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Abstract: This study aims to explore the process of tourism recovery in the post-COVID-19 period
and the role of stakeholders in promoting such a process. Using evolutionary game theory, this study
analyzes the behavior interactions and game equilibrium of stakeholders in the development of
tourism by constructing an evolutionary game model amongst governments, tourists and tourism
enterprises. Then, the influences of different evolution paths and major parameters affecting stake-
holders’ strategy selection are discussed. With the aim of illustrating the role of the stakeholders in
the tourism sector’s economic recovery under the impact of the coronavirus pandemic, the numerical
experiment was conducted using the MATLAB 2016 software. The results show that the development
and change of the emergent public health events affect tourism stakeholders” behavior strategy.
Moreover, the strategic choices of each player, including governments, tourism enterprises and
tourists, are also constantly evolving at different stages of the pandemic.
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1. Introduction

Public health emergencies are related to major infectious disease outbreaks that occur
suddenly, mass diseases of unknown causes, major food and occupational poisoning and
other events that seriously affect public health [1], such as SARS, the avian flu, HIN1, etc.
The COVID-19 outbreak that occurred in the early months of 2020 was listed as a public
health emergency of international concern (PHEIC) by the World Health Organization
(WHO, Figure 1). There is no doubt that COVID-19 is one of the most influential events
of the 21st century [2]. Moreover, the ensuing pandemic caused a significant decrease
in the number of international tourists in the first quarter of 2020 (—22%) [3] and over
150 million travel and tourism jobs have been lost since the outbreak began [4]. Specifically,
the limited population movement under the influence of the pandemic caused great shock
to those areas related to holiday consumption [5], such as the transportation sector (e.g.,
civil aviation, railway and automobile passenger transportation) and the industries directly
related to people’s terminal consumption, including cinema and catering. Since mid-May,
after implementing stringent safety protocols, more and more countries have announced
measures to restart their respective tourism industries to actively promote the development
of domestic tourism [3].

Scott and Laws [6] mentioned that the impact of the crisis can be seen in the system of
interconnections between enterprises and other stakeholders that constitute the tourism
destinations. In the post-pandemic period, the response to crises and tourism recovery
cannot be separated from stakeholders. Previous studies have explored the impacts of the
pandemic on stakeholder’ behaviors, such as resident behaviors [7], tourist behaviors [8]
and tourism enterprise behaviors [9]. However, it should be noted that tourism recovery
is a holistic system that cannot separate the links amongst stakeholders. Therefore, it is
more appropriate to consider how to promote post-pandemic tourism recovery based on
the pandemic-related changes in tourism stakeholders and their interaction behaviors.
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Figure 1. WHO coronavirus disease (COVID-19) dashboard. Note: Globally, as of 5:31pm CEST,
18 June 2021, there have been 177,108,695 confirmed cases of COVID-19, including 3,840,223 deaths,
reported to the WHO. Source: World Health Organization. https://covid19.who.int/ (accessed on
18 June 2021).

This study applies an evolutionary game approach to the analysis of the possible
behaviors and strategic choices of key stakeholders in the post-pandemic period, includ-
ing tourism enterprises, governments and tourists. Evolutionary game models amongst
stakeholders are constructed after the formation of assumed parameters. Finally, the in-
teraction behaviors of stakeholders are simulated to address the post-pandemic tourism
recovery process.

In order to achieve the above research objectives, this study constructs an evolutionary
game model to discuss the possible behavioral interactions amongst governments, tourism
enterprises and tourists. Using game equilibrium, we then explain the specific mechanism
employed by interested subjects in order to achieve tourism recovery after the pandemic.
Towards this end, the research questions to be addressed in this study include the following;:

1.  What changes have taken place in tourism enterprises, governments and tourists
under the impact of the pandemic?

2. Under the influence of different parameters, what is the possible behavioral evolution
of these stakeholders?

3. Whatshould stakeholders do under the optimal evolutionary path (tourism recovery)?

Based on the further analysis of the evolution paths and the variation of the main
parameters, the evolutionary stable strategy (ESS) under different conditions is calculated
and discussed, after which the numerical simulation is used to illustrate the research
results and provide some managerial suggestions for promoting tourism recovery in the
post-COVID-19 period.

Building on evolutionary game theory, this study analyzes the dynamic process of
stakeholders’ strategies. Our research represents a step toward an improved understanding
of the crisis management of tourism enterprises and governments involvement. First,
shifting the focus from tourism enterprises to the stakeholders, we highlight that crisis
management should be regarded as the joint responsibility of all tourism stakeholders.
Second, we conduct the evolution of tourism crisis management that examines the main
effect of governments involvement and tourist participation on the pandemic crisis. Third,
we highlight the outstanding value of the relationship between governments and markets
in responding to the pandemic, and then we discuss how this relationship evolves as the
pandemic changes.

The remainder of this study is organized as follows. Section 2 presents the literature
review of tourism crisis management and the application of evolutionary game theory in
tourism. Section 3 introduces the evolutionary models of tourism recovery in the post-
COVID-19 period. Section 4 reports the study’s findings from the analysis of the proposed
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model’s parameters. Section 5 offers a discussion and implications for tourism recovery.
Section 6 concludes the study and proposes directions for future researches.

2. Literature Review
2.1. Tourism Crises

The impacts of crises on tourism destinations are the focus of previous research,
which has mainly focused on analyzing the various crisis events” impacts on tourism
demand, such as the 2008 global financial crisis, swine flu [10], earthquake disasters and
terrorist attacks [11]. After the SARS epidemic in 2003, researchers began to pay attention
to the impact of infectious diseases on tourism development [12]. Public health events,
such as SARS [13], the bird flu [14], Ebola [15,16] and the influenza pandemic [12] have
become major risk factors for tourism development through the spread of human migration
activities. Due to the global spread of COVID-19 and the possible spread of the disease
caused by the movement of populations across regions, national government departments
have imposed unprecedented restrictions on the movement of population. Moreover,
under the influence of infectious diseases, the international and regional mobility amongst
populations has been curbed [17], leading to negative economic impacts. For example,
due to the decline of the international tourism market in 2020, a large number of hotels in
Thailand, Japan and other countries are currently on the verge of bankruptcy.

