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1.  INTRODUCTION

Although tourism-demand studies are numerous
and varied and have acquired importance in the field
of tourist research (Crouch 1994, Pack et al. 1995,
Witt & Witt 1995, Melenberg & Van Soest 1996,
Smeral & Witt 1996, Eymann & Ronning 1997, Lim
1997, Wang 2004, Song & Li 2008), those that analyse
possible links between tourism demand and atmo -
spheric conditions remain limited and scarce (Lise &
Tol 2002, de Freitas 2003, 2009, Hamilton et al. 2005,
Agnew & Palutikof 2006, Coombers et al. 2009, Scott
& Lemieux 2009, Álvarez-Díaz et al. 2010). As a

result, there is considerable uncertainty concerning
the definition of the study dimensions of tourism
demand in relation to atmospheric conditions and,
consequently, in establishing the methods needed to
understand this demand. The aim of this article,
therefore, is to reduce the uncertainties in this line of
research by analysing 1 of 6 possible dimensions of
tourist behavior (see Table 1).

These study dimensions of tourist demand become
more relevant and more marked depending on the
extent to which they interact with each other. For
example, the behaviour dimension, understood by de
Freitas (2009) as the manifestation of how an individ-
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ual reacts, adapts or readjusts to a determinate situa-
tion or circumstance, is affected by experience. The
individual learns from experience, and this experi-
ence  affects be haviour. At the same time, the cumu-
lative  effect of experiences changes perception, and
consequently, the response changes. Perception is
determined by motivations, and in parallel, percep-
tion conditions attitudes, which in turn also affect
behaviour.

Beyond conceptual questions, tourist behaviour is
affected by factors related to meteorological condi-

tions, among others (Hu & Ritchie 1993, Crouch 1994,
Butler 2001, Gómez-Martín 2005). The extent of this
influence is determined by the degree of sensitivity
of the tourist activity to the weather and climate, in
general, and/or to given atmospheric conditions, in
particular. Beach tourism is one of the activities with
the greatest degrees of sensitivity to the weather and
climate. This paper presents the findings of a study of
the behaviour of beach tourists in relation to various
atmospheric parameters using webcam images and
video systems as the main sources of information.
The determination of the temporal and spatial distri-
bution of tourist habits (seen as motor responses to
the stimuli of the weather and climate) and possible
modifications of this behaviour as a function of the
variability in atmospheric conditions should be of use
in short-, medium- and long-term coastal manage-
ment plans. Thus, knowing the number of beach
users or the density of a beach’s use are important
parameters, both for proper beach management and
for defining indices of coastal environmental quality
(Guillén et al. 2008). The appropriate design of beach
access facilities, showers, lifeguards, cleaning and
other services is determined, to a great extent, by the
number of people on the beach throughout the day
and the distribution of this use in relation to the day
of the week, holiday periods and weather conditions,
to mention just a few aspects. In relation to the
weather, an understanding of the links to the atmos-
pheric conditions, which facilitates day-to-day beach
management, can also be useful for introducing
adaptations to reduce vulnerability to impacts from
climate change.

Below, we present findings from research into the
behaviour (in particular, the density of use) of beach
tourists in relation to atmospheric weather condi-
tions, based on information provided by webcam
images and video systems for a number of locations
on Spain’s Mediterranean coast. First, we present a
state of the art study of the research that has been
conducted into the behaviour of tourists in relation to
different meteorological variables, on the one hand,
and of the research that uses these new tools to cap-
ture quantitative and qualitative data related to
tourism, on the other. Then, we describe the study
area, the methodology used, our main results and the
conclusions that can be drawn from them.

2.  LITERATURE REVIEW

Behaviour, understood as the set of motor re -
sponses to both internal and external stimuli, has

136

Dimension of demand
Definition

Perception
Understanding of atmospheric conditions (including per-
ception of the weather and/or of the different variables of
which it is comprised, such as temperature, sunshine,
precipitation, etc.) or of a specific atmospheric phenome-
non or event (for example, perception of climate change
or of an extreme weather event) as perceived by the
senses. Perception is selective and influenced by various
mechanisms and factors that explain (or help to explain)
why individuals perceive things differently and why
some phenomenon are perceived by some but go unno-
ticed by others.

