ through the
highway network. Taking into account the results of the Population and Housing Census
of Colombia 2018, the number of residents in the global environment is 453,527 people,
distributed according to the results of the Census in the different MZs. The state variables
and parameters of the residents are observed in Table 3.

Tourists are external agents that enter the system daily at various times. They are
represented by travel groups of different sizes, and they enter the destination through an
entry MZ, they carry out lodging or recreation activities in the MZ, and then they move
through the road network. The state variables and parameters of the tourists are listed in
Table 4.
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Table 3. State variables and parameters of residents.
Definition Symbol!  Code 2 Scale/Value
Parameters
Minimum hour to move for recreation HDR,,;, h_rec_start 7
Maximum hour of return to MZ home HDRy.x  h_rec_end 20
State variables
Velocity (RVTND) 3 v speed Winins Vinediar Vinax] *
Home MZ MZz; living_place Home MZ startup
SIT MZ for recreation MZsiT SIT_placeD Random selection
Target: string Ropj objective [r, rec] °
Localization loc; location Coordinates
Hour to move for recreation (RV) © HDR; start_rec [HDR,;;, — (HDRypgx — 1)]
Hour of return to MZ home (RV) HDRF;  end_rec [HDR; — HDRyax]
Size of the group of residents who move for Sir size_groupTR [1-6]

recreation (RV)

1 Nomenclature used to identify variables in the paper. 2 Nomenclature used to identify variables in the software
GAMA. 3 Random variable with truncated normal distribution. 4 [Lower limit, Average, Upper limit]. 5 [resting
(1), recreating (rec)]. 6 Random variable.

Table 4. State variables and parameters of tourists.

Definition Symbol! Code 2 Scale/Value
Parameters

Minimum hour of entry to the destination HT,i, min_in_start 5
Minimum number of hours at the destination HS,in Min_HstaySM 4
Maximum number of days at destination DSax Max_DstaySM 15
Minimum hour to enter at the lodging Hing,  Min_Hlodging 18
Maximum hour to enter at the lodging Hing.e  Max_Hlodging 23
Minimum departure time for overnight tourists to HND,,;, ~Min_Hndrecreation 6
the attractions
Maximum departure time for overnight tourists to HNDy;;y ~Max_Hndrecreation 10
the attractions

State variables
Average days at the destination D P_DstaySM [3.7-6.2]
Velocity (RVTND) 3 V; speed [Vinin, Vinediar Vinax]
Destination input and output MZ MZinor  IN_place Random selection
Lodging MZ Mz, lodging_place Random selection
SIT MZ to visit SIT SIT_place Random selection.
Target: string Tobj objective [r,1,n, g b] 5
Localization loc; location Coordinates
Hour of stay in Santa Marta (RVTND) 3 Hstay hstaySM [HSin, D x24, DS ax * 24]
Hour of entry to the lodging (RV) ¢ Hiny,g hinlodging [Hin,i,—Hingax]

Hour of move from entry MZ to SIT MZ (RV)

Departure hour of tourists who spend the night at

SIT MZ (RV)
Travel group size

HT;, startin
HND hnd_recreation

S size_group

[HTmin_Hinhos]
[HNDmin_HNDmax]

[1-10]

1 Nomenclature used to identify variables in the paper. 2 software code GAMA. 3 Random variable with truncated
normal distribution. * [Lower limit, Average, Upper limit]. 5 [recreation (r), lodging (1), ndrecreation (n), goout (g),
bye (b)]. ® Random variable.

The model proceeds with time intervals of one hour (step) (t); its start date is 1 January
2018 at 00:00 h. All entities initialize with related attributes in state variables and parameters.
Agents are shown on the map with circles representing the travel group size. Residents
are shown in red circles, who are initially located in the home MZ. There is a percentage of
residents who move for recreation (TR) and that determines the resident population that
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will move for recreation. Tourists are shown by blue circles, who initialize at the entry MZ.
There is a minimum (V,,,;,,), maximum (Vj;ax), and average (Ve4i,) speed for agents to move
within the destination, where all agents randomly select the speed at which they expect to
move within the world, taking into account the speed parameters mentioned. There is a
road network that joins the MZs, through which the agents will move (see initialization in
Figure 2).

Consecutively, agents move between MZs to accomplish different objectives. Tourists
move to a SIT MZ; if they are willing to spend more than 24 h in the city, then, they will
move to a lodging MZ at the time of entry to the lodging area; otherwise, they will move
to the entry-exit MZ to leave the world, an action that is repeated every day. In each
step, one hour is subtracted from the variable hours of stay in Santa Marta. When this
counter reaches zero, it is the moment when the tourist leaves the world. Every day, new
tourist agents are generated randomly, in an interval defined in the global environment
state variable: a minimum number of tourists in the world (lower limit) and a maximum
number of tourists in the world (upper limit). In the case of residents, only those who
have recreation as their objective will move, and they will move to an MZ SIT at the time
established for this activity for each agent, and afterward, they will return to the MZ Home
at the established return time (see submodels in Figure 2).

The first result of the model assesses the presence of the phenomenon through the
indicators: intensity, density, and concentration. In the effects, it is possible to know the
population and tourist distribution into the destination, changes in the population density
and the tourist density, and a novel proposed indicator of the tourism intensity () (see
results in Figure 2).

2.2. Details

The software used in the simulation was GAMA, which facilitates the use of geographic
information and can handle numerous agents [41]. The global environment attributes,
roads, city blocks (MZs), number of residents, and their location, are created from a
geographic information system (GIS) file. The number of residents that will move for
recreation depends on the percentage of residents who move for recreation (TR). This is a
parameter that can be changed by the modeler; this research used 1%.

2.2.1. Input Data

For the world, the minimum and maximum speed parameters of the agents are
proposed by the modeler, and they were set at 1 km/h and 60 km/h; the average speed is
30 km/h, according to empirical evidence estimated by Roda [42]. The number of tourists
entering daily is randomly generated with a truncated normal distribution. The simulations
recreate the conditions for the year 2018, and thus, the data of monthly arrivals by plane to
the city of Santa Marta in 2018 were used as an empirical approximation (see Table 5). For
the average size of the groups of agents who travel for recreation, the monthly average size
of the travel group for the department of Magdalena in 2018, estimated by FONTUR [43],
was used.

For the blocks (MZs), the most important spatial unit of the model, the input data
were obtained from GIS files. The base layer is the Colombian Geostatistical Framework
for the 2018 census of DANE [44]; this base provided census information on the number
of residents for each MZ, and the MZ that has temporary housing. The Santa Marta Land
Management Plan (2020-2032) generated a spatial category called zones of tourist interest
(ZITs), which are spaces of importance for the city’s tourist activity. This information is an
input for the model to select the MZ that are part of the ZIT. Geographic data were obtained
from Fundacién OpenStreetMap [45], and the variables obtained were: (1) MZ lodging
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(MZs with places of lodging), enriched with information from MZs that have temporary
housing from DANE [44] and are located within a ZIT; (2) MZs with sites of tourist interest
(SIT MZs) and associated attributes, enriched with the Magdalena Tourist Guide, prepared
by MinCIT [46]; and (3) Santa Marta road network.

Table 5. Average monthly, daily, and interval arrivals by plane for Santa Marta. Source: data of
monthly passengers air arrivals of AERONAUTICA CIVIL [47].

