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Abstract 
This paper presents an analysis of tourism networks, and by defining the 
concepts of actor-networks and critical actors, an approach to modeling in-
terdependent actor networks is presented, with the aim of assessing the in-
fluences and risks that can arise between actors. The approach is based on 
Graph Theory. It is our contribution to carry out a modeling to present the 
networks of actors with the inter-actor influences with a view to measuring 
the vulnerability index for each actor in crisis situations (case of COVID-19). 
For this purpose, an approach was adopted, which consisted of several stages 
including qualitative and quantitative analysis. A case study of the city of 
Tangier in the northern region of Morocco is presented in this paper. 
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1. Introduction 

The contribution of several actors to the development of the tourism sector and 
the collaboration between them is indispensable to achieving this objective. 
However, it is possible for this development to be influenced and slowed down 
by the dysfunction of one or more members of the network of actors owing to an 
internal (conflicts, professionalism, quality, etc.) or an external risk (climatic 
hazards, epidemics, natural hazards, hygiene, political or violent social events, 
etc.). 

Several research studies have been carried out which support the fact that col-
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laboration between different actors is an essential factor for the development of 
the tourism sector (Cole, 2006; Giauque & Gaillard, 2006; Timur & Getz, 2008; 
Wray, 2011; Luloff, 2010; Choi & Murray, 2010). So, it is apparent that the pre-
vious works explicitly address the notion of interdependency of actors but not to 
the extent that is relevant to our issue (notably the matter of vulnerability of in-
terdependent actors in crisis situations). 

Therefore, the aim of this paper is to propose a methodology for assessing the 
vulnerability and risk of tourism networks in an uncertain environment, taking 
into account the interdependencies between actors. 

To achieve this aim, the key concepts are defined and the assessment metho-
dology is specified, starting with a contextual mapping, regarded as a crucial step 
in setting the boundaries of the networks to be assessed. After having carried out 
a functional analysis to identify the specificities of the operation due to the in-
terdependencies, a modelling method is proposed for this purpose, capable of 
being integrated into the Graph theory. Subsequently, we explored how to take 
into account the influences of the operating environment on the resulting mod-
el. The last part of this paper presents the vulnerability and risk model and con-
cludes with an implementation case on the city of Tangier.  

2. The Tourism Chain and the Different Actors 

The tourism sector is composed of several actors and stakeholders in a configu-
ration in which no actor functions separately, but in a complex web of interac-
tions with other actors, thus giving rise to the notion of networks. Several au-
thors among them we mention the following: (Oliver & Jenkins, 2003; Bousset et 
al., 2007; Cawley, 2007; Clark & Chabrel, 2007; Saxena et al., 2007) have ad-
dressed the notion of networks as a key phase in the success of the tourism sec-
tor. 

2.1. Networks of Actors 

The concept of actor-networks is regarded in a number of works in tourism as 
an important factor. The term refers to a grouping of actors whose purpose is to 
“provide access to information, seek, obtain and share resources, cooperate for 
mutual benefit, develop a collective vision, disseminate ideas and mobilize re-
sources” (Saxena et al., 2007: p. 354). Some other authors see actor networks as a 
“third track” that links the local to the extra-local and the public to the private 
(Cawley, 2007: p. 408). 

2.2. Actors and Critical Players 

The actor is a strategic thinker and has room for action. He/she develops and 
implements strategic games within the framework of relationships (collabora-
tion, alliance, confrontation, opposition, negotiation, etc.) in order to achieve 
his/her objectives. Thus, Hatem (1993) defines him as a person, a group, or an 
organization, aiming at certain objectives and faced with certain constraints, and 
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who can, through his/her strategies and means of action influence the future of 
the studied system. In the same context and According to Godet (1997), an actor 
is a homogeneous group having common objectives and means of action, im-
plementing the same strategy and displaying a balance of power in relation to 
other actors.  

An actor can be regarded as mission-critical, his/her failure or dysfunction 
leads to an unacceptable risk and loss of essential performance. 

2.3. Insight into the Existing Network of Actors: Problem and  
Analysis 

The existence of a multitude of actors may not be a problem in and of itself, but 
the type and nature of the partnerships forged may be so. Owing to the interde-
pendencies of these actors, the dysfunction of one actor, which can be called 
critical, is likely to spread to the others, on a scale that can exceed that of a re-
gion or a country, which raises the problem of vulnerability assessment.  

