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A B S T R A C T

Tourist destinations are vulnerable to the decisions of commercial stakeholders that may have different organisational priorities to theirs. A high level of tourism
concentration, and dependence on certain airports and airlines, can increase the strategic risks and threaten the competitiveness of destinations. This paper develops
a novel methodology to measure the vulnerability of tourist destinations to the availability of air transport through the use of composite indexes. The applicability
of the methodology is demonstrated in Catalonia (Spain) from 2007 to 2017. The result is a rigorous control of easy interpretation that allows multiple analyses and
flexible application to different circumstances. The system provides politicians and technical staff with the tools they need to have a comprehensive and integrated
understanding of the vulnerability of their destination. It also provides robust data that can be used to analyse current policies, negotiate contractual conditions and
prepare contingency plans for those instances where the collective needs at a destination differ from those of individual commercial stakeholders.

1. Introduction

Vulnerability refers to a state of being at risk of being harmed. The
concept of vulnerability is context-dependent and the language used to
define it varies across disciplines, although all definitions have in com-
mon an exposure to changes, a sensitivity or susceptibility towards such
changes, a capacity to address such risks, and resilience to adapt to the
change (Füssel, 2007; Sheffi, 2005). The tourism literature has de-
fined vulnerability mainly in relation to single exogenous circumstances
that are difficult to control (Brouder & Lundmark, 2011; Hinkel,
2011; Paraskevas & Altinay, 2013; Scott, 2011). Few studies con-
sider multiple criteria of vulnerability, beyond Scheyvens and Mom-
sen (2008), who analyse both economic dependency and environmen-
tal fragility, and Strickland-Munro, Allison, and Moore (2010), who
combine data on resilience from protected areas and local communities.

Destination management organisations (DMOs) need to equip them-
selves with data, and then to act upon it, in order to reduce the vulner-
ability of their destinations and to improve their competitiveness and
sustainability (Ritchie & Crouch, 2003). This paper fulfils the need
to create a novel methodology through the use of composite indica-
tors in order to improve substantially the interpretation and use of sim-
ple indicators. This provides decision-makers with an alert system to

analyse the vulnerability of their tourist destination towards external
factors, based on data publicly available. Vulnerability is defined in re-
lation to the level of tourism concentration and dependency towards key
stakeholders, in the present case, the airline industry. The literature on
destination vulnerability in relation to the airline industry is first sum-
marised. The paper then moves on to a detailed outline of the method-
ology, which is its main contribution, by determining the key measure-
ment dimensions and then identifying associated indicators that will be
subsequently normalised, weighted and aggregated into a single index.
The value of this methodology is next demonstrated in the Spanish re-
gion of Catalonia. The paper then presents some conclusions and reflec-
tions on the political and management implications. Recommendations
for future research are also made.

2. Literature review

Tourist destinations are vulnerable to decisions made by external
stakeholders who do not share the same organisational objectives as
those established by the destination managers and who, therefore, may
take commercial decisions that negatively affect the destination
(Efthymiou & Papatheodorou, 2018). A tourist destination author-
ity can do well, financially, while at the same time being vulnerable
if it is dependent on: (a) a single airport and/or single airline opera-
tor, (b) tourist generating markets, and (c) seasonal variations (Koo,
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Halpern, Papatheodorou, Graham, & Arvanitis, 2016). It is this in-
terpretation of vulnerability that is of interest to this study. Vulnerability
is defined here as being the result of two key concepts (Füssel, 2007;
Prideaux, 2000): (a) concentration, where one element of the tourism
system (e.g. the market, season, airline, airport) has an impact on how
sensitive a tourist destination will be towards changes in that element;
and (b) dependency, where high dependency on a single entity within a
tourism system gives that entity a degree of power that limits the desti-
nation's ability to adapt. For example, the breadth of transport providers
catering for a given destination relates to the level of concentration,
whereas the relative dominance of the single most important transport
provider relates to dependency.

2.1. Air transport concentration and dependency

Most destinations are reliant on air transport provision (Ivanova,
2017): in 2016, more than half of global international travel was air
bound (UNWTO, 2017). Airlines choose their routes based on the at-
tractiveness and viability of the destinations, and these destinations in
turn depend on air transport availability to source customers (Graham,
Papatheodorou, & Forsyth, 2008; Tan, Koo, Duval, & Forsyth,
2017). The greater freedom of airlines, resulting from the liberalisation
of air transport in Europe in the three instalments of 1987, 1990 and
1993–1997 (European Commission, 2007), means that airports are
more exposed to risk due to commercial decisions made by the airline:
hence the need for destinations to reduce their exposure to risk by re-
ducing their dependency on single sources of markets and/or single air-
lines (Koo et al., 2016). Policy-makers need to develop strategic syn-
ergies with airlines to inform destination planning and leverage appro-
priate resources in order to fulfil the destination requirements of guar-
anteeing the economic viability of destination stakeholders (Graham,
, Papatheodorou, , & Forsyth, 2008; Liasidou, 2013, 2017). The
strategic development of tourist destinations depends on an intimate un-
derstanding of the airlines’ policies in order to have a resilient transport
plan (Camilleri, 2018; Ivanova, 2017) and, equally, airlines depend
on their understanding of the marketing and development plans of des-
tinations (Bieger & Wittmer, 2006).