Month Monthly Passengers ! Daily Average Interval

January 78,512 2533 [2033-3033]
February 60,356 2156 [1656-2656]
March 70,624 2278 [1778-2778]
April 66,838 2221 [1721-2721]
May 66,590 2148 [1648-2648]
June 81,513 2717 [2217-3217]
July 87,065 2809 [2309-3309]
August 85,220 2749 [2249-3249]
September 80,779 2693 [2193-3193]
October 87,748 2831 [2331-3331]
November 103,864 3462 [2962-3962]
December 123,105 3971 [3471-4471]

1 Refers to the average number of monthly air passengers arriving at Simén Bolivar International Airport.

For the diagnostic indicators, the methodology proposed by WTITC and McKin-
sey&Company [15] was used, which uses information from Tripadvisor. This methodology
classifies the 5 most visited MZs for the concentration indicator and the 20 most visited
MZs for density. The classification of the MZs for the destination Santa Marta on 30 October
2020 is presented in Table 6.

Table 6. List of the 20 most visited attractions. Source: modified from Tripadvisor [48], on 30
October 2020.

No. Attraction No. Attraction

1 Playa Blanca 11 Parque Simén Bolivar

2 Parque de los Novios 12 Iglesia San Francisco de Asis
3 Quinta de San Pedro Alejandrino 13 Marina de Santa Marta

4 Playa El Rodadero 14  Centro Comercial Arrecife

5 Catedral de Santa Marta 15  Reserva Natural Mamancana
6 Acuario del Rodadero 16 Centro Comercial Zazue

7 Estatua del Pibe 17 Playa de Bello Horizonte

8 Museo del Oro Tayrona 18  Centro Comercial Buenavista
9 Mundo Marino 19  Centro Comercial Ocean Mall
10  Camellén Rodrigo de Bastidas 20  Playa Bahia de Santa Marta

The residents get the input location data from the home MZs. Taking into account the
global parameters, the following are randomly selected: the size of the recreation group,
the mobilization time to leave for the SIT MZ and return home, and the mobilization speed
of each resident who moves for recreation.

The tourists start in the world in an entry MZ. There are three MZs: the highway
entrance from the south, on the road that connects with the municipality of Ciénaga; the
entrance from Simén Bolivar international airport; and the road entrance from the northeast,
by the road that connects with Tayrona Park (see Figure 3).

Data from empirical observations for the Department of Magdalena of FONTUR [43]
were used: (1) average length of stay, which is measured in nights and does not include
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people who do not stay overnight and (2) the average size of the travel group. The average
value of the data are presented as a continuous variable, but the variable size of the group
used in this model is a discrete variable, so, for its use, a possible distribution was generated
with an average equal to the size of the travel group provided by FONTUR [43].

The selection of the SIT MZs to visit arises from a random process; however, they have
a different probability of being visited, since the evidence shows that some sites are more
visited than others. For the assignment of probabilities, information published by FONTUR
[43] was used, on the activities carried out by the visitor in Magdalena for the year 2018,
which includes, among others: visits to beaches; visits to museums, houses of culture,
churches, and monuments; visits to natural parks, waterfalls, rivers, wells, spas, zoos, and
botanical gardens; sports practice; visits to discos, bars, karaoke, and dance floors; and
walks along the streets and in parks of the urban area. Taking into account the objectives
of this research and the tourist activities carried out, the activities were regrouped into
beaches, cultural and historical sites, shopping centers, natural sites (excluding beaches),
and parks, to which the average, as presented by FONTUR [43], was assigned (see Table 7).

Table 7. Probability of visit for sites of tourist interest (SITs) in Santa Marta. Source: information elab-
orated with data taken from FONTUR [43], Redaccién CV Noticias [49], Hoy Diario del Magdalena
[50], El Informador [51], Montoya [52], and Iguaran [53].

SIT SIT Probability
Rodadero 48%
Beaches Blanca . 10%
(82%) Bello Horizonte 4%
Taganga 5%
Others 15%
Cultural and historical sites 8%
Shopping centers 1%
Natural sites 7%
Parks 2%

Another important piece of evidence to highlight in the model is that the beaches have
considerable differences in terms of the number of visits received, for example, El Rodadero
beach is considered the most visited. However, there is no robust information system in
the city for the collection, communication, and validation of information from the sector. In
this way, a qualitative approximation of visit probabilities was built, taking into account
the communications made by the local news media about the movement of tourists in high
season and the distribution on the most important beaches (see Table 7).

2.2.2. Submodels

The residents have a home MZ (MZ;); those who move for recreation randomly select
a recreation SIT MZ (MZg7), travel to that destination in one hour (HDR;), and have one
hour to return to their residence (HDRE;). The residents have an objective (R,;), which
indicates the activity they are doing. This can be: resting (when they are in the residence)
or recreating (when they are in the recreation SIT). In summary, the residents, considering
their objective and the time (T},), move or not, at the times established for each activity. It is
important to mention that residents who move for recreation travel in groups of size S (see
Figure 4).
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When HDR; =T,

Does he move for recreation? SITMZ

When HDRF, = Ty,

Figure 4. Decision-making flow and movement of residents.

For their part, tourists enter Santa Marta for one MZ of entry (MZ;,,;), and they
move in groups of different sizes (Sy) to the MZ-SIT to visit (MZg;T) at a given hour (HT;,).
They have a duration at the destination (Hgoout): if Hgoout = 24, then the tourist spends the
night in a lodging MZ (MZ;) which the tourist enters at a certain time (Hiny,,). However,
if Hgoout < 24, then the tourist travels to MZ; 5, when Hgoout = 0. The overnight tourist
evaluates the remaining hours in the destination (Hgoout); if Hgoout = 0, then, they move to
MZ;0,1- Otherwise, they move to an MZgt at the determined time (HND) (see Figure 5).

When ngauf =0

When HT;, = Tj,

When Hinp,s = Ty, When HND = Tj,

(‘,Hgoout =0?

Figure 5. Decision-making flow and movement of tourists.

2.3. Metrics

Peeters et al. [8] elaborated two indicators: tourism intensity (Intensity_pt), which is
the ratio between the number of lodging nights and the number of residents, and tourism
density (Density_pt), which is the ratio between the number of lodging nights and the
destination area. WITC and McKinsey&Company [15] elaborated three indicators: tourism
intensity (Intensity_wt), which is the ratio between the number of tourists and the number
of residents; tourism density (Density_wt), which is the ratio between the number of
tourists and the area of the 20 attractions with the most visit (see Table 6); and tourism
concentration (Concentration_wt), which is the ratio between the number of tourists to
attractions in the top 5 of the destination (see Table 6) and the number of tourists in the
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destination. The diagnostic indicators in this research were elaborated through these three
metrics; the algorithms are presented in Table 8.

Table 8. Metrics and diagnostic inputs of overtourism.

Metric Symbol Algorithm

Tourists_fi Xt Tourists generated in each period
Tourists_Fi X; 2?2600 Xt

Tourists_fi5 X5¢ Tourist visits to attractions in the top 5
Tourists_Fi5 Xs; Z?i%o X5t

Residents_Fi Y 453,527

Lodging nights XHy Add the nights of lodging of tourist
Area (km?) of the 20 attractions with the most visits Ao 0.597119

Destination area (km?) Aj 358

Intensity_wt Lyt X /Y4

Intensity_pt LIyt XH;/Y;

Density_wt Dyt Xi/ Ao

Density_pt Dyt XHi/Ap
Concentration_wt Cuwt Xs¢/ Xy * 100

In order to identify a situation of overtourism, the scales by quintiles generated by
WTTC and McKinsey&Company [15] and Peeters et al. [8] were used, which identify
destinations with a high risk of overtourism as those who are in first quintile (Q;), while
the location in higher quintiles indicates a lower risk of the presence of the phenomenon.
To facilitate the communication of the diagnostic indicators, the values were reassigned
as follows: the values of Q; indicate the lowest risk; consecutively, the values of Qs
indicate a high risk. In the same way, colors are assigned in the next figures from facilitate
identification, thus beige for Q1, green for Q, yellow for Qs, orange for Q4, and red for Qs
(see Table 9 and Figure 2).