Attitude
Set of proclivities, preconceptions, ideas, fears, threats
and convictions that induce the individual to react in a
given way to certain atmospheric conditions and future
climate scenarios. In the attitudinal dimension, the affec-
tive component outweighs the cognitive.

Preferences
Predilection or inclination for certain weather conditions
or conventions in response to given atmospheric ques-
tions or problems. Includes the possibility of establishing
a rank order.

Motivation
Set of factors capable of inducing, maintaining and
directing the tourist’s behaviour towards a given objec-
tive. Here, it is interesting to know the importance
attached to climatic and meteorological features in the
decision-making process and in the tourist-consumer’s
act of purchasing.

Opinion
A more static condition, representing the holding of an
evident and reasoned mental standpoint regarding a
given matter or person. It does not connote a disposition
to act. In this dimension, the cognitive component out-
weighs the affective.

Behaviour
Set of motor responses to both internal and external stim-
uli, potentially including responses related to the cli-
mate, meteorological conditions, changing weather sce-
narios, etc.

Table 1. Study dimensions of tourist demand in relation to 
atmospheric conditions
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been widely examined in tourism studies, in particu-
lar from a marketing perspective (Moutinho 1987,
Kotler et al. 1996, Pizan & Mansfeld 1999, Swar-
brooke & Horner 1999, Pearce 2005). However, as de
Freitas (2003) noted, research into the role played by
atmospheric stimuli in the behaviour of tourists is not
very extensive, despite the importance it might have
for the correct management and planning of tourist
activity. De Freitas (2003) identifies 2 possible ways
to examine behaviour of tourism demand in relation
to the weather and climate. The first method evalu-
ates conditional and anticipated behaviour using
 surveys and interviews that seek to determine how
individuals react to certain atmospheric stimuli (e.g.
Adams 1973). The second method evaluates actual
behaviour, either using various indicators (such as
the number of visitors, hotel occupancy rates, etc.) or
on-site ob servations. In relation to these indicators, a
number of studies have presented explanatory mod-
els based on the correlation between behaviour mea-
sured in terms of tourist flows and various atmos-
pheric variables, among others. On occasions, the
models have been extrapolated to make forecasts of
future behaviour under different climate-change sce-
narios (Lise & Tol 2002, Hamilton et al. 2005, Bigano
et al. 2006).

As for on-site observations, several studies have
been undertaken in recent years that exploit the
application of new information and communication
technologies. The potential offered by systems of ob -
servation based on the use of digital camera stations
that transmit information via Internet has been used
for more than 2 decades to undertake studies of vari-
ous environmental problems (Holman et al. 1993,
Holland et al. 1997) and, in particular, for studies on
the thermal environment in outdoor public spaces
and the use of such spaces (Nikolopoulou et al. 2001,
Thorsson et al. 2004, 2007, Eliasson et al. 2007, Lin
2009). The application of this technology to tourism
research has, however, been more recent, with Tim-
othy & Groves (2001) being the first to explore the
possibilities afforded by new technologies. In their
study, based on the analysis of 300 webcams con-
sulted via Internet, the authors provided evidence of
the possibility of ex tracting information from the
images about the spatial and temporal behaviour of
the individuals observed. This information can be
related to a multiplicity of factors, including atmos-
pheric conditions, and is particularly useful because
of its high temporal resolution, its adequate spatial
resolution and the high number of sample points that
can be considered. In the case that concerns us here,
the high temporal and spatial resolution may allow

us to observe the different ways in which individuals
adapt, adjust or react to different atmospheric condi-
tions (de Freitas 2009). Sun and beach tourists may
show a wide range of responses to the various atmos-
pheric conditions: pursue, or not, a given activity;
change the activity to suit weather conditions so as to
maximise enjoyment of the outdoor experience
(swim more or less, extend or reduce the length of
stay, etc.); avoid areas with un favour able conditions
(look for sun or shade, look for areas more or less
close to the water or choose the holiday destination
according to the weather); use structural or mechan-
ical aids (umbrellas, wind breaks, hats, shelters, etc.);
adjust thermal insulation of the body (clothing); or
adopt passive acceptance (de Freitas 2009).