To solve this problem and in order to limit the threatening components as 
much as possible to reduce the risks in due time, the methodology adopted for 
the approach to this problem is as follows: 
 Understanding the relationships between the different actors and stakehold-

ers in the tourism value chain. 
 Modelling the functioning of networks in the tourism sector. 
 Studying the interdependencies of the actors. 
 Estimating the vulnerability of actors. 
 Introducing probability for risk estimation. 

3. Approach to the Problem 

Any stakeholder can be subject to uncertainties, more or less high internal and 
external disturbances, which causes a dysfunction of the actors’ networks in the 
absence of a proactive approach represented in the assessment of the vulnerabil-
ity of the actors towards these uncertain events. 

3.1. Assessment of Crisis Situations 

It nevertheless happens that certain unusual situations caused by internal or ex-
ternal disturbances to the networks, lead to a weakening of the networks and a 
change in crisis, damaging the safety of people, economic activity, the environ-
ment, and properties. These situations can be experienced in several types of 
aliases that can be categorized into the following groups: Flood, Volcano, Fire, 
Earthquake, and Tsunami.  

It is important to mention that the first measure of crisis communication is 
the assessment of the crisis situation, in most cases, it is not necessary to analyze 
the crisis situations for all actors, the interdependency matrix developed by the 
experts quantifies the conditional probability that situation X will occur knowing 
that situation Y has taken place. The conditional probability and impact of the 
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crisis are obtained by combining criteria (probability of occurrence, intensity, 
duration of action, speed of execution, number and detectability of precursors, 
extent, lag time between signs and event, mitigating events, environment). These 
techniques, such as Morkov’s, can be used to assess the probability of the crisis 
situation: 

( ) ( ) ( )0
T

s x y yP E E EP P E= ∑                      (1) 

EX, EY: correspond to crisis situations. 
P(Es): corresponds to the conditional probability. 
The next step is to identify the networks of actors likely to be affected by these 

hazards. In some cases, the hazards identified affect only certain actors. 

3.2. Identifying the Networks of Actors 

The actors operate in a concrete network of actions that concerns the mainten-
ance of the structure through regulatory mechanisms. This construct, Bernoux 
(2014) confirms, is both stable and often informal, but never completed, allow-
ing actors to establish transactions necessary to maintain and continue action in 
difficult situations. The first obstacle that analysts face is the selection of relevant 
networks. 

In a comprehensive manner, there are seven categories of A.N, which 
represent the seven National Federations of Tourism Professions in Morocco: 
 Transport (Aerial, Maritime, Terrestrial...),  
 Tour operators (Travel agency, Reservation platform, TO...),  
 Institutional actors (The Ministry of Tourism, The National Office of Tour-

ism, The Regional Councils of Tourism...),  
 Local actors (Craftsmen, Bazaar merchants, Cooperatives...),  
 Accommodation facilities (Hotels, Inns, Bivouac Gîtes, Riad),  
 Leisure facilities (Club, activities, experiences...),  
 Tourist Restaurants. 

3.3. Functional Analysis 

Functional analysis is an intuitive approach that enables search, prioritization, 
evaluation, formulation, characterization, and valorization of the service func-
tions offered by an actor or network of actors to meet the needs. Before model-
ing, it allows the identification of the actors involved in an interdependency. It 
must include at least the following steps: 
 Definition of the real and functional tree structure of networks and 

sub-networks. 
 Identification of the service functions. 
 Identification of the elements and resources allowing realizing these func-

tions. 
 Definition of the constraint functions of the flows circulating between the 

actors as well as of the actions necessary to their good functioning. 
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The functional analysis is what facilitates the representation and modeling of 
the network in the following section. 

3.4. Network Modeling 

Modeling is a real representation for the purpose of analysis; this representation 
can be mathematical or graphic. It makes it possible to evaluate the impact of the 
hazards. Modeling by graph theory, results in a graph composed of vertices and 
edges. For example, in a transport system, the vertices are the stations and the 
edges are the routes. 