Table 9. Diagnostic indicators and identification scales.

Qi

wi

Intensity Density Concentration

) 43 wt Pt Wt

Q3 1.8 < ITw; <28

45 < Ip: <63 200,000 < Dw; < 475,000 719 < Dp; <1174 29 < Cw; < 33

Q1 Twy <1

Ips <32 Dw; < 75,000 Dp; < 407 Cuwy <22

For the measurement of effects, the population carrying (C;) was estimated, where it
is the addition of the resident and floating population that uses the territory [54]. For the
residents, we used the size of the resident population Y;; and for the floating population,
the number of tourists in a period X; can be expressed as:

C =Y+ X, 1)

Taking into account the problem of oversizing tourism carrying, the ABM of urban
overtourism in Santa Marta allowed to propose an indicator of the relationship between
the floating tourist population and residents, which seeks to know the intensity of tourism,
should take into account that while residents use the territory all year round, tourists
do so at much shorter intervals. The research can generate an intensity indicator, where
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the resident population is included in using the territory all day, and the floating tourist
population uses the territory for the segment of time that it is in the destination. Thus, to
generate an analogous measurement unit between the flow of tourists and residents, the
calculation of the person-years lived (PYL) added by tourists is proposed, which means
adding only the time that the tourist is in the urban destination. For example, for a tourist
who visits the destination for 10 days, the PYL that they add is a fraction of the year equal
to 10/365. Thus, when there are no tourists, the population carrying is a value equal to
the resident population; with the presence of tourism, tourists add the sum of the parts of
the day that they use the territory, that is, their PYL. This concept of PYL is used for the
construction of mortality tables and the calculation of life expectancy in demography [55].
The person-years lived (PY L) added by tourists in the destination are estimated, which
corresponds to the time measured in years that tourists remain in the city. The sum of
the PYL allows for estimating the tourist carrying (X;). For the population carrying of
residents, the population carrying corresponds to the population of the destination in the
year (Y¢). The proposed tourism intensity indicator, called the Santa Marta Overtourism
Intensity (Is), is calculated as the ratio between the population carrying added by tourists
and the population carrying of residents. It can be expressed as:
YYOPYL X

e Y
Finally, with the sum of the population carrying that adds the PYL of tourists and

()

Ism =

residents, the population carrying C; is estimated taking into account Equation (1). From
the model, t is the step that is 8760 h of the year.

2.4. Scenarios

This research analyzes the results of the application of two management measures. The
measures were selected because they are plausible measures in the short term (one year) and
observable with the parameters and variables of this model. None of the measures make
changes in the number of tourists that enter the urban system, since it is an undesirable
measure for the actors of the tourism sector and difficult to apply; in this sense, the
measures only have an effect on the spatial and temporal distribution of visitors within the
destination. The two management measures evaluated are:

e (M) Increase in the number of SIT MZ that have tourist use. It consists of increas-
ing the tourist attractions that have tourist use, incorporating those proposed in the
Magdalena Tourist Guide MinCIT [46]. In practice, this measure can be implemented
through knowledge management of the city’s attractions. The proposed tourist attrac-
tions are listed in Table 10.

*  (M;) Communication in real time of the level of agglomeration of the sites of tourist
interest. It consists of informing the agents (tourists and residents) about the level
of agglomeration of the MZ SIT to visit; then, with this information, the agents can
change the decision of the place to visit, in this case, if pe’fi:on < 15 in the MZ to visit,
then, they change their decision to visit a place with a value greater than or equal to
15. The minimum public space proposed in DNP [56] was assumed. In practice, this
measure can be implemented through a mobile application, where the agent receives
information on the level of agglomeration in real time.

Then, four scenarios are proposed: without measures (Eg), with M, for E;, with M,
for E», and the combination of M; and M, for Es.
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Table 10. List of new attractions.

Attraction

Attraction

Polideportivo
Morro
Playa Lipe

Playa Santo Cristo

Gobernacion

Parque Sesquicentenario
Centro Comercial las Olas

Alcaldia

Casa de Don Joaquin de Mier

Casa Alzamora

Parque de la Iglesia de Taganga
Fuerte de San Fernando
Casa Madame Agustin

Centro Comercial la 22

Playa del amor

Punta Betin
Centro Comercial Plazuela 23

Palacio de Justicia
Hospital San Juan de Dios

Centro Comercial la 22
Centro Cultural San Juan Nepomuceno
Casa Campo Serrano
Centro Comercial Santa Marta Aquarium

Concejo municipal
Casa del Marqués

Casa Noguera

3. Results

Forty simulations were generated for the analysis of overtourism, with ten experiments

for each E;. In all the simulations, a maximum of 1,194,110 annual tourists and a minimum

of 1,159,402 were generated (see Table 11). The color scheme is based on the quintiles of the

tourism risk indicator (see Table 9), where yellow represents values in the third quintile,

orange corresponds to the fourth quintile, and red indicates the highest risk in the fifth

quintile. The value of X; varies across each scenario, as the number of daily tourists differs

in every simulation. This variation results from a randomization process based on the data

presented in Table 5.

Table 11. Results of experiments in E; for Santa Marta for a year.

E; X! Lt

Ey 1,166,480 2.572
Ey 1,172,034 2.584
Ey 1,173,196 2587
Ey 1,174,345 2.589
Ey 1,174,463 2.590
Ey 1,175,124 2.591
Ey 1,175,457 2.592
Ey 1,177905 2597
Ey 1,181,093 2.604
Ey 1,182,358 2.607
E; 1,159,402 2.556
E1 1,163,846 2.566
E; 1,163,995 2567
E; 1,170,480 2.581
E; 1,171,686 2.583
E; 1172321 2585
E; 1,175,003 2.591
E; 1,175179 2591
E; 1,176,239 2.594
E; 1,178475 2.598

Iyt

Dwt

Dy

th

X 2

C 3

Ism

15,635
15,701
15,723
15,714
15,707
15,719
15,740
15,744
15,811
15,838
15,549
15,583
15,574
15,617
15,692
15,694
15,737
15,723
15,759
15,774

469,162
469,228
469,250
469,241
469,234
469,246
469,267
469,271
469,338
469,365
469,076
469,110
469,101
469,144
469,219
469,221
469,264
469,250
469,286
469,301

0.034
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.034
0.034
0.034
0.034
0.035
0.035
0.035
0.035
0.035
0.035
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Table 11. Cont.

th Ct 3 Ism
15,587 469,114 0.034
15,559 469,086 0.034
15,682 469,209 0.035
15,668 469,195 0.035
15,675 469,202 0.035
15,758 469,285 0.035
15,776 469,303 0.035
15,785 469,312 0.035
15,814 469,341 0.035
15,879 469,406 0.035
15,566 469,093 0.034
15,606 469,133 0.034
15,661 469,188 0.035
15,641 469,168 0.034
15,702 469,229 0.035
15,736 469,263 0.035
15,749 469,276  0.035
15,789 469,316 0.035
E; 1,184,178 2.611 15,862 469,389 0.035
Es; 1,194,110 2.633 16,025 469,552 0.035

! Number of visitors to the destinations. 2 Tourist carrying. 3 Population carrying.

