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The sun and sea tourism is key for economy of the southern European

countries. This economic sector is expected to be severely a�ected by climate

change due to the projected loss of beaches, loss of thermal comfort,

water restrictions or extreme events, among other impacts. Thus, adaptation

strategies need to be developed urgently. To do so, it is necessary to first

conduct an assessment of the risk of loss of tourism attractiveness to guide

the development of such strategies. Furthermore, uncertainties in the di�erent

factors are considered into the risk analysis. In this study we analyze the

risk of loss of tourism attractiveness due to climate change in the Spanish

Mediterranean destinations, in the Western Mediterranean, as a case study. To

do so, the Vulnerability Sourcebook methodology is adopted and modified to

incorporate the uncertainties in the di�erent elements of the impact chains.

The increase in heat stress and the loss of beach availability have been

identified as the climate change induced hazards that will a�ect the most

the region attractiveness. Also, the impact chains have been constructed and

several climatic and socioeconomic indicators have been considered after a

knowledge co-production process with selected stakeholders. The weights

assigned to each indicator have been obtained from an analytic hierarchy

process based on the results of a consultation with sector experts. The

results of the impact chain operationalization have shown that exposure and

vulnerability in all the touristic destinations in the region are very similar and

that the hazard will largely increase in the next decades, specially under the

future scenario SSP585 or the RCP8.5. However, the final risk does not seem

to su�er a large increase because of the relatively small weight assigned to

the hazard. In other words, the exposure (e.g., typology of the tourists and

touristic activities) or the vulnerability (e.g., capacity to put in place adaptation

strategies) would be more important than the projected change in the hazard

(e.g., heat stress increase or beach reduction). The benefits and limitations of

the methodology are discussed and some suggestions for the validation of the

assessment are proposed.
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Introduction

In recent decades, the tourism sector has become one
of the most important global economic activities mainly
due to technology, information and reduction of boundaries
(Peric, 2005). Tourism is a major global economic sector
that has undergone tremendous growth over the last 50 years
(UNWTO, 2018) and the global economic contribution of
the tourism sector has continuously increased since then.
The World Travel and Tourism Council (WTTC) estimates
the sectorial contribution to global economy in 2015 was
US$7.2 trillion (9.8% of the global GDP) and 284 million
jobs (9.1% of jobs worldwide) (Wttc, 2016). In this context,
the western Mediterranean is one of the favorite tourism
destinations (Rovira Soto and Anton Clav, 2017) and the
tourism activity has a great impact in the economy of the region
(Coccossis and Koutsopoulou, 2020).

Climate change is one of the key future challenges for
both developed and developing countries, and therefore for
their economic activities, including tourism. With a growing
population and a consequent rise of the demand for food,
water and energy, and a gradually diminishing natural resource
base, climate change will act as a “threat multiplier” (Board,
2007), aggravating resource scarcity and putting further stress on
socio-ecological and economical systems. Severe floods, storms,
droughts and heat waves as well as groundwater scarcity may
change the socio-economic system of a region or country as we
know it currently (Fritzsche et al., 2014).

The interaction between the tourism activity and climate
change could be assessed from different points of view. From
the one side, the global tourism system is currently almost
entirely dependent on fossil fuel energy and directly contributes
to an important share of greenhouse gas (GHG) emissions that
interfere with the climate system (Scott et al., 2012; Gössling
and Peeters, 2015). Between 2009 and 2013, tourism’s global
carbon footprint has increased from 3.9 to 4.5 GtCO2e, four
times more than previously estimated, accounting for about 8%
of global GHG emissions (Lenzen et al., 2018). Furthermore, the
reliance on CO2 emissions offsetting would expose the sector to
extensive and continued carbon liability costs along the century,
and could be perceived as climate inaction which is contrary
to sustainable tourism development (Scott et al., 2016). From
the other side, there is a growing sectorial awareness of the
vulnerability of tourism to climate change (Gössling and Scott,
2018). However, in spite of that vulnerability and the economic
importance of the sector, the investigation of climate-induced
impacts on tourism has not received sufficient attention and
substantial knowledge gaps still remain (Enríquez and Bujosa
Bestard, 2020). In particular, the differential climate change
impacts faced by the tourism sector at a regional and destination
country scale remains uncertain (Scott et al., 2019).

To reduce those knowledge gaps is not an easy task.
For instance, differences in institutional settings, including

divergent objectives, needs and priorities, represent a major
barrier for the transfer of knowledge from academia to practice
(Weichselgartner and Kasperson, 2009). Moreover, researchers
look for models that are generalizable, whereas decision-makers
require tailored answers, highlighting a disconnection between
knowledge production in academia and the need for practical
solutions by industry. Such discrepancies affect feedback loops
among domains, leading to knowledge gaps, inaccessibility and
lack of exchange (Loehr and Becken, 2021).

Regarding tourism in the Mediterranean, a large part of it
is based on the “sun and sea” model with a clear seasonality
peaking in summer. This type of tourism is potentially
vulnerable to the global rise of temperatures that have led
to an increase of heat waves in the last years (Lindsey and
Dahlman, 2020; Miller et al., 2021). In fact, some authors
have concluded that the Mediterranean region will become
“too hot” for tourist comfort in the peak summer season by
as early as the 2030s (Rutty and Scott, 2010). In addition, a
permanent coastal flooding is expected due to the mean sea
level rise in the Mediterranean (Agulles et al., 2021; Ciampa
et al., 2021) which would reduce the beach resource. Water
availability is also expected to be reduced in the coming decades
which potentially could strongly affect the tourism activities
which are responsible of a large part of water consumption in
Mediterranean destinations (Garcia et al., 2022). Finally, the
Mediterranean coastal zone is severely impacted by extreme
climatic events (e.g., storm surges) coupled with human-induced
pressures (e.g., uncontrolled building on coasts), resulting in
a growing vulnerability (Satta et al., 2017). All these threats
are particularly damaging in the archipelagos due to their high
dependence on source markets and tourism economy (Mackay
and Spencer, 2017; Vara et al., 2020; León et al., 2021).