The potential of the application of these systems of
observation for tourism is reflected in a number of
recent studies. For example, using webcam images,
Kammler & Schernewski (2004) examined the varia-
tion in the spatial and temporal demand of visitors to
a beach in northern Germany and the implications
for the management of beach tourism. Jiménez et al.
(2007), drawing on information from various Argus
video-cameras, proposed Coastal State Indicators
(CSI) for use in different aspects of the recreational
management of beaches examined in a number of
case studies. Similarly, Guillén et al. (2008) moni-
tored 2 city beaches in Barcelona (Spain) and estab-
lished daily, weekly, seasonal and interannual user
distribution patterns based on a consideration of cer-
tain external factors, including temperature and
wind conditions. Martínez-Ibarra (2010) proposed a
series of weather types for evaluating the tourist-
 climate aptitude for sun and beach tourism on the
Alicante coast. Optimal weather-type thresholds are
established based on an analysis of the daily occupa-
tion of the Levante Beach in Benidorm (Spain), calcu-
lated with the support of webcam images. Likewise,
Moreno et al. (2008) ana lysed the influence of vari-
ous weather conditions on levels of occupation of
beaches in Zandvoort (The Netherlands) and estab-
lish optimal thresholds for some the variables under
consideration. De Freitas (2009) went beyond the
simple observation of use or attendance and ana -
lysed other aspects of the behaviour of sun and beach
tourists in the southeast of Queensland (Australia),
relating them to an index of thermal sensation. He
concluded that the attendance or density of use of
tourist places is a partial measure of tourist behaviour
that needs to be complemented with the observation
of other re sponses, such as the length of the stay,
location, use of elements of defence or protection and
so on.
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3.  STUDY AREA AND METHODS

The Mediterranean is the world’s leading region
for sun and beach tourism (WTO 2010b). Within this
region, the Spanish coast has the highest indices of
use (WTO 2010a) and quality (Foundation for Envi-
ronmental Education; www.fee-international .org /en).
The quality of its resources linked to the introduction
of quality criteria in the management of its beaches,
together with the permanent provision and renewal
of facilities and the integration of complementary
activities of leisure and relaxation, make Spain’s Medi -
terranean sun and beach resorts highly competitive.

We collected images obtained from webcams and
video systems set up at 19 sampling stations on the
coast of the Iberian Peninsula, primarily in the Medi -
ter ranean region. The sampling stations selected
(highly frequented tourist beaches) can be considered
important laboratories for tourism climatology (Mar -
tínez-Ibarra 2010), and observation using webcams
and video systems is a non-intrusive method enabling
re searchers to study the behaviour of individuals with -
out inducing changes in the activity being studied. 

Although the installation of systems of this type has
become widespread in recent years, they have more
than one use (surveillance and security, coastal para-
meterisation, load capacity evaluation, marketing,
etc.) and are managed by various organisations (e.g.
security firms, research bodies and local and regional
authorities), which results in considerable hetero-
geneity in terms of image quality, angles of observa-
tion, periodicity, continuity of the series, etc. This
means there is a need to undertake a careful selec-
tion of the material so as to work with homogenous
information that is comparable and can be extrapo-
lated to other places of analysis. The beaches
selected for the Mediterranean coast are
shown in Fig. 1 and Table 2. We also chose
Gorliz on the Cantabrian coast, as an example
of a ‘cold’ beach. The beaches were studied
between 1 July and 20 October 2009 at mid-
day, the period of maximum recreational activ-
ity. The duration of this study eliminates the
role of shoreline dynamics in determining the
use and exploitation of the beaches, given that
the surface area of the beach above the water-
line might change over the years. 