While destination managers and transport providers may rely on
each other, in practice the power that each stakeholder has is reflected
in their influence in the negotiations to determine the incentives and
prices that will be offered by the destination policy-makers and the air-
port authorities in order to attract the airlines (Barrett, 2004; Gra-
ham et al., 2008; Halpern, Graham, & Dennis, 2016; Laurino &
Beria, 2014; Liasidou, 2013, 2017). For example, many non-conven-
tional tourist destinations, with secondary regional airports ignored by
flag carriers, have developed a position in international markets thanks
to their partnerships with low-cost airlines. These airports often become
dependent on a single low-cost airline that, consequently, has bargain-
ing power (Gillen & Lall, 2004; Koo et al., 2016). As the low-cost
airlines have become the drivers of tourist demand, the destinations
have become dependent on the airlines, and the latter can negotiate
prices and conditions that suit them (Barrett, 2004; Halpern et al.,
2016; Laurino & Beria, 2014). To be effective, local policy-makers
need data to inform their negotiations with such airlines. There is clearly
great complexity in organisational decision-making in the airline indus-
try (Halpern & Graham, 2018), which has increased due to the growth
of leisure travel, the liberalisation of the airline industry and the in-
crease in airport activity (Graham et al., 2008). This paper does not
therefore intend to analyse the variables that affect the behaviour of
these airlines but, instead, to consider the consequences of airline deci-
sions on tourist destinations and how these can ultimately impact the
local tourism business models.

2.2. The use of indicators for destination decision-making

Resilient organisations plan how to overcome their vulnerability
with early detection information systems and flexible planning and
management approaches (Calgaro, Lloyd, & Dominey-Howes, 2014;
Cochrane, 2010; Sheffi, 2005). It is worth remembering that indica-
tors are early-warning systems that identify areas of concern, but the de-
cision of whether or not policy is to be adapted accordingly is subject to
a variety of factors (Sanderson, 2006; White, McCrum, Blackstock,
& Scott, 2006). Information systems consist of data, usually presented
in the form of indicators, that are necessary to evaluate the performance
of current policies and to equip policy makers to take informed decisions
(Jurado et al., 2012; Ruiz, Cabello, & Luque, 2011; Sanderson,
2002). Indicators are quantitative instruments that allow researchers to
appraise a reality that cannot be understood in a direct and complete
manner (Chevalier et al., 1992).

The design of indicators runs the risk of developing exhaustive lists
that are technically robust but too complex to manage in reality; the
challenge is to develop a reduced number of cost effective indica-
tors that maximise the information usefulness (Atauri, De Lucio, &
Castell, 2002, pp. 207–228). A large number of indicators may be
required to ensure that the concept at hand is measured adequately,
and to guard against the possibility of having chosen an inappropri-
ate indicator in error (Selden, 1990). A number of lessons have been
learned from the development of sustainable tourism indicators (Blan-
cas, Lozano-Oyola, González, Guerrero, & Caballero, 2011; Ju-
rado et al., 2012; Pulido & Sánchez, 2009; Torres-Delgado &
Palomeque, 2014). First, on the one hand, a model that is practical,
agile and operative should not have an excessive number of indicators,
while on the other hand it is also not logical to encompass all aspects of
vulnerability of a tourist destination in a single indicator. Second, a uni-
versal, optimal number of indicators does not exist because that number
depends on the complexity of the concept to be measured, the extent
to which the data from the indicators can be collated within the finan-
cial and human resources allocated to it, and the perceived gains to be
made from the information provided by the indicators. Third, the more
closely an indicator measures the aspect to be analysed the fewer indi-
cators that will be needed, as the alternative is to measure an issue with
a number of indicators by approximation. Finally, indicators need to be
clearly and unambiguously understood.

There are two types of indicators: simple indicators and composite
(or synthetic) indexes. The distinction depends on the level of elabo-
ration of the information included in each indicator (Nardo, Saisana,
Saltelli, Tarantola, et al., 2005). Simple indicators present statistics
directly obtained in the field, or with a simple statistical analysis, while
composite indexes are the result of combining multiple simple indica-
tors with a weighting system to create a hierarchy of the components
(Pulido & Sánchez, 2009). Based on the previous summary of lessons
learned from indicators, it is necessary to consider the value of devel-
oping composite indexes (Nardo, Saisana, Saltelli, Tarantola, et al.,
2005). Vulnerability analysis, in particular, is a multidimensional con-
struct that requires the use of composite indexes (Pena, 1994). In the
case of the analysis of vulnerability, the quantity of information that
can be collected by the indicator system can become an obstacle to
the use of this information as a decision-making tool, since data needs
to be presented in a concise and holistic way that allows politicians
and technical staff to consider different options and their likely conse-
quences. Questions such as “what will be the result if indicator X in-
creases and/or if indicator Y decreases?”, or “what will be the over-
all outcome if some indicators increase while others decrease?” occur
frequently, and their response requires the synthesis of information to
offer a unique answer (OECD, 2008). This study develops a method-
ology that uses simple and composite indexes to measure both the
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current status of a tourist destination and the evolution of the aspects
that make a tourist destination vulnerable in order to foresee, anticipate
and prevent problems.

3. Methodology

The process of calculating composite indexes has seven phases (de-
rived from the OECD (2008) and Nardo, Saisana, Saltelli, and
Tarantola (2005), as shown in Fig. 1, that will be outlined in turn and
applied to the case study destination to design a tourist destination vul-
nerability index.

3.1. Phase 1: conceptual framework

Key indicators were selected based on a literature review of the air-
line industry (Koo et al., 2016) and sustainable tourism (Jurado et
al., 2012; Torres-Delgado & Palomeque, 2018). This facilitated the
selection of indicators that: (a) have an impact on the tourist destination
as a result of the airline industry; (b) allow data collection in relation
to the vulnerability measures of dependency and concentration; (c) pro-
vide data at a regional level; and (d) are easy to process and communi-
cate. Based on this analysis, ten simple indicators were chosen to build
a composite indicator, as shown in Table 1.

First, for the concept being studied, the dimensions to measure need
to be identified. For any given destination's perspective, it is necessary
to know the weight that air transport has (indicator V1 in Table 1),
and the airline routes, in order to determine the main characteristics of
that destination (indicators V2 to V10 in Table 1) (Bieger & Wittmer,
2006; Camilleri, 2018). These characteristics include both demand
and supply variables.