In spite of the hints that climate change could have an impact
on the tourism activity in the Mediterranean, it is important
to produce actionable information for the stakeholders and to
assess those impacts in a systematic way. The goal of this paper
is to produce a holistic view to the risk of loss of touristic
attractiveness due to climate change in Mediterranean coastal
destinations. In order to produce a risk assessment useful for the
design of adaptation policies and to reduce the above mentioned
gap between academia and industry, we propose to follow the
Vulnerability Sourcebook (Fritzsche et al., 2014; Zebisch et al.,
2017) and the TANDEM framework for the co-production
of knowledge (Daniels et al., 2019, 2020). Moreover, in the
framework of the UNCHAIN project (https://www.unchain.no),
funded by the EU JPI-AXIS program, the methodology has been
extended to explicitly quantify the uncertainties associated to the
risk computations.

This work is organized as follows. The conceptual
framework for risk analysis and the sources of data are
presented in section Material and methods. The results
in section Results are organized following the module
structure of the Vulnerability Sourcebook. The discussion is
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FIGURE 1

Illustration of the core concepts of the IPCC WGII AR5. The risk of climate-related impacts results from the interaction of climate-related
hazards (including hazardous events and trends) with the vulnerability and exposure of human and natural systems.

developed in section Discussion followed by the conclusions in
section Conclusions.

Materials and methods

Conceptual framework for risk analysis

Following the IPCC AR5 (Mach et al., 2016), in the context
of climate-related impacts, risk is defined as a combination
of three interacting components: (1) climate-related hazards
(including hazardous events and trends), (2) exposure in places
and settings that could be adversely affected and (3) vulnerability
of human and natural and socio-economical systems (see
Figure 1). So, the risk concept is defined by “the potential for
consequences (impacts) where something of value is at stake
and where the outcome is uncertain” (Zebisch et al., 2017).
Then, it is not enough to identify climate hazards (i.e., floods,
heat waves, water scarcity etc.,) but also the grade of affection
to the socio-economic system of the region under evaluation.
That is, to quantify the possible consequences depending on
the exposure and vulnerability components. (Mastrandrea et al.,
2010; Fritzsche et al., 2014; Toimil et al., 2017; Leis and
Kienberger, 2020).

In this study, the risk assessment follows the approach
proposed in the Vulnerability Sourcebook (Fritzsche et al.,
2014), which is based on the concept of Impact Chain (IC).
The impact chain is an analytical tool that helps to better
understand, systemize and prioritize the factors that drive risk
in the system of concern (Zebisch et al., 2017), so it lays
the foundation for the entire risk assessment. Nine modules

(from m1 to m9) sequentially built are required to complete
the assessment (Figure 2). Here we present the results for the
first seven modules. In those parts of the assessment where an
interaction with stakeholders is required (modules 1 to 3), the
TANDEM framework for co-production of knowledge (Daniels
et al., 2019, 2020) has been applied. The Tandem framework
provides a holistic approach for the co-design of climate services.
The framework proposes iterative steps that the three parties
(science, industry and police makers) can collectively follow
to inform, guide and structure the transdisciplinary interaction
for climate-resilient planning based on science knowledge
(Daniels et al., 2019).

In the framework of the UNCHAIN project, a new extension
of the IC approach has been implemented in order to take
into account the uncertainties linked to each element of the
risk assessment (Melo-Aguilar et al., 2022). This will be briefly
described here, and the reader is referred to Melo-Aguilar et al.
(2022) for further details. In the IC framework, the risk is
formulated as the weighted combination of hazard, exposure,
and vulnerability indicators. A typical choice is to assume an
arithmetic combination, although it could be any other:

R = WH∗H +WE∗E+WV∗V; (WH +WE +WV = 1) (1)

where WH , WE and WV represent the relative weight in
the final risk of the hazard (H), exposure (E) and vulnerability
(V), respectively. At the same time, those three components are
defined from a set of indicators:
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FIGURE 2

Structure of an impact chain following the vulnerability sourcebook modules.

H =
∑

wi∗hi; E =
∑

wj∗ej; V =
∑

wk∗vk;

(

∑

wi = 1;
∑

wj = 1;
∑

wk = 1

)

(2)

where hi, ej and vk are the normalized indicators
that determine the total hazard, exposure and vulnerability,
respectively, and the w’s represent the corresponding weights.
So, the final risk can be formulated as a combination of
scalar quantities:

R = WH∗
∑

wi∗hi +WE∗
∑

wj∗ej +WV∗
∑

wk∗vk (3)

The proposal of Melo-Aguilar et al. (2022) is to substitute
all the scalar quantities by probability density functions (pdf ’s)
that will describe not only the median value of the quantity but
also the associated uncertainty. In consequence, the final risk will
not be described by a scalar quantity but by a pdf assigning a
probability to each value.

In practice, to implement this approach some choices
have to be made to define the pdf ’s. For all those indicators
from which enough information could be retrieved, we
use a Gaussian function with an amplitude defined by the
estimated uncertainties:

P (X) = e
−

(X−X0)
2

2σ2 (4)

Where P represents the probability of having an indicator
or weight value, X0 is the central most likely value as provided
by the databases or the expert opinions and σ is the range of
uncertainty. The uncertainty associated to the indicators could
be inferred from the characteristics of the databases (e.g., spread
of climate model results or temporal variability of indicator
time series).

For those indicators from which a central value could not
be identified or even from which there is no information, a
homogeneous pdf is used:

P (X) =
1

xmax − xmin
; ∀ xmin ≤ x ≤ xmax (5)

where xmax and xmin determine the maximum and
minimum possible values.