The beaches selected have a number of
charac teristics in common reflecting their clas-
sification as tourist beaches (see Table 2). They
are, above all, fine sand beaches of sufficient
width and length to at tract tourists. The
beaches are suitable for bathing, with gentle

bathymetric gradients and wind and wave regimes
that ensure the safety of swimmers. The beaches lie
within either major recreational or urban centres,
which provide numerous and varied commercial ser-
vices and hotel facilities. They all have a promenade
that is easily accessible to potential users and are
equipped with all of the facilities that ensure the opti-
mum development of beach tourism.

To analyse the level of occupancy on the beaches
selected, we developed a qualitative methodology
that enabled us to establish by visual inspection
 different levels of density of use. This methodology is
based on the ability of an observer to identify patterns
based on the dynamic inspection of an image bank.
The beaches were divided into 3 zones: the paddling
zone (the strip of beach where games are played and
users enter and leave the sea), relaxation zone (the
strip that is used most intensively, typically for sun-
bathing) and transit zone (the strip furthest from the
shoreline, behind the relaxation zone, used for access
to the beach, leaving and looking for a space in the
sand), all of which were included in the evaluation.
The density levels established for each of the beaches
were as follows: 0 − null density, 0.5, 1, 1.5, 2, 2.5 and
3 − maximum density (see Fig. 2 for examples).

The densities of use were then related to different
atmospheric elements to verify the human response
to them or to endow each atmospheric scenario with
tourist significance (de Freitas et al. 2004, Martínez-
Ibarra 2010). To do this, we used daily information
from the official meteorological or local government
bodies (Table 3).

In selecting the meteorological variables, we have
taken into consideration both the theoretical and
methodological proposals of Besancenot (1985, 1989)
and de Freitas (1990). Thus, in considering the ther-

Fig. 1. The observation points selected
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mal conditions (thermal comfort), we selected1 maxi-
mum temperature (°C), relative humidity (%) at
13:00 h, solar radiation (W m−2) at 13:00 h and wind
speed (m s−1) at 13:00 h. This enabled us to calculate
one of the most frequently used bioclimatic indices:
the physiological equivalent temperature (PET, °C)
(Höppe 1999, Matz arakis et al. 1999, Ceg nar & Mat -
z arakis 2004). PET was calculated using the RayMan
model (Matzarakis & Rutz 2005). This model includes
all of the significant variables that influence thermal
comfort (Mat z arakis et al. 2007). The variables
 comprise meteorological parameters, including air
temperature, relative humidity, wind speed and solar

radiation, and body parameters, including human
activity, body heat production, and heat transfer in
°C. In considering the physical conditions (funda-
mental to understanding tourist satisfaction), we se -
lect ed the wind speed at 13:00 h, daily rainfall, the
duration of the daily rainfall events, and the rainfall
between 6:00 and 13:00 h. Finally, in considering the
aesthetic conditions (or that of enjoyment), we
selected the solar radiation at 13:00 h.

4.  RESULTS AND DISCUSSION

To analyse the descriptors (in this case, meteoro-
logical variables and the day of the week) that have
an influence on the density of use of the beaches, we
generated a parallel-coordinate graph. This method
allows a rapid and effective analysis of large sets of
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                                     St. Margarida,   Tamariu        Gran,        Somorrostro,   Nova Icaria,  Levante,   Finestrat    Gorliz,
                                             Roses                          Tossa de Mar    Barcelona       Barcelona   Benidorm                    Vizcaya

General characteristics
Length (m)                            700                 220              385                 1100                 400             2000           300            842
Mean width (m)                     45                   40                50                    38                    40                40              51              45
Level of occupancy             High              High            High               High               High           High         High         High
Urban classification           Urban            Urban         Urban             Urban             Urban         Urban       Urban  Semi-urban
Promenade                            Yes                Yes              Yes                  Yes                  Yes              Yes            Yes            No