From the supply side, the occurrence of crisis events has a significant negative impact
on tourism products and services. Yang et al. [18] constructed a dynamic stochastic general
equilibrium (DSGE) model to analyze the impact of pandemic diseases on tourism. The
analysis results of the model on COVID-19 show that tourism demand decreases with the
increase of health risks. Liu et al. [19] investigated the impact of the health problems caused
by the outbreak of the norovirus on cruise ships on tourists’ travel decisions and found
that the combined effect of the perceived threat and perceived effectiveness of the public
affected their perceived safety and their travel decisions. Luo and Zhai [20] found that, as
an open space for public opinion and expression, social media has increasingly become a
communication channel in crisis events, leading to the secondary spread of a crisis. Given
that the occurrence of crisis events can easily affect the tourism demand market, prevention
and post-event management of the crisis are particularly important, especially in relation
to the COVID-19 crisis discussed in this study.

Crisis management is not uncommon for tourism companies. The tourism industry is
highly exposed to and highly correlated with the external environment. Given that all its
components are vulnerable to environmental changes, it is also extremely vulnerable to
the negative impacts of crisis events [21]. However, tourism crisis events often bring about
different degrees of economic and security losses because they directly impacttourists’
travel decisions and can affect the development of tourism activities [22]. In addition,
although many crises that have occurred in recent years are not new due to the acceleration
of globalization, the scale and duration of such events have expanded considerably. For
example, for the coronavirus, the economic and social impacts of SARS are far less profound
than those of COVID-19. Thus, it is particularly important to do more in-depth research
relates to crisis management.

Taking the SARS epidemic management as an example, Zhang [23] evaluated gov-
ernment responsibility in public crisis management and concluded that, whilst paying
attention to economic development, governments should also focus on public safety and
public health and strive to build a complete government crisis management system. Li
et al. [24] adopted the theory of planned behavior (TPB) to discuss the planned changes in
travel behavior after the pandemic, and their results showed that the planned travel behav-
ior changed significantly after the pandemic. For example, about half of the respondents
planned to take a vacation six months or more once the pandemic is under control, and
the vacation time will also be shortened, that is, as the representative of the demand side,
tourists have shown great changes in their travel decisions in the post-pandemic period,
indicating that changes in demand cannot be ignored in tourism economic recovery. Gov-
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ernments, tourism enterprises and tourists are the main stakeholders in tourism recovery
after the pandemic [25]; therefore, it is necessary to analyze the dynamic evolution of the
tourism industry from the perspective of stakeholders to solve the issues that stakeholders
care about, which will contribute to promoting tourism recovery under the influence of
the pandemic.

2.2. Stakeholders and Tourism Recovery

Stakeholder cooperation is an important aspect in the study of the tourism indus-
try’s response to the crisis [26,27]. Freeman [28] defined stakeholders as “any group or
individual that can affect or be affected by the goals of the organization”. In the tourism
industry, stakeholders include individuals, groups and organizations, such as tourists,
tourism enterprises, local communities and governments [29]. Leiper [30] regarded tourism
stakeholders as a system composed of individuals and organizations, which carry out
activities in transit and destination areas of tourism activities. The development of tourism
cannot be separated from the participation of stakeholders [31], especially when facing
major public crisis events.

The impacts of COVID-19 on tourism are unprecedented [32], but the economic costs
brought on by these impacts on different stakeholders tend to vary. The innovation ability
of tourism enterprises plays an important role in crisis recovery [2]. However, tourism
enterprises may not meet the requirements of innovation due to internal and external
factors [33]. In particular, a large number of small and medium-sized enterprises in the
tourism industry do not have the ability to resist external risks [34]. Thus, during the post-
pandemic period, the tourism sector’s economic recovery should not only rely on tourism
enterprises themselves but should also strengthen cooperation with external systems
through better macro-level policies and tourism market response. Certainly, governments
are more willing to see economic stability and progress, so they are likely to actively adopt
policies such as safety and health regulations, financial support and control to reduce
the impact of the pandemic on tourism. Meanwhile, tourist behaviors have also changed
in the post-pandemic period. Under the influence of the pandemic, tourists” choice of
tourist destination will be more inclined towards domestic destinations rather than foreign
countries [35], and which means that enterprises must carefully consider the expansion
of the domestic tourism market when considering tourism products and services in the
post-pandemic period. At the same time, people may prefer exclusivity and choose familiar
tourism destinations they perceive as safe for tourism activities, which include scenic spots
with fewer tourists and less congestion [8,36]. Moreover, there will be a gradual increase in
the willingness of private cars to travel instead of public transport [37].

When stakeholders are highly involved in tourism recovery, they will have more ideas
on tourism development, which in turn, can increase their participation in tourism devel-
opment and jointly create value [38,39]. Governments, tourism enterprises and tourists,
as major stakeholders, are involved in the recovery of tourism after the pandemic [25].
Despite the game between stakeholders in the actual tourism development, there may be a
situation wherein one participant’s interests are temporarily lost, but it must be admitted
that, under the stakeholders’ perspective, the evaluation of tourism development and the
analysis of its dynamic evolution must be considered to solve the issues concerning stake-
holders, thus promoting tourism sector’s economic recovery from the negative impacts of
the pandemic [40].

2.3. The Application of Evolutionary Game Theory

The evolutionary game theory originates from the idea of biological evolution and
is widely applied in different fields, such as economics and social sciences [41,42]. Unlike
the assumption of “perfect rational” in classical game theory, that of “limited rationality”
in evolutionary game theory makes the dynamic system, whose behavior changes over
time, more suitable for predicting the behavior of game participants. Thus, evolutionary
game theory is in line with the actual situation. Due to its relevance to stakeholders,
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evolutionary game theory is often used to discuss the relationships amongst stakeholders.
To study the dilemma of vaccination, Li et al. [43] proposed an infectious disease prediction
model based on network structure and dynamic replicator and applied the evolutionary
game theory framework to the population wherein each individual tries to maximize its
own benefits. Wang et al. [44] studied crisis communication on social media through the
model of evolutionary game theory and found that the choice of enterprises’ response
strategies affected the evolution of strategies pursued by Internet users. Li and Ding [45]
took incidents of major animal pandemic public health as examples and used evolutionary
game models to explore the restoration of social trust in public crisis management, and
they found that changes in the risk of crisis incidents affected the behavior of supervisory
agencies, enterprises and consumers, which in turn, led to a significant reduction in social
trust in the short term.

Game players interact with other players over a period of time, and their returns
are affected by the choices of other players [46]. Evolutionary game theory analyses the
behaviors of participants in the tourism industry from the perspective of stakeholders [47].
He et al. [48] explored the government’s incentive mechanism to develop sustainable
tourism by constructing an evolutionary game model and made some suggestions to the
government for sustainable development of tourism. Blanco et al. [49] used the evolution-
ary game model of tourism companies to find the relationship between green companies
and regulations. The evolutionary game theory can be used effectively to analyze the
relationships between stakeholders. In addition, it can help distinguish between different
equilibrium states and understand the long-term dynamics of participants.