E; X! Lt

E, 1,164,660 2568
E, 1,166,079 2.571
E, 1,168,870 2577
E, 1,170,028 2.580
E, 1,172,996 2.586
E, 1,177,839 2597
E, 1,178,374 2.598
E> 1,179,939 2.602
E, 1,180,409 2.603
E, 1,186,091 2.615
E; 1,164,408 2567
E; 1,165,968 2.571
Es 1,168,650 2.577
E; 1169873 2580
Es 1,173,237 2.587
Es 1,175,764 2.592
Es 1175804 2593
Es 1,178,673  2.599

3.1. Initial Scenario E

The diagnostic indicators show that under the conditions established in the model,
there was a high risk of overtourism in all the simulations: the indicators Ipt, Dyt, Dpt, and
Cyr are in the Qs, while I,y was located in Q3 (see Table 11).

The model allows us to observe the moment when the diagnostic indicators are
exceeded. Observing the moments of exceeding the diagnostic indicator is interesting
for the analysis, since it shows that the indicators present different temporal scales of
interpretation of the phenomenon. In addition, it can be used to measure the size of the
effect; for example, from the first three months, there are already signs of a considerable
increase in density. It is important to remember that the beginning of the count of the flows
related to the study begins chronologically on 1 January and ends on 31 December.

The I is generally used to identify the pressures of tourism in a destination. For
this research, a value above 2.5 was estimated in all the experiments. Classically, this is
interpreted as indicating that the population of tourists was 2.5 times above the residents.
For its part, the I, is a more adjusted indicator, since it only takes into account the part of
the time that the tourist spent at the destination. Thus, it was estimated that tourists add a
total person-year lived (PYL), which corresponds to the tourist carrying (X;) received by
the system, with a range between 15,635 and 15,838, which corresponds to a I;; = 0.035.
These results are very important because they indicate that the city has a population growth
of 3.5% per year due to the floating population of tourists. The I, presents considerably
high values; if we take into account that in the population projections of DANE [44], the
annual growth rate between 2005 and 2020 in the municipal seat of Santa Marta was around
1.74%. In other words, the growth of the tourist carrying can double the growth of the
population carrying of residents (see Table 11).
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The density of tourists excludes residents for the calculation, that is, it corresponds to
the ratio between tourist visitors to the ZIT and its area. It shows the differences between
ZITs (see Table 12). If we relate the values of the population density and the density of
tourists by ZIT, it is evident that Rodadero and Minca are highly influenced by the growth
in the number of residents and tourists. The Centro Histérico maintains high population
densities as a result of the population residing in the area, and it is less influenced by
tourism. At the other extreme, we have the case of Pozos Colorados, which has a low
population density with a low density of tourism, indicating that it is an area of low
intensity of use by residents and tourists (see Table 12).

Table 12. Annual average tourist density per ZIT.

71T Average Tourist Density
Rodadero 2,529,264
Minca 892,463
Bello Horizonte 488,606
Taganga 252,466
Centro Histérico 251,276
Cabo Tortuga 124,929
Mamatoco 103,403
Salguero 53,958
Don Jaca 23,156
Pozos Colorados 6454

At the MZ scale, we will analyze the changes in population density. The results are
presented with a map of the city of Santa Marta, which was divided into three sections
that allow observing the dynamics on a smaller spatial scale: the northern section includes
Taganga, Centro Histérico, and Mamatoco; the central section includes Rodadero; and the
southern section includes Cabo Tortuga, Pozos Colorados, Bello Horizonte, Don Jaca, and
Minca. Similarly, there are four moments in the city: 8:00 a.m., 12:00 p.m., 4:00 p.m., and
10:00 p.m. The results presented correspond to January 5, 2018. For the graphic represen-
tation, the rate of change in population density (D P), calculated as 6DP = m:D"P;t_DOPf:";
if SDP < 1, the color of the MZ is green; if 1 < §DP < 3, the color of the MZ is yellow; if

3 < 6DP <100, the color of the MZ is orange; and if §DP > 100, the color of the MZ is red

(see Figures 6-8).
12:00 - rﬁ ‘

8:00

Figure 6. Changes in the population density for the northern section of Santa Marta.
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Colorados

Bello
Horizonte

Don Minca
Jaca

Figure 8. Changes in the population density for the south section of Santa Marta.



Sustainability 2025, 17, 3248

18 of 25

In summary, we observe that there is a general pattern where densities increase in
tourist sites during daylight hours, but once tourists and residents return to places of
lodging and residence, the other MZs increase the population density values.

3.2. Scenarios with Management Measures E;

The simulations show a stability of the diagnostic indicators Iy, Ipt, Dwt, and Dy, that
is, they maintain similar values in the different experiments. The results continue to show
that the city of Santa Marta presents conditions of overtourism; in addition, by construction,
the indicators have a direct relationship with the number of visits (see Table 11).

The measures proposed with the scenarios have a considerable effect on the concentra-
tion indicator (Cyy). Initially, we can observe that in some experiments, the concentration
goes from Qs in Eg to Q4 in the respective E; (see Table 11).

Let us analyze the effect of the proposed measure in E;, whose comparison will be
made with Ey. In this case, the measure decreases concentration levels at the destination up
to Q4, which indicates that increasing the sites of tourist interest decreases the concentration,
and in the same way, we can observe that within these two scenarios the relationship
between the number of visits and Cy is low, which shows that the change in the scale of
Cut is the result of the change of scenery (see Figure 9).
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Figure 9. Concentration indicators for Santa Marta in different scenarios.

E; and Ej3 present an interesting emerging behavior with respect to concentration,
where the results show that the measure does not have a clear pattern of behavior with
evidence of an effect of the measure M, and M3 on Cy;; we have a low concentration with
a low and high number of visits and a high concentration with intermediate levels in the
number of visits. The lack of a clear relationship is linked to the fact that the concentration
has a high dependence on the preferences of SIT places by the visitors; this parameter
receives little influence in this measure (see Figure 9).

The tourist carrying received by the system (X;) in all the experiments is in a range
between 15,549 and 16,025, which corresponds to a range of 0.034 < I, < 0.035 (see
Table 11). The density of tourists shows the changes in the pressures generated by tourism
on the scale of the tourist interest zone (ZIT) in front of the proposed scenarios.
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When comparing E; with Ey, it is observed that the measure causes a decrease in
the average density of tourists in Minca and the Centro Histérico; on the contrary, in the
rest of the ZITs, the average density of tourists increases. This is the result of the spatial
reassignment of tourists from small tourist attractions located in the Centro Histérico and
Minca to the rest of the sites in the destination (see Figure 10). When comparing E3 with
respect to Ey, it is observed that the measure causes a decrease in the average density of
tourists in Minca and Rodadero; on the contrary, in the rest of the ZITs, the average density
of tourist increases (see Figure 10).

892
Minca -776 806 NEO WMEl WE2 E3
252
Taganga 310 251
Cabo Tortuga 160

Don Jaca

29
ello Horizonte 571

Pozos colorados

Mamatoco 134

Zones of tourist interest

I 54
50
Salguero 70
68
2529
Rodadero 2357

274
251 2472 6

413
£16 282 Average tourist density (year) (Thousands)

Centro histdrico

Figure 10. Average tourist density by ZIT of Santa Marta for different scenarios.

4. Discussion

The ABM of overtourism in Santa Marta generated an important result, as it has the
ability to generate a diagnostic of the presence of overtourism in this city. For the diagnostic
indicators, stability was observed in all scenarios, where they remained in the same quintile,
excluding the concentration indicator that showed greater volatility. This is the outcome of
the indicator capturing the effect of the measures on the spatial and temporal distribution
of the visits, which aims to highlight this indicator as an important metric for the analysis
of overtourism.