Based on this theory, we can model any network of actors by a set of vertices 
and edges, the types of vertices correspond to the actors involved, so a vertex can 
be a function performed in the network, this function can be: Produce, Relay, 
Use (Petit, Robert, & Rouselle 2004; Jönsson & Johansson, 2008); to which we 
add Process and Transport when it is a cessation. This modeling will remain 
partial as long as we do not integrate the interdependencies because, in case of a 
conflict between the types of vertices, the priority is given to the type of the 
principal flow, this flow can be obtained by the functional analysis of the con-
cerned vertex. In the following part, we deal with the modeling of the interde-
pendencies. 

3.5. Modeling Interdependencies 

In any network, the actors are not only dependent on each other but also on 
their environment. Interdependence is a link between two actors, this latter can 
be functional or represent a constraint; these dependencies are the main cause of 
decreased performance in the network of actors and place analysts in a situation 
of radical doubt or ignorance (Rinaldi, Peerenboom, & Kelly, 2001). 

The main difficulty in modeling networks is therefore to take into account the 
dependencies between actors. 

To model interdependencies one must identify the following five types of 
links: 

 
Type of link Description 

input When one actor provides another 

Mutual dependency Service is in both directions 

The co-location Both are located in the same region 

Sharing When they have a common resource 

The Or-exclusive When only one service is provided at a given time 

 
In this paper, sharing, input and mutual dependency symbolize the same link, 

only the actor and the direction of the flow vary. Moreover, the co-location and 
the exclusive OR are also the same; so, they symbolize what we call an influence. 

By recognizing the state of the actors and the direction of the flows, we will be 
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able to model all types of links either by a dependency or by an influence. To do 
so, we will explain the approach in the sections below. 

3.5.1. Dependency 
The edge between two vertices represents a dependency; this latter is essential if 
the flow transported by the edge is a main flow. Generally speaking, S1 depends 
on S2 if there is a flow from S2 to S1. This link is incorporated into the network 
structure as shown in Figure 1.  

3.5.2. Influence 
An actor S2 is geographically dependent on an actor S1 (S1 influences S2) if there 
is no functional link between the two actors but a failure of S1 leads to a failure 
of S2. We symbolize an influence by an edge (dotted line) of zero weight and 
carrying no flow. 

The two types of links determined operate between the actors of the network 
(edges and vertices). We have chosen to model the network using Graph’s 
theory, and we present in the following lines how to integrate these links into a 
network represented by a weighted and oriented graph. 

3.5.3. Vertex-Vertex Type 
Between two vertices, we find different types of links that can be either a depen-
dency or an influence. For (Johansson & Hassel, 2010) among others, they sym-
bolize the dependency between two vertices by an edge, this kind is oriented like 
the other edges, so if the vertex S2 depends functionally on the vertex S1, we 
symbolize this dependency by an edge starting from S1 to S2. However, a dotted 
edge symbolizes the influence of A2 on A1 (see Figure 2).  

An influence can exist between vertices of the same type (the disappearance of 
a tour operator leading to an influence on another one), or between vertices of 
different types (the cessation of an airline decreasing the lodging occupancy rate 
of the accommodation facilities). On the other hand, standard edges represent 
the dependency between two vertices of the same type; however, the dependency 
between vertices of the same kind does not exist. 

 

 
Figure 1. Dependency edge. Source: Author’s compilation. 

 

 
Figure 2. The link between two vertices. Source: Author’s compilation. 
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3.5.4. Vertex-Edge Type 
We only speak of a link between the vertices, sometimes in certain situations, a 
tour proposed by a travel agency and provided by a tourist transport, can be 
disrupted (for example: a case of a poisoning due to an unscheduled meal in a 
tourist restaurant) surely affects the whole tour. To model the dependency of an 
edge A on a vertex S, we introduce a virtual edge A’ of zero weight and a virtual 
vertex S’ of infinite capacity. The failure probabilities of the virtual elements S’ 
and A’ are zero and a virtual edge is an instance of one and only one real edge, 
see (Figure 3). 

3.5.5. Edge-Vertex Type 
Let us now assume that it is the vertex V3 that depends on edge E, this is the 
example of a tour operator that has stopped sending tourists (change of destina-
tion) to a travel agency, a decision that will have repercussions on the tour 
guides of this destination. This type of link is modeled in Figure 4. 
 

