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Abstract: In recent years, social media has emerged as an important channel for the dissemination of
destination branding. Despite the fact that the dissemination of information through social media
enables a broader audience to become acquainted with destinations, the dissemination process of
trending events exhibits variances. Consequently, the precise impact of the underlying mechanisms
that govern the spread of information on the efficacy of disseminating destination brand trending
events remains ambiguous. In an endeavor to bridge this gap, an improved SEIR model was
developed in this research to investigate the dynamic dissemination mechanisms and influencing
factors of destination trending events within social media. The model was applied to simulate the
diffusion mechanism of destinations’ trending events. The results show that during the dissemination
process of destination trending events on social media, the proportion of users affected at different
stages influences the ultimate effectiveness of information propagation. In light of these insights,
this research proposes a social media trending event dissemination strategy to aid in enhancing the
propagation efficiency of destination brands through existing resources.

Keywords: social media; SEIR model; hot events; destination brand diffusion; simulation

1. Introduction

The number of internet users is growing year by year due to the popularity of elec-
tronic devices such as computers and smart phones and the modernization of countries
worldwide. By October 2023, the global count of internet users had reached 5.3 billion,
constituting 65.7% of the worldwide population. Out of these, 4.95 billion people, ac-
counting for 61.4% of the world’s population, were identified as active participants on
various social media platforms [1]. The popularity of social media can be attributed to its
capabilities in enabling connections, sharing information, creating communities, providing
entertainment, offering business prospects, and supporting interactions in real time [2].
The core of information dissemination within the realm of social media is underpinned by
its extensive user base. The popularity of social media has increased the effectiveness of
information dissemination as well as the activity of the audience. Therefore, we need to
pay attention to the mechanism of the dissemination of information in social media.

Social media platforms empower users to generate content and interact with each
other on different topics [3]. There is a shift from traditional one-way communication
between information and users to two-way communication among much more information
and many users. Because social media contains so much information and so many users, it
has become a prime destination for trending events to break out. Therefore, social media
has ascended as a significant channel for many destinations to promote their brands. An
increasing number of tourists are searching for information about destinations on social
media [4]. According to a study by Statista, 75% of participants cited social media as a
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source of inspiration for their travel plans [5]. This illustrates the importance of social
media communication for destination brand diffusion. Accordingly, understanding the
information dissemination mechanism of social media helps destination brands to better
utilize this online channel and combine it with the dissemination of hot events, which can
strengthen the influence of the brands.

From a theoretical perspective, destinations serve as the fundamental setting for
tourism-related activities, a domain that is attracting increasing scholarly attention [6].
While it has developed a variety of distinct research themes and lines of reasoning [7], it has
branched out from tourism studies into adjacent fields like economics and management [8].
Marketing regarding research is an important convergence in this field, such as research
of destination image [9], destination marketing [6], and destination branding [10]. Avila-
Robinson et al. proposed that with the wide applications of digital platforms, social
media-enabled marketing strategies are vital for destination branding [11]. As social media
becomes more widespread, the role of information spread through these platforms in
communicating destination brands has grown in importance.

However, the phenomenon of brand diffusion via social media is characterized by
its complexity and dynamic nature, presenting a landscape that is both systematic and
unforeseeable. Prior research has focused on the evolving and orderly shift in subjects [12].
These studies have paid attention to the diffusion of different events, but they have not
yet analyzed how one hot event is disseminated at different stages when it is communi-
cated. Moreover, a previous study also focused on the function of social media on brand
diffusion [13]. The authors considered the influencing mechanism of social media. But they
ignored the influences of social media users who generate the content and networks that
provide valuable insights in social media.

Therefore, the research presented in this paper aims to create an agent-based model to
replicate the spread of destination-related significant events on social media and identify
the determinants at various phases of event distribution. To achieve this objective, an
improved SEIR model considering the secondary dissemination was developed. This aligns
with the laws of information dissemination on social media. Moreover, it has not been
addressed in previous studies. With the improved simulation model, this article tries to
answer the following research questions:

e RQI1: How do destination hot events diffuse on social media?
RQ2: What is the influence of infected rates of communicators at different stages?

The driving force for this study is to fulfill the requirement of comprehending the diffu-
sion of destination hot events and impact of social media users at different communication
stages. This study aims to bridge a notable void in current academic work by providing
a simulation model that yields essential insights, thereby enhancing a competitive brand
image within the destination. The contributions of this research are to enrich the existing
body of literature in multiple respects. Firstly, it aims to simulate the spread of significant
destination events across social media platforms, offering key insights to improve the mar-
keting effectiveness of such events. These insights deliver practical advice for spreading
the branding of destinations. Moreover, the results bring innovative contributions to the
spread of information on social media by developing an improved SEIR simulation model,
representing a pioneering effort in this area. Secondly, this study introduces two research
questions. These questions are crucial for understanding the dissemination of destination
brand events on social media, especially regarding their propagation mechanisms and
influencing factors.

According to the analysis above, the subsequent sections of this paper are structured as
follows. Section 2 summarizes the research related to destination branding and destination
brand diffusion, and we also conclude the model of information dissemination. Section 3
introduces the methodology used in this research and description of data. And then,
Section 4 explains a diffusion model based on the laws of destination brand diffusion in
social media. Section 5 investigates the factors that influence the dissemination outcomes
as well as the degree of influence in the whole process of destination brand diffusion. Also,
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we further validate the model’s match in reality based on real cases. Finally, Section 6
summarizes the principal findings, which focus on analyzing the impact of the different
stages of the model on brand diffusion and the shortcomings of this paper.