As the behaviors of tourism stakeholders under the influence of the pandemic are
complex and dynamic, the future development of tourism cannot be evaluated only ac-
cording to the current impact of the pandemic or by comparing similar public crisis events.
Based on the behavior interaction of tourism stakeholders, applying the evolutionary game
approach to the evolution analysis of tourism recovery under the influence of the pandemic
can help clarify the mechanism of influence of tourism stakeholders’ behaviors, provide
policy recommendations for tourism recovery and minimize the impact of the pandemic
on the tourism industry.

3. Model Description
3.1. Background of the Model

Starting from the game of stakeholders in tourism development, this study constructs
an evolutionary game model to explore the strategies of tourism recovery in the post-
pandemic period. Evolutionary game theory holds that the decision subjects of games are
limited rational and that they constantly learn and imitate in the process of games, thus
maximizing the benefits and reaching the state of evolutionary equilibrium in this dynamic
process. The evolutionary game theory abandons the assumption of “perfect rationality”
of game theory and combines the thought of biological evolution, focusing on the dynamic
change of strategy. That is, participants of the game will compare the fitness of the previous
round with other strategies and then make a new decision. The selection of participants is
a process of learning and mutation amongst groups.

ESS and replicator dynamics (RD) are the two primary concepts of the evolutionary
game theory. ESS means that if all individuals in a population choose the same strategy, no
mutant game can invade that strategy under the influence of natural selection; meanwhile,
RD refers to the ability of individuals to constantly adjust themselves through the learning,
imitation and selection of the status quo [50,51]. RD can be expressed by the differential
equation d ;) /d; = x(Us — U), where x denotes the proportion of strategy s, Us denotes
the expected fitness of strategy s, U denotes the average fitness of all strategies, and
dy(r)/dr denotes the change of strategies” proportion by time. Due to its relevance to the
stakeholders, evolutionary game theory is often used to discuss the relationship between
stakeholders, which helps in understanding the long-term dynamics of game participants
on the basis of distinguishing different equilibrium states.
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The behaviors of tourism stakeholders under the influence of COVID-19 are complex,
so the future development of tourism should not be evaluated only according to the current
impact of COVID-19 or by comparing similar public crisis events. Based on the interaction
of tourism stakeholders, the evolutionary game approach is applied to the evolutionary
analysis of tourism recovery under the influence of COVID-19, which is helpful in clar-
ifying the influencing mechanism of stakeholders” behavior. Specifically, governments
are constrained by various conditions, such as the cost of policy implementation and the
pressure of public opinion, tourism enterprises are oriented to pursue the maximization
of economic benefits, and tourists” behaviors after the pandemic will be influenced by
the “herd effect” and cautious minds. That is, the tripartite entities may all experience
deviations in behaviors, which, in turn, will affect the development of the tourism industry
after the pandemic, regardless of whether it will quickly recover to “higher ground”, with
retaliatory consumption, or whether it will stagnate or even retreat. In order to explain the
behaviors of stakeholders under the influence of the pandemic in more detail, this study
constructs evolutionary game models involving governments, tourism enterprises and
tourists for further analysis.

It is noted that governments and tourists also interact with each other. For example,
governments choose to control population flow during the pandemic and issue a travel
ban. Although the control strategy aims at the demand side, it is actually transmitted to
tourists through tourism enterprises. Because there are no companies that provide travel
products and services at this time, such as closed scenic spots without ticket sales, travel
traffic interception, etc., tourists are indirectly affected to choose no travel strategy. In
addition, based on the rejuvenation of enterprises and the renewed performance of the
tourism market, this study investigates the recovery of the tourism industry. Therefore,
this study considers the dynamic game process, including the interior and exterior of the
tourism industry.

3.2. The Evolution Model of Stakeholders in the Post-COVID-19 Period
3.2.1. Model Description between Governments and Tourism Enterprises

As COVID-19 carries the risk of spreading infection, tourism recovery is largely
influenced by the relevant administrative directives of governments. Governments may
actively support tourism enterprises to resume operations or suspend tourism activities
due to the risk of virus transmission. Tourism enterprises, meanwhile, are more concerned
about whether to maximize profits. Considering that the pandemic may rebound at any
time, which means governments’ policies are also changing at any time, enterprises may
stick to the tourism development mode before the pandemic or seek new ways in the
changeable macro-policy environment and innovate tourism products. Considering the
possible interaction between governments and tourism enterprises in tourism development
in the post-pandemic period, the model assumption of ESS analysis between the two is
as follows.

() We denote x as the probability of governments selecting regulation strategy and 1 — x
(0 < x < 1) as the probability of governments selecting a non-regulation strategy. In
addition, y is the probability of tourism enterprises selecting innovative strategies
for adapting to the pandemic, and 1 — y (0 < y < 1) is the probability of choosing to
maintain the traditional development pattern before the pandemic.

(II) When governments choose to implement the decision to support tourism enterprises,
there will be a corresponding cost (C;). Tourism enterprises will be punished by
governments (P;) when their non-compliance behavior affects safe production and op-
eration activities, whereas they will be rewarded for initiating reform and innovation
(R2). When enterprises choose to reform and innovate tourism products and services,
the corresponding cost is C3, and the operating income obtained is R;. The cost for
tourism enterprises not changing their minds and choosing to maintain the tradi-
tional development trajectory before the pandemic is C4, and the operating income
obtained by traditional methods is R3. When tourism enterprises choose traditional
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methods of development, social losses, such as pollution and safety accidents, will
require governments to pay corresponding governance costs (C;). Table 1 explains
the payoff values.

Table 1. The payoff values matrix between governments and tourism enterprises.