Type of beach
Sea conditions                 Moderate      Moderate   Moderate            Still                 Still             Still           Still     Moderate 
                                      waves; windy      waves         waves             waters             waters         waters       waters       waves
Mooring area                        No                 Yes              Yes                  No                   No               No             No            Yes
Nudist                                    No                 No               No                   No                   No               No             No             No

Environmental characteristics
Presence of vegetation         Yes                Yes               No                   No                   No               No            Yes           Yes
Protected zone                      No                 No               No                   No                   No              Yes            No             No
Blue flag                                Yes                Yes              Yes                  Yes                  Yes              Yes            Yes            No

Safety and services
Lifeguard team                     Yes                Yes              Yes                  No                  Yes              Yes            Yes           Yes
Warning signs                       Yes                Yes              Yes                  No                  Yes              Yes            Yes           Yes
Local police                           Yes                Yes              Yes                  No                  Yes              Yes            Yes           Yes
Red Cross                              Yes                Yes              Yes                  No                  Yes              Yes            Yes           Yes
Coastguard                           Yes                Yes              Yes                  Yes                  Yes              Yes            Yes            No
Telephone                             Yes                Yes              Yes                  No                   No              Yes            Yes           Yes
Boardwalk access                 Yes                Yes              Yes                  Yes                  Yes              Yes            Yes            No
Parasols for rent                    Yes                Yes               No                  Yes                  Yes              Yes            Yes           Yes
Seaside kiosk                        Yes                Yes               No                   No                   No               No             No             No
Sailing club                           No                 Yes              Yes                  No                   No               No             No             No
Diving zone                           No                 Yes               No                   No                   No               No             No             No

Municipal tourist                2006              2006            2006                2006                2006            2008          2008          2009
accommodation
Hotels                                   6786               1180            6942              46 008             46 008         39 559        6980            30
Camp sites                           2101               3961            6554                   0                      0              11 963           0              385
Rural tourism                          0                    10                 0                      0                      0                  0                0               55
accommodation
No. second residences      17 122             7628            4441              57 719             57 719         18 163       23 663        1460
(survey date)                       (2001)            (2001)          (2001)             (2001)             (2001)          (2008)       (2008)       (2001)

Table 2. Characteristics of the beaches selected. All beaches were composed of golden sand, and offered the following 
facilities and services: toilets, showers, litter bins, cleaning service, and sunbed and sailboat rental

1Because the images were taken at noon, the meteorological
data used were those that were recorded closest to that
time and that were reliably provided by conventional and
official weather stations



n-dimensional data (of multiple variables) starting
from the same pattern (the parallel axes that repre-
sent each variable have the same scale of reference,
in our case lying be tween 0 and 1) (see Inselberg
1985, Wegman 1990, Eickemeyer et al. 1992). To do
this, we divided the sample (N = 782) into 2 represen-
tative groups (occupancy levels <2 and ≥2) (Table 4).

Based on Fig. 3 and the numerical results, we con-
clude that the factors that had the most impact on the
daily use of the beaches were, in order of importance,
the solar radiation at 13:00 h, maximum PET value,
maximum temperature and the fraction of radiation
at 13:00 h. The day of the week (the study was

focused primarily on the summer months) was of only
secondary importance. Two further factors were
found to have very little significance: the daily rain-
fall totals and daily duration of precipitation events
(which were negative factors for beach use) and the
wind speed at 13:00 h (likely due to the rarity of days
on which the wind speed was of any note). The
importance of thermal comfort and solar radiation
for sun and beach tourism corroborates the results
obtained through surveys conducted with students,
for this same type of tourism, by de Freitas et al.
(2008) and Scott et al. (2008).

If the comparative analysis is conducted for pairs
(density paired with meteorological variables or day
of the week), and we analyse the Pearson correlation
(r) and determination coefficients (R2), the results are
fairly similar. Thus, in agreement with these findings,
the variables that are most closely related to beach
occupancy levels were the maximum temperature,
PET and solar radiation at 13:00 h. These were fol-
lowed, albeit at some distance, by the fraction of radi-
ation at 13:00 h, and the duration of daily precipita-
tion events was even less correlated. In contrast, the
daily rainfall, morning rainfall, day of the week and
wind speed were not very representative (Table 4).
The low cor relation  between beach occupancy and
the day of the week  during the summer holiday
period as mentioned by  Sinclair- Hannocks (1994)
and Moreno & Amelung (2009) can also be extrapo-
lated to our study.