2. Literature Review
2.1. Destination Brand

The concept of a destination encompasses both geographical boundaries and man-
agement systems. There exists a competitive landscape among various destinations [14].
The construct of destination branding pertains to the application of marketing strategies
for the promotion of a city or region, integrating these methodologies within the broader
communicative efforts of the destination. According to Zenker and Braun, destination
branding involves tourists’ perceptions of a location, including the objectives, values, mes-
saging, and the collective culture of the destination’s stakeholders and designers [15]. This
process is pivotal in crafting a distinct destination image and augmenting the competitive
edge of the locale. A favorable brand image is instrumental in elevating the profile of
the destination brand [16], with the destination’s image playing a crucial role in influenc-
ing tourists” decision-making processes [17]. The establishment of a positive destination
brand is contingent upon a strategic brand strategy that ensures robust brand positioning,
thereby affording the region a unique competitive advantage and distinguishing it from
rivals. Nevertheless, the endeavor of destination branding is rendered intricate by the
intrinsic characteristics of destinations that diverge from conventional products or ser-
vices [18]. The challenge for marketers, therefore, lies in the effective transmission of the
destination’s message to forge a competitive brand identity, a task that presents significant
complexities [19].

With the development of social media, the dissemination of information through these
platforms has crystallized as a vital mechanism for the promotion of destination brands.
Previous research has shown that the media plays an important role in building destination
brands and forming relationship networks with tourists [20]. At present, social media has
emerged as an effective tool for destination brands [21]. This attribute of social media
facilitates unrestricted access to destination information, permitting users to engage with
content irrespective of their physical location or the time [22]. Moreover, the interactive
features of social media (e.g., likes, forwards, and comments) can potentiate the efficacy of
information dissemination among users. This interaction fosters a diffusion network that
accelerates the spread of information [23]. Information diffusion consists of a sequence of
events related to specific topics that can impact the images of destination brands [24].

Scholars have paid close attention to information dissemination in social media when
studying destination branding, including the utilization of social media micro-film market-
ing by destinations [25], an exploration of the characteristics and underlying motivations
that propel the public to engage in the sharing of electronic word-of-mouth (eWOM) con-
cerning destinations [26], and investigation into the evolution of destination image as
shaped by social media commentary [27]. However, few studies have focused on the com-
munication mechanisms of destination brand marketing events on social media platforms
and the influencing factors, especially in-depth analyses of the dynamics of information
dissemination based on the user perspective.

2.2. Destination Brand Diffusion

Social media has changed the modalities of information dissemination and the mech-
anisms through which users engage with such information. As a result, it provides new
channels for brand communication [28]. In social media, users exchange information on the
platform. On one hand, users express their opinions by posting information. On the other
hand, users access requisite information ubiquitously and at their convenience. Therefore,
users are both sharers and disseminators of information. This has led to an explosion of
information within social media [29]. Furthermore, this also creates a diffusion network
that accelerates the spread of information [23]. The diffusion of information through online
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social networks has emerged as a vibrant area of research encompassing disciplines such as
computer science, psychology, sociology, and epidemiology, among others [30]. Typically,
social networks consist of two primary elements: the user and the contagion they share.
These are invariably linked with myriad factors that affect the process of information
diffusion through online social networks [31,32]. Consequently, epidemiological models
are frequently utilized in the field of information diffusion, particularly in the analysis of
social media [33,34].

For destination brands, information diffusion is characterized by a series of events
that may affect the image of the brands [24]. Due to the multiplicity of interaction points
in social media and the difficulty of controlling them, it results in more uncertainty [13].
Therefore, in previous studies, scholars have mainly focused on the impact of brand
events and factors that influence brand image, such as opinion leaders” influence [35].
However, few studies have analyzed the construction of destination brands in terms of the
dynamic process and mechanism of information diffusion. A thorough comprehension
of the diffusion mechanism of information on social media, alongside the identification
of influential factors can help destinations better utilize online platforms, can improve
dissemination efficiency and establish a stronger brand image.

2.3. Information Dissemination Model

The key to studying the information dissemination process is to build appropriate
models. Current models on information dissemination include SIR (susceptible infected
removed), SIS [36] (susceptible infected susceptible), SI [37] (susceptible infected), SIRS
(susceptible infected removed susceptible), and other epidemic models. The genesis of
dynamic modeling in the context of information dissemination is attributed to the SIR
model. It was proposed by Kermack and McKendrick in 1927 as a model primarily used
to analyze the spread patterns of the Black Death [38]. In 1964, Goffman and Newill
applied SIR to study the diffusion of communication [39]. Unlike epidemic spread, which is
inexorable, the dissemination of information is subject to a multitude of subjective factors.
With the progressive mature of the research in this field, scholars have evolved information
dissemination models such as SEIR [40], SCIR [41], CSR [42], and SEIRS on the basis
of classical models. The information dissemination mechanism of social media exhibits
profound parallels to the transmission of epidemic diseases. Therefore, many scholars
study the process and mechanism of information diffusion such as online public opinion,
rumor dissemination, and topic dissemination based on the information dissemination
dynamics model. And many related models are derived on this basis, further enriching the
study of this subject.

The information dissemination dynamics model is mainly built with nonlinear dy-
namics methods. These models articulate the process of information dissemination and
fluctuations in the population in various conditions by following the mechanism of epi-
demic disease diffusion. Classical SIR and SEIR models assume that individuals in a
cluster are uniformly mixed. Each individual has an equal probability of being exposed to
others—a premise that diverges from empirical reality [43]. In actuality, social networks
exhibit both small-world and scale-free characteristics. This recognition has catalyzed a
burgeoning interest among researchers to develop epidemic dynamics models based on
complex networks.