Game Agents and Their Strategies

Tourism Enterprises

Innovation Traditional Development Pattern

Regulation (=C1 =Ry, —C3+ R4 +R2) (=C1+ P —Cz,—C4—|—R3—P1)

Governments

Non-regulation (0,—C3+Ry) (—=C2,—C4 +R3)

Here, Uycoy and Upgoy denote governments” expected fitness of the different selec-
tions (regulation and non-regulation, respectively), and Ugoy denotes the average fitness
of governments. Moreover, Ujcom and Upcop denote tourism enterprises” expected fit-
ness of different selections (innovation and traditional development pattern, respectively),
and Ucpy denotes the average fitness of tourism enterprises. We calculate the fitness of
governments as follows:

Uicov =y(—C1 —R2) + (1 —y)(—C1+ P —Co) = —Roy — C1 — Co + P + Coy — Py, (1)

Uxgov =y -0+ (1—-y)(—C2) = —Co + Cy, 2

and

UGOV = x(—Rzy —C—C+ P+ Cy— P1y) + (1 - ]/)(—Cz + Czy) = —Roxy —Cix+Pix — Pixy — G+ Coy. (3)

Ucom = y(Rox+ Ry — C3) +

From Equations (1)—(3), the replicator dynamic equation of governments’ selection
can be expressed as

d
F(x):d—fzx(l—x)(—Rzy—C1+P1—P1]/)- )

Similar to the evolution process for the dynamic equation of governments, we calculate
the fitness of tourism enterprises as

Uicom = x(—C3 + Ry + R2) + (1 — x)(—C3 + Rl) = Ryx+ Ry — C;3, 5)

Uprcom = x(—C4 + Rz — Pl) + (1 — x)(—C4 + Rg) = —Pix+ R3 — Cy, (6)

and
(1—=y)(=Prx+ R3 — C4) = Roxy + Ryy — Cay — Pix + R3 — C4 + Pixy — R3y + Cyy, (7)

From Equations (5)—(7), the replicator dynamic equation of tourism enterprises’ selec-
tion can be expressed as

d
F(y):d—‘lf:y(l—y)(R2x+R1—C3+P1x—R3+C4), (8)

3.2.2. Model Description between Tourism Enterprises and Tourists

Tourists, as the main receiver of tourism products and services, their attitudes can
affect the development of tourism activities. Under the influence of the pandemic, tourists
are more careful about the safety of tourism activities and have higher requirements for
safer, more personalised tourism products. The impact of the pandemic has also given
birth to cloud tourism, and surrounding tourism has attracted more attention from tourists.
Thus, tourism enterprises must think about whether to make changes and innovate tourism
products. Considering the possible interaction between tourism enterprises and tourists in
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the development of tourism in the post-pandemic period, the model assumption of ESS
analysis between the two is as follows.

() We denote y as the probability of tourism enterprises selecting innovative strategies
for adapting to the pandemic, and 1 — y(0 < y < 1) as the probability of choosing
to maintain the traditional development pattern before the pandemic. The tourists’
strategic choice is to travel or not to travel, and the selection probabilities are given
respectivelyby zand 1 —z (0 <z < 1).

(I) When enterprises choose to reform and innovate tourism products and services, the
corresponding cost is c1, and the operating income obtained is r1, and if the tourists
support getting extra income of ;. The cost for tourism enterprises cannot change
their minds and choose to maintain the traditional development trajectory before the
pandemic is ¢y, and the operating income obtained by traditional methods is 3. As for
tourists, the cost of the travel strategy is c3, the additional experience benefit obtained
during the enterprise innovation is r4, and the experience benefit of the enterprise
maintaining the traditional operating mode is 5. Table 2 explains the payoff values.

Table 2. The payoff values matrix between tourism enterprises and tourists.

Game Agents and Their Strategies

Tourism Enterprise

Innovation Traditional Development Pattern
Travel (—c3+ry,—c1+1r1+12) (—c3+715,—Cp+713)
Tourists
No travel (0,—c1+11) (0, —cp +13)

Here, UiToy and Upoyy denote the tourists” expected fitness of the different selections
(travel and no travel, respectively), and Urpoy denotes the average fitness of tourists.
Moreover, Ujcopm and Uycopm denote tourism enterprises” expected fitness of different
selections (innovation and traditional development pattern, respectively), and Ucom
denotes the average fitness of tourism enterprises. Then, the dynamic differential equations
of replication for the strategic choices of tourism enterprises and tourists can be expressed as

F(y) =y(1—y)(rz—c1+r +c2—r3), )
F(z) = z(1 —z)(rgy — c3 + 15 — 15Y). (10)

3.2.3. Model Description amongst Tourism Enterprises

The fluctuation of tourism demand under the development of the pandemic has a
significant impact on tourism enterprises. Thus, how should tourism enterprises, including
travel agencies, hotels, catering and transportation, deal with the impact of the pandemic?
Is it more conducive to the rapid recovery of tourism to “fight against each other” or
to “stick together”? After analyzing the interactions between tourism companies and
other stakeholders (governments and tourists), this study further explores the impact of
strategic interaction amongst tourism enterprises on tourism recovery. Considering the
possible interaction amongst tourism enterprises in the development of tourism in the
post-pandemic period, the model assumption of ESS analysis between the two is as follows.

(I)  The enterprise is the subject of limited rationality, and the strategic choice of the
participants of the game (assuming tourism enterprise A and tourism enterprise B)
can either be cooperation or non-cooperation. The probability of enterprise A choosing
cooperative strategy is m, and the probability of adopting non-cooperative strategy
is 1 — m, where (0 < m < 1). The probabilities of enterprise B choosing cooperation
and non-cooperation strategies are n and 1 — 1, respectively, where (0 < n < 1).

(I) When both participants choose the non-cooperative strategy, their respective benefits
are R; and Rj,. When both participants choose the cooperation strategy, the incremen-
tal benefit they can getis A, and ¢; (i = a, b) is the change in their respective returns
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when the two strategy choices are opposite. That is, the non-cooperative enterprise
can obtain an incremental income of J; (i = a, b), whilst the enterprise that adopts the
cooperation strategy produces a loss of é; (i = a, b), assuming that J; < A. Table 3
explains the payoff values.

Table 3. The payoff values matrix among tourism enterprises.

Game Agents Tourism Enterprise B
and Their Strategies Cooperation Non-Cooperation
Tourism Cooperation (Ra+ A, Ry +A) (Ra — 64, Ry + )
Enterprise A Non-cooperation (Ra + 64, Ry — 0y) (Ra, Rp)

Then, the dynamic differential equations of replication for the strategic choices of
tourism enterprise A and B are as follows:

F(m) =m(1—m)(An—é,), (11)
F(n) =n(1—n)(Am — d). (12)

4. Model Solutions
4.1. ESS Analysis amongst Stakeholders

Firstly, by analyzing the differential equations, we obtain five local equilibrium points.
Let differential Equations (4) and (8) equal 0, the equilibrium points of the system composed
of governments and tourism enterprises are given by

(0, 0), (0, 1), (1, 0), (1, 1) and (R3 G- RiA Gk Cl).