Diagnostic indicators designed by Peeters et al. [8] and WTTC and McKinsey&Company
[15] have analyzed aggregated and spatial scales of destiny. When compared with cities
like Venice and Barcelona, two emblematic cases of overtourism, Santa Marta exhibits a
high risk across most indicators. Specifically, its tourism density and intensity indicators
surpass those of Barcelona, although they remain below those of Venice. Regarding tourism
concentration, Santa Marta shows levels comparable to Barcelona but lower than Venice.

A key added value of this research lies in its ability to provide disaggregated spatial-
temporal analysis, enabling the examination of tourism patterns not only at the city-wide
level, but also across specific timeframes (from hourly to yearly) and localized areas such
as individual tourist sites within Santa Marta.
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In the spatial scale, we have the ZITs where the population density has higher values in
Rodadero, Centro Histérico, Minca, and Taganga; only E; generated a considerable increase
in population density in the Centro Histérico. For its part, the density of tourists presented
higher values in Rodadero, Minca, Bello Horizonte, Taganga, and the Centro Histérico,
generating a differential effect between ZITs in the different scenarios. These results
are important in terms of public policy goals associated with the spatial and temporal
distribution of tourism in the city. For example, if the goal of reducing the number of
tourists in Rodadero is proposed, then E; will achieve the goal objective; however, on the
contrary, E; will increase the density of tourists, and with it, it will move us away from the
proposed goal.

In addition to the main tourist zones, the model identified increases in tourist density
in areas not traditionally associated with overtourism, such as Pozos Colorados and Mama-
toco. Although these results may seem counterintuitive, they can be partially explained by
underlying territorial dynamics. Pozos Colorados is characterized by its high scenic value
and has undergone significant tourism-oriented development, including high-end hotels
and recreational facilities that have driven up land values in recent years. Mamatoco, on
the other hand, is located near important commercial centers, which may attract visitors
indirectly. These findings suggest that tourism flows may extend beyond the classical
zones of interest, highlighting the importance of analyzing peripheral urban dynamics in
overtourism assessments.

In the temporal scales, the model allows observing temporal changes at a minimum
scale (hours) and a maximum (year); likewise, it allows observing different spatial scales,
from the minimum (MZ) to the maximum (destination). The minimum spatial and temporal
scale allows observing changes in the MZ at various times of the day, that is, peaks of
increase in population carrying can be observed in tourist sites in the hours of the day
between 10:00 and 16:00, and subsequently, its decrease and increase in places of lodging
and residence at night. This information may be relevant for the analysis of the effects of
overtourism on smaller spatial and temporal scales.

These observations highlight the usefulness of spatial-temporal indicators to identify
pressure zones and time-based dynamics in the destination. However, spatial metrics alone
do not capture the full complexity of overtourism. While the model provides valuable insights
into overtourism through spatial-temporal indicators such as density and intensity, it does
not capture qualitative or perceptual dimensions of tourism pressures, including resident
satisfaction, environmental degradation, or economic displacement. These experiential aspects
are essential for a comprehensive understanding of overtourism. Future research should
consider integrating qualitative methods—such as surveys, interviews, or environmental
assessments—to complement the quantitative findings of agent-based simulations.

Additionally, the current model does not differentiate between tourist segments such
as day-trippers, cruise tourists, or long-stay visitors. While this simplification was necessary
due to data availability and computational constraints, we acknowledge that these groups
exert different spatial and temporal pressures on destinations. Differentiating these profiles
in future versions of the model could enhance its realism and support more targeted
management strategies.

Regarding the proposed policy strategies, it is important to critically assess their fea-
sibility in the local context of Santa Marta. While real-time crowd monitoring has shown
potential in managing overtourism in highly digitized cities, its implementation in Santa
Marta may be constrained by limited technological infrastructure, uneven internet con-
nectivity, and institutional capacity. Nonetheless, low-cost and scalable alternatives—such
as mobile-based reporting tools, signage systems, or coordination with tourism opera-
tors—could be viable first steps. These would require inter-institutional cooperation and
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gradual integration into local governance practices, which should be considered in any
attempt to operationalize this strategy.

In terms of implementation and economic feasibility, the proposed strategies are
intended as low-impact and adaptable interventions. The real-time crowd-monitoring
strategy does not necessarily require sophisticated infrastructure but could be initiated
through affordable pilot programs, such as SMS alerts, digital signage, or the use of existing
public Wi-Fi data. Similarly, the diversification of tourist attractions refers not to costly
construction projects, but to the activation and promotion of underutilized sites already
recognized in local tourism plans. These approaches aim to optimize existing resources
while fostering spatial dispersion and mitigating concentrated tourism pressure.

Although the model does not include direct stakeholder consultation, we recognize that
the success of any tourism management strategy depends on the support and involvement
of key actors. Residents may express concerns about increased tourism pressure resulting
from the expansion of attractions, while local businesses could perceive crowd dispersion
strategies as a potential threat to profitability in core areas. Conversely, local governments
may view both strategies as tools to align tourism with urban sustainability goals. Future
research should incorporate participatory approaches to assess stakeholder perceptions and
foster collaborative decision making in the design of overtourism interventions.

It is also important to consider the potential unintended consequences of the proposed
strategies. Expanding the number of tourist attractions may spatially redistribute visitor
flows but not necessarily reduce the overall tourism pressure on the destination. Likewise,
real-time crowd information may primarily benefit tourists with greater digital access or
flexibility, potentially reinforcing existing inequalities. Budget travelers may continue to
cluster in low-cost, high-density areas. These considerations highlight the need to accom-
pany spatial dispersion strategies with inclusive communication tools and complementary
measures that ensure equitable access and avoid shifting impacts from one vulnerable area
to another.

5. Conclusions

In the context of overtourism studies, this research and the model used offer tools
to illustrate the emerging dynamics of the interaction between agents and urban spaces,
allowing that we have an interdisciplinary analysis that can be used to join urban and
touristic sector studies; also, it can be used to simulate the possible results of management
strategies. Finally, the model generates one new intensity indicator, the I;;, which can be
used to adjust the overestimation of classic intensity indicators of tourism.

Beyond its technical contributions, the model also presents opportunities for future
expansion to address other important aspects of overtourism. It is important to note
that this study focused primarily on quantifiable dimensions of overtourism. Although
this allows for replicable, spatially disaggregated diagnostics, it does not account for
subjective experiences or environmental impacts. Including qualitative data in future
model, iterations would enhance the explanatory power of the model and support more
holistic urban tourism management strategies.

The model can be used to estimate the tourist carrying capacity of the city; for this,
it is necessary to generate more research on the relationship between visits and impact.
However, if we assume that the moment when all the diagnostic indicators of overtourism
are at Qs, which is the moment when the carrying capacity is exceeded, then the results of
this investigation allow us to estimate that Santa Marta has a tourist carrying capacity of
2,404,076 visits in a year for Ey.

However, the lack of robust statistical data presents a limitation for the model, as it
restricts the ability to compare the ABM results with empirical patterns. Nevertheless,
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qualitative observations by Pupo [57] and [58] identify El Rodadero, Minca, Taganga, and
the Historic Center as the areas with the highest tourism intensity—findings that align with
the emergent spatial patterns produced by the model. This correspondence adds value
to the model by supporting its potential to simulate the spatial-temporal distribution of
tourism within the city.