In recent years the information dissemination dynamics model has gained prominence
in the field of social media communication. Zhao et al. introduced the SI communication
model focused on emergent blog topics. The study investigates the pattern of public
opinion dissemination in emergent scenarios without considering the influence of the
removers [44]. And Dong et al. used the SEIR model to study the rumor spreading process
of Facebook [33]. Jiang and Yan developed a segmented SIR model to measure the velocity,
breadth, and impact of the spread of online information dissemination. Their simulations
revealed that the lasting influence of a message does not correlate proportionally with the
quantity of its disseminators [45]. Si et al. presented the concepts of infection and incurable
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threshold, scrutinizing the user interaction through the lens of Bayesian updating rules [46].
Li et al. introduced a novel model for the evolution of public opinion, merging the HK
(Hegselmann—Krause) opinion fusion model with the SEIR epidemic transmission model.
User interests and opinion fusion are considered in the model [47]. Chen et al. integrated
three distinct factors into the SEIR model and developed a model to elucidate individual
state transitions to map the rumor spread process and devise containment strategies [48].

However, current approaches to modeling information dissemination have yet to ade-
quately account for the dynamics of user engagement with trending events. This includes
the probability of users beginning to engage with an event, potentially losing interest over
time, and eventually disengaging from the social media environment, which translates into
the dynamics of user ingress and egress. Moreover, such models overlook situations in
which a decline in user interest in a trending event triggers the rise and eventual dominance
of associated events, culminating in a secondary phase of dissemination for the initial
event [49]. In response to these gaps, this paper proposes an improved SEIR model for the
dissemination process of hot events in social media. It aims to delve into the dissemination
mechanism of hot events and the influencing factors of the dissemination. This will provide
a theoretical foundation for the analysis of hot event dissemination on social media.

3. Method and Data
3.1. Method

Agent-based modeling represents a research method focused on modeling and sim-
ulation from a bottom-up perspective, specifically for complex adaptive systems [50]. It
is employed to mimic the behavior and interplay of autonomous agents, which may be
individuals or collective entities like organizations or groups. The objective is to grasp the
system’s behavior and the determinants of its outcomes [51,52].

This paper aims to scrutinize the dynamic dissemination mechanism of hot events on
social media. Considering the importance of information dissemination as well as social
media user interactions, it is appropriate to employ agent-based modeling approaches to
explore these research questions. Accordingly, we propose an improved SEIR model based
on the characteristics of hot events spreading on social media platforms. Subsequently, an
agent-based model is constructed, which is able to simulate the interactions among users.

3.2. Data

In this study, we focus on the dissemination of destination brand and the diffusion
patterns of related hot events on social media. We primarily collected the data of social
media posts of popular tourist destinations and focused on user interactions of the events
(such as likes, comments, and shares) and fluctuations in popularity. The data sources
include major Chinese social media platforms such as TikTok.

With the development of social media, the magnitude of public opinion dissemination
has also increased. To ensure the validity and comparability of the simulation results, we
assumed a larger-scale total number of social media users, i.e., 100,000 users, potentially
exposed to hot events. The initial parameters for the simulation are defined as follows:
susceptible (S) at 9999, exposed (E) at 0, infected (I) at 1, recovered (R) at 0, and secondarily
infected (Ip) at 0. This setup aims to simulate a scenario where an hot event is disseminated
in the initial stage. And based on the analysis of the diffusion cycle of hot events on social
media, we set the simulation period to 10 days (240 h) to cover the lifecycle of a typical
event on social media.

4. Model Description

In previous studies, scholars have mainly applied the SIR model to the domain of
information dissemination on social media. The SIR model includes S (susceptible), I (in-
fected), and R (recovered). The SEIR model incorporates the E (exposed) category in the SIR
model. This category represents individuals who have encountered the infectious agent
but have not yet commenced transmitting the information themselves. Both the SIR and
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SEIR models assume a certain total number of people, with the SEIR model articulating
four states: S (susceptible), E (exposed), I (infected), and R (recovered). Within this model,
« represents the infection rate, determining the spread rate and signifying the probability
of transmission from an infectious individual to a susceptible one. 3 denotes the rate of
incubation, indicating the speed at which latent individuals turn infectious. y represents
the recovery rate, determined by the mean period required for recovery. The diffusion path
is shown in Figure 1.

L ol el e ]

Figure 1. SEIR Information Dissemination Path.

Hot events may cause secondary dissemination in social media due to related events
when they are spread. Moreover, the exposure of social media users to events may lead to
user enrollment or exclusion. Based on this, this paper proposes an improved SEIR model.
Table 1 shows how the key concepts in the SEIR model correspond to the concepts of hot
event communication of destination in social media.

Table 1. Key Concept in Destination Brand Diffusion in Social Media Based on SEIR Model.

SEIR Model Concept in Destination Brand Diffusion in Social Media

Susceptible individuals who pay close attention to destination

ibl . .
S (susceptible) branding events in large numbers.
Lurkers who are interested in a destination hot event but are neutral
E (exposed) . " .
about it and waiting to see what will happen.
. Communicators who are aware of hot events in the destination and
I (infected)

then communicate the information on the social media platform.
Movers who have lost interest in destination hot events and no longer
participate in communications.
Communicators who are re-informed about hot events in the
destination and then spread the information for a second time.

R (recovered)

Iy (secondarily infected)

We assume that S(t), E(t), I(t), and R(t) are functions of t and indicate the number of
users in each of the above four types of states. The number of users is assumed to be N in
a certain period and remains constant throughout the information dissemination process.
N(t) = S(t) + E(t) +I(t) + R(t) + Ip(t). Equation (1) represents the diffusion model of hot
events related to destination brands on social media platforms.