Ry + P "Ry + P

The stability of the equilibrium point can be obtained by the local stability analysis of
the Jacobian matrix of the system [46]. Taking the partial derivatives of x and y based on
differential Equations (4) and (8), in turn, we can express the Jacobian as

]: (1—2x)(—R2y7C1+P1fPly),—x(l—x)(R2+P1) :|
y1—y)(Ro+ 1), (1 —-2y)(Rox+ Ry — C3 + Pix — Rz 4+ Cy)

Table 4 shows the stability results of equilibrium points between governments and
tourism enterprises.

Table 4. Local stability analysis of the equilibrium points (I).

Equilibrium Point det()) tr()) Local Stability Conditions
(0, 0) + - ESS Py <C;, Ry —C3<R3—Cy
(0, 1) + - ESS Ry —C3>R3—Cy
(1, 0) + - ESS P1>C,Rp+P+R —C3 <R3 —Cy
(1, 1) - / Saddle point /
<R3—C47R1+C3 P17c1> / 0 / /
Ry + P "Ry+ Py

Secondly, the equilibrium points of the system composed of tourism enterprises and

tourists are (0, 0), (0, 1),(1, 0), (1, 1) and <:5 —C3 r1—Cc1—r3+c
5

, ) . Taking the partial
T4 2
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derivatives of y and z based on differential Equations (9) and (10), in turn, we can express
the Jacobian as

[ = (1-2y)(roz—c1+r1+ca—r3), y(1—y)r
z(1—2z)(ra —r5), (1 —22)(ray —c3+ 15 — r5Y)

Table 5 shows the stability results of equilibrium points between tourism enterprises
and tourists.

Table 5. Local stability analysis of the equilibrium points (II).

Equilibrium Point det() tr()) Local Stability Conditions
(0, 0) + - ESS r—c <r3—Cy 15 <C3
(0, 1) + - ESS rp+11 —c1<7r3—C, 15 >C3
(1, 0) + - ESS r1—C1 >t3—Cp, 14 < C3
(1, 1) + - ESS rp+1r]—C1 >13—Cy, 14 >C3
(75_53, n-ca —f3+C2) / / Instability /
75 — 14 2

Thirdly, the equilibrium points of the system composed of Equations (11) and (12) are

(0, 0), (0, 1), (1, 0), (1, 1) and (i” .
on differential Equations (11) and (12), in turn, we can express the Jacobian as

. Taking the partial derivatives of m and n based
- (1-2m)(An—6,), m(1 —m)A
| n(1=n)A, (1—2n)(Am —6)

Table 6 shows the stability results of equilibrium points amongst tourism enterprises.

Table 6. Local stability analysis of the equilibrium points (III).

Equilibrium Point det()) tr(]) Local Stability
(0, 0) + - ESS
(0, 1) + + Instability
(1, 0) + + Instability
(1, 1) + - ESS
(@, 51) - 0 Saddle point
A" A

Figure 2 shows the convergence of stakeholders’ strategies amongst governments,
tourists and tourism enterprises.
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Figure 2. The convergence of stakeholders’ strategies in the post-COVID-19 period.

4.2. Strategy Stability Analysis

The stability analysis of the Jacobian equilibrium point proves whether or not the
dynamic evolution system is stable. When the Jacobian matrix satisfies the condition that
the determinant (J) is greater than 0 and the trace (J) is less than 0, the method achieves
evolutionary system stability [46]; that is, convergence has local stability characteristics. It
can be seen from Table 4 to Table 6 that the stable strategy changes with the circumstances.

The first is the dynamic game model between governments and tourism enterprises.
R3—C4—R1+C Pp—-C

Ry + Py "Ry+ Dy
ESS. Combining the different value ranges of the parameters for further discussion, amongst
them, (0, 0), (0, 1) and (1, 0) are the evolutionary stable strategies of the dynamic system,
corresponding to the three strategies, namely, (non-regulation, traditional development
pattern), (non-regulation, innovation) and (regulation, traditional development pattern).
The remaining two local stable points indicate that the system is in a temporary stable
state; once there is a disturbance factor, it will deviate [52]. In order to promote the
post-pandemic tourism recovery, Ry — C3 > Rz — Cy4 should be realized. This means
that when the income of the traditional development mode of enterprises is less than
that of innovation, enterprises will actively make changes and actively integrate into
the innovation of tourism activities after the pandemic. In addition, (0, 1) is the ideal
equilibrium point, which does not mean the absence of governments’ regulation, but over
time, governments have provided support for the resumption of tourism activities, such as
medical follow-ups and vouchers for consumption. Furthermore, governments realize that
there is no need to continue to regulate and that both governments and tourism enterprises
would achieve a win-win situation to maximize their respective interests.

Secondly, the attitudes and behaviors of tourists after the pandemic affect the tourism
economic recovery process. In the dynamic model of tourism enterprises and tourists,
(0,0), (0, 1), (1,0) and (1, 1) are ESS under different conditions, which means that, in the
interaction between tourism enterprises and tourists, there are more local stability points.
Tourists are more random and changeable, and they take into account the benefits they
have gained from tourism activities [24], such as security, experience, happiness and other
factors. When tourists have a high sense of acquiring new tourism experience products
provided by enterprises, namely, 74 > c3, they recognise the measures taken by enterprises
to deal with the pandemic and actively participate in tourism economic recovery during the
post-pandemic period. When the traditional products can also bring them a higher sense
of acquisition, they will choose the original tourism products. In other words, tourism
enterprises are more of the groups pursuing profit maximization, and their production

At the equilibrium point ( , tr(J) = 0, but this point is not the
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and operation are affected by the rapidly changing market. Support from tourists directly
affects whether tourism enterprises can reduce losses and achieve business innovation
under the impact of the pandemic. Therefore, the decision of tourists is very important. In
this model, the ideal state of ESS is (1, 1), that is, tourism enterprises choose innovative
development and actively adapt to the changes brought about by the pandemic, and
tourists also actively support the products and services of tourism enterprises after the
pandemic, at this time both participants actually maximize their revenue.

Finally, in terms of the game model amongst tourism enterprises, (0, 0) and (1, 1)
have local stability (Table 6); that is, tourism enterprises will choose cooperative strategies
or non-cooperative strategies at the same time. The evolutionary game process amongst
enterprises is shown in Figure 3. As can be seen, the polyline formed by A, D and B (A and
B are unstable points, D is a saddle point) represents the division of different convergence
states. Amongst them, the cooperation strategy converges to the upper right of the polyline
ADB (namely, the ADBC region), and the non-cooperative policy converges to the lower
left of the broken ADB (ABDO region). In order to promote the transformation of enterprise
strategy selection from (0, 0) to (1, 1), so as to expand the cooperative strategy area (ADBC)
as far as possible, we turn to the following equation:

B 1 1 _ 1(6, 6\ _ Op + 0a
Sapsc = Sacp + Spcp = 5 AC - hacp + 5BC - hpcp =1 2(A +A) =1-—= (13)
1 1
After the partial derivative treatment, 9Sappc _ 0, 9Sappc _ 1 <0,

s,  2A

> 0. That is, incremental revenues A and J; (i = a, b) are important

9,  2A
95ADBC _ %2ty

2A2?
factors affecting tourism enterprises’ strategy change. As can be seen from Figure 3, in

order to promote cooperation between enterprises, promote tourism recovery and improve
the anti-risk capability of tourism enterprises, J; (i = a, b) should be reduced as much as
possible, and A should be increased.