As an instrument for measuring the observed and possible effects, the ABM model is
a tool that allows evaluation of the path of development that the destination is following.
Santa Marta is a city where the evolution of tourism began in the 1950s, and which is
currently a destination in a state of maturity or consolidated on the national and interna-
tional market. The diagnostic of overtourism of this research made it possible to show
that the city presents a high-risk situation, and thus, the city is going through a moment
of important inflection to determine its path of development, which from the perspective
of the Tourism Area Life Cycle (TALC) model developed by Butler [26] can point towards
decline, if it is left to the power of random metabolism directed by the market economy [59],
or rejuvenation, if there is a redirection towards a path of sustainable development through
management strategies in the short-, medium-, and long-term. In this sense, the model
allows the simulation of possible results against management strategies, thus evaluating
possible effects and promoting the destination toward sustainable development.

Although this study is exploratory in nature, it offers a valuable methodological
contribution by introducing an agent-based modeling framework capable of simulating
and analyzing overtourism in contexts where empirical tools and data remain limited. This
approach provides a foundation for objective experimentation, adaptive planning, and
future integration of qualitative and participatory elements in overtourism research.

Author Contributions: Conceptualization, ].P. and ].M.; methodology, ].M.; model, ].M.; validation,
J.P. and D.-D.P.-M; formal analysis, D.-D.P.-M.; investigation, ].P; resources, D.-D.P.-M.; data curation,
J.M.; writing—original draft preparation, ].M., D.-D.P.-M., and ].P; writing—review and editing,
J.M. and D.-D.P-M,; visualization, ].M.; supervision, D.-D.P.-M.; project administration, J.P. and
D.-D.P.-M.; funding acquisition, ].M. All authors have read and agreed to the published version of
the manuscript.

Funding: The University of Magdalena (Santa Marta, Colombia) has contributed USD 1800 for the
payment of the APC.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Agent-based model, algorithms, and all data for this article can be
accessed online at: doi:10.25937/y1pm-bs84.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Martins, M. Tourism Planning and Tourismphobia: An Analysis of the Strategic Tourism Plan of Barcelona 2010-2015. J. Tour.
Herit. Serv. Mark. 2018, 4, 3-7. [CrossRef]

2. Mandi¢, A.; Pavli¢, I; Puh, B.; Séraphin, H. Children and overtourism: A cognitive neuroscience experiment to reflect on exposure
and behavioural consequences. J. Sustain. Tour. 2023, 32, 2258-2285. [CrossRef]

3.  Gross, S.; Klemmer, L.; Weber, E; Stettler, J.; Priskin, J.; Rosenberg-taufer, B.; Ponnapureddy, S.; Fux, S.; Camp, M.a.; Barth, M.
Tourism Destinations Under Pressure. Challenges and Innovative Solutions; Technical Report June; Lucerne University of Applied

Sciences and Arts: Lucerne, Switzerland, 2017. [CrossRef]

4. Koens, K.; Postma, A.; Papp, B. Is Overtourism Overused? Understanding the Impact of Tourism in a City Context. Sustainability

2018, 10, 4384. [CrossRef]

5. Capocchi, A.; Vallone, C.; Amaduzzi, A.; Pierotti, M. Is ‘overtourism’ a new issue in tourism development or just a new term for

an already known phenomenon? Curr. Issues Tour. 2019, 23, 2235-2239. [CrossRef]


http://doi.org/10.5281/zenodo.1247519
http://dx.doi.org/10.1080/09669582.2023.2278023
http://dx.doi.org/10.13140/RG.2.2.31472.66566
http://dx.doi.org/10.3390/su10124384
http://dx.doi.org/10.1080/13683500.2019.1638353

Sustainability 2025, 17, 3248 23 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

Dodds, R.; Butler, R. The phenomena of overtourism: A review. Int. J. Tour. Cities 2019, 5, 519-528. [CrossRef]

Milano, C. Overtourism , malestar social y turismofobia . Un debate controvertido. PASOS Rev. Tur. Patrim. Cult. 2018,
16, 551-564. [CrossRef]

Peeters, P.; Gossling, S.; Klijs, J.; Milano, C.; Novelli, M.; Dijkmans, C.; Eijgelaar, E.; Hartman, S.; Heslinga, ]J.; Isaac, R.; et al.
Research for TRAN Committee -Overtourism: Impact and Possible Policy Responses. Number October, 2018; p. 260. Available
online: https:/ /researchdata.brighton.ac.uk/id/eprint/149/1/IPOL_STU(2018)629184_EN.pdf (accessed on 22 June 2019).
Simancas, M.; Pefiarrubia, M. Analysis of the Accommodation Density in Coastal Tourism Areas of Insular Destinations from the
Perspective of Overtourism. Sustainability 2019, 11, 3031. [CrossRef]

UNWTO. ‘Overtourism’? Understanding and Managing Urban Tourism Growth Beyond Perceptions; UNWTO: Madrid, Spain, 2018;
p- 60, ISBN 9789284419999.

Milano, C.; Cheer, ].M.; Novelli, M. Overtourism: An evolving phenomenon. In Overtourism: Excesses, Discontents and Measures in
Travel and Tourism; Number January; CABI: Abingdon, UK, 2019; Chapter 1, pp. 1-17. [CrossRef]

Yrigoy, I.; Horrach, P.; Escudero, L.; Mulet, C. Co-opting overtourism: Tourism stakeholders’ use of the perceptions of overtourism
in their power struggles. |. Sustain. Tour. 2023, 32, 818-834. [CrossRef]

Benner, M. From overtourism to sustainability: A research agenda for qualitative tourism development in the Adriatic. J. Econ.
Geogr. 2019, 2, 74-87.

Milano, C.; Novelli, M.; Cheer, ]. M. Overtourism and degrowth: A social movements perspective. ]. Sustain. Tour. 2019,
27,1857-1875. [CrossRef]

WTTC; McKinsey&Company. Coping with Success : Managing Overcrowding in Tourism Destinations; Technical Report; World
Travel & Tourism Council: New York, NY, USA, 2017. Available online: https://www.mckinsey.com/industries/travel-
logistics-and-infrastructure/our-insights / coping-with-success-managing-overcrowding-in-tourism-destinations (accessed on
30 October 2019).

Bertocchi, D.; Camatti, N.; Giove, S.; van der Borg, J. Venice and Overtourism: Simulating Sustainable Development Scenarios
through a Tourism Carrying Capacity Model. Sustainability 2020, 12, 512. [CrossRef]

Pechlaner, H.; Innerhofer, E.; Erschbamer, G. Overtourism. Tourism Management and Solutions; Routledge: New York, NY, USA,
2020; p. 257.

Dodds, R.; Butler, RW. Ouvertourism. Issues, Realities and Solutions; De Gruyter: Berlin, Germany, Boston; MA, USA, 2019; p. 292.
ISBN 9780367187439.