S"=uN — ¢S —aSI/N

E' =aSI/N — (B+ ¢)E

I'=BE—(61+6+¢)I 1)
R ' =6I— (¢ +62)R

Iy = 611+ 6,R — oy

The dissemination path based on the improved SEIR model is shown in Figure 2.
Within this model, u signifies the probability of users participating in social media per unit
of time. ¢ denotes the per unit time probability of social media users disengaging from
social media following exposure to the event, with such individuals not contributing to
the dissemination of the trending event. In this model, « is defined as the probability of
a susceptible user transitioning into lurker status.  represents the probability of a lurker
evolving into a communicator and actively participating in the event dissemination. ¢
represents the probability of a communicator disengaging with the events and ceasing their
involvement in the communication. In this research, secondary diffusion is considered.
Secondary diffusion of information on social media describes the phenomenon in which
information, once disseminated by an initial source, is then further shared or propagated by
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recipients who acquired it from the initial distribution point. This is very common on social
media platforms. 6; represents the probability that a communicator becomes a communica-
tor again. It means that infected individuals actively redistribute this information. This is a
key characteristic of information dissemination on social media, as information can rapidly
propagate among users in a recursive manner, leading to a “viral” spread of information.
6, represents the probability that the remover becomes a communicator for the second time.
In social media, it is very common for information to be disseminated anew due to updates,
the occurrence of related events, or the information becoming relevant again to users. This
phenomenon often results in recovered individuals becoming infected individuals once
more. Introducing 6; and 6, and considering the transition from infected and recovered
individuals to secondarily infected ones allows the SEIR model to depict the dynamics of
information dissemination on social media with greater precision.

>

9

2
u[S\a /E\ ﬁ}@ 5§® 92”(;
(p' (pv

¢ ¢

Figure 2. Improved SEIR Model on Information Dissemination.

In order to describe the pattern more realistically, this paper improves the SEIR model
considering the user volume, network topology, and the characteristics of destination hot
event dissemination in social media platforms. It is assumed that the destination hot event
dissemination network can be summarized as a binary group G=(V,E). V = {v1,v,... v, }.
It represents the set of nodes in the network; E = {eq,ep,...,e,}. It represents the set
of edges in the network. The average value of nodes is d. According to the definition

of structure equivalence theory proposed by Burt, w (w = %W) is the probability

that a random edge of the complex network comes from the communicator. p(d) is the
degree distribution function of the network, representing the probability of an individual’s
occurrence within the network. The weighted average degree of the network is }_dp(d).
Thus, the probability of a network node in the communicator state of the network system i
can be determined. This model takes into account varying total population sizes and the
phenomenon of secondary transmission, thereby offering a sophisticated framework for
analyzing the dissemination dynamics of hot events in destination contexts.

In Equation (1), it is assumed thats = S/N,e = E/N,i = I/N,r = R/N, and
ig = Ip/ N. They represent the proportion of users in each state. Ands+e+i+r+ip = 1.
s, e, i, r, and ij satisfy the following conditions:

s’ =y — us —ais
¢ =ais— (B+p)e
i"=pBe—(0+pu+6p)i ()
r'=26i— (u+6y)r
iol = 91i+921’— ;Llio

The first four equations above are independent of the fifth equation. And iy =
l-s—e—i—r.

And then the equilibrium points are considered. In this point, we study the closed
set {(s,e,i,1,ip) € R,0 <s+e+i+r+ip <1)}. And Equation (2) is constant-positive. To
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study the balance point, the left side of Equation (2) is made to be 0, which is shown in

Equation (3).
p—us—ais =0
ais — (B+pu)e=0
Be—(6+pu+61)i=0 3)
= (p+02)r =0

91i+921’—}li0 =0

Equation (4) can be derived from Equation (3).

i=

ﬁgu ps) )
BS+ B+ POy +Op+pu2+ub;
— O-(p—ps)
as(p+6,)
Oritbor _ (61+0)(1—s) _ S(u—ps)

1 as as(u+6)

ig =

Based on above analysis in Section 3.2, ip =1 —s — e — i — v, and combing Equation (4),

we have ip = BT — ke = 1 s — Y — B0 — . And then, we

obtain G(s) with regards to s, as shown in Equation (5).

B Stuth
B+u as

G(s) = (5)

Assuming that thesethass =1, e =0,i = 0,7 =0, and i, = 0, we obtain Equation (6).

Stptl _ S+pto S4p+6
G(s) = e — == 1((ﬁ+u)(§iﬂ+91) _1) =" (Ro—1) ©)

In Equation (6), Ry = Mﬁ. From Equation (6), G(s) is monotonically increas-
ing when Ry > 1. Since G(s) > 0, G(s) = 0 has only positive roots in the interval (0, 1).
Therefore, Equation (2) has a unique equilibrium point: s*. Two equilibrium points can be

found from Equation (5):

1 (B+mw+p+6)
RO [30&

We bring s* into Equation (4) to obtain Equation (7).

sop=1, s*=

_ ﬁa p(B+p)(0+p+01)
ﬁ+ﬂ)(5+u+91)
) ppa—p(B+p)(0+p+61)

af.
Il
51 ‘? am
A
7‘\

0 Ba(o+p+01) 7)
) 1) = 55“ O(B+p)(6+p+61)
" G_()IX ,B+y)(z5+gt+9(1g+ (64540)
ig* = B2 (R — 1) = (0,4 6 20) S

Therefore, the first equilibrium point of the improved SEIR model when no hot
events are spread is Cop = (1, 0, 0, 0, 0). When Ry > 1, there will be a unique non-zero
equilibrium point of the model: C* = (s*,i*, e*, r*,ip*).