@, a,n

D

/\

o B
€0, 0> (1,00 o

Figure 3. A dynamic replication phase diagram of evolutionary game amongst tourism enterprises.

5. Discussion

This study uses evolutionary game theory to explain the interaction process of key
stakeholders in tourism activities after the outbreak of the COVID-19 pandemic. The
cooperation between tourism enterprises and the behaviors of interest groups (governments
and tourists) are included in the evolutionary game model. Below, we discuss the main
findings and implications.

5.1. Discussion of Model Results
5.1.1. Model Result between Governments and Tourism Enterprises

In terms of the interaction between governments and tourism enterprises (Table 4),
when the benefits of tourism enterprises after changing their innovative development
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ideas are greater than those of traditional ways, tourism enterprises will choose innova-
tive development ideas regardless of governments’ regulation, therefore, in this case, the
government authorities do not need to carry out supervision and policy support. This
finding shows that when the outbreak of the pandemic just happened due to the lack
of relevant security measures and systems as well as the insufficient allocation of tech-
nology and human resources and other factors, the competent government departments
could not formulate effective control measures in a timely manner. With the pandemic
gradually under control, tourism enterprises began to seek development breakthroughs.
Governments also successively implemented the intervention and auxiliary measures
to guide and support the recovery of enterprises, such as tax reduction [53]. For those
enterprises with hidden risks of safe operation and non-compliant operation procedures,
certain penalties should be given to promote enterprises to try to break through innovation.
However, the development and innovation of tourism products and services is a complex
process, and the pandemic situation also has local fluctuations and rebound. Therefore,
in the post-pandemic period, tourism markets will present the situation of governments’
regulation or no regulation and the coexistence of enterprise innovation and traditional
business mode. That is, at different stages of pandemic development, governments need to
carry out targeted regulation and support in order to realize the innovative development of
tourism enterprises without governments’ regulation. Tourism enterprises need to take the
pandemic as a challenge, adapt to the changes brought by the pandemic. Building on the
demand of risk aversion and crisis management after pandemics, augmented reality could
be a critical flue for boosting tourism development [54]. There are some existing travel
applications, such as the existing travel applications cloud tourism, live video streaming of
tourism products, which provided a reference for the extensive applications of augmented
reality in the future tourism industry. Moreover, the widespread use of these products also
proves that augmented reality-based tourism has the potential to become the mainstream
of post-pandemic tourism.

In order to more intuitively explain the stability of strategy evolution between gov-
ernments and tourism enterprises, this study takes tourism enterprises as an example,
assigns the parameters and simulates the dynamic evolution process of its strategy through
MATLAB R2016b software. Assuming that C; = 3,C; =6,C3 =7,C4 =5, Ry =3,
R3 = 16 and P; = 5, the influences of income changes brought by enterprise innovation
development ideas on the strategy selection of tourism enterprises are analysed. Figure 4a
shows the change of the development of tourism enterprises’ strategy selection over time
when Ry = 13, Ry — C3 < R3 — Cy4, then x’ = 0.625; if x > «/, the desirable x = 0.7, and the
replication dynamic equation of the tourism enterprise is y = 0.6y(1 — y). When govern-
ments choose to control with 70% probability, under different initial probabilities of tourism
enterprises choosing reform and innovation development strategies, the probability of
tourism enterprises choosing to abandon the traditional business mode converges to 1.
Moreover, the higher the initial probability, the faster the convergence speed. If x < x/,
the desirable x = 0.4, and the replication dynamic equation of the tourism enterprise is
y = —1.8y(1 — y), the change of the development of tourism enterprises’ strategy selection
over time is shown in Figure 4b. Under different initial probabilities of tourism enter-
prises choosing reform and innovation development strategies, the probability of tourism
enterprises deciding to give up traditional business methods converges to 0; moreover,
the smaller the probability value of governments’ strategy convergence to non-regulation,
the faster the convergence speed of tourism enterprises choosing the traditional business
mode, which completely states that both governments and enterprises are in a state of
constant evolution of the strategy. When Ry = 20, that is, Ry — C3 > Rz — C4, the benefits
brought by reform and innovation exceed those of the traditional business mode, and the
reform and innovation strategy becomes the best strategy for enterprises. At this point,
governments will choose not to regulate, and (non-regulation, innovation) becomes an
ESS. That is, when enterprises carry out innovation independently under the regulation
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of the market mechanism and turn the challenge of the pandemic into the driving force,
governments will shift their focus of work, and the tourism market will regain its vitality.

y(0<y<1)
yO<y<1)

Figure 4. Dynamic evolution of strategy selection of tourism enterprises over time, when (a) x = 0.7
and (b) x =0.4.

5.1.2. Model Result between Tourism Enterprises and Tourists

In the interactive game model between tourists and tourism enterprises, (0, 0), (0, 1),
(1, 0) and (1, 1) are the evolutionary stability strategies of the system (Table 5). Under the
impact of the pandemic, the unstable factors of the tourism business have increased, and
enterprises are faced with different influencing factors at different stages of the pandemic.
When the pandemic breaks out and is not effectively controlled, population flow is under
control, and it is difficult for tourism companies to carry out production and operation
activities. In turn, this situation directly impacts tourism development, and a (0, 0) con-
vergence trend occurs. With the follow-up of medical measures and the advancement of
governments’ macro-control, the pandemic has now been controlled to a certain extent, and
there has been no large-scale spread. At this stage, while the pandemic has been controlled
to some extent, tourists are choosing fewer trips for safety demand [18]. Therefore, tourism
enterprises should adjust themselves, and there is no need to launch tourism products
and services immediately. Instead, they should appease tourists who purchased tourism
products and services before and during the pandemic through various initiatives, such
as timely refund and exchange of tickets, the timely reply of enterprise network customer
service, etc. that is, taking social responsibility can help tourism enterprises establish a
better corporate image. With the end of the pandemic, many demands will be generated,
and tourists’ demand for tourism products and services is expected to change. For example,
tourists are more likely to consider the geographical location of the scenic spot, whether
the transportation is safe, as well as whether some tourism products (e.g., cruise tourism
products) should be purchased [55]. At this point, it is necessary for tourism enterprises
to think about the change of future tourism mode and provide more high-quality and
personalised tourism products and services, such as self-guided tours, family tours, RV
tours and surrounding tours, supporting more fresh attractions and travel confidence for
tourists [54,56], In short, it promotes the evolutionary game converges towards (1, 1).