Regarding the weights assigned to the indicators, they can
be derived from existing literature, stakeholder information
or expert opinion. In our case, we derive them from expert
opinion following the Analytical Hierarchical Protocol (AHP;
Saaty, 1990), which is widely used in risk assessment studies
(Lamata and Pelaez, 2002; Hsu et al., 2017; Tascon-Gonzalez
et al., 2020). This method is based on the comparison by pairs
between different choices, which is easier than to consider
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FIGURE 3

Study site with the provinces included in the study (blue area)
and the main cities (black dots).

multiple variables. In particular we have developed an on-line
poll to be answered by a wide variety of people with questions
aiming at comparing the different indicators by pairs. In the
end, from each answered poll we obtain a value for each weight,
and the spread of values among all the answered polls define the
range of uncertainty of that weight.

Once all the indicator and weights are compiled with their
associated uncertainty, the risk is computed using the UNTIC
tool (https://untic.pythonanywhere.com/) which is a friendly
open-source web tool that do the required computations to
propagate the uncertainties.

Study site and data sources

The study area includes the 11 Spanish provinces located
in the western Mediterranean (Figure 3) which include some
of the most important sun and sea tourism destination in the
world (Lanquar, 2015). The source of information for most
exposure and vulnerability indicators has been the Instituto
Nacional de Estadística (INE; https://www.ine.es/), which is
the responsible institute for statistics development in Spain.
Detailed information is presented in Table 1. Regarding the
climate hazards, two of them have been considered based on
the stakeholder’s feedback, the increase of heat stress and the
loss of sand beach availability (see Section Developing impact
chains). Regarding the former, the chosen indicator is the Heat
Index (Schwingshackl et al., 2021), which combines relative
humidity with the air temperature and is more representative of
the perception of heat stress than only using the air temperature.
Daily fields of Heat Index during summer months are obtained

from an ensemble of 4 global climate simulations (CNRM-CM6-
1, CNRM-ESM2, MIROC-ESLL and UKESM1-0-LL) which are
part of the 6th phase of the Coupled Model Intercomparison
Project (CMIP6, https://cds.climate.copernicus.eu/cdsapp#!/
dataset/sis-extreme-indices-cmip6?tab=overview). Regarding
beach availability, the hazard indicator considered is the
percentage of beach surface loss with respect to the total beach
surface. The data for this indicator has been retrieved from
Agulles et al. (2021). Note that Agulles et al. (2021) focus on
the Balearic Islands and not all the provinces considered here.
However, all the provinces have a similar typology of sand
beaches and sea level rise projections are very similar for all
the region (Cramer et al., 2020). Thus, it is safe to assume that
the beach loss in all the provinces will evolve similarly to the
Balearic Islands.

All indicators have been aggregated to the province level.
The hazard indicators have been computed for the present
conditions (2000–2020) and for the end of the century (2080–
2100) under the SSP245/RCP4.5 and the SSP585/RCP8.5
greenhouse gas emission scenarios (GHG, https://www.ipcc.
ch/report/emissions-scenarios/). Note that the heat index is
computed using the more recent SSP scenarios while the beach
availability is derived from RCP scenarios as there has not
been an update of the Agulles et al. (2021) work with the new
scenarios. Nevertheless, the chosen scenarios are very similar
in terms of global warming. The exposure and vulnerability
indicators have been kept constant to the present conditions in
order to highlight how the change in the climate would modify
the risk.

Results

Preparing the risk assessment

Following the TANDEM approach (Daniels et al., 2019,
2020), peer to peer interviews have been designed for the co-
production of knowledge with experts of the tourism sector
coming from academia, industry and regional government.
Aiming at having a productive exchange to obtain the most
reliable information from them, the interviews were designed
to fit the background of the interlocutor and had an average
duration of 1 h. Also, all the interviews had the same initial
structure, but they were flexible enough to be adapted depending
on the feedback from the stakeholder.

The structure of the interviews was designed as follows.
First, we briefly introduced the research team to the expert
in order to break the ice and to define the position of the
interviewer and the interviewee. I.e., to let him/her know that
his/her expertise was required to fill some knowledge gaps in
a relevant issue that also affects he/she. Some initial questions
about the tourism sector status were included in order to have a
first unbiased opinion of how climate change was placed among
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TABLE 1 Overview of the indicators selected for the impact chains.

ID Indicator Definition Data source

Hazard

A1 (CS1) Heat Index (◦C) Apparent temperature. What the temperature feels like to the human

body when relative humidity is combined with the air temperature.

https://cds.climate.copernicus.eu/

cdsapp#!/dataset/sis-extreme-indices-

cmip6?tab=overview

A1 (CS2) Loss of beach area (%) Loss of beach area at the end of the century (2080–2100) with respect

to the current available area (2000–2020), due to mean sea level rise.

Agulles et al. (2021)

Exposure

B1 Age of tourists (%) Tourist >65 years old during the year 2019 https://www.ine.es/jaxiT3/Tabla.htm?t=

12441&L=0

B2 Purchasing power

(euros/day/person)

Daily average spends per person (euros/day/person) during year 2019 INE (https://www.ine.es/dyngs/INEbase/es/

operacion.htm?c=Estadistica_C&cid=

1254736177002&menu=ultiDatos&idp=

1254735576863

B3 Tourist profile (%) % of tourist arrival that are family No data

B4 Comfort level Number of hotels ≥3 stars available www.booking.com

B5 Tourist origin No data

B6 Quality of beaches

services

Number of beaches with blue flag with respect to the total number of

beaches of the region

https://www.banderaazul.org

Vulnerabiltiy

C1 Health system Life expectancy (reliable indicator of health system quality) https://www.ine.es/ss/Satellite?L=es_ES&

c=INESeccion_C&cid=1259926380048&p=

1254735110672&pagename=

ProductosYServicios/PYSLayout

C2 Quality of information

for tourists

Grade of frustration when tourist arrives to the destination. https://www.ine.es/dyngs/INEbase/es/

operacion.htm?c=Estadistica_C&cid=

1254736176996&menu=ultiDatos&idp=

1254735576863

C3 Long term planning GDP per capita (reliable indicator of the capacity to adapt for future

socio-economic threats)

https://www.ine.es/jaxiT3/Tabla.htm?t=

9947

C4 Offer of alternative

activities

From 0 to 1. 0= no alternatives apart from sun and sea, 1=many

alternatives apart from sun and sea

Expert assessment

C5 Dependence of source

markets

From 0 to 1. 0= low dependence of source markets, 1= high

dependence of source markets.

