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Abstract

The aim of this paper is to introduce the Beach Crowding Index (BCI), a procedure to assess
the social carrying capacity of vulnerable beaches. The study uses the PAOT (people at one
time) approach and data gathered weekly throughout the bathing season regarding the number
of beachgoers in 100m’cells of the beach to assess how many beachgoers it can
comfortablyhold. The procedureis based on field work, interviewswith beachgoers and GIS
analysis, andhas been tested on four beaches in protected areas on the Spanish Mediterranean
coast. On a scale from 0 to 4, minimum scores throughout the bathing season are 0.7 and
maximum 3.7, although results showed wide variationbetween the beaches, the section of the
beach and the time of day. This study suggests that determining the location of beachgoers
and collecting a long-term series of data is fundamental to assessing social carrying capacity,

and thatthe BCI procedure can be used in a large number of applications.
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Introduction

Coastal areas are fragile environments which are under high pressure due to tourist activity
and unsustainable practices (EEA 1999). In particular, beaches are understood to be highly
vulnerable and prone to degradation by crowds of visitors during the bathing season (Benoit
and Comeau 2005). Carrying capacity is a useful concept for beaches and coastal areas
because it provides a betterunderstanding of how damageable andprotected areas can be
managed (WTO 1981). Physical carrying capacity refers to the maximum number of visitors

a beach can receive without being negatively affected byphysical, biological and management



issues such as erosion, vegetation degradationor accessibility; social carrying capacity refers
to the maximum amount of visitors at which beachgoers themselves feel comfortable

(Cifuentes1999; Silva, Alves and Rocha 2002; Zacarias, Williams and Newton 2011).

Social carrying capacity is a dynamic concept because people’s perceptions are cultural
responses that may vary quickly, as has been found at Mediterranean beaches (Breton et al.
1996). Variationsin the experience of the recreational infrastructure can be motivated by a
number of components such as personality type, sex, age, groupsize, personal background
and so forth (De Ruyck, Soares and McLachlan 1997). People’s perception of crowding is
fundamental to their perception of a beach’s quality (Ariza et al. 2008; Silva and Ferreira
2013; Lucrezi, Saayman and Merwe 2016), especially if the beach isunderstood to be
vulnerable such as those affected by erosion, pollution, those located on fragile environments,

or in a protected area (Roca and Villares 2008; Ribeiro, Ferreira and Silva2011).

A number of procedures have been undertaken in order to assess social carrying capacity,
with greater or lesser degrees of success (Snowman 1987; Cifuentes 1999; Saveriades 2000;
Roca et al. 2008; Kalish 2012). Overall, these approaches focus on beachgoers’perceptions
ofcrowding through questionnaires or interviews; additionally, external factors such as
entrances to the beach, access to amenities or tourist accommodationsmayalso be considered
(De Ruyck, Soares and McLachlan 1997; Silva, Alves and Rocha 2002; Zacarias, Williams
and Newton 2011). In a nutshell, any method’s purpose is to determine how many people can
fit comfortably on a beach (Williams and Lemckert 2007). With this in mind, several
crowding thresholds use minimum and maximum scores for different kinds of beaches
(urban, semi-urban, natural); for example, a set of over a dozen studies on Mediterranean

beaches used a range of6 to 25 users per 100m? of sand (Roca et al. 2008). Nevertheless,



many approaches still fail to provide a comprehensive picture because they focus solely on

beachgoernumbers or perceptionswhilst ignoring their spatial distributionon the beach.

The main objective of this paper is to introduce the Beach Crowding Index (BCI), an
indexforassessing social carrying capacity by taking into accountbeachgoers’ spatial
distribution on vulnerable beaches. Four beaches in protected areas were surveyed weekly
from June to September (that is, during the area’s tourism high season), questionnaires were
undertaken and spatial distribution was analyzed using a geographical information system
(GIS). The study sought to answer four mainresearch questions: (1) how many people use
beaches throughout the summer season?; (2) where arethe beachgoers located on the beach?;
(3) which spatial patterns can be observed throughout the summer season; and, (4) what is the

social carrying capacity based on the number of users and their distribution?

Research methods

Fieldwork was undertaken weekly during the summer season of 2015 (June, July, August and
September). Beaches were surveyed every Thursday. Thursday was chosen because it is
representative of any week-day; week-ends were assumed not to be representative of a
normal week-day but rather were classified as being like any week-day in August when
crowd rates are higher and carrying capacity reaches its limits. Thus, by implementing the
survey every Thursday, one can easily observe the beachgoer’s evolution throughout the

bathing season on a weekly basis.