5.1.3. Model Results amongst Tourism Enterprises

This pandemic would lead to an inevitable reshuffling and transformation of the
tourism industry [57]. From the resource side, the cost burden and low benefit return
brought by multiple agents and second-hand dealers will lead to huge challenges to the
development of tourism enterprises. Whether tourism enterprises adopt cooperation or
competition will certainly affect their future after the pandemic. Specifically, the entire
industry chain of tourism has been greatly impacted by the pandemic, including trans-
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portation, hotel industry, scenic spots, etc., which involve all aspects of tourism, food,
accommodation, transportation, travel, shopping and entertainment. Promoting coopera-
tion among enterprises and striving for the evolution of the game between enterprises from
(0, 0) to (1, 1) is not only the key to deal with the survival crisis of enterprises at present but
also an important demand for enhancing the anti-risk ability of tourism enterprises, which
is valuable for improving crisis management in the long run [58].

Tourism enterprises are participants with limited rationality, and they will analyse
and judge the differences caused by strategic choices. Specifically, when the income
distribution of cooperation amongst enterprises can meet their development expectations,
cooperative behaviours will occur. Furthermore, if the two sides of the enterprise have
similar levels of capability, they will maximise the cooperation to find the proper innovation
path. A large number of small and micro-enterprises in the tourism industry will inevitably
be impacted by the pandemic; meanwhile, due to the serious homogeneity of tourism
products, innovation can be easily imitated. Therefore, in order to increase cooperation
revenue, tourism enterprises can also seek cross-border cooperation, such as “tourism
+ health care”, “tourism + science popularisation” and “tourism + Internet”, in order to
change the traditional way of tourism development, turn challenges into opportunities and
realise tourism recovery in the post-pandemic period.

5.2. Theoretical Implications

This study discusses the interaction process of stakeholders in the post-pandemic
period and adopts evolutionary game theory to analyse the dynamic change process
of the strategy. The study shows that the behaviours of governments, enterprises and
tourists have an important impact on the speed and direction of tourism recovery in the
post-pandemic period. The study makes the following theoretical contributions.

In terms of concepts and methods, our findings enrich the literature on tourism crisis
management, especially the research on tourism restoration, by using the evolutionary
game method to construct the interactive behaviours amongst stakeholders. By adopting
this method, the limited rationality of stakeholders and the long-term dynamic evolution
reality of tourism restoration are fully considered.

Our results also provide new ideas for understanding tourism recovery and tourism
crisis management after public health events. Upon comparing our research results with
previous studies [19,59], we find that no study has provided an overall analysis of the
conditions of its onset and the dynamic process of tourism restoration [60]. It must be
pointed out that we regard tourism recovery after the pandemic as an integrated system
and analyse the impact on tourism recovery after the pandemic through the interactions
amongst stakeholders at different times and spaces. Further, we believe that such a system
presents a more macroscopic and comprehensive dynamic evolution process. Amongst
them, governments’ control and changes in tourists’ consumption behaviour during the
post-pandemic period are the key points that must be emphasised in tourism recovery.

By comparing the results of the game analysis with those of the government involved
in tourism, previous studies suggested that the role of governments should be reconsidered
in the development of tourism, and the involvement in tourism development should be
coordinated [61-63]. Our findings add to the literature on government involvement in
tourism development. Given that market forces are inherently unstable [64], government
control is essential, especially when a public health incident with a large spread occurs.
Moreover, government control is conducive to allocating resources when a pandemic occurs,
helping control population flow and preventing the large-scale spread of the pandemic [65].
However, as the pandemic is effectively controlled, governments” will gradually withdraw
the bans, and the tourism market will recovery itself, which, in turn, will help improve the
anti-risk ability of tourism enterprises. Overall, this study complements previous findings
by providing a much more detailed examination of evolutionary game theory.



Sustainability 2021, 13, 9162

16 of 21

5.3. Managerial Implications

In practice, the research results can be used by local authorities and tourism organisa-
tions to formulate policies to cope with the crisis and design appropriate tourism recovery
strategies. The findings may also provide bases upon which local authorities in destination
cities can take regulatory and intervention measures to reduce losses during or after a crisis.

Several managerial implications can be drawn from this study. The impact of crisis
events, such as public health events, natural disasters and public safety events, on the
tourism industry with fragile attributes is self-evident. In particular, the impact of major
public health events on tourism development is more obvious in terms of the frequency
of population mobility in these modern times. Therefore, how to understand its impact,
adopt active coping strategies and minimise the negative impact on the tourism industry
are major issues currently faced by the stakeholders. Under the impact of the pandemic,
the recovery and operation of tourism is not only the task of the tourism industry but
also the concern of the whole society. Through the analysis of the evolutionary game
model, the important roles of stakeholders in the recovery of tourism after the pandemic
are further clarified. The results support the viewpoint that the strategies of governments,
tourism enterprises and tourists in the post-pandemic time are constantly changing. Due
to the limited rationality, their strategies are not optimal. However, they keep learning,
improving and seeking the maximization of benefits at different stages. The results develop
the understanding of the long-term dynamics of stakeholders” decisions in the tourism
restoration process and also contribute new insight for subjects facing varying degrees of
the impact of the pandemic, as shown in Figure 5. With the development and changes of
the pandemic, reducing the impact of the pandemic on tourism requires the joint efforts of
stakeholders [27].

Macro-control

Governments

Poli Information
¢ lc};t transparency & .
SUPPo Travel guidance Tourism
recovery

[

Tourism .
Tourists

. Travel plan adjustment —
enterprises <::>

Innovation in tourism
products and services

Cooperation

Figure 5. Stakeholders’ interaction in tourism recovery.