The behavioural analysis of the distribution (con-
centration-dispersion) of the values of the meteoro-
logical variables categorised by groups of density
use, was opportune for identifying the most appro -
priate meteorological thresh olds for going to the
beach. The mean of maximum daily temperature in -
creased as we reached values of density use equal to
2 (Table 5). Thus, it seems that the optimum maxi-
mum temperature for going to the beach lies be -
tween 28.8 and 31°C. These results agree with those
of Martínez-Ibarra (2008) and Moreno & Amelung
(2009). In addition, the lowest maximum daily tem-
perature corresponding to densities of at least 1.5 was
18.7°C. Martínez-Ibarra (2008) proposed a threshold
for the lowest maximum daily temperature of 18°C
for tourists going to the Levante Beach in Benidorm.

The affinity between the density of use and the
PET is reminiscent of that mentioned above for the
maximum temperature. Here, the mean values also
increased up to beach densities of 2 (Table 5). Thus,
the optimum PET value for going to the beach ranges
between 34.5 and 38.8°C. The lowest value guaran-
teeing a level of occupancy of at least 1.5 was 15.9°C.
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Fig. 2. Example of densities
of occupation at Santa Mar-

garida Beach, Roses
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Both the optimum threshold and the lower limit cor-
roborate the results obtained by Martínez-Ibarra
(2010).

The median percentage values of solar radiation at
13:00 h increased up to occupancy levels of at least
1.5, and the mean increased up to val-
ues of at least 2. The inter-quartile lim-
its fell markedly up to occupancy lev-
els of 2, remaining, after this threshold,
between 9 and 15%. The lower limit of
the second quartile was highly repre-
sentative (Table 5). The lowest values
are also relevant, and for occupancy
levels of at least 2, only in 2.6% of
cases (N = 389) were radiation values
<50% recorded.

In the case of wind speed at 13:00 h,
the homogeneity of values reflects the
season. It is, therefore, more appropri-
ate to analyse the extreme values
(specifically at the upper end). Veloci-
ties >10 m s−1 were never recorded for
densities ≥2 and velocities >8 m s−1 for
densities ≥2 were only reached in
2.4% (N = 376) of cases. The maximum
accepted limit in the classifications of
weather types suitable for sun and
beach tourism is 10 m s−1 (Martínez-
Ibarra 2008, 2010).

The absence of summer rainfall
events in most of the areas considered
here also makes it more relevant to
study the extreme values. Thus, for
77% of the days for which data were
collected, no rainfall was recorded (N

= 807). Here, we can associate the lower frequency of
atypical values both for duration, quantity of daily
rainfall and quantity of morning rainfall to densities
≥2. Thus, the daily rainfall, morning rainfall and
duration of daily rainfall limits were below 3.9 mm,
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Beach                                   Geographical coordinates Weather station      Geographical coordinates    Alt. (m)   Agency

St. Margarida, Roses          42° 15’ 42” N; 03° 09’ 12” E Roses                       42° 16’ 20” N; 03° 10’ 58” E        24            (1)

Tamariu, Tamariua              41° 55’ 04” N; 03° 12’ 28” E Castell d’ Aro          41° 48’ 37” N; 03° 02’ 00” E        14            (1)
                                                                   L’ Estartit                 42° 03’ 18” N; 03° 12’ 10” E         2             (2)

Gran, Tossa de Mara           41° 43’ 08” N; 02° 56’ 01” E Blanes                     41° 40’ 41” N; 02° 48’ 23” E        26            (2)
                                                                   Castell d’ Aro          41° 48’ 37” N; 03° 02’ 00” E        14            (1)

Somorrostro, Barcelona      41° 23’ 01” N; 02° 11’ 44” E Barcelona CMT     41° 23’ 27” N; 02° 12’ 05” E        21            (2)