Data was gathered by systematic sampling. A transect along the entire beach’s shoreline was

monitoredat the same hour every Thursday; the transect started at the beginning of the studied



beach and finished at the end following the whole shoreline in order to gather information
along all the beach.The location of beachgoers was marked in a 1:2,500 orthophoto.For better
referencing, a 100*100m grid was placed in the orthophoto and all relevant landmarks, such
as beach entrances, paths or kioskswere highlighted. The data was then digitalized and
analyzed in ArcGis 10.3 (ESRI, 2015).Surveys were undertaken simultaneously at midday on
each beach; this time was chosen because it matched the most crowded time of the day
(Silva, 2002; Ribeiro et al., 2011). This procedure turned out to be easier and more
straightforward than any other procedure based on Global Navigation Satellite System or
video recording (Jiménez et al. 2007; Huamantico et al. 2016), is regarded as very reliable
and is related to the PAOT (people at one time) procedure (Zacarias, Williams and Newton
2011). Forty-two interviews with beachgoers were carried out during the four weeks of
August, the mostcrowded month of the periodstudied. Beachgoers were asked closed and
open questions to assess their perception’s ofcrowding and responsetowards crowding (Silva,

Alves and Rocha 2002; Williams and Lemckert 2007).

The BCI is an index consisting of three weighted sub-indexes. The first sub-index estimates
crowding at the immediate level (100m?), the second sub-index estimates crowding at the
neighboring level (800m?) and the third estimates the number of people on the entire beach
(Figure 1). The GIS procedure counts the number of beachgoers in 100m? (10m*10m)
quadrats (De Ruyck, Soares and McLachlan 1997) alongthe beach and estimates crowding on
the basis of four categories: 1: 5.0m?of sand or less per user; 2: between 5.1 and 7.0m?per
user; 3: between 7.1 and 9.9m’per user; and 4: more than 10.0m?of sand per user (Silva,
Alves and Rocha 2002; Roca et al. 2008; Ribeiro, Ferreira and Silva 2011; Pessoa et al.
2013). A second crowding sub-indexisused to estimate the number of beachgoers surrounding

each 100m?cell; this is because an uncrowdedquadrat may be surrounded by crowded



quadrats, thus making the former seem crowded. For that purpose only contiguity between
sides (rook contiguity) was considered, as contiguity at cell corners (king contiguity) was not
considered relevant. The resulting analysis lowered thescore of cells neighboring a
crowdedcell by one point: cells with4 points which were next tocells scoring 3 became 3, and
so on. A third sub-index calculated the whole number of beachgoers on the beach’s entire
surface area (Silva, Alves and Rocha 2007; Rajan, Varghese and Pradeepkumar 2013). Four
categories were formed on the basis of whatbeachgoers considered to be crowded: 1: less
than 9.9m? per user; 2: between 10.0 and 29.9m? per user; 3: between 30.0 and 49.9m? per
user, and 4: more than 50m? per user.Finally, a weighted algorithm was applied to calculate
the BCI, which consisted of 40 percent of the final score for the first comfort sub-index and
30 percentfor the second and third, as the latter two are reported to have less influenceon the
sensation of overcrowding (Roca et al. 2008). Scores were classified on the basis
ofbeachgoers’ opinions and field work: a poor BCI score is related to a perception of
available sand <2.0m?/user; an acceptable score to 2.1 -2.5m*user; a good score to 2.6-
3.0m*/user; and a very good score to >3.1m?/user. Therefore, the final algorithm was derived
considering the number and beachgoers position on the beach at different scales, their opinion
about the reality they encountered, literature on the topic and field work. The BCI was set up
into four categories because the encountered reality fits properly into four statistical groups
and because four statistical groups are easy to understand and to order perceptually. The
limits of the categories were set considering broad enough thresholds (0.2 points) around the

class midpoint in order to obtain tolerable boundaries.

Study area



The research was conducted on four beaches in protected areas on the Mediterranean Spanish
coast:Muntanyans is a long (3km) beach located between two major coastal resorts and
surrounded by camping parks that together host over 70,000 domestic and international
tourists in the summer season; the high number of visitors to this protected area is a major
threat to the beach. Cala Fonda is a small (150m long, 40m wide) pocket nudist beach which
can only be reached by sea or by a 25 minute walk through a protected forest; this beach is
considered as outstanding among those on the Iberian Peninsula, and any human pressure
may deteriorate its quality. Riumar is an embayed beach 1km long and 60m wide enclosed by
sea dunes near a small beach resort (about 1000 international tourists in thehigh season); a
number of problems regarding erosion and dunes management have risen since the resort
establishment twenty years or so ago. Trabucador is a long (about 6km) remote exposed
beach consisting of a 130m wide spit popular with nudists, families and surfers (Figure 2);

this beach is very vulnerable to erosion, flooding and, eventually, liquefaction.