Firstly, this study confirms that governments’ regulation is essential during the peak
and fluctuating stages of the pandemic development because it can alleviate the fluctuation
of strategies between tourism enterprises and tourists and stabilise the market situation.
In the post-pandemic period, governments must implement corresponding policies to
support, promote the reform and innovation development ideas of tourism enterprises
and boost the recovery of the tourism industry [65]. Under the impact of the pandemic,
the tourism demand market has shrunk sharply, and the most urgent task for tourism
enterprises is to obtain cash flow to survive. Therefore, enterprises should actively seek
government support and establish a benign interaction with governments, such as interest-
free or discounted loans, quality deposit refund, corresponding tax reduction, tax refund,
fund grants, subsidies, financial support, as well as providing financial services for dis-
tressed enterprises. Once the pandemic is under control, governments should actively
consider formulating a plan to promote post-pandemic tourism revitalisation, which, in
turn, can actively support and rescue the tourism industry. Such a plan could include
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rewarding the tourism industry employees who have made contributions, innovating
publicity ideas and strengthening publicity efforts. Other programs may include increasing
tourism development funds and giving more financial support to stimulate consumption
and promote economic development [66]. For example, promotion activities for tourism
enterprises and scenic spots can be organised in stages, such as halving fees for scenic spots
and price cuts for restaurants, hotels and retail stores. Governments can offer discounts
and safety information to tourists through price subsidies and daily pandemic notifications
and encourage tourists to develop tourism activities that are close to the outdoors and
natural elements, such as self-driving tours, outdoor camp tours and study tours.

Furthermore, what needs attention is that emergency public safety incidents like
COVID-19 will have an impact on the orderly development of the tourism industry. In
order to improve governments’ ability to respond, it is necessary to incorporate public
tourism safety planning into governments’ work content, implement emergency plans,
improve the overall sanitation of the tourism environment and enhance the safety of tourists
(e.g., travel toilets should be equipped with necessary consumables, including toilet paper,
disinfectant, etc.). In reality, governments of various countries have already responded
to the pandemic in similar ways. In fact, of the 220 countries and regions analysed in the
UNWTO report on tourism recovery after the pandemic, 167 countries reported specific
measures to reduce the impact of the crisis and speed up recovery. Amongst them, more
than 144 countries have adopted fiscal and monetary policies, and 100 countries have
implemented policies to support employment and training [3].

Secondly, at different stages of pandemic development, tourists” decisions will directly
affect the market acceptance of tourism products and services, resulting in an important
link in tourism recovery. From the evolutionary game analysis of tourists and tourism
enterprises, we find that the strategic choice of tourists (to travel or not to travel) has local
stability, which depends on the income of tourists and tourism enterprises in different
situations. Before the pandemic is resolved, it may be difficult for tourism enterprises to
carry out tourism activities. Thus, in order to reduce the impact of the pandemic, population
mobility must be reduced. Therefore, as to tourists, the best strategy at this time is to choose
not to travel, reduce losses and ensure safety. Furthermore, from the perspective of tourists,
what the pandemic brings to tourists is only the difference in a travel time selection. The
tourism market is experiencing a temporary “repression”, and it will not be extinct even
under the influence of the pandemic [55]. Therefore, in the “gap period”, firstly, tourism
enterprises need to think about the changes of tourism demand after the pandemic and
prepare for the new requirements of tourism products and services in the post-pandemic
market with a positive attitude. Secondly, tourism enterprises should maintain interaction
with the tourism market. In the post-pandemic period, tourists’ demands and behaviors
have changed greatly. Tourism enterprises need to actively address the impact of market
changes on their business operations.

Finally, through the evolutionary game model amongst tourism enterprises, we find
that although tourism enterprises are competing with one another, from the perspective of a
“win-win” strategy, the tourism enterprises’ choice of cooperation strategy is undoubtedly
the best. In particular, there are a large number of small and medium-sized enterprises in
the industry, and the homogeneity of tourism products is relatively serious. Therefore, inno-
vation and development can be efficiently achieved via cooperation among enterprises [67].
Under the impact of the pandemic, the new business model will affect the original tourism
pattern [2]; thus, tourism enterprises need to seek cooperation, not only amongst similar
enterprises but also in terms of cross-border cooperation. In addition, tourism enterprises
can discover market opportunities, create new products, improve existing products and in-
crease the added value of tourism products and services by allowing tourists to participate
in value co-creation. This not only caters to the changes in the demand market under the
impact of the pandemic but also enables tourists to gain a sense of accomplishment and
unique experience by participating in value co-creation, which also brings about positive
interaction to tourism recovery.
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6. Conclusions, Limitations and Directions for Future Research

This study combines game theory and evolutionary theory, which abandons the
assumption of “perfect rationality” and holds that participants are “limited rational”,
which is more in line with the realistic tourism environment. In addition, the fluctuations
and rebounds of COVID-19 cases occur since the different pandemic prevention and control
measures in different locations in the post-pandemic period. The persistence of the long-
term impacts of COVID-19 is the scenario we are facing in the tourism recovery process in
the post-pandemic time. Building on the above reality, this study analyses the interactive
behaviors of stakeholders and contributes insights on how to transform such behaviors to
promote tourism recovery. The analysis shows that governments” emergency treatment and
support for enterprises can help reduce the negative impact of the pandemic on tourism,
and tourists’” decision-making behaviour is of great significance to the innovation and
breakthrough of the tourism industry after the pandemic. As suppliers of tourism products
and services, tourism enterprises also need to learn to stay together in the face of the
pandemic and seek positive cooperation, which will help them recover quickly. Just as the
SARS in 2003 promoted the development of the Internet, the popularisation of science and
technology and the diffusion of innovation, in the post-COVID-19 period, the rebound of
tourism demand will “force” the high-quality development of tourism and the provision
of high added value and personalised tourism products and services. Moreover, with the
development and promotion of Internet technology, a variety of new tourism consumption
patterns and supply methods will even be formed, thus improving the overall efficiency of
tourism enterprises and reducing tangible costs.

This study has the following limitations. Firstly, the game model and simulation
analysis prove the dynamic process of tourism recovery in the post-pandemic period from
the perspective of assumptions. The parameter assumptions set by the model in this study
focus on the economic consequences brought by different decisions from the perspective of
stakeholders’ interaction. Thus, future works should use statistical data from authoritative
institutions or combine this with other methods (interview or questionnaire) to verify the
results of this model and promote its practical application. Secondly, although there are
inherent differences amongst various stakeholders in tourism development, this study is a
macro-analysis of the recovery of tourism in the post-pandemic period. Future research
can also be based on the inherent difference of stakeholders to verify the result of the
evolutionary game model, such as the individual differences of tourists, tourism enterprise
scale and the subdivision of industry difference, etc. Moreover, because the development
of tourism is closely related to the regional economy, future studies can also consider
regional differences, such as the administrative ability of governments to deal with local
pandemic fluctuations.
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