5. Simulation and Results
5.1. Parameter Settings

In this research, Python was utilized to conduct simulation experiments on the im-
proved SEIR system dynamics model. And in this section, we set the parameters for the
initial situation. We assume that the total number of users is 100,000. The time is in hours.
At commencement of the information dissemination process, there is a single individual
spreading the information, while other users on social media are susceptible to being
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influenced by this information, acting as susceptibles. During this phase, there are neither
individuals in the exposed stage nor recovered individuals. Therefore, the initial value
setting is S(f) = 99,999, E(t) = 0, I(t) = 1, R(t) = 0, and Iy = 0. At the same time,
the parameters are set to « = 0.3, p = 0.2, and § = 0.05. In addition, considering that
both infected and recovered individuals have been exposed to the hotspot event, it is
hypothesized that the probability of secondary dissemination of the hotspot event is the
same for both infected and recovered individuals. The initial assumption parameters are set
to u = 0.0005 and 0; = 6, = 0.01. As there is a certain hiding period from the occurrence
of the hot event to the media coverage, it involves the issue of secondary dissemination.
In this study, the time period was set to be 10 days, i.e., t = 240 h for display. Based
on the above assumptions, we can simulate the social media destination hotspot event
dissemination. The evolution paths of S, E, I, R, and Ij are shown in Figure 3.

SEIR Model with Additional Dynamics

100,000 4 = Susceptible
Exposed
- Infected
~—— Recovered
—— Snfected
80,000 -

60,000

40,000 -

Number of Individuals

20,000

0 50 100 150 200 250
Time (hours)

Figure 3. Evolution Path of Destination Hot Events.

Based on Figure 3, the susceptibility curve remains relatively smooth over extended
time at first. This is due to the presence of a latency period in the dissemination of informa-
tion. In the early stages of information spread, although the dissemination has commenced,
the relatively small number of disseminators is insufficient to significantly impact the entire
susceptible population, thereby not leading to a notable decrease in S. Subsequently, a
pronounced decline in susceptible individuals is observed in the dissemination of social
media destination hotspot events. The number of susceptible people rapidly tends to zero,
converting to exposed individuals or users of other status. The number of the exposed
individuals E(t) reaches the peak and then tends to fall within t = 50-90. Within t = 90-120,
the number of exposed individuals rapidly decreases and eventually stabilizes near zero
in the interval of t = 120-150. The number of infected individuals rises rapidly from 0. It
peaks at about t = 100 and then declines slowly until it reaches 0 at t = 200. It can be
seen that there is initially no big difference between the exposed curve and the infected
curve. And after 50 h, the infected curve experiences rapid growth, and the number of
infected individuals is greater than exposed individuals until they become stable at the end.
The reason lies in the rapid transmission of hot events on social media, where a relatively
high dissemination rate will result in the number of infected individuals increasing swiftly,
surpassing the number of exposed individuals. This is consistent with the information
dissemination situation in social media. And as for the recovered curve, the number of
recovered individuals rises slowly from 0, peaking around t = 140, followed by a slow
descent. The number of secondarily infected individuals increases slowly from t = 0 and
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continues to increase after the number of susceptible persons decreases to a minimum.
When the dissemination of the entire event is over, all four users of statuses S, E, I, R, and I
all reach stable values. The trend of the event’s dissemination on social media aligns with
the theoretical behavior of the rumor spreading process for the SEIR model in the research
by Dong et al. [33]. However, there are many factors influencing event dissemination within
social media. Therefore, after setting the initial value, referring to the existing studies, we
adjusted the parameters in a multiplicative relationship. The results are shown in Table 2.
Understanding the impact of different factors on information diffusion will help improve
the SEIR model. This will result in a more contextualized model of the spread of destination
hot events on social media. And in the following section, we analyze the influences of these
factors based on the chronological order of the diffusion of destination hot events.

Table 2. Parameter settings for simulation experiments.

Project o B 8 01 =102 15

1 0.3 0.2 0.05 0.01 0.0005
2 0.15 0.2 0.05 0.01 0.0005
3 0.6 0.2 0.05 0.01 0.0005
4 0.3 0.1 0.05 0.01 0.0005
5 0.3 0.05 0.05 0.01 0.0005
6 0.3 0.2 0.1 0.01 0.0005
7 0.3 0.2 0.2 0.01 0.0005
8 0.3 0.2 0.05 0.001 0.0005
9 0.3 0.2 0.05 0.1 0.0005
10 0.3 0.2 0.05 0.01 0.005
11 0.3 0.2 0.05 0.01 0.05

12 0.3 0.1 0.1 0.01 0.0005
13 0.3 0.05 0.2 0.01 0.0005
14 0.3 0.4 0.1 0.01 0.0005
15 0.3 0.1 0.025 0.01 0.0005

5.1.1. Impact of Changes in Infection Rate

The infection rate « is the probability that a user transforms from susceptible to
exposed status in the destination information dissemination model. In this section, we aim
to examine the impact of « on the spread of trending events. Hence, « is taken as 0.3, 0.15,
and 0.6, respectively, to analyze how the diffusion mechanism is changed as « changes.
Other initial set conditions are unchanged in the simulation experiment. The simulation
results are shown in Figure 4, consisting of five pictures that represent the changes of the
susceptible curve, exposed curve, infected curve, recovered curve, and secondarily infected
curve. The blue curves show the diffusion mechanism initially when « is taken as 0.3. And
the yellow curves show the situation when o« is taken as 0.15, while the red lines show the
situation when « is taken as 0.6.