No data

C6 Overcrowding Number of tourist/number of residents for the year 2019 https://www.ine.es/dyngs/INEbase/es/

operacion.htm?c=Estadistica_C&cid=

1254736176996&menu=ultiDatos&idp=

1254735576863

C7 Deseasonalization No data

C8 AC measures Parks, shallow zones, air conditioning. Expert assessment

the expert concerns. After this, the threats for the society linked
to climate change were presented from a technical point of
view, but at the same time understandable and complemented
with observational evidence from the last years in the region of
interest. Then, the UNCHAIN project goals and the concept of
risk were introduced.

Following the introduction, several direct questions were
asked to figure out what aspects of climate change may have

the largest impact on the sector (e.g., “would water scarcity be a
problem? do you foresee any problems linked to the increase of
temperature”?). Depending on the hazards that were identified
by the expert, several questions were prepared to identify what
aspects could play a role in the tourist perception of destination
attractiveness (e.g., “do you think all the tourists will be similarly
affected by temperatures higher than normal? “Do all types of
tourists value the beach quality?”). Also, other questions were
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prepared to identify the vulnerability aspects and what factors
may help for adaptation or mitigation (see the document “List of
questions for stakeholders” in the Supplementary Information).

In a final part, some questions were included to get
information about what indicators would be the most useful to
operationalize the impact chains once defined. To conclude the
interview, a final discussion was prepared to rethink about what
was discussed and to identify strengths and weaknesses of the
sector in front of future adaptation strategies.

Developing impact chains

The peer-to-peer interviews were conducted with eleven
experts, four from the administration (a general director
from the regional government, a tourism councilor and
two technicians), six from the industry (hotel managers,
coordinators from hotel associations) and one member from
the academia. From the analysis of the interviews, two main
hazards potentially affecting the tourism attractiveness were
identified: the increase of heat stress and the loss of beach
surface. Accordingly, based on the experts’ inputs, two impact
chains were defined (see Figures 4, 5).

Regarding to the first Impact Chain: “Risk of loss of
attractiveness due to an increase in the heat stress” 14 indicators
have been selected (Figure 4). Regarding the exposure of the
tourists to the increase of heat stress, all the experts agreed that
in order to quantify the comfort level of the tourist when a
heat wave is happening during their holidays, the status of the
hotel is relevant (B4), since they can stay in the hotel premises
enjoying the services provided (AC, pool, bar, spa etc.,), to
avoid the outdoors high temperatures. Also, the perception of
discomfort is related to their purchasing power (B2). The age of
the tourist (B1) is another obvious indicator when the tourist
faces a heat wave, as heat has a stronger impact on older people
with respect to younger ones (Zhang et al., 2018). Also, the
origin of the tourists can modify the perception of heat (B5,
e.g., tourists from Mediterranean countries are more familiar
with the warm events). Finally, the type of activities the tourists
are conducting could also affect (B3, e.g., only beach related
activities, sightseeing, hiking, biking,).

Concerning the vulnerability part, the experts agreed on
considering that the quality of the health system and the level
of safety (C1) may affect the attractiveness. The quality of the
information provided to the tourists (C2, e.g., early-warning
systems) can help to reduce the negative feelings induced by
heat stress. Long term planning (C3) and coordination among
different administrations and the industry is a key aspect that is
needed for a successful implementation of adaptation strategies.
The capacity to offer alternative activities less affected by heat
(C4) can improve the tourist perception as well as the availability
of AC measures (C7, e.g., fountains, green areas, projects
of fresh air recirculation in buildings, etc...). Conversely, the

level of overcrowding (C6) can have a negative impact as the
massification of touristic areas can add up to the feeling of
discomfort. Finally, two vulnerability aspects were pointed out
as potentially relevant. The first one was the dependency on
source markets (C5), as a strong dependence on a few foreign
markets, reduce the flexibility to attract tourists from countries
less sensitive to heat stress. The second one was the level of
seasonality in the tourist arrivals (C8). A tourist destination
strongly dependent on the arrivals during the hotter summer
period would suffer more than another one which is able to shift
a significant part of the arrivals to other cooler seasons.

For the second impact chain (IC2): “Risk of loss of tourism
attractiveness due to the reduction of beach availability”, the
experts identified almost the same indicators as potentially
relevant for the risk assessment (see Figure 5). The only
difference is that they have considered that the quality of
beach services (B5) should be taken into account as an
additional element of exposure. Conversely, the vulnerability
indicator related to the availability of AC measures was
obviously discarded.

Identifying and selecting indicators

The heat stress can be defined in many ways (e.g., from
raw temperature, physiological parameters, heat wave indices,
etc...). In our case, for this hazard indicator, we have chosen the
Heat Index (Schwingshackl et al., 2021), which combines relative
humidity with the air temperature and is more representative of
the perception of heat stress than only using the air temperature.
The average of the heat index for the summer period (June,
July and August) is considered as a measure of the heat stress.
For the beach availability, the hazard indicator considered is the
percentage of beach surface loss due to sea level rise with respect
to the total beach surface in present conditions.