Nova Icaria, Barcelona       41° 23’ 26” N; 02° 12’ 08” E Barcelona CMT     41° 23’ 27” N; 02° 12’ 05” E        21            (2)

Levante, Benidorm              38° 32’ 21” N; 0° 07’ 71” W Benidorm                 38° 32’ 22” N; 0° 7’ 43” W          22            (3)

Finestrat                               38° 31’ 29” N; 0° 10’ 01” W Benidorm                 38° 32’ 22” N; 0° 7’ 43” W          22            (3)

Gorliza                                 43° 24’ 48” N; 02° 56’ 42” W Lequeitio                43° 22’ 37” N; 02° 30’ 40” W        12            (2)
                                                                   Mungia                  43° 21’ 48” N; 02° 50’ 41” W        12            (4)

aMore than one weather station was used to cover gaps in the data. Agencies: (1) Servei Meteorològic of the Catalan Gov-
ernment (Meteocat), (2) Agencia Estatal de Meteorología (Aemet), (3) Benidorm City Hall, (4) Euskal Meteorología
Agentzia of the Basque Government (Euskalmet)

Table 3. Weather stations selected

Descriptors                 Occupancy levels
                                                                       <2         ≥2          r        R2       N

Day of the week                                           0.46      0.54       0.1      0.0     819
Maximum temperature (°C)                        0.38      0.57       0.7     0.48    816
Maximum PET value (°C)                           0.40      0.61       0.7     0.48    816
Solar radiation at 13:00 h (W m−2)              0.55      0.77       0.7     0.44    810
Wind speed at 13:00 h (m s−1)                     0.38      0.41       0.1      0.0     819
Daily precipitation (mm)                             0.02      0.00       0.2      0.1     812
Duration of daily precipitation (min)          0.06      0.01       0.3      0.1     816
Morning precipitation (mm)                       0.01      0.00       0.2      0.0     813
Fraction of solar radiation at 13:00 h (%)   0.71      0.86       0.4      0.2     810

Table 4. Descriptors of beach use for the 2 groups of density considered (occu-
pancy levels <2 and ≥2), and correlations between density of use and atmo -
spheric conditions. PET: physiological equivalent temperature; r: Pearson 

correlation; R2: determination coefficient; N: no. of measurements

Density Mean max. temp. –– Mean PET –– Median radiation
Range (°C) N Range (°C) N Limit (%) N

0 20.8 – 23.5 129 19.8 – 23.0 109 30.0 111
0.5 25.0 – 26.3 95 26.6 – 29.8 105 57.6 107
1 25.6 – 27.5 110 28.6 – 31.6 106 64.7 106
1.5 27.3 – 28.7 98 32.0 – 34.5 97 76.6 95
2 28.8 – 30.9 154 34.5 – 37.8 162 82.1 163
2.5 29.2 – 30.6 116 34.8 – 37.4 104 85.8 107
3 29.5 – 31.0 114 35.8 – 38.8 110 79.5 119

Table 5. Densities of beach use, and limits of the 3rd quartile of maximum
daily temperature and physiological equivalent temperature (PET), and lower
limit of the 2nd quartile of solar radiation at 13:00 h. N: no. of measurements
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3.9 mm and 140 min (N = 812, N = 813 and N = 807),
respectively. For these densities of use (≥2), the val-
ues were >0 (mm and min) in 16%, 15.7% and 9.2%
of the cases, respectively. If we consider values of at
least 1 mm or a duration of at least 60 min, these
 percentages rise to 9.7%, 7.7% and 4.6%, in each
case. Thus, there should be no precipitation or levels
should not exceed 1 mm and precipitation, events
should not last for >60 min (Besancenot 1989).