The simulation outcomes show that the change of « is an important indicator that
affects the trend of each result. Specifically, with an elevated infection rate (i.e., a higher
o value), the user’s susceptible period is shorter. The number of exposed and infected
individuals peaks earlier and reaches higher peaks. Conversely, a small « value corresponds
with a slow spread of the event, and the impact is severely limited. Therefore, it is not
enough to become a “hot” event. The higher the infection rate, the faster the susceptible
people will pay attention to the information during the spread of the hot event. And more
susceptible people become exposed users earlier. It is even possible that all users become
exposed users to follow the development of the event and spread it further. Apparently,
adopting o = 0.3 is more reasonable for describing the social media destination hot event
dissemination. When a hot event outbreaks, susceptible users with sensitive status will
follow the issues quickly and become the followers of the issues. Therefore, users occupy
the susceptible status for shorter durations.



11 of 21

Systems 2024, 12, 124

(c) Infected Curve

(a) Susceptible Curve

SEIR Moddel with Anditional Dynamics

(d) Recovered Curve (e) Second-Infected Curve

Figure 4. Simulation Results of Infection Rate Change.

5.1.2. Impact of Changes in Dissemination Rate
In this section, the influence of the dissemination rate that effects the dissemination

speed and scope of information is discussed. The dissemination rate f is the probability of
a user’s status of dissemination behavior changing from just following the hot event of a
destination to commenting on, liking, retweeting, etc., the hot event after its outbreak. To
examine the influence of B, we set the initial value as unchanged and make B take different
values, such as 0.2,0.1,and0.05. The simulation results are shown in Figure 5. The blue
curves show the diffusion mechanism initially when S is set as 0.2. And the yellow curves
show the situation when f is set as 0.1, while the red curves show the situation when § is

set as 0.05.
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Figure 5. Simulation Results of Dissemination Rate Change.
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(a) Susceptible Curve

(d) Recovered Curve

As can be seen in Figure 5, changes in the dissemination rate § have a small effect on
the susceptible users S. However, the larger f is, the shorter the exposed period of exposed
users, the earlier the number of infected users reaches the peak, the larger the peak becomes,
and the earlier and larger the secondarily infected Iy peaks. It means that the larger f is, the
higher the probability that the exposed individuals who pay attention to the destination
event will be converted into infected individuals. At the same time, the event will generate
related hot events for secondary dissemination more quickly. Apparently, taking g = 0.2
appears to be more reasonable. The exposed individuals follow the event and then more
quickly turn into infected individuals. This is more in line with the explosive dissemination
of destination hot events.

5.1.3. Impact of Changes in Removing Rates

In this section, the influence of the removing rate J is examined. J affects the persistence
of the impact of information dissemination. The removing rate ¢ is the probability that
a user will go from spreading the word about a hot event to losing interest in it after the
hot event breaks out. We set the simulation experiment initial value as unchanged and
took &« = 0.06 and = 0.2. And then, we took ¢ as different values : 0.05, 0.1, and 0.2. We
compared the changes of the hot event diffusion brought by J. The simulation results are
shown in Figure 6, where the blue curves also show the diffusion process initially when &
is set as 0.05, the yellow curves show the situation when ¢ is set as 0.1, and the red curves
show the situation when ¢ is set as 0.2.

(b) Exposed Curve (¢) Infected Curve

(e) Second-Infected Curve
Figure 6. Simulation Results of Removing Rate Change.

As can be seen in Figure 6, the probability of removal, denoted by J, is inversely related
to the peak of the infected users I, showing the extent of diffusion. This aligns with the
findings of Zhang et al., who highlighted the impact of removal probability on the diffusion
of public opinion across the network [52]. And as J increases, the dissemination period
decreases, and the sooner the recovered individuals, R, reaches its maximum value. This
suggests that the smaller the removing rate of disseminators after they have disseminated
a destination hot event, the longer the period of dissemination. And the higher the number
of disseminators at the outbreak of a destination hot event, the later the disseminators lose
interest in the event.
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(a) Susceptible Curve

(d) Recovered Curve

5.1.4. Impact of Changes in Secondary Infection Rate

In this research, the SEIR model was improved considering secondary infection in the
context of information dissemination. This section examines the impact of changes in the
secondary infection rate. The secondary infection rate 6; is the probability that after the
outbreak of a destination hotspot event, an event related to the hotspot event triggers the
susceptible individuals S of the hotspot event to propagate the event again. The secondary
infection rate 6, is the probability that removing individuals R who have lost interest in
the event after the outbreak of a hot event will spread the event after being exposed to the
event in question. In this article, we set 8; = 6,. We set the simulation experiment initial
value as unchanged and performed the simulation experiment under the conditions of
61 =6, =0.01, 6; = 6, = 0.001, and 6; = 6, = 0.1 separately. The simulation results are
shown in Figure 7. The blue curves show the dissemination process initially when 6; and
6, are set as 0.01. And the yellow curve shows the situation when the values are set as
0.001, while the red curves show the situation when the values are set as 0.1.

(b) Exposed Curve (¢) Infected Curve

(e) Second-Infected Curve
Figure 7. Simulation Results of Secondary Infection Rate Change.

As can be seen in Figure 7, changes in the secondary infection rate have a small effect
on the exposed individuals E. However, with the increase of the secondary infection rate,
the peak of the removing individuals will decrease rapidly, and the trend becomes flat. The
number of secondarily infected individuals will increase. After the outbreak of hot events,
the larger the probability of the hot events’ spreading, the more spreading individuals
there will be. Also, there will be fewer individuals losing interest in the events. Apparently,
setting 61 = 6, = 0.01 is more reasonable.