Widz, M.; Brzeziniska-Wojcik, T. Assessment of the overtourism phenomenon risk in Tunisia in relation to the tourism area life
cycle concept. Sustainability 2020, 12, 2004. [CrossRef]

Abbasian, S.; Onn, G.; Arnautovic, D. Overtourism in Dubrovnik in the eyes of local tourism employees: A qualitative study.
Cogent Soc. Sci. 2020, 6, 1775944. [CrossRef]

Zmyslony, P; Leszczynski, G.; Waligora, A.; Alejziak, W. The sharing economy and sustainability of Urban destinations in the
(over)tourism context: The social capital theory perspective. Sustainability 2020, 12, 2310. [CrossRef]

Kim, M.; Choi, K.W,; Chang, M.; Lee, C.H. Overtourism in Jeju Island: The Influencing Factors and Mediating Role of Quality of
Life. J. Asian Financ. Econ. Bus. 2020, 7, 145-154. [CrossRef]

Wall, G. From carrying capacity to overtourism: A perspective article. Tour. Rev. 2020, 75, 212-215. [CrossRef]

Benner, M. The decline of tourist destinations: An evolutionary perspective on overtourism. Sustainability 2020, 12, 3653.
[CrossRef]

Szromek, A.R.; Kruczek, Z.; Walas, B. The attitude of tourist destination residents towards the effects of overtourism-Krakow
case study. Sustainability 2020, 12, 228. [CrossRef]

Butler, R.W. The Concept of a Tourist Area Cycle of Evolution: Implications for Management of Resources. Can. Geogr. 1980,
24,5-12. [CrossRef]

Arrow, K.; Bolin, B.; Costanza, R.; Dasgupta, P,; Folke, C.; Holling, C.S.; Jansson, B.o.; Levin, S.; Maler, K.G.; Perrings, C.; et al.
Economic growth, carrying capacity, and the environment. Ecol. Econ. 1995, 15, 91-95. [CrossRef]

Wilensky, U.; Rand, W. Why agent-based modelling? In An Introduction to Agent-Based Modelling; The MIT Press, Ed.; Number
January; MIT: London, UK, 2015; Chapter 1, pp. 1-18.

Postma, A.; Schmuecker, D. Understanding and overcoming negative impacts of tourism in city destinations: Conceptual model
and strategic framework. J. Tour. Futur. 2017, 3, 144-156. [CrossRef]

Shimoyamada, S. Horticultural Overtourism in Tokyo: Coopetition for Successful Enticement of Visitors from Over- to Less
Crowded Gardens. Sustainability 2024, 16, 9444. [CrossRef]

Dodds and Butler. Overtourism in urban environments. In Handbook on Sustainable Urban Tourism; Edward Elgar Publishing:
Cheltenham, UK, 2024; Chapter 3, pp. 34—43. [CrossRef]

Aguilera, O.A.; Posada, C.M. ;Qué son los sistemas basados en agentes? In Introduccién al Modelado Basado en Agentes. Una
Aproximacién Desde NetLogo; El Colegio de San Luis: San Luis Potosi, Mexico, 2018; Chapter 2, pp. 21-30.


http://dx.doi.org/10.1108/IJTC-06-2019-0090
http://dx.doi.org/10.25145/j.pasos.2018.16.041
https://researchdata.brighton.ac.uk/id/eprint/149/1/IPOL_STU(2018)629184_EN.pdf
http://dx.doi.org/10.3390/su11113031
http://dx.doi.org/10.1079/9781786399823.0001
http://dx.doi.org/10.1080/09669582.2023.2178445
http://dx.doi.org/10.1080/09669582.2019.1650054
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/coping-with-success-managing-overcrowding-in-tourism-destinations
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/coping-with-success-managing-overcrowding-in-tourism-destinations
http://dx.doi.org/10.3390/su12020512
http://dx.doi.org/10.3390/su12052004
http://dx.doi.org/10.1080/23311886.2020.1775944
http://dx.doi.org/10.3390/su12062310
http://dx.doi.org/10.13106/jafeb.2020.vol7.no5.145
http://dx.doi.org/10.1108/TR-08-2019-0356
http://dx.doi.org/10.3390/su12093653
http://dx.doi.org/10.3390/su12010228
http://dx.doi.org/10.1111/j.1541-0064.1980.tb00970.x
http://dx.doi.org/10.1016/0921-8009(95)00059-3
http://dx.doi.org/10.1108/JTF-04-2017-0022
http://dx.doi.org/10.3390/su16219444
http://dx.doi.org/10.4337/9781803926742.00011

Sustainability 2025, 17, 3248 24 of 25

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

Meléndez, A. Modelacion Basada en Agentes. 2020. Available online: https://bookdown.org/jamelende/LibroMobaBookDown/
(accessed on 7 April 2021).

Wolf, S.; Bouchaud, J.P.; Cecconi, F.; Cincotti, S.; Dawid, H.; Gintis, H.; Van der Hoog, S.; Jaegera, C.C.; Kovalevsky, D.V.; Mandel,
A.; et al. Describing economic agent-based models—Dahlem ABM documentation guidelines. Complex. Econ. 2013, 2, 63-74.
[CrossRef]

Hamill, L.; Gilbert, N. Why agent-based modeling is useful for economists. In Agent-Based Modelling in Economics; Wiley:
Hoboken, NJ, USA, 2016; Chapter 1, pp. 1-9. ISBN 9781118456071.

Grimm, V.; Berger, U.; Bastiansen, E; Eliassen, S.; Ginot, V.; Giske, ]J.; Goss-Custard, J.; Grand, T.; Heinz, S.K.; Huse, G.; etal. A
standard protocol for describing individual-based and agent-based models. Ecol. Model. 2006, 198, 115-126. [CrossRef]

Grimm, V,; Railsback, S.F; Vincenot, C.E.; Berger, U.; Gallagher, C.; Deangelis, D.L.; Edmonds, B.; Ge, J.; Giske, J.; Groeneveld, J.;
et al. The ODD protocol for describing agent-based and other simulation models: A second update to improve clarity, replication,
and structural realism. J. Artif. Soc. Soc. Simul. 2020, 23, 20. [CrossRef]

Miiller, B.; Bohn, E,; Drefller, G.; Groeneveld, J.; Klassert, C.; Martin, R.; Schliiter, M.; Schulze, ].; Weise, H.; Schwarz, N. Describing
human decisions in agent-based models—ODD+D, an extension of the ODD protocol. Environ. Model. Softw. 2013, 48, 37-48.
[CrossRef]

Laatabi, A.; Marilleau, N.; Nguyen-Huu, T.; Hbid, H.; Babram, M.A. ODD+2D: An ODD based protocol for mapping data to
empirical ABMs. |. Artif. Soc. Soc. Simul. 2018, 21, 24. [CrossRef]

Alcaldia de Santa Marta. Plan de Ordenamiento Territorial Santa Marta 2020-2032. 2020. Available online: http://santamarta.
gov.co/plan-de-ordenamiento-territorial /documentos (accessed on 4 January 2022).

Taillandier, P.; Gaudou, B.; Grignard, A.; Huynh, Q.N.; Marilleau, N.; Caillou, P; Philippon, D.; Drogoul, A. Building, composing
and experimenting complex spatial models with the GAMA platform. Geolnformatica 2019, 23, 299-322. [CrossRef]

Roda, P. Conectividad Interurbana en Colombia; Technical Report; DNP: Bogotd, Colombia, 2012.  Available online:
https://colaboracion.dnp.gov.co/CDT/Vivienda%20Agua%20y%20Desarrollo%20Urbano/Conectividad %20Interurbana%?20
%E2%80%93%20Pablo%20Roda.pdf (accessed on 26 October 2021).

FONTUR. Sistema de Informacién Turistica (SITUR) Magdalena; FONTUR: Cundinamarca, Colombia, 2021.

DANE. Redatam Webserver | Procesamiento y Difusién de Microdatos Censo Nacional de Poblacién y Vivienda 2018. 2018. Available
online: https://systema59.dane.gov.co/bincol/RpWebEngine.exe /Portal? BASE=CNPVBASE4V2 (accessed on 30 April 2021).
Fundacién OpenStreetMap. OpenStreetMap. 2020. Available online: https://www.openstreetmap.org/#map=15/11.2445/-74.2
038 (accessed on 15 November 2021).