5.  CONCLUSIONS

Systems of information capture that use stationary
cameras connected to computerised systems, which
also allow the transmission of live images via
Internet, open the door to new methods of obtaining
quantitative and qualitative data to describe different
aspects of the tourist phenomenon. Webcams and
video systems are good instruments for studying the
influence of atmospheric conditions on the behaviour
of tourist demand. The information these systems
provide, when treated with rigour and complemented
by other more traditional systems, such as visual
counting, the use of photographs and the conducting
of surveys and interviews, can shed considerable
light on one of the many aspects in volved in the
 decision-making processes of the tourist-consumer,
which, in turn, can be of use to the experts and man-
agers in a given region or in relation to a given tourist
activity. Thus, the determination of the temporal and
spatial distribution of the habits of sun and beach
tourists (seen here as motor responses to the stimuli of
the weather and climate) and possible modifications
of this behaviour as a function of the variability in at-
mospheric conditions should be of use in short-,
medium- and long-term coastal management plans.

Atmospheric conditions have an effect on the
behaviour of sun and beach tourists, and our study
has shown that the density of use of the beaches in
Spain is controlled principally by solar radiation (the
aesthetic facet) as well as the maximum temperature
and the PET (the comfort facet). According to our
results, the optimal thresholds of these meteorologi-
cal variables for going to the beach are as follows:
a maximum temperature between 28.83 and 31°C; a
maximum PET between 34.5 and 38.8°C; a percent-
age of solar radiation at 13:00 h of at least 50%; a
wind speed at 13:00 h of <8 m s−1 (or, at the most,
<10 m s−1); and no rainfall or, at the most <1 mm d−1

or a rainfall event with a duration of <60 min.
The application of these thresholds for determining

the degree of use of the beaches during the year

should help forecast more accurately the calendar of
the tourist season and ensure that the basic tourist re-
sources provided for beach tourism are managed
more effectively during these periods (thus avoiding
their degradation or deterioration as far as pos -
sible), including the provision of services (boardwalks,
showers, toilets, cleaning services, etc.) and safety
 facilities (lifeguards, first aid centres, coastguards,
warning signs, etc.). These features are essential for
maintaining and improving the use of these leisure
and recreational areas, satisfying the needs of tourists
and conserving the elements that have facilitated the
appearance and development of this tourist activity.
However, we should point out that there are other as-
pects of behaviour that have not been approached
here but which deserve further study to improve our
understanding of the behaviour of sun and beach
tourists in relation to atmospheric para meters. We re-
fer to such questions as the localisation of the users on
the beach, activities performed while they are on the
beach (e.g. sunbathing, bathing in the water, hiring
small boats or playing ball games), evolution of the
density of use throughout the day and other factors.

In the medium- and long-term, our study highlights
the fact that the behaviour patterns of sun and beach
tourists in relation to weather conditions could act
to reduce the magnitude of the impact of climate
change on this particular tourist activity, thereby
allowing Spain’s Mediterranean coast to maintain its
position as a leader in this region. The analysis of the
behaviour of sun and beach tourists in relation to
weather conditions reveals that they are prepared to
tolerate weather conditions that differ from those
considered optimal for this activity (Morgan et al.
2000, Gómez-Martín 2006, Scott et al. 2008), with
thresholds of tolerance being especially marked in
the case of maximum temperatures. A number of
forecasts, based solely on analyses of preference
(Amelung et al. 2007, Hein et al. 2009) as opposed to
behaviour, predict a loss of tourist-climate aptitude
for Spain’s Mediterranean coast in the summer
because of the increase in temperatures and the low-
ering of comfort indices. However, the inclusion in
these forecasts of atmospheric tolerance thresholds
(derived from the observation of behaviour) could
introduce notable signs of optimism for the future
of tourism on Spain’s beaches: the consideration of
atmospheric tolerance thresholds in analyses of
future tourist-climate potential could indicate a pos-
sible intensification of sun and beach tourism in the
study area given that the reduction in tourist-climate
aptitude might not be as marked as that predicted by
preference analyses. The consideration of the ‘be -
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haviour’ variable could give rise to new future sce-
narios for tourism on Spain’s Mediterranean beaches,
and these need to be taken into account in the man-
agement and planning of the country’s coastline.
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