5.1.5. User’s Adoption Rate

Considering the diffusion of hot events within social media in reality, the adoption
of new users is needed for analysis. In this section, we focus on the influences of a user’s
adoption rate. The user’s adoption rate y denotes the newly registered users after the
outbreak of the destination event. Assuming the initial value is unchanged as set as 4.1.4,
61 = 62 =0.01, and we thus set 4 = 0.0005, 0.005, and 0.5. This will help elucidate the
impacts of a user’s adoption rate as it changes. The simulation results are shown in Figure 8.
In the figure, the blue curves show the dissemination process initially when y is set as
0.0005. And the yellow curve shows the situation when the value is set as 0.005, while the
red curves show the situation when y is set as 0.5.
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(a) Susceptible Curve

(d) Recovered Curve

(b) Exposed Curve (c) Infected Curve

(e) Second-Infected Curve
Figure 8. Simulation Results of User’s Adoption Rate Change.

As can be seen in Figure 8, the greater the probability that a user will access social
media, the greater the percentage of users who will become exposed users following the
event. There are few differences between setting 1 = 0.0005 and p = 0.005. Therefore,
according to the actual situation, we chose p = 0.0005. At this point, subsequent to the
emergence of a hot event, almost all users become susceptible to the event within an hour or
so. During the initial 50 h, most users continue to pay attention to the event but make fewer
comments. However, within 100 h after the outbreak of the event, users start to comment,
retweet, and like the event, changing from paying attention to the event to spreading the
hot event. After 100 h, users gradually lose interest in the event and stop paying attention
to the event. At the same time, in the process of spreading hot events, related topics will
be generated and disseminated a second time. Even as the original topic’s prominence
diminishes, these associated topics continue to attract attention for an extended duration.
Therefore, in the simulation experiment, setting & = 0.06, § = 0.2, 6 = 0.05, = 0.5, and
61 = 6, = 0.01 yields results closer to reality. It can provide a reference for the study of the
destination of destination hot events in social media, which exerts influence on the brand
building of the destination.

5.1.6. Dissemination and Recovering Rate

In this section, we make a joint consideration of dissemination rate and recovering
rate, as they are fundamental in understanding the spread and control of information
diffusion, especially for diffusion modeling, communication planning, and assessment of
destination branding strategies. At first, we consider the different changing situations of
decreasing dissemination rate with increasing recovering rate. Assuming the initial value
as unchanged, we take p = 0.2, 0.1, and 0.05 and & = 0.05, 0.1, and 0.2 separately. The
simulation results are shown in Figure 9. The blue curves show the dissemination process
when f is set as 0.2 and $ is set as 0.05, which is the same as the initial settings. And the
yellow curve shows the situation when S is set as 0.1 and & is set as 0.1, while the red curves
show the situation when S is set as 0.05 and 5 is set as 0.2.

Figure 9 illustrates that with a decrease in the dissemination rate and an increase in
the recovery rate, the timeline for all phases will move backward; especially, the peak of
the number of people who disseminate will be greatly reduced. When the recovering rate
inverts the dissemination rate, there will no longer be a change. Infected individuals will
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return to normal very quickly, and hotspot events will no longer exist. Therefore, setting

B = 0.2 and 6 = 0.05 are the best fit for reality.
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Figure 9. Simulation Results of Dissemination and Recovering Rate Inverse Change.

And then, we consider the same proportional changes of the dissemination rate and

recovering rate. Maintaining the initial value as unchanged, we set § = 0.2, 0.4, and 0.1
and ¢ = 0.05, 0.1, and 0.025 separately. The simulation results are shown in Figure 10. The

blue curves show the dissemination process when f is set as 0.2 and J is set as 0.05. And
the yellow curve shows the situation when f is set as 0.4 and J is set as 0.1, while the red

curves show the situation when g is set as 0.1 and ¢ is set as 0.025.
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Figure 10. Simulation Results of Dissemination and Recovering Rate Isotropic Change
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As can be seen in Figure 10, the same proportional increase or decrease produces a
small and negligible effect on susceptible users (S) and secondarily infected users (10). When
 and ¢ increase in the same proportion, the number of exposed and infected individuals
decreases substantially, and recovery is faster. It can be seen that the effect of the recovery
rate carries more weight. Conversely, when B and ¢ decrease in the same proportion,
although the number of both exposed and infected users increases to a greater extent, the
timeline is pushed backward, and the effects of both parameters are reflected. To sum up,
setting f = 0.2 and ¢ = 0.05 is the best fit for reality.

5.2. Comparison with the Actual Event

This section commences with an exposition of a notable event related to the Xinjiang
destination brand on TikTok as the case study. Following this introduction, the essential
values used to simulate the event’s diffusion process on the platform are discussed.

The incident triggered a heated debate on TikTok. The trend of the voice volume
of social media platforms for one week (24-30 January) is depicted in Figures 11 and 12,
respectively. This article takes the hot event of “TikTok’s Short Video Account of Xinjiang
Culture and Tourism—Editors, Post-Millennials, Aid in the Promotion of Xinjiang Tourism
Publicity” at the end of January 2024 as an example. Subsequent to the unfolding of this
event, there was a heated discussion on the TikTok platform. Its volume trend on social
media platforms from 24 to 30 January is shown in Figures 11 and 12.
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Figure 11. Number of Likes of Hot Events.
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Figure 12. Number of Retweets of Hot Events.