MinCIT. Guia Turistica Magdalena Colombia; MinCIT: Bogotd, Colombia, 2013; p. 64. Available online: https://cdn.colombia.com/
docs/turismo/sitios-turisticos /santa-marta/magdalena.pdf (accessed on 14 October 2021).

AERONAUTICA CIVIL. Estadisticas de las Actividades Aeronéuticas. 2020. Available online: http:/ /www.aerocivil.gov.co/
atencion/estadisticas-de-las-actividades-aeronauticas (accessed on 19 October 2021).

Tripadvisor. Tripadvisor. 2020. Available online: https://www.tripadvisor.co/ (accessed on 4 January 2022).

Redacciéon CV Noticias. Santa Marta, la Ciudad mds Visitada en Colombia Durante el Receso Escolar; Redacci 6n CV Noticias: Santa
Marta, Colombia, 2021.

Hoy Diario del Magdalena. Santa Marta se Prepara a Recibir 220 mil Visitantes; Hoy Diario del Magdalena: Magdalena, Colombia, 2021.
Available online: https://www.hoydiariodelmagdalena.com.co/archivos/532347 (accessed on 14 January 2022).

El Informador. Santa Marta Cautivé a Cientos de Turistas; El Informador: Santa Marta, Colombia, 2021. Available online: https:
/ /www.elinformador.com.co/index.php/el-magdalena/81-distrito/256791-santa-marta-cautivo-a-cientos-de-turistas (accessed
on 14 January 2022).

Montoya, H. 950 mil Personas Han Ingresado a los 16 Balnearios de Santa Marta. 2021. Available online:
https:/ /www.eltiempo.com/colombia/otras-ciudades/950-mil-personas-han-ingresado-a-los-16-balnearios-de-santa-marta-
5858674#:~:text=A%20las%20playas%20de%20Santa,goce%20de%20turistas %20y%20samarios. (accessed on 14 January 2022).
Iguaran, A. Santa Marta Espera 100 mil Turistas en Temporada Vacacional. 2018. Available online: https://www.elheraldo.co/
magdalena/santa-marta-espera-100-mil-turistas-%20en-temporada-vacacional-581130 (accessed on 14 January 2022).
Garrocho, C. Poblacién Flotante, Poblacién en Movimiento Conceptos Clave y Métodos de Anélisis Exitosos. 2011. Available
online: https://www.sidalc.net/search/Record/KOHA-OAI-ECOSUR:36742 (accessed on 2 March 2021).

Pressat, R. Fendmenos demogréficos en una generacién. In El andlisis Demogrdfico. Métodos, Resultados, Aplicaciones, Tercera ed.;
Pressat, R., Ed.; Fondo de Cultura Econémica: México, Mexico, 2000; Chapter I, pp. 13—48.

DNP. Documento CONPES 3718. Politica Nacional de Espacio Piiblico; DNP: Bogotd, Colombia, 2012. Available online: https:
/ /www.minambiente.gov.co/documento-entidad /conpes-3718-de-2012/ (accessed on 26 October 2021).

Pupo, L. Valoracién econémica del uso recreativo de lugares turisticos: El caso de las bahias de santa Marta, el Rodadero y
Taganga (Colombia). Rev. Econ. Del Caribe 2012, 2106, 233-256. Available online: http:/ /www.scielo.org.co/scielo.php?script=
sci_abstract&pid=52011-21062012000200008&Ing=en&nrm=iso&tlng=es (accessed on 23 September 2020).


https://bookdown.org/jamelende/LibroMobaBookDown/
http://dx.doi.org/10.7564/13-COEC12
http://dx.doi.org/10.1016/j.ecolmodel.2006.04.023
http://dx.doi.org/10.18564/jasss.4259
http://dx.doi.org/10.1016/j.envsoft.2013.06.003
http://dx.doi.org/10.18564/jasss.3646
http://santamarta.gov.co/plan-de-ordenamiento-territorial/documentos
http://santamarta.gov.co/plan-de-ordenamiento-territorial/documentos
http://dx.doi.org/10.1007/s10707-018-00339-6
https://colaboracion.dnp.gov.co/CDT/Vivienda%20Agua%20y%20Desarrollo%20Urbano/Conectividad%20Interurbana%20%E2%80%93%20Pablo%20Roda.pdf
https://colaboracion.dnp.gov.co/CDT/Vivienda%20Agua%20y%20Desarrollo%20Urbano/Conectividad%20Interurbana%20%E2%80%93%20Pablo%20Roda.pdf
https://systema59.dane.gov.co/bincol/RpWebEngine.exe/Portal?BASE=CNPVBASE4V2
https://www.openstreetmap.org/#map=15/11.2445/-74.2038
https://www.openstreetmap.org/#map=15/11.2445/-74.2038
https://cdn.colombia.com/docs/turismo/sitios-turisticos/santa-marta/magdalena.pdf
https://cdn.colombia.com/docs/turismo/sitios-turisticos/santa-marta/magdalena.pdf
http://www.aerocivil.gov.co/atencion/estadisticas-de-las-actividades-aeronauticas
http://www.aerocivil.gov.co/atencion/estadisticas-de-las-actividades-aeronauticas
https://www.tripadvisor.co/
https://www.hoydiariodelmagdalena.com.co/archivos/532347
https://www.elinformador.com.co/index.php/el-magdalena/81-distrito/256791-santa-marta-cautivo-a-cientos-de-turistas
https://www.elinformador.com.co/index.php/el-magdalena/81-distrito/256791-santa-marta-cautivo-a-cientos-de-turistas
https://www.eltiempo.com/colombia/otras-ciudades/950-mil-personas-han-ingresado-a-los-16-balnearios-de-santa-marta-585867#:~:text=A%20las%20playas%20de%20Santa,goce%20de%20turistas%20y%20samarios.
https://www.eltiempo.com/colombia/otras-ciudades/950-mil-personas-han-ingresado-a-los-16-balnearios-de-santa-marta-585867#:~:text=A%20las%20playas%20de%20Santa,goce%20de%20turistas%20y%20samarios.
https://www.elheraldo.co/magdalena/santa-marta-espera-100-mil-turistas-%20en-temporada-vacacional-581130
https://www.elheraldo.co/magdalena/santa-marta-espera-100-mil-turistas-%20en-temporada-vacacional-581130
https://www.sidalc.net/search/Record/KOHA-OAI-ECOSUR:36742
https://www.minambiente.gov.co/documento-entidad/conpes-3718-de-2012/
https://www.minambiente.gov.co/documento-entidad/conpes-3718-de-2012/
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S2011-21062012000200008&lng=en&nrm=iso&tlng=es
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S2011-21062012000200008&lng=en&nrm=iso&tlng=es

Sustainability 2025, 17, 3248 25 of 25

58. Londofo, W. Santa Marta la ciudad blanca: Memoria y olvido en la configuracién espacial de los hitos patrimoniales de la ciudad.
Confluenze Riv. Studi Iberoam. 2019, XI, 34-60.

59. Rogers, R. La evolucién de Londres. In Evolucién. Sociedad, Ciencia y Universo; Fabian, A.C., Ed.; METATEMAS: Barcelona, Espafia,
1998; Chapter 5.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	Introduction
	Materials and Methods
	Overview
	Details
	Input Data
	Submodels

	Metrics
	Scenarios

	Results
	Initial Scenario E0
	Scenarios with Management Measures Ei

	Discussion
	Conclusions
	References