Demand variables included: (a) the source markets for that destina-
tion (indicators V2 and V3 in Table 1), and (b) the effects of season-
ality; the commercial decisions of airlines determine the routes, and
potential volumes, of international travellers (Castillo-Manzano,
López-Valpuesta, & González-Laxe, 2011; Forsyth, 2003), and they
determined the potential for year-round demand (Liasidou, 2017). The
set of airline routes is directly relevant to the study of vulnerability,
since either a greater dependency on a single market (indicator V4 in
Table 1) or a concentration of demand in specific outbound airports (in-
dicator V5 in Table 1) can increase the vulnerability of a tourist destina-
tion. Hence, it was considered that market concentration, in relation to
either origin or seasonality, increases the risk of dependency and there-
fore vulnerability.

Supply variables included: (a) the commercialisation of the destina-
tion through the airlines, (b) the airline mix of low-cost carriers and
full-service airlines, and (c) access to the destination from the airport.
Firstly, airlines are central to the commercialisation of tourist destina-
tions, hence, for this study, it was considered that market concentra-
tion (indicator V6 in Table 1), and dependency on the commercialisa-
tion strategies of a few airlines (indicator V7 in Table 1), both increase
a tourist destination's vulnerability. Although there is a relationship

between the supply and demand variables, a worsening in some of them
does not necessarily imply a worsening in others. Thus, a destination can
be made more vulnerable by a greater dependence on a certain airline.
Such airline can, however, have a commercial policy in terms of routes
and countries that it serves that benefits the destination. Secondly, it is
important to understand the mix of low-cost carriers and full-service air-
lines (indicator V8 in Table 1) because each type of provider has dif-
ferent implications for the resultant characteristics of a market (Bieger
& Wittmer, 2006; Vera Rebollo & Ivars Baidal, 2009). Adopting a
risk-management approach to the development of a destination portfo-
lio requires a balance between different types of airline providers and
tour operators (Farmaki & Papatheodorou, 2015).

Thirdly, access to the destination from the airport is important; to
measure destination accessibility, it is necessary to look at the availabil-
ity and quality of transport infrastructure at the destination (indicators
V9 and V10 in Table 1). In general, the fewer the number of airports
serving a destination the greater the dependency of that destination on
those airports and, therefore, the higher the vulnerability of that desti-
nation. Airport dependency can affect a tourist destination in multiple
ways. First, it increases the destination's sensitivity towards any threats
to infrastructure (such as economic trends in key markets, geopoliti-
cal hazards, meteorological conditions, strikes, terrorist attacks …) (Do-
bruszkes & Van Hamme, 2011; Mazzocchi, Hansstein, & Ragona,
2010). Second, the authorities reduce their chances of better redistrib-
uting their tourist flows and thus minimising the consequences of high
concentrations of tourists in the territory, and they also reduce their ne-
gotiation margin with airlines that may be of interest to the destination
but whose business model is based on secondary airports (Camilleri,
2018; Graham et al., 2008; Ivanova, 2017; Liasidou, 2013, 2017).

All the indicators are of a decreasing type (Krajnc & Glavič, 2005)
i.e. as their value decreases the destination becomes less vulnerable.
They are expressed in two units of measure; those that measure depen-
dency are expressed as a percentage (0%–100%) and those that mea-
sure concentration are expressed with the Gini index (0–1) (Gastwirth,
1972). The Gini index has already been used to measure air transport
distribution (Reynolds-Feighan, 2001), air transport liberalisation and
airport dependency (Koo et al., 2016). This simplification of the units
of measurement makes it easier for the results to be interpreted by deci-
sion makers.

3.2. Phase 2: data collection

The ability to measure an issue, practically, is an essential char-
acteristic of any good indicator. This includes the availability of data
to calculate it (Torres-Delgado & Palomeque, 2014). For the pre-
sent study, it is sensible to first make use of statistical information al-
ready available, preferably originating from official entities that fol-
low a rigorous methodology, statistical representability and longitudinal

Fig. 1. The phases of the process of calculating composite indexes of vulnerability.Source: Authors, based on OECD (2008).
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Fig. 2. Interpretation of an individual Achievement Function (AF).Source: Authors

Table 1
Indicator system.

AIR TRANSPORT
INDUSTRY Weight

V1| Importance of air transport to
the tourist destination

Characteristics

Level of concentration: Concentration of
one element of the tourism system (market,
seasonality, airline and airport) has an
impact on how sensitive a tourist
destination will be towards changes in that
element.
> level of concentration = >vulnerability

Markets V2| Level of
concentration
of tourist
markets
using air
transport

V3| Key
market
(using air
transport)

Seasonality V4| Seasonal
concentration
of airport
activity
V5| Key
month for
airport
activity

Commercialisation V6|Level of
airline
concentration

Level of dependency: where high
dependence on a single element within a
tourism system (transport, market, season,
airline and airport) gives that element a
degree of power that limits the destination's
ability to adapt.
>Level of dependency = >vulnerability

V7| Key
airline

V8| Type of
airline (low
cost/flag
carrier)

Accessibility V9| Level of
airport
concentration
V10| Key
airport

Source: authors

availability. In this case, a thorough revision of national statistical
sources was conducted, to determine the scope of potentially relevant
indicators for this study while considering the availability of compara-
ble data at the regional level.

The Spanish national official body for airports and air navigation
(Aeropuertos Españoles y Navegación Aérea, AENA) is an excellent
source of publicly available information on air traffic (including flights
and passengers) for all Spanish airports, broken down by month and
year, by market and by company. For this study, AENA data on 90
source markets and 300 airlines, broken down by airport and year, was
used. The data enabled rigorous measurement of indicators V2 to V10.
Indicator V1, which measures the relative importance of air transport
compared to other forms of tourist transport, is the result of an estima-
tion that combines two national tourism surveys (Frontur and Famili-
tur) conducted by the National Statistics Institute (INE). The data set
and standardisation procedures are available in the Data in Brief arti-
cle [NAME TO BE ADDED AFTER REVIEW]. The Data in Brief article

also has a factsheet for each simple indicator that includes all the infor-
mation (definition, method of calculation and interpretation) necessary
to allow researchers and DMO managers to apply the methodology pro-
posed by this study to destinations of their choice. Each indicator was
subject to scrutiny against a technical sheet specification similar to that
shown in Table 2.