Systems 2024, 12, 124

17 of 21

The analysis of the graphical data reveals that, in the early period after the occurrence
of this hot event, the trend of its voice volume kept rising, but the rise was slow. It peaked
around the evening of 28 January, 120 h following the event’s occurrence. Thereafter,
the voice volume of this event started to decrease continuously. At about 145 h after the
outbreak of this event, the voice volume associated with the event began to rise again to
reach a second peak. In the process of spreading hotspot events, users’ interests in the
event ranged from paying attention to the event to spreading the event and then losing
interest in the event. The related events triggered by the event attracted users to spread
the event again so that the volume of the hot event increased again. The data utilized for
the simulation experiment was collected from TikTok, which was calculated according to
the hot video liking rate of around 20%. A total of about 200,000 event-related users were
acquired (data source: https:/ /trendinsight.oceanengine.com/) (accessed on 7 February
2024). The collection time was from 4 to 7 February 2024. This paper uses the calculated
TikTok user data set. In the event of “Editors, Post-Millennials Aid in the Promotion of
Xinjiang Tourism Publicity”, released by Tik-Tok account-Xinjiang New Oriental Cultural
Tourism gained more interactions. The geographical distribution of the dissemination
process for hot events containing about 200,000 user nodes is shown in Figure 13. Where
the target group index (TGI) indicates the preference of a certain group for the content of
the keyword/video, etc., TGI100 is the broad market level. The higher the TGI, the more
attention the users pay to that part of the content.

The highest proportion, Preference (TGI indexMaximum

Ranking | Province | Distribution | TGI
percentage a
1 Xinjiang | 25.58% 1392.91 l
TG 'l‘ 2 Shaanxi | 5.33% 169.38
3 Shandong | 5.12% 79.26
4 Jiangsu 4.65% 64.64
5 Henan 4.64% 62.57

Figure 13. The Geographical Distribution of the Hot Event Dissemination.

The analysis of the heat map reveals a concentration of netizen interactions within the
network map of hot events, predominantly localized in the north-western region of the
country, especially in Xinjiang locally. Regions with TGI of 100 or above include Xinjiang
and Shaanxi, which indicates the small-world character of this network diagram. Therefore,
in the simulation experiment, we can set N = 200,000, S(t) = 199,999, E(t) =0, I(t) =1,
R(t) =0, Ip =0, and t = 168. The simulation results are shown in Figures 14 and 15,
respectively.

The analysis of the simulation outcomes reveals that the population of susceptible
users of the event was stable at the peak in the first 50 h or so after the occurrence of
the event. During the 50-100 h period following the event’s outbreak, most of the users
who followed the event shifted from susceptible to exposed users and continued to follow
the event. In the middle of the time after the occurrence of the event, the exposed users
who paid attention to the event quickly shifted to become the infected users of the event,
and the number of infected users peaked at about 110 h after the occurrence of the event,
which showed that this event was an explosive hot event. However, beyond this peak,
the number of infected users gradually decreased, changing into the recovered users
of the event. Concurrently, the associated incidents of this event triggered a secondary
dissemination. This brought users’ attention to the event again, which led to an increase in
the number of users. If we only refer to the dissemination result figure, it can be clearly
observed that the destination event dissemination in these simulation results basically
matches with the dissemination law of the voice volume trend of the dissemination of this
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hot event within social media. Also, the presented values almost match the sum of the
number of likes and retweets, indicating that the constructed model has a strong match
with reality. This congruence between the simulated results and empirical data underscores
the robustness of the model in replicating the dissemination patterns of hot events within
social media contexts.

SEIR Model with Additional Dynamics

—— Susceptible
Exposed
= Infected
= Recovered
— Sinfected

200,000 4

175,000 1

150,000 -

125,000 4

100,000 4

Number of Individuals

75,000 7

50,000 -

25,000 -

T T T T T T T
0 25 50 75 100 125 150 175
Time (hours)

Figure 14. Overall Results of Hot Event Simulation.
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Figure 15. Dissemination and Secondary Dissemination Results Pruning Chart.

6. Conclusions
6.1. Theoretical Contributions

In this paper, we studied the diffusion mechanism of hot events in social media and
the influencing factors on destination brand building during the communication process
through agent-based modeling and simulation. Firstly, the simulation results demonstrate
that the diffusion of hot events experiences an increase at first among susceptibles and then
goes through a decrease before the secondary dissemination happens. Secondly, the results



Systems 2024, 12, 124

19 of 21

References

indicate how the communication rates during the diffusion process influence the diffusion
effect. The infection rate influences the conversion rate from susceptible individuals to
exposed individuals to follow the events representing the scope of influence. In addition,
the dissemination rate exerts effects on the information spreading speed. And the removing
rate influences the period of hot events where infected individuals change to removers and
the infected individuals peak in number, showing the attractiveness of the events. Thirdly,
the simulation model in this research is the first diffusion model considering the secondary
dissemination of hot events within social media. The secondary infection rate influences the
amount of the secondarily infected individuals and then impacts the spheres of influence.
This is highly consistent with the reality of event dissemination on social media.

6.2. Managerial Implications

In this paper, an improved SEIR model is proposed for the mechanism of destination
hot event dissemination in social media, and its effectiveness is verified by the simulation
model. This has some value for the destinations to apply hot event dissemination on social
media platforms to build a strong brand image. Firstly, the destinations need to focus on
several conversion rates during the event diffusion process that influence the diffusion
scope and effect. Therefore, the conclusions of this research can guide destinations to
employ targeted marketing strategies based on their communication goals, which may help
destinations to build a strong brand image. And secondly, this research can help destina-
tions concentrate on the influences of secondary diffusion to increase the attractiveness and
effect of the events to form a competitive brand.

6.3. Limitations and Future Research Directions

Nevertheless, the current case confronted two main limitations. One is the lack of
accurate data from social media platforms. In the big data era, there is a large amount of
data showing a variety of topics on many social media platforms. Considering this, more
precise data would lead to outcomes that are more aligned with reality. The other limitation
is that this research focuses only on the diffusion process of event dissemination and
the conversion rate during this process. It ignores other factors influencing the diffusion
outcomes, such as the influences of opinion leaders and destination brand image. Hence,
should data become available, integrating additional influencing factors into the model
could offer further insights and yield more precise outcomes in subsequent advancements.
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