Concerning the characteristics of the tourists, several
indicators have been defined. The age of the tourists (B1) is
represented by an indicator measuring the percentage of tourists
older than 65 years with respect to the total number of tourists.
This gives a reasonable view of the share of exposed population
to heat stress and beach availability. The averaged wealth of the
tourists in a destination (B2) is quantified by the daily average
spend per person. Finally, the origin of the tourists (B5) is
represented by the percentage of tourists from warm countries
(i.e., with temperatures similar to the destination) with respect
to the total number of arrivals.

The characteristics of the destination are also represented
in the impact chains. The level of accommodation comfort
(B4) in a destination is defined as the fraction of hotels
with more than 2 stars. The quality of beach services (B6)
is described by the number of beaches with blue flags with
respect to the total number of beaches in the region. The quality
of the health system at the destination (C1/ is represented
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FIGURE 4

Impact chain 1, corresponding to the “Risk of loss of attractiveness due to an increase in the heat stress”.

FIGURE 5

Impact chain 2, corresponding to the “Risk of loss of attractiveness due to a reduction of beach availability”.

by the life expectancy and the long-term planning capacity
(C3) is measured by the GDP per capita, as it is commonly
related (i.e., countries with higher GDP have the political
structures that allow long-term planning). An overcrowding
index (C6) is defined as the number of tourists over the
number of residents and the tourism seasonality (C7) is defined

as the ratio of summer tourists over the annual average of
tourist arrivals.

There are other elements of the impact chains that could
not be quantified objectively. For those elements qualitative
indicators have been developed based on expert opinion. These
are the type of activities conducted by tourists (B3), the quality of
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tourist information (C2), the offer of activities not related to sun
and sea tourism (C4), the dependence on source markets (C5) or
the existence of cooling infrastructures (C8).

Data acquisition and management

The data required for the above identified indicators have
been obtained from the databases described in Section Study
site and data sources and Table 1 and aggregated to province
level (see Supplementary Table 1). For those indicators where no
information was available at all, the associated pdf is set to a
homogeneous pdf where all values between 0 and 1 are equally
likely (i.e., maximum uncertainty).

Normalization of indicator data

In order to homogenize the different indicators, which are
expressed in diverse units, the original data has been normalized
to a scale from 0 to 1. For the quantitative indicators, this
has been done using a linear transformation. Data below a
pre-defined minimum threshold correspond to a value of 0,
data above a pre-defined maximum threshold correspond to
a maximum value of 1 and for the values in the middle the
following formula has been applied:

N =
I − Imin

Imax − Imin
(6)

where I is the original value of the indicator and Imin and
Imax are the minimum and maximum thresholds, which have
been subjectively set by the experts (Table 2).

For qualitative indicators based on expert opinions four
categories were set (low, mid-low, mid-high, and high). The
experts were asked to fit the indicator value into one of those
categories. Then, they were transformed to a numerical value
(0.12, 0.37, 0.62, and 0.87, respectively) with an associated
homogeneous uncertainty of 0.25.

Finally, it must be noted that all indicators have been defined
in a way that higher values imply higher risk.

Weighting and aggregating of indicators

The AHP based on the results from the polls described in
Section Conceptual framework for risk analysis, has allowed
to quantify the weight associated to the indicators along with
their uncertainties. It must be noted that the participatory poll
(see the document “List of questions for stakeholders” in the
Supplementary Information) has been designed to obtain the
weights among indicators (level 2, weights in equation 2), and

also the relative importance among the risk components (level
1, weights in equation 1, see next section).

In the IC-1 (“risk of loss of attractiveness due to an increase
in the heat stress”), all the exposure indicators have similar
weights with values ranging from 0.16 to 0.24. The associated
uncertainties are relatively small being between 0.02 and 0.07,
which represents a noise-to-signal ratio below 0.4 in all cases
(i.e., the magnitude of the uncertainty is less than a 40% of
the weight value). For the vulnerability indicators, the weights
are also very similar, with values between 0.09 and 0.15. The
associated uncertainty ranges from 0.02 to 0.06 and represents
a noise-to-signal ratio also below 0.4 in all cases except for
indicator C3 (Capacity for long term planning), which reaches
a noise-to-signal ratio of 0.7 (see Table 2).

In the IC-2 (“Risk of loss of attractiveness due to a reduction
of beach availability”), most of the exposure indicators have a
similar weight, although the indicators B3 (related to the type
of tourist activities) and B2 (related to the tourist wealth) have
slightly higher weights. Conversely, the indicator B6 (country
of origin) is the one with the lowest weight. The associated
uncertainty ranges from 0.02 and 0.07 and the noise-to-signal
ratio is lower than 0.25 except for B1 (tourist age) for which
the uncertainty is about half of the weight value. The weights
obtained for the vulnerability indicators are similar for most
of them with some exceptions. The weights for C1 (quality of
the health system) and C7 (presence of cooling infrastructures)
are relatively small while C6 (overcrowding) is the one with the
largest weight. The associated uncertainties are larger in this
case, with values ranging from 0.04 to 0.07, which represents a
noise-to-signal ratio between 0.35 and 0.65 (see Table 2).

The aggregated indicators for each impact chain are
presented in Figures 6, 7 for present conditions and for the end
of the century under the two GHG scenarios. The value of each
indicator is presented in Supplementary Table 1.