 
Figure 3. Vertex-edge link type. Source: Author’s compilation. 

 

 
Figure 4. Edge-vertex type of link. Source: Author’s compilation. 
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3.5.6. Edge-Edge Type 
As far as the dependencies and influences between the edges are concerned, they 
are profoundly linked from a functional point of view, e.g. between the Tour 
guides and the restaurants, and the modeling of this link can be presented in 
Figure 5. 

Up until now, we have considered the effects of the actors themselves, but the 
environment in which it operates can also affect the functioning of an actor. We 
illustrate in the following, an approach to cover this influence. 

3.5.7. Modelling the Influence of the Components of the External  
Environment 

Various elements are part of the composition of the external environment, 
which makes the triggers for an actor’s dysfunction more numerous. For this 
reason, and in order to identify these possible causes, an analysis method is used 
which allows the possible sources of the cause to be detected, this is what we call 
the diagram of Ishikawa, which is based on the classification of the various caus-
es into 5 major categories: Material, Environment, Methods, Equipment, and 
Manpower. In our case study:  
 Matter: represents the different flows circulating in the networks, with their 

characteristics (processing time, clauses and contracts), the fluidity of the 
different flows in the network is a vulnerability indicator; 

 Environment: represents the space within which the activity takes place, its 
appearance, its physical organization, it may be a defined perimeter; 

 Methods: these are procedures or measures followed to carry out the activity, 
they can be information flows or regulations of trade; 

 Material: this is the equipment, systems, machines, and tools; 
 Manpower: these are the human resources, certificates, expected qualifica-

tions, ... 
In Figure 6, each actor is characterized by a dysfunction, Moreover; the edges 

are endowed with weight functions. 
 

 
Figure 5. Type of edge-edge link. Source: Author’s compilation. 
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Figure 6. Example of a multi-network interdependent model. Source: Author’s compilation. 

3.5.8. Estimation of Vulnerability 
Vulnerability is seen as a reference to everything that favors the dysfunction of 
an issue or damage to the interest of the actors. The notion of vulnerability is the 
subject of multiple definitions and broad debates (Becerra & Peltier, 2009). 
However, beyond its general definition, the problem that arises in practice is to 
measure this vulnerability. In order to do this, some authors agree on the prop-
erties of vulnerability, the most highlighted ones are cited here: 
 The vulnerability index is a function between 0 and 1. 
 The vulnerability should not increase by adding edges. 
 In different networks of the same size, the complete graph is the least vul-

nerable.  
 Vulnerability is related to several parameters, it is multidimensional. 
 Path redundancy and the presence of complementary networks that can 

transport the same elements reduce vulnerability. 
In the light of these assumptions, and in order to estimate this vulnerability, 

we first analyze the effect of a given disturbance on the network (or certain net-
work actors). To this end, we consider the states of the network before and after 
the crisis, which are noted respectively as Ei (initial state before the crisis) and Ef 
in the presence of the crisis. These two states can represent, for example, reve-
nues or profits. Thus if Ef > Ei, we can say that the presence of disturbance is 
beneficial for the system but if Ef < Ei then the disturbance is harmful. In the 
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first case, the network is not vulnerable, whereas in the second case it is. An ex-
ample is the impact of COVID-19 on the economic fabric of a country or region: 
some sectors may suffer but others may proliferate. In this case, we get the fol-
lowing definition: 

Definition: We say that a network actor (or the network) is vulnerable to dis-
turbance only if Ef < Ei. 

Remark: In this definition the duration of time = ]0, T[, (time between the 
beginning and the end of the crisis (disturbance)) is important. So we should 
take Ei(t0 = 0) and Ef(t), for t in I. In this study, we consider only the initial and 
final instants T. In future studies, we will consider in detail the impact of time 
(duration of the crisis). 

We can therefore quantify the degree of vulnerability and estimate its index as 
follows: 

f
V

i

i

E
E

I
E−

=                            (2) 

Ef: represents the final state of the network after the occurrence of the crisis 
situation. 

Ei: is the initial state of the network before the occurrence of the crisis situa-
tion. 

The vulnerability of the networks thus depends on the relative importance of 
the flows, the structural and functional importance of the source vertices and the 
vertices reached, and the type of vertex that fails (Jönsson & Johansson, 2008). 

3.5.9. Estimation of Risk 
A risk can be classified according to its degree of predictability, i.e. the probabil-
ity of having negative consequences at a given moment under specified condi-
tions, as explained earlier, the risk is a function of vulnerability, and the decrease 
of one leads to the decrease of the other. As a result, the analysis of vulnerability 
and risk are hardly dissociable and decisions are often made that reduce both. In 
general, risk management aims at answering a number of questions (Agarwal, 
Blockly, & Woodman, 2003), summed up in these three: 
 What can be done? 
 What are the options available and what are the associated trade-offs in terms 

of costs, risks, and benefits? 
 What are the impacts of management decisions on future policy options? 

Risk is generally considered as an entity with two dimensions, probability on 
the one hand and consequences on the other (Leroy & Signoret, 1992). We eva-
luate it by: 

( ) vRis P A I C= × ×                        (3) 

P(A): The probability of the risk of actor A 
C: Consequences 
Ef: The final state after the occurrence 
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Ei: The initial state of the network before the occurrence 
This estimation only takes into account the risk that is inseparable from the 

networks considered with respect to crisis situations. 

4. Case Study of the City of Tangier for the Case of COVID-19 
4.1. Presentation of the City of Tangier (Map) 

Tangier is a city located between two maritime sides (Mediterranean and Atlan-
tic), in the Strait of Gibraltar, in the north of Morocco, and has long been a favo-
rite destination for artists and intellectuals. According to statistics published by 
the Moroccan Tourism Observatory in 2019, Tangier is one of the most attrac-
tive destinations in the country, as it is located only 14 kilometers from Spain 
and also because of its African roots mixed with Spanish, Portuguese, and 
French influences which makes it a fascinating city. Tourists of all ages come 
here to wander through its narrow streets, admire its old medina and enjoy its 
beautiful coastline. For this reason, we have selected it as a field of implementa-
tion, in which we have chosen two different types of travel agencies, a hotel, a 
tourist transport company, a guide, and a restaurant as the actors involved. 
 

 

4.2. Implementation 

In the context of this implementation, we will focus on private actors, whose 
revenues will be used as an observation indicator, which represents the sum of 
the company’s sales of products or services, i.e. the amount (excluding tax) of all 
transactions carried out by the actor with third parties in the context of its nor-
mal and current activity. For the confidential nature of this indicator, but also 
for the purpose of obtaining detailed data, the values presented will be in per-
centages. The sources used to have these values are The National Confederation 
of Tourism and Regional Association of Travel Agencies of Tangier-Tétouan-Al 
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Hoceima of which we are members. 
We first present the modeling of the relationships between the different actors 

in our implementation, and then we show the revenue per actor before and dur-
ing the COVID-19 crisis. 

4.3. Analysis and Interpretation of the Results 

Table 1: represents the revenues achieved between each of the two actors be-
fore the existence of COVID-19, the said figure affirms the model of Figure 7, 
and where a value of 0% in the cell that connects two actors, indicates that there 
is no dependency (no direct link, example Agency 1 and Agency 2). On the other 
hand, a value other than 0% shows that there is interdependency and that the 
rate represents the degree of the relationship (example Hotel and Agency 1). 

Table 2: represents the revenues achieved in 2020 after the period of total 
containment, but still in a period of crisis, as the borders remained closed, which 
brought us to a total halt in the activity of the airlines, thus negatively influen-
cing the actors that are in relation with it, as shown in Figure 7. 

In terms of revenues, it can be observed that the crisis has had an impact on 
all inter-actor transactions. The cessation of the airline’s activity is reflected in a 
null revenue, which has also influenced the revenue of the other actors according 
to their degree of interdependency. 

The travel agency is also the only actor that is in contact with almost all other 
actors, it plays the role of service aggregator. 

The type of this actor (Agency) determines the actors that can be in collabora-
tion. In our implementation, we find two types of agencies: 

Agency 1: is an incoming travel agency, it welcomes, organizes excursions, 
stays, and tours in the city for foreigners and organizes Hajj and Omra (Pilgri-
mage) trips for Moroccans (Table 3). 

 

 
Figure 7: Links between the actors involved in the implementation process. Source: Author’s compilation 
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Table 1. Revenues in 2019 between selected actors (before COVID-19). 

 Agency 1 Agency 2 Hotel Tourist transport Tour guide Restaurant Airline company 

Agency1 (incoming & 
Hajj-Omra) 

- 0% 6.3% 8.7% 2.1% 5% 27% 

Agency2 (outgoing & 
domestic tourism) 

0% - 5% 13% 3% 4% 21% 

Hotel 6.3% 5% - 0.1% 0% 0% 0.0% 

Tourist transport 8.7% 13% 0.1% - 0% 0% 0.01% 

Tour guide 2.1% 3% 0% 0% - 0% 0% 

Restaurant 5% 4% 0% 0% 0% - 0% 

Airline company 27% 21% 0% 0.01% 0% 0% - 

 
Table 2. Revenues in 2020 between selected actors (during COVID-19). 

 Agency 1 Agency 2 Hotel Tourist transport Tour guide Restaurant Airline company 

Agency 1 (incoming & 
Hajj-Omra) 

- 0% 0% 0% 0% 0% 0% 

Agence 2 (outgoing & 
domestic tourism) 

0% - 2% 6% 0.5% 1% 0% 

Hotel 0% 2% - 0% 0% 0% 0% 

Tourist transport 0% 6% 0% - 0% 0% 0% 

Tour guide 0% 0.5% 0% 0% - 0% 0% 

Restaurant 0% 1% 0% 0% 0% - 0% 

Airline company 0% 0% 0% 0% 0% 0% - 

 
Table 3. Agency 1 vulnerability index per actor. 

Agency 1: Before (Ei) After (Ef) Vi (Vulnerability Index) 

Hotel 6.3% 0% 1 

Tourist transport 8.7% 0% 1 

Tour guide 2.1% 0% 1 

Restaurant 5% 0% 1 

Airline company 27% 0% 1 

 
Agency 2: it works on internal and outgoing tourism (making Moroccans 

travel abroad) (Table 4). 
The third column of each table represents the vulnerability index per actor, 

which can be calculated via the following relationship:  

1 f
V

iE
I

E
−=  

The numbers obtained show that Agency 2 is less vulnerable than Agency 1,  
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Table 4. Agency 2 vulnerability index per actor. 

Agency 2: before (Ei) After (Ef) Vi (Vulnerability index) 

Hotel 5% 2% 0.6 

Tourist transport 13% 6% 0.54 

Tour guide 3% 0.5% 0.83 

Restaurant 4% 1% 0.75 

Airline company 21% 0% 0 

 
because, despite the crisis situation, it has achieved a small revenue from internal 
tourism, which has had a positive impact on the revenue of the other actors in 
the network. On the other hand, agency 1 is proved to be extremely vulnerable. 

In the light of this analysis, it can be concluded that the assessment of the 
vulnerability of an actor can only be estimated through the analysis of interde-
pendencies with other components of the network, including the external com-
ponents. 

5. Conclusion 

Of course, the tourism industry has been in difficulty before, but the COVID-19 
pandemic has greatly exacerbated these difficulties and has had strong economic 
and social impacts on its development. In general hazards are troublesome 
events for the tourism sector; through the intermediary of networks, they can 
affect a large number of actors and lead to a crisis situation, during this situation 
any decision must be aimed at resisting, adapting and finding a new stable posi-
tion close to the initial one after the occurrence of the hazard. For this purpose, 
and before the decision is taken, a formalization of the problem is necessary. 

In this paper, the first objective was to propose a model and to come up with a 
way to present the networks in a general sense with the following constraint: this 
model must integrate the interdependencies as well as the influence of the ex-
ternal environment. The second objective was to model the risk through vulne-
rability. 

The different types of interdependencies were identified and a model com-
patible with graph theory was proposed, as well as an approach for estimating 
vulnerability and risk. 

Through the model proposed in this work, we can deduce, among others, the 
unpredictable and potentially damaging scenarios, the critical actors, the states 
of vulnerability of the network, the influence of each network on the other net-
works, etc. It should be noted that our next line of study will be the use of cogni-
tive agents for crisis management. 
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