The beaches havesimilarities (e.g. they are sandy beaches, they are Blue Flag awarded) and
differences (e.g. some are easy to reach from resorts while others are quite remote, some are
entirely cleaned every morning using heavy machinery while others are cleaned up by the
beachgoers themselves). All of them are in protected areas recognized by the European Union
and other international organizations, and they appear as attractions in all touristic brochures

for the region (Tripadvisor 2016).

Results and Discussion

Beaches and beachgoers’ preferences



Fieldwork identifiedthe number of beachgoers throughout the bathing season, with the
highest concentration beingin August. The number of tourists varied markedly during the
period studied depending on the beach:Muntanyans beach received the highest number of
visitors (14,656 beachgoers) whereas Cala Fonda hosted the lowest (390). The numberof
people on the beach changed at different timestoo:Muntanyans received most visitors in the
5th week of July (2,026) and the 3rd week of August (2,091) followed by Trabucadorin the
2nd (678) and 3rd week of August (690). Higher and lower frequentation rates are related to a
number of factors such as summer storms (e.g. 1st week of July, 2nd week of August) or the
most common holiday patterns (i.e. 4th week of August and 1st week of September) (Figure
3). According to Zacarias, Williams and Newton (2011), the number of beach users and the
perceived sense of crowding is a key factor to ensuring proper beach management and
improving its quality. Research on sandy beaches shows that the more the number of visitors
increases the more beach’s quality decreases, because users do not feel comfortable on it and

social and environmental items are under pressure (Ariza et al. 2008; Huamantico et al.

2016).

The maximum number of visitors a beach can accommodate is commonly used as an
indicator of overcrowding and carrying capacity, at least from a theoretical point of view
(Silva, Alves and Rocha 2007; Rajan, Varghese and Pradeepkumar 2013). But beachgoer
distribution does not follow a uniform pattern all over the beach and, hence, a universal
density value does not seem to be appropriate(Silva, Alves and Rocha 2002). Beachgoer
density and sand availability are correlated, and spatial analysis shows distribution patterns.
Most beachgoers concentrate in the first 20m from the shoreline (e.g. Muntanyans 82 percent,
Riumar 75.6 percent) with a small number between 20 and 35m (e.g. Muntanyans 16.3

percent, Riumar 16 percent). After the first 25m from the water’s edge, beachgoer



concentration decreases irregularly and only a small number of visitors (<0.05 percent) are
found beyond 100m. This is consistent with the seminal study by Alemany (1984), which
claimed that most of the beachgoers concentrate on the first 30m from seashore. However, on
more crowded days beachgoers tend to occupy areas to the back of the beach (e.g. in the 3rd
week of August 65 percent of the beachgoers were between 35 and 60m from the seashore at
Muntanyans), thus fully occupying the beach. Fieldwork revealed that on windy days with a
rough sea (e.g. 1st week of July) beachgoers also tend to stay beyond the first 20m from the
shoreline. It was also noticed that beachgoer distribution was conditioned by games such as
volleyball, football or Frisbee, which usually take place between 40 and 65m from the
water’s edge and tend to disappear when the beach becomes crowded. Games are less
common on more frequented beaches than on beaches with fewer people (e.g. Riumar, Table
1) which reveals a certain level of self-regulation among users. This aspect is highly
important as it reveals that the quality of beaches is related to the behavior of users (Roca and
Villares 2008; Lucrezi, Saayman and Merwe 2016), and that spatial patterns may therefore be

derived from these behaviors.

Access points and facilities such as parking lots or kiosks also play an important role in
beachgoers distribution (Juradoand Pérez, 2014). As general rule, visitors prefer not to be far
from access points but also nottoo close as indicated by the higher values in the buffer zones
between 20m and 30m (Table 2), although significantdifferences can be observed depending
on the nature of a beach’s access points. Beyond 35m, no evident distribution appears as
different access or facilities buffers can merge, and visitor distribution randomizes.
Interestingly, beachgoers prefer to stay closer to kiosks rather to beach watchers posts, which
reveals beachgoer’s preferences. When a beach has a single or main access (e.g. Cala Fonda),

the spatial pattern reveals an even distribution from a central point; when a beach has no



definite access point (e.g. Trabucador) no patterns can be distinguished. Clearer patterns are
observed on more frequented beaches (e.g. Muntanyans) but if crowding occurs, patterns fade

as people fill any available empty space.

Overall, it can be stated that visitor distribution is not random (De Ruyck,Soares and
McLachlan 1997) and that spatial patterns can be observed depending on beach morphology,
services or equipment. Furthermore, visitor distribution varies according users’ preferences
(Breton et al. 1996; Roca et al. 2008) and some authors have pointed out the need to
differentiate between types of user (Williams and Lemckert 2007) in order to correctly

understand their spatial location and their meaning when assessing crowding.