Regarding the IC-1, the hazard in present climate is low
everywhere, as the summer average of heat index is below 31◦C
in all provinces. Under scenario RCP4.5 the index increases
through the XXI century reaching a range of values between
32.2 and 35.4◦C, which is equivalent to medium threat for
heat disorders. Under scenario RCP8.5 the values reach a range
between 37.5 and 40.5◦C which implies a high threat for heat
disorders. The lowest value (0.30) is found in the Balearic Islands
and is driven by the higher comfort of the accommodation
(B4) and the profile of the tourists choosing that destination
(B3). The higher values (0.55) are obtained in Valencia and
Almeria. In the former, the age of the tourists (B1) pushes
toward higher values while in the later the comfort level (B4)
of the accommodation drives the exposure to lower values.
Concerning the vulnerability, the values are more homogeneous
ranging from 0.42 to 0.55. The reason for this homogeneity is
that all destinations show very similar values in most of the
indicators. The exception is on the quality of the information
provided (C2) and the overcrowding (C6), which is very
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TABLE 2 Normalization thresholds and weights assigned for each indicator in the two ICs.

Indicator Sign Normalization Weight in IC1 Weight in IC2

Minimum Maximum

% Loss of beach area respect to the present + 0% 100% – 1.00± 0.00

Heat index (◦C) + 32◦C 52◦C 1.00± 0.00 –

% Tourists older than 65 years + 0% 100% 0.24± 0.02 0.14± 0.07

Tourist wealth − 100 e/day 300 e/day 0.20± 0.07 0.21± 0.05

% Family tourism − No data No data 0.19± 0.05 0.22± 0.02

Comfort Level (n◦ hotels ≥3 stars) − 33 1376 0.21± 0.03 0.17± 0.02

Quality of beaches services (n◦ blue flags/ overcrowding) − 4 48 – 0.17± 0.04

Origin of the tourists No data No data 0.16± 0.07 0.09± 0.03

Heath system (life expectancy) − 83 years 95 years 0.13± 0.05 0.05± 0.04

Quality information for tourists − 0.9 11.9 0.12± 0.02 0.14± 0.06

Long term planning (GDP per capita) − 18.9 31.7 0.09± 0.06 0.12± 0.07

Offer of alternative activities No data No data 0.12± 0.02 0.14± 0.05

Dependence of source markets + No data No data 0.11± 0.04 0.13± 0.06

Overcrowding (% tourists/residents) + 0.9 11.9 0.15± 0.02 0.19± 0.07

AC measures No data No data 0.15± 0.03 –

Deseasonalization No data No data 0.14± 0.02 0.14± 0.05

The sign (−) indicates that the indicator values have been inverted in order to reflect that higher values imply higher risk.

FIGURE 6

Aggregated indicators for impact chain 1, corresponding to the “Risk of loss of attractiveness due to an increase in the heat stress”. (A) Hazard
value in present conditions (200–2020), (B) at the end of the century (2080–2100) under SSP245 and (C) under SSP585. (D) Exposure and (E)

Vulnerability. Note that (D,E) have the same values for present and future.
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FIGURE 7

Aggregated indicators for impact chain 2, corresponding to the “Risk of loss of attractiveness due to a reduction of beach availability”. (A) Hazard
value in present conditions (200–2020), (B) at the end of the century (2080–2100) under RCP45 and (C) under RCP85. (D) Exposure and (E)

Vulnerability. Note that (D,E) have the same values for present and future.

diverse among the destinations. The associated uncertainties
(see Supplementary Table 2) are lower than a 10 % of the
aggregated values and the distribution shape is close to a
Gaussian distribution (see Supplementary Figure 1).

For the IC-2, the hazard values are very homogeneous
in all the destinations at any temporal horizon (see
Supplementary Table 3). The reason is that the sandy beaches in
all the region have very similar characteristics (i.e., grain size,
beach slope) and the projected changes in sea level and waves
in the whole region are expected to be fairly homogeneous.
In consequence, the hazard at the end of the century in all
destinations will reach medium values under scenario RCP4.5
and will be very high under scenario RCP8.5. The exposure in
the Balearic Islands is again the lowest (0.39) and in Valencia
and Almeria the highest (0.58) for the same reasons that in
IC-1. The vulnerability is again rather homogeneous and similar
to what was found in IC-1. Concerning the uncertainties (see
Supplementary Table 3 and Supplementary Figure 2), they are
lower than a 10% keeping an almost Gaussian shape.

Aggregating risk components to risk

Concerning the weights of the risk components, the results
are similar in the two impact chains (Table 3). The weight of

the hazard on the final risk is 0.13 and 0.21 for the IC-1 and
IC-2, respectively. The exposure is more relevant in the IC-1
with a weight of 0.52 and a weight of 0.38 in the IC-2 while
the vulnerability is more influential in IC-2 (0.41) than in IC-1
(0.34). The associated uncertainties are smaller in the IC-1, with
values around 0.10, than in IC-2 with values ranging from 0.15
to 0.23.

Using those weights to combine the aggregated indicators
presented above, we obtain the final risk for present conditions
and for the end of the century under GHG scenarios (Figures 8,
9 and Table 4). Concerning the IC-1, the risk associated to the
heat stress increases with time under both GHG scenarios. In
present conditions it takes values in the range of 0.37–0.49 and
goes up 0.40-0.52 under scenario RCP4.5 and to 0.40–0.55 under
scenario RCP8.5. The relatively small change is linked to the
low importance experts gave to the heat stress in front of the
exposure and vulnerability. In other words, they considered that
the potential loss of attractiveness of the destination depends
more on the typology of the tourists and the activities they
perform than to the actual magnitude of the heat stress.

For the risk associated to the loss of beach availability, we
find that the risk increases from mid-low present values (0.40–
0.47) to mid-high values at the end of the century under scenario
RCP 4.5 (0.47–0.54) and under scenario RCP8.5 (0.53–0.60).
Despite the large increase in the hazard, the final risk does not
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TABLE 3 Weights and uncertainties among level-1 components of the risk for both impact chains.