While simple indicators are useful to detect specific impacts and
to apply partial solutions, composite indexes provide a global and in-
tegrated understanding of the tourism system (Blancas et al., 2011;
Stiglitz, Sen, & Fitoussi, 2009). The literature shows that there is no
ideal model for the aggregation of composite indexes (Nardo, Saisana,
Saltelli, & Tarantola, 2005; Nardo, Saisana, Saltelli, Tarantola,
et al., 2005; OECD, 2008; Pulido & Sánchez, 2009). Methodologies
are specific to the context and scope, the data availability, the desired
comparisons and/or aggregations, and the acceptable return on invest-
ment for the level of analysis desired (Esty, Levy, Srebotnjak, & De
Sherbinin, 2005).

Based on the literature discussed earlier, in defining a composite in-
dex to measure a destination's vulnerability the following issues were
considered:

• Multidimensional aspect of vulnerability: Data should be collected on
each of the multiple dimensions of vulnerability.

• Volume of data: The quantity of data collected should be limited to be
sufficient yet manageable.

Table 2
Technical sheet specification.

Fact sheet Definition/content

V3 Key market (using air
transport)

Code and name of the indicator
(illustrated by the letter V for
Vulnerability and then the
number, as stated in Table 1)

Purpose To know the weight of the
largest air bound market in
that destination

Brief description of the
objective of the indicator

Methodology Max % of passengers (by
origin)

Methodology to calculate the
indicator

Aspect
measured

(X) Dependency ( )
Concentration

Definition of the aspect
measured

Interpretation The higher the percentage, the
greater the dependency on a
single market, and therefore
the greater the vulnerability

Interpretation of the indicator
for the vulnerability analysis

Type of
indicator

( ) Increasing (X) Decreasing Indicator trend.
Increasing: as the value
increases the destination
becomes more vulnerable.
Decreasing: as the value
decreases the destination
becomes less vulnerable.

Unit % Unit of measurement
Cost 0 euros Cost of calculation
Source Spanish Airports and Air

Navigation (AENA)
Collaborating organisation

Statistics Air traffic statistics (AENA) Statistical source of the data
used

Web site http://www.aena.es/es/
corporativa/estadisticas-
trafico-aereo.html

Website of the data source used

Breakdown Geographical: (X) Sites (X)
Provinces (X) Regions
Temporary: (X) Monthly (X)
Trimester (X) Annual

Data availability in
geographical and temporary
terms

Observations AENA collects passenger data
based on every flight's airport
of origin.

Observations to consider

Source: Authors
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• Correlation of variables: The ability to conduct the calculations needed
to allow for correlation between variables.

• Irreducibility of dimensions: All the variables initially selected for the
composite index should be continuously available over time.

• Baseline data: The ability to provide data on the status of each indi-
cator relative to an initial data point. This can be determined statisti-
cally (average, maximum value, minimum value, etc) or by consider-
ing a situation that is desirable or not desirable, as defined by desti-
nation managers or experts.

• Compensation between indicators: The ability to determine the degree
to which the disadvantages presented in a group of indicators can be
compensated for by a better situation in others.

• Ease and flexibility of calculation: The ability to provide an agile and
practical tool that can be adapted to different realities, offering the
possibility to consider different definitions of the parameters calcu-
lated (weights, limits or thresholds, degree of compensation between
indicators …).

• Comparative analysis: The ability to compare the evolution of a desti-
nation over time and in comparison with other destinations.

• Simulation: The methodology needs to enable the analyst to simulate
different vulnerability scenarios.

• Generate rankings: Composite indexes help to discriminate between
destinations. Therefore the indexes need to generate rankings that can
be analysed against market and destination characteristics.

• Ease of interpretation: The results should be simple and easy to in-
terpret by tourist destination managers, assuming limited technical
knowledge.

Taking into account all of the above requirements, a multi-crite-
ria, double-point method was chosen to analyse the vulnerability of
tourist destinations to air transport decisions. This method has been
applied globally to measure sustainability (Cabello, Navarro, Prieto,
Rodríguez, & Ruiz, 2014; Cabello, Navarro-Jurado, Rodríguez,
Thiel-Ellul, & Ruiz, 2018) and in tourism it has been used to mea-
sure sustainable limits to growth in tourist destinations (Jurado et al.,
2012). It is applied here for the first time to the analysis of tourism vul-
nerability.

3.3. Phase 3: normalisation

Normalisation is the process of developing a common unit to mea-
sure variables that were previously quantified through different units.
This allows for the correct aggregation of indicators considered in the
calculation of the composite index (OECD, 2008). Multi-criteria meth-
ods normalise by using the Reference Point Method, which measures the
position of an indicator relative to a reference value (which can be a tar-
get value, the mean, an extreme value or other, as determined by the
needs of the decision-maker). The procedure uses individual Achieve-
ment Functions (AFs), defined for each indicator, to measure how far
apart the values of each unit of analysis are from those established as the
reference points. The original reference point scheme can be generalised
if a double reference point is used. In this study, two levels were estab-
lished for each indicator: (a) a reservation level, defined as the maxi-
mum admissible value; and (b) an aspiration level, defined as the desir-
able value (Cabello et al., 2018; Ruiz et al., 2011).

A value of AF<0 indicates that, for this indicator, the tourist des-
tination takes a value above the reservation level establishedFigure 2.
The latter is defined, in the present case, as the mean value between
the average and the maximum values of the analysed destinations,
while discarding the outliers, since atypical or extreme values (remote
values of more than 1.5 or 3 lengths, respectively, of the 75th per-
centile box) can alter the reference values. A value of AF<0 denotes
a weakness that makes the destination more vulnerable. The more

negative the value of the function, the greater the weakness of the desti-
nation with respect to the indicator being analysed. In contrast, a value
of AF>0 indicates that, for this indicator, the tourist destination takes
a value between the reservation and aspiration level (AF between 0 and
1)Figure 2, where the established aspiration level is AF=1. In the pre-
sent case, the aspiration value has been defined as the mean value be-
tween the average and the minimum value of the analysed destinations
(discarding the outliers). Therefore, a value of AF>0 identifies strengths
that make the destination less vulnerable. The more positive the value
of the function, the less vulnerable the destination is with respect to the
aspect being analysed.

3.4. Phase 4: weighting

Weighting makes it possible to analyse the relative importance of the
various indicators in order to construct the composite index (Freuden-
berg, 2003; OECD, 2008). In the present case, the Equal Weight
method has been chosen; given the novelty of this approach in study-
ing the vulnerability analysis of tourist destinations, the causal rela-
tionships of the analysed system are unknown, i.e. without previous
experience or consensus about what factors make tourist destinations
more or less vulnerable. Equal weighting means attributing the same
value to each of the indicators, which is as much of a subjective choice
as having given different values to indicators based on expert opin-
ion or other reasons (Mikulić, Kožić, & Krešić, 2015), as has been
done in other sustainable tourism composite indicators (Blancas, Ca-
ballero, González, Lozano-Oyola, & Pérez, 2010; Castellani &
Sala, 2012; Torres-Delgado & Palomeque, 2018; Twining-Ward &
Butler, 2002). However, it is likely that not all variables affect the vul-
nerability of a destination to the same extent. This is one of the main
challenges already identified in the literature, and it has been hinted as
an important line of future research by many of the authors mentioned
above.

3.5. Phase 5: aggregation

To aggregate indicators, AFs are calculated for each indicator, and
then grouped into three stages: (a) the indicators are grouped accord-
ing to their different characteristics (markets, seasonality, commercial-
isation and accessibility) as established in Phase 1: Conceptual Frame-
work; (b) these characteristics are aggregated into a global index; and
(c) the weight variable is added (V1) to the composite index of vulnera-
bility, as shown in Fig. 3.

The strength of composite indexes depends on the degree of com-
pensation between the different constituent indicators (Dıáz-Balteiro &
Romero, 2004; Ruiz et al., 2011). A composite index that allows for
compensation between the different indicators is considered to be weak,
while a composite index that takes into account the worst indicator in
each case is considered to be strong. Both indexes show the extreme situ-
ations, from the least demanding where everything compensates, to the
most demanding where there is no compensation and the worst possi-
ble data prevails. The multicriteria methodology developed in this paper
also allows the analyst to construct composite indexes that can partially
compensate i.e. mixed indexes.

Mixed index= x weak index + (1- ) x strong index
Where Є [0,1] is the coefficient of compensation.
The higher , the greater will be the compensation allowed and the

more similarity there will be between the mixed and the weak index,
which are equal when =1; whereas in the alternative case, =0, the
mixed index equals the strong index.
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Fig. 3. Aggregation procedure.Source: Authors

3.6. Phase 6: robustness and sensitivity

This phase verifies the reliability of the simple and composite in-
dexes obtained. The robustness and sensitivity of the composite index
were tested through the empirical evidence shown in the results sec-
tion, by testing whether the system is able to adequately reflect specific
changes occurring to these destinations. However, it is necessary to first
test whether the simple indicators that make up a composite index are
in themselves robust and sensitive, which is done below.

A review of the conditions that are required for an indicator can
be found in EUROSTAT (2017); OECD (1993); Pannell and Glenn
(2000); Pintér, Hardi, Martinuzzi, and Hall (2018). The conditions
can be categorised as two types: (a) theoretical properties, which speak
about the ability of the indicator to explain vulnerability; these refer to
the mathematical calculation of the indicator and its statistical proper-
ties; and (b) practical properties, which refer to the effort required to ob-
tain the indicator and its subsequent degree of usability. In this case,
the indicators included in the system meet the 11 desirable properties
(see Table 3), except indicator V1, which is not considered robust since
the original sources do not offer global data on the weight of air travel
in relation to the overall transport methods used by tourists to reach
the given tourist destination, hence a weighted estimate per market has
been calculated.

3.7. Phase 7: visualisation of results

This phase focuses on the communication strategy for the indicators.
A fundamental premise of the indicators, and composite indexes, should
be their easy communication and interpretation by any user. A tech-
nique was therefore chosen that facilitates the rapid and accurate visual-
isation of these indicators. The visual design should provide clear signals
that alert and expose extraordinary situations and that identify possible
areas of intervention (Schuschny & Soto, 2009).

4. Results

This section exemplifies the potential benefits of the methodology
described above. Catalonia is one of the main world tourist destina-
tions, with 19 million foreign tourists in 2017 that generated a to-
tal expenditure of 19,224 million euros (INE, 2018). Most of the

Table 3
Desirable properties of simple indicators.

PROPERTIES DEFINITION
%
indicators

THEORETICAL PROPERTIES Robust Reliable and
statistically
validated,
based on
internationally
established
criteria.

90%

Relevant Directly
measures the
desired
objective.

100%

Normative Easy-to-
interpret;
consensus on
the meaning
of change in
the results.

100%

Clear Easily
understood
and
unequivocal
title and
definition.

100%

Reliable The statistical
source of the
indicator is
publicly
available.

100%

Measurable The unit of
measurement
is appropriate
and easily
interpreted.

100%

PRACTICAL PROPERTIES Feasible The property
can be
designed
based on
currently
available data,
to the extent
that this is
possible. The
measurement
should not be
unnecessarily
onerous.

100%

Cost
effective

The cost of
data collection
to elaborate
the indicator
needs to be
reasonable.

100%

Continuous Data can be
collected
regularly, at
least annually.

100%

Comparable Data allows
for
comparisons
between
destinations
by having the
same method
of calculation
and
interpretation.

100%
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Table 3 (Continued)

PROPERTIES DEFINITION
%
indicators

Goal-driven A goal to
quantify the
achievement
of a certain
result can be
established.

100%

Source: Authors

tourists came from Europe, in particular from France, the UK and Ger-
many. Catalonia is a destination rich in natural and cultural resources,
with a mature and relatively diversified sector including a total of
370,000 legally registered tourist beds (INE, 2018). Its appeal is largely
based on its Mediterranean coastline and the city of Barcelona, with
high summer seasonality. The tourist sector has grown steadily over the
years until the point at which it now represents one of the main strate-
gic sectors of the Catalan economy at around 12% of the region's total
GDP. It also generates half a million jobs, which represents 13.2% of the
active population.

Catalonia was selected as a case study to exemplify this method-
ology for a number of reasons. First, it is the most important inter-
national tourist destination in Spain. This fact is based on the 2017
Tourist Movement on Borders Survey (INE, 2018) that lists Catalo-
nia as top among the three coastal Mediterranean regions (Catalonia,
Andalusia and Valencia) and two island regions (the Balearics and
the Canaries) that together accounted for over 80% of the interna-
tional tourist arrivals in Spain in that year (see Table 4). Second, Cat-
alonia was considered because of its importance with regards to air

Table 4
Ranking of the largest Spanish tourist destinations for international tourism, 2017

Ranking
International
tourists

Share (% total international
tourists)

1 Catalonia 19,046,720 23.3%
2 Canary Islands 14,213,686 17.4%
3 Balearic

Islands
13,790,968 16.9%

4 Andalusia 11,530,070 14.1%
5 Valencia 8,918,327 10.9%

Source: INE, 2018.

traffic. Amongst the four airports in Catalonia, Barcelona stands out as
one of the key airports in Europe (EUROSTAT, 2018) and the main
gateway to Catalonia, with 25.1 million passengers in 2017 (AENA,
2018). Since 2010, Catalonia has continuously increased its air traffic,
with year on year growth of over 7.5% in 2016 and 2017. Third, it was
considered interesting to analyse a region that has devolved policy com-
petences for tourism (a feature typical in Spain, where most tourism pol-
icy is decentralised to regional level, see Turrion-Prats & Duro, 2017):
hence, the stakeholders in Catalonia have the power to negotiate di-
rectly with the airline industry.

Analysis of Catalonia's air transport allowed the researchers to: (a)
empirically contrast the methodology, (b) show the richness and breadth
of analysis it allows, (c) offer an easy and intuitive visualisation of the
results, and (d) provide data for decision making. The methodology
outlined in Fig. 1, and discussed in the sections above, explains the
process that would be used by a civil servant to create composite indexes
and use them to determine the vulnerability index of a tourist destina-
tion. However, this results section describes the inverse of that process,
namely, it shows the data as it would be presented to a policy deci-
sion-maker and identifies how they would move from that headline data
to composite indexes and then work backwards to specific AFs and sim-
ple indicators, which would ultimately enable them to trace the origins
of the composite index result.

In the first place, the global vulnerability of the destination is
analysed through the mixed composite index. As already pointed out,
this methodology allows an analyst to establish different degrees of ex-
igency in the study of vulnerability through the compensation coeffi-
cient in the calculation of the mixed index. The most demanding situ-
ation would be obtained with a strong composite index, where there is
no compensation ( = 0) and the worst possible data prevails. The least
demanding situation would be where everything compensates ( = 1),
which would coincide with a weak composite index.

Taking the intermediate case ( = 0.5) as an example, it can be
seen that since 2009 Catalonia has become more vulnerable to air trans-
port, intensifying in the 2015-17 period, during which the composite in-
dex is already negative (see Fig. 4). To better understand the causes,
the composite index is analysed from the two extreme perspectives al-
lowed by this methodology, those of weak and strong vulnerability.
For a better interpretation of the results, the vulnerability matrix is de-
fined, where the X axis shows the values of the weak index and the Y
axis shows those of the strong index, as shown in Fig. 5. Three sce-
narios are possible. First, a safe scenario occurs when both the weak
and strong indexes are positive, as this implies that the destination un-
der analysis does not present any indicator with a value higher than its

Fig. 4. Evolution of the mixed composite index of vulnerability (compensation coefficient =0.5); Catalonia 2007–2017Source: Authors
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Fig. 5. Combination of weak and strong composite indexes - possible scenarios.Source:
Authors

reserve level. Second, a dangerous scenario occurs when both indexes
are negative; in this case the destination does not compensate for its
negative indicators and it has at least one individual indicator with a
value higher than its reserve level. Third, an intermediate scenario oc-
curs when both indexes are of an opposite sign. A destination can have
a strong negative index, compensated by other positive indexes, which
results, overall, in a weak index but with a positive result. However, by
the very definition of the strong index, a fourth quadrant cannot occur,
since a weak negative index means that there is at least one negative
simple indicator, and as a result the strong indicator would also reflect
that negative simple value.

Catalonia is in the bottom right hand side of Fig. 5, i.e. in the inter-
mediate zone. The paper now delves deeper to study how the position
within this quadrant has changed over time. In the intermediate situa-
tion, a destination is in a safe situation when both the weak and strong
composite indexes have higher values, which would mean being located
at the top right-hand side of Fig. 6. This shows that Catalonia is located
in the intermediate quadrant during the entire period 2007–2017. The
performance improved from 2007 to 2009, after which an increasingly
strong negative index considerably reduced the compensation of the rest
of the indicators resulting in a decreasing weak index.

The data from Catalonia can now be contextualised in relation to
the main coastal tourist destinations in Spain (see Table 4). Catalonia
shows a significant change between data in 2017 (see Fig. 7) and data
in the year in which Catalonia was the least vulnerable in air transport
terms i.e. 2009 (see Fig. 8).

Fig. 6. Evolution of the weak and strong composite indexes; Catalonia, 2007–2017.Source:
Authors

Fig. 7. Catalonia's position compared to the main coastal tourism regions in Spain,
2017.Source: Authors

Fig. 8. Catalonia's position compared to the main coastal tourism regions in Spain,
2009.Source: Authors

A comparison between 2009 and 2017 data shows that Catalonia is
the region that has most changed its position in the vulnerability ma-
trix. The best situation within the intermediate zone is on the upper
right, as this would indicate a better compensation between indicators
(weak index) and a low negative indicator (strong index). In 2009, An-
dalusia, Valencia and Catalonia are in the “best area” of the quadrant,
while in 2017 only Catalonia moves away considerably from this posi-
tion, mainly due to the worsening of its strong indicator, as shown in
Figs. 7 and 8. This change is significant enough to indicate a significant
loss of vulnerability of Catalonia against Andalusia and Valencia. Catalo-
nia has moved from a more favourable position together with Andalusia
and Valencia in 2009, to a less favourable one closer to the Canary Is-
lands and the Balearic Islands in 2017 (island destinations are always
more vulnerable due to their high dependency on air transport).

To understand the reasons for this change, it is necessary to delve
deeper and analyse the values of AFs. As noted earlier, negative val-
ues are identified with weaknesses that make the destination more
vulnerable, while positive values are identified with strengths. More-
over, the more positive the value, the greater the strength with re-
spect to whichever indicator is being measured. Although Catalonia pre-
sents a small number of weaknesses throughout the period analysed
(AF<0) (see Table 5), there is one particular weakness that stands
out due to its consistently strong indicator, namely the concentration
of access to Catalonia via the airport of Barcelona (indicator V10). The
analysis shows that this weakness has intensified since the opening of
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Table 5
Strong and weak indexes - individual Achievement Functions (AFs); Catalonia 2007–2017.

Terminal T1 (in June 2009), as reflected in the increasingly negative val-
ues from −0.181 in 2009 to −0.801 in 2017.

In 2013, a new risk factor appeared for Catalonia, since the AF for in-
dicator V7 (key airline) is negative (see Table 5). This is the result of the
growth of Vueling airline at Barcelona airport, that disproportionately
increased its share of the total number of passengers at the airport in vol-
ume and, as a result, its market share of the airline passengers reaching
Catalonia. In 2016, Barcelona Tourist Board publicly expressed concern
about the reputational risk to the city that could result from major de-
lays and cancellations in Vueling flights during the summer of 2016 (El
Pais, 2016). A greater range of airlines serving a destination or airport
does always has a beneficial impact as to the range of routes and coun-
tries served, instead such benefits depend on the commercial policies of
the airlines that serve the destination. The value of the system created
in this research is its ability to provide an overview of the destination's
vulnerability. In the case of Catalonia, the system warns of a worsening
of vulnerability due to a greater dependence on Vueling. While the com-
mercial policy of this company has not affected the destination in terms
of the variety of source markets, managers must be attentive to future
commercial decisions of Vueling since any change will affect the desti-
nation.

Catalonia is, however, performing well on other indicators. Its low
dependence on any specific market stands out (V3 – key market using
air transport), with an AF that ranges from +0.40 in 2007 to +1.07 in
2017 (see Table 5). Catalonia has managed to diversify its market port-
folio to attract tourists from a range of countries (V2 - level of concentra-
tion of tourist markets using air transport), with an AF that ranges from
+1.04 in 2007 to +1.16 in 2017 (see Table 5), such that Catalonia's
Gini index is gradually moving towards 0, a value that would represent
a totally uniform distribution.

The Catalan case clearly shows how a system of simple indicators
and a composite index can be used as a dashboard to help manage the
vulnerability of a tourist destination, in this case specifically in relation
to air transport. The composite mixed indicator acts as a warning sign
(see Fig. 4), through which the weak and strong composite indicators
show the extreme scenarios that the tourist destination can find itself
in, based on the exigence level adopted (see Figs. 6–8). The individual
Achievement Functions (AFs) offer a quick diagnosis of the weak and
strong points of the destination (see Table 5), while a more exhaus-
tive analysis to identify the causes behind the destination's vulnerability

is then possible through studying the simple indicators. In the analysis of
airport activity in Catalonia, an excellent level of market diversification
and low seasonality is found. And yet, every year, Catalonia is more vul-
nerable, due to the risks arising from its dependence on a single airport
(Barcelona) that, in turn, has become increasingly dependent on a single
airline (Vueling). Having access to such an alert system to forecast and
manage vulnerability risks is essential for DMOs to make good strategic
planning and management decisions.

5. Conclusions and management implications

This is a powerful methodology because it is able to provide valu-
able management data with a set of indicators based on official sources
of publicly available data; as such, it ensures a rigorous methodologi-
cal procedure and statistical representativeness. Maximising the use of
public resources is cost effective, as no customised data needs to be col-
lated, and provides a guarantee of data continuity. It would be easy to
reproduce the vulnerability analysis developed in this paper in any other
tourist destination. This paper also provides additional methodological
support and the full Spanish data set in Data in Brief article [reference
to be added after publication] to further familiarise civil servants and
researchers with the methodology.

The composite indicator developed in this study can collect data
from multiple vulnerability dimensions, and the modelling flexibility of
the system makes it especially suited for decision making as destination
managers can use different weightings, reference situations, degrees of
compensation between indicators etc. The methodology lends itself to a
wide variety of analyses in time and between destinations, such as: (a)
to make diagnoses from each of the simple indicators and their compar-
isons; (b) to identify vulnerability strengths and weaknesses through the
individual Achievement Functions (AFs) of destinations; (c) to analyse,
for each destination, the weak (total compensation between indicators),
strong (not offset) and mixed vulnerability (50% compensation); (d) to
position destinations in the vulnerability matrix against their competi-
tors; and (e) to rank destinations.

The study also makes a theoretical contribution in relation to the
application of composite indexes (Blancas et al., 2010; Cabello et
al., 2014, 2018; Jurado et al., 2012; Ruiz et al., 2011), by ap-
plying them to the measurement of vulnerability. To date, relatively
little is known about how tourist destination authorities plan their
engagement with businesses whose objectives are not always aligned
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with their own. The present study outlines the characteristics that can
help determine a destination's risk factors, namely: (a) high dependence,
i.e. the power of one element over the rest, that determines its adapt-
ability; and (b) high concentration, due to reliance on a few supply ele-
ments. Both these characteristics can undermine the sustainability and
competitiveness of a destination, for example, if the elements that the
destination depends on the most (market, season, airline or airport) are
threatened. The study does not discuss the relative merits of destina-
tion specialisation or diversification. Nor does it discuss the usefulness
of specific market positioning or the profit-earning capacity that such
positioning may bring about for the destination. It is argued here that
the different value propositions made by destination authorities need to
take into account: (a) the potential risks that are implicit within those
propositions; (b) how destination authorities may be able to manage the
risks associated with sudden changes to suppliers or markets; and (c)
how destination authorities can take informed decisions to address po-
tential dependencies (Koo et al., 2016).

This study has a number of management implications with close par-
allels to the findings of Koo et al. (2016) in relation to the ability of
destination authorities to use this methodology, in the present case for
the purpose of air transport planning (Camilleri, 2018; Graham et al.,
2008; Ivanova, 2017; Liasidou, 2013, 2017). It has aimed to develop
a realistic and useful methodology, avoiding, on the one hand, exces-
sively theoretical or utopian approaches that are difficult to implement
and, on the other hand, excessively simple systems that do not reflect a
reality as complex as tourism. Its flexible system provides an agile and
practical tool that is adaptable to different realities and that can be used
to simulate different decision-making scenarios.

For this study, it was imperative to offer easy-to-interpret results for
the managers of the tourist destinations, who do not have to be experts
in the subject in order to understand the findings (Schuschny & Soto,
2009). This has been achieved in a variety of ways. First, the use of
only two bounded measurement units for the simple indicators (depen-
dency: 0–100% and concentration: 0–1 Gini index) that can both be in-
terpreted in the same way i.e. the lower the indicator, the better. Sec-
ond, the system allows all the information to be synthesised into one
index that offers a global vision of vulnerability, easily identifying its
strengths (AF>1) and weaknesses (AF<0). Third, the system offers var-
ious visualisation techniques that can be selected, according to the tar-
get audiences, to show the results in a range of clear and precise ways
(OECD, 2008). To do this, a colour scale (range of greys) and various
graphics (such as the positioning matrix) are used to demonstrate, visu-
ally, the vulnerability situation of different competitor destinations.

This index system and the calculation of composite indexes enables
politicians and civil servants to be more aware of the vulnerability of a
tourist destination to strategic choices. Having an understanding of risk
factors like these is invaluable for a destination because it allows stake-
holders to know their current situation, to prepare contingency plans to
address potential risks and, in addition, because it provides valuable in-
formation to support negotiations of contracts with airports and airlines
with a view to maximising the competitiveness of the tourist destination.
The system created alerts on situations of dependency or concentration
not desired by the destination, which can create discomfort and dissat-
isfaction of the tourists who visit it. Thus, a higher concentration at a
given time (indicator V4) and airport (indicator V9) would result in a
worsening of the synthetic vulnerability indicator. This would alert man-
agers about poor management in the accessibility area and consequently
a “possible” reduction in tourist satisfaction, which could be tested in
future studies.

The flexibility provided by the methodology lends itself to sug-
gest recommendations for further research: (a) the ranking of desti-
nations applying different degrees of compensation between indica-
tors; (b) testing the methodology by modifying the reference levels

(reservation and aspiration) according to the preferences of the de-
cision-making centre (Ruiz et al., 2011) within a defined planning
process; and (c) carrying out simulations by changing the different pa-
rameters. Also, it would be possible to improve knowledge of the causal
relationships of the system with a view to establishing optimum weight-
ings between single indicators, since there is no previous experience or
consensus on what factors make a destination more or less vulnerable.
The relevance of each indicator could be conducted with factor analysis,
or expert focus groups, for example.

It would be possible to apply the same approach and methodology
as this study to other aspects of tourist supply, such as how commercial
decisions can affect the configuration and evolution of a destination and
make it more or less vulnerable. For example, the aspect of hotel accom-
modation, as tourists who choose a particular type of accommodation of-
fer a profile and differential expenditure habits that can affect a destina-
tion (Masiero, Nicolau, & Law, 2015; Nicolau & Más, 2005). Over
time, as different components of the tourist offer are further analysed,
it will be possible to develop a more complete model of the vulnerabil-
ity of tourist destinations. The more complete the model becomes, the
more likely that it will be possible to ask increasingly specific questions,
such as whether or not a greater level of specialisation increases prof-
itability at the expense of greater vulnerability. Finally, there are several
limitations of this study that could be addressed with further research.
Conceptually, it is clear that evidence-based policy is not a linear and
immediate process i.e. that many intervening factors condition the abil-
ity of policy makers and civil servants to take strategic decisions and
that indicators, at best, inform, rather than determine, policy (Lehto-
nen, Sébastien, & Bauler, 2016; Morse, 2018; Sanderson, 2002,
2006). Applied research is needed to understand better under which
conditions this system can be used and which policy decisions it can in-
form. Methodologically, a strength of multi-criteria composite indexes is
that they strive to be fit-for-purpose rather than optimal (Ruiz et al.,
2011), yet this subjectivity can be seen as a weakness. Further research
is needed to engage tourism destination authorities, to identify the val-
ues that they consider to be acceptable levels of aspiration and reser-
vation, to understand what stakeholder consensus processes are used to
reach these agreements, and to explore how this, ultimately, affects pol-
icy-making.
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