The results of the beachgoer interviews turned out to be less homogeneous than expected and
revealed great variations depending on the beach where they were interviewed and their
profiles. In almost all cases (88 percent) respondents stated that they felt comfortable with the
number of people on the beach at that time, and only beachgoers on nudist beaches, as Cala
Fonda or Trabucador, stated clearly when they felt there was too much people on the beach.
In 85.7 percent of cases, they said that the number of people they encountered was perfect as
it was, although in 57 percent of cases they wished that fewer people were present at that
particular moment, which indicates user’s preferences but, at the same time, shows that they
are willing to accept the situation as it is. This happened on all beaches, but was commonest
on Muntanyans and Riumar which are the closest to tourist resorts. Regardless of the number
of beachgoers, 95.2 percent of users said that they would go back to the beach the following
day if the number of users were the same. As Zacarias, Williams and Newton (2011) noticed,
local users tend to prefer lower densities of beachgoers whereas foreign users seem

unperturbed by higher densities, this was clearly noticed on Muntanyans beach where a good

10



number of foreign tourists gathered. However, both local and foreign users on nudist beaches
always praised lower densities (41.7 percent) and 75 percent of them stated their intention to
go elsewhere if the beach became overcrowded; when they were asked why, some of them
clearly stated that they did not like it when other people were too close to them. On Cala
Fonda beach, which is a small pocket beach, they stated their intention to move to another
nudist beach, and on Trabucador beach, which is large and exposed, they stated their

intention to move to another part of the same beach.

Most of the beachgoers (76.2 percent) found difficult to calculate the number of people they
thought the beach could accommodate without feeling uncomfortable, but they had an
opinion about what they would do if the beach became overcrowded, which means that they
were concerned about crowding. In fact, more than two thirds of users reported to move to a
less dense spot on the same beach or to another beach. A meaningful 23.8 percent of the
beachgoers stated that they preferred to be at home rather than on a crowded beach, and this
mainly took place on Muntanyans beach, which is the more crowded beach on the study and
one of the two beaches closest to resorts. The beachgoers’ difficulties in determining the user
density on a beach may be related to poor spatial awareness, because on pocket beaches such
asCala Fonda, users’ responses were precise and consistent with each other. In most cases
(66.7 percent) respondents stated their intention of avoiding or escaping crowds; in general,
the more isolated orunspoilt the beach the more consistent were the beachgoers’responses.
Lonely beaches, such as Trabucador, seemed to be chosen especially for this reason;
comments such as “now ’m feeling fine; there aren’t too much people” were recurrent. In 4.8
percent of cases, and only on Muntanyans beach, beachgoers stated that they would feel
better with more people. This low percentage of gregarious users differs from the responses

given at urban or developed beaches, where beachgoers appreciate a minimum threshold of
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users (De Ruyck,Soares and McLachlan 1997), and demonstrates a distinction with regard to

vulnerable beaches.

Crowding index

The crowding index synthetizes the size of the beach, the number of users and their location
on the beach. The first sub-index shows an immediate comfort level and gives highly
accurate results regarding the number of beachgoers (i.e. 100m’cells). Higher scores occur in
Muntanyans where on average 2.26 percent of quadrats (that is 0.21 percent of beach’s
surface) hold one or more users in 5m” of sand throughout the bathing season. Lowest
crowdedness scores happen in Cala Fonda, where on average 30.16 percent of the beach’s
surface offers more than 10m? of sand per user when the beach is crowded throughout the
bathing season. As a reference, Alemany (1984) suggested a threshold of 5m?/user for
Mediterranean beaches, Ariza et al. (2010) defined an optimal situation when sand
availability was greater than 8m?/user on urban beaches, and Roca et al. (2008) gathered
literature suggesting values of over 20m?/user on natural beaches. Nevertheless, high
variations occur depending on the week studied since some areas can have a high
concentration of beachgoers whereasat others their distribution may be more scattered, asis

the case atTrabucador beach (Table 3).

People’s perceptions of crowding are not limited to their immediate surroundings because
even though a certain 100m’cellmay host relatively few beachgoers, if it is surrounded by
overcrowded plots, those beachgoers may feel overwhelmed by neighboring users, a
sentiment that a large number of respondents expressed in different ways. The second sub-

index takes into account the locations of users themselves and also of those in their vicinity.
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This sub-index makes calculating crowding even across the beach and the results are more
obvious in overcrowded situations because perception of crowding are greater. Evenness
causes a decrease in the first sub-index’s scores, and the average variation for all beaches is
higher for class 1 (1.24 points) and lower for class 3 (0.57 points). Furthermore, some studies
(e.g. Ergin et al. 