IC1 heat stress Weight Uncertainty IC2 beach flooding Weight Uncertainty

Hazard 0.13 0.11 Hazard 0.21 0.15

Exposure 0.52 0.11 Exposure 0.38 0.23

Vulnerability 0.34 0.09 Vulnerability 0.41 0.22

FIGURE 8

Final risk of the impact chain 1, corresponding to the “Risk of loss of attractiveness due to an increase in the heat stress”. For (A) present
conditions (2000–2020) and (B) for the end of the century (2080–2100) under SSP585 scenario.

FIGURE 9

Final risk of the impact chain 2, corresponding to the “Risk of loss of attractiveness due to a reduction of beach availability”. For (A) present
conditions (2000–2020) and (B) for the end of the century (2080–2100) under RCP85 scenario.
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TABLE 4 Final risk (R) and uncertainties (U) for each province (in rows) and for the two study cases, IC-1 and IC-2 for the present climate and under

GHG scenarios (columns).

RISK IC-1: Risk due to heat stress IC-2: Risk due to beach loss

Present SSP245 SSP585 Present Rcp45 Rcp85

Region R U R U R U R U R U R U

Girona 0.45 0.03 0.49 0.02 0.49 0.02 0.46 0.05 0.53 0.04 0.59 0.07

Barcelona 0.37 0.03 0.40 0.02 0.40 0.03 0.40 0.03 0.47 0.04 0.53 0.07

Tarragona 0.46 0.03 0.49 0.02 0.52 0.03 0.45 0.04 0.51 0.03 0.57 0.07

Castelló 0.45 0.03 0.48 0.02 0.51 0.03 0.43 0.04 0.50 0.04 0.56 0.07

Valencia 0.47 0.03 0.50 0.02 0.50 0.02 0.45 0.04 0.52 0.04 0.58 0.06

Alicante 0.45 0.03 0.48 0.02 0.51 0.03 0.43 0.04 0.49 0.03 0.55 0.07

Murcia 0.48 0.04 0.51 0.02 0.55 0.03 0.46 0.04 0.52 0.04 0.58 0.07

Almería 0.49 0.03 0.52 0.02 0.52 0.02 0.47 0.05 0.54 0.03 0.60 0.06

Granada 0.44 0.03 0.47 0.02 0.47 0.02 0.47 0.04 0.54 0.03 0.60 0.06

Málaga 0.47 0.03 0.50 0.02 0.53 0.03 0.45 0.04 0.52 0.03 0.58 0.06

Balears 0.38 0.03 0.41 0.02 0.44 0.04 0.44 0.05 0.51 0.04 0.57 0.07

These results are obtained after aggregating components of the IC (equation 3).

change that much because of the relatively low weight experts
assigned to the hazard in front of the exposure and vulnerability.

For both ICs, the propagated uncertainties remain relatively
low, suggesting the results are little affected by the lack of
information in some of the indicators or to the uncertainties
associated to the weight estimates.

Discussion

Risk assessment of the loss of attractiveness of touristic
destinations due to climate change has provided some
unexpected results. First, experts have only identified the
increase of heat stress and loss of beach availability as relevant
climate change associated impacts that would have an effect on
sun and sea tourism. In particular, the projected reduction of
water availability has not been considered as a threat. Climate
projections suggest a reduction of 10–20% of water availability
due to the reduction of precipitation and the increase of
evapotranspiration (Cramer et al., 2020). Most experts have not
considered this quantity as a significant change compared to
the impact that water management and/or the total number of
tourists have on the water availability.

Another unexpected result is that the risk estimates for the
end of the century do not show big changes with respect to
present conditions under any of the scenarios. This is although,
at the end of the century and under scenario SSP585, all the
regions would be under quasi-permanent heat wave conditions
during the whole summer or that more than 60% of the area
of sandy beaches will be lost. The reason for this result is that
experts considered that the exposure and vulnerability of the
region have more importance than the increasing hazard (about

four times more in the case of the heat stress and twice in the
case of beach loss). In other words, the underlying idea is that
the tourist typology (e.g., age, origin, activities) and/or the socio-
economic characteristics of the destination are more influential
on the attractiveness than the environmental changes. In any
case, there was a broad agreement considering that despite that,
loss of beach surface was of more concern than the increase in
heat stress.

Another aspect that is interesting to explore is the sensitivity
of the risk to changes in the different indicators. In particular,
it is worth analyzing what would be the potential reduction in
the risk if changes in the sensitivity or the exposure occurred.
This can be done with the UNTIC tool (Melo-Aguilar et al.,
2022) to propagate the uncertainties to the sensitivity analysis.
However, a first simplified approach could be to directly derive
the sensitivities from the risk definition. Namely, the sensitivity
to a given indicator ( dR

dE
or dR

dV
) of a risk defined by (equation 2)

would simply be:

dR

dE
= WE;

dR

dV
= WV (7)

with WE and WV the weights computed in Table 3.
Therefore, in order to infer the potential reduction in risk
induced by a change in the aggregated indicators, it would
be enough to multiply that change by the corresponding
weight. For the IC1, and provided that averaged aggregated
exposure and vulnerability are 0.48 and 0.47, respectively, the
risk associated to the increase in the heat stress could be
reduced up to 0.25 and 0.16. In other words, a maximum
reduction in the exposure or vulnerability (indicators going
to 0) in the region would reduce the risk up to those values.
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FIGURE 10

Sensitivity of the risk of loss of tourism attractiveness due to heat stress (IC1) in the Balearic Islands to changes in single exposure indicators
(black lines), represented in each subplot by (A) Age of tourist, (B) Purchasing power, (C) Tourist profile, (D) Comfort level, and (E) Origin of
tourist. The red dot indicates the present value for each indicator and the orange patch represents the range of uncertainty. Note that the
vertical axis is di�erent in each subplot. Values normalized from 0 to 1.

Doing the same computation for the IC2, we found that the
maximum risk reduction that could be reached through the
reduction of the exposure or vulnerability would be 0.19 and
0.18, respectively.

This potential reduction in the risk is relatively big and
opens the door to the design of adaptation strategies ahead the
threats the tourism sector faces because of climate change. The
downside of this is that getting a reduction in the exposure and
vulnerability is far from being a simple issue. Both components
are composed by a variety of indicators covering from the
typology of tourists to the quality of the heath system. Thus,
actions should be taken in multiple aspects. In order to illustrate
this, we have computed the sensitivity of the final risk in the
IC1 to each individual exposure indicator (Figure 10) for the
Barcelona province. Reducing any of the indicators to 0 (i.e.,
maximum reduction of one of the aspects of the exposure),
would not change the final risk more than 0.05. Also, some of the
indicators have more room for improvement (e.g., B2, increase
of the tourist’s wealth) than others (e.g., B1, age of the tourists).
In any case, the analysis helps to anticipate in which of the

exposure or vulnerability aspects the benefits of action would be
potentially larger.

Regarding the methodology used for the risk assessment,
the application of the UNTICmethodology (Melo-Aguilar et al.,
2022) has proven to be very convenient in order to accommodate
uncertainties in the impact chain framework. In particular,
those aspects that were poorly known (i.e., indicators for which
no information was found) could be also included in the
computation. The absence of knowledge was then translated
to an increase in the uncertainty associated to the final risk.
In our case, the final uncertainty was low enough to question
the conclusions, meaning that the lack of information did not
jeopardize the study.

Another important aspect is the critical role that the
weighting has on the final quantification of the risk. A
small change in the weights of the aggregated indicators can
dramatically change the conclusions of the assessment. In order
to minimize this issue, we have opted to use the AHP to include
in an optimal way the expert knowledge. However, even the
AHP does not prevent the fact that some biases can exist in
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the expert’s answers. For instance, they have given their opinion
about tourist reaction in face of extreme heat. But in practice,
this is a situation that has barely happened in the past, so they
may be underestimating the role of heat stress in the tourist
perception. This critical dependence of the risk assessment on
subjective judgement is a common feature in all the approaches.

Melo-Aguilar et al. (2022), have suggested that a way to
partially overcome this limitation would be to do a retroanalysis
of the risk in the past, or in analog situations, in order to see if
the results of the assessment matched the observed impacts of
the hazard. In our case, for IC1, this could be done through the
analysis of long time series of satisfaction surveys. Comparing
the survey results in periods when the tourists have experienced
heat waves with the results in normal periods, could give us
an estimate of the sensitivity of risk to changes in the hazard.
This in turn, would allow to validate the weights used and the
risk assessment in general. For IC2, as the beach availability
has not changed much locally in the last years, the satisfaction
surveys between different regions could be used for the same
purpose. Unfortunately, up to our knowledge, there are no such
homogenized and long enough time series that would allow such
analysis, therefore the results could not be validated until such
data will be generated.

Conclusions

A risk assessment has been conducted on the potential loss
of tourist attractiveness for sun and sea tourism in the western
Mediterranean due to climate change. Through a participatory
process following the Vulnerability sourcebook (Fritzsche et al.,
2014) and the TANDEM framework for co-production of
knowledge (Daniels et al., 2019, 2020), the main relevant hazards
have been identified. These are the increase of heat stress and the
loss of beach availability. Then, the corresponding impact chains
have been developed to consider the exposure and vulnerability
aspects that may shape the final risk. The weights of the different
indicators have been determined based on expert judgement
through the analytical hierarchy process (Lamata and Pelaez,
2002). Also, uncertainties in the indicators and the weights have
also been considered thanks to the implementation of a new
extension of the risk methodology developed in the framework
of the UNCHAIN project (Melo-Aguilar et al., 2022).

The results showed that exposure and vulnerability in all
the touristic destinations in the region are very similar, and the
hazard will largely increase in the next decades, specially under
the GHG scenario (SSP585/RCP8.5). However, the final risk
does not seem to suffer a large increase because of the relatively
small weight assigned to the hazard. In other words, the
exposure (e.g., typology of the tourists and touristic activities)
or the vulnerability (e.g., capacity to put in place adaptation
strategies) would be more important than the projected change
in the hazard (e.g., heat stress increase or beach reduction).

Translated to the consequences climate change may have on
the tourism sector, our results suggest that the sun and sea
tourism would be resilient up to certain extent to the increase in
temperature and the loss of comfort in the beaches. If the sector
ensures the exposure and vulnerability remain low, the impacts
of climate change would be reduced. However, it is worth noting
that the sensitivity analysis performed shows that keeping low
values for the exposure and vulnerability could only be done
through combined actions in all the individual aspects of those
components, which may be complex in practice as they would
require the commitment and collaboration of different actors
(i.e., government, industry, and academia).

Themethodology applied has proven to be robust and allows
to accommodate in a natural way the gaps of knowledge in
the indicators or weights. Therefore, it could also be applied to
any risk assessment in which uncertainties may play a relevant
role. Additionally, it must be noted that the assessment lacks
a formal validation, as it is common in similar assessments.
In our case, the establishment of long-term series of tourist
perception of tourist attractiveness (i.e., through homogenized
satisfaction surveys) would help to calibrate and validate the
results of the assessments. It is also worth highlighting that the
main conclusion of this work is mainly driven by the relative low
importance experts give to extreme heat or low beach comfort
in front of other aspects that drives the attractiveness of the
destination. However, this may be a biased result as this is a
situation that has barely happened in the past, so they may
be underestimating the role of those hazards in the tourist
perception. The above proposed long-term series of tourist
perception could help to reassess our results when periods of
extreme heat or reduced beach will be considered in the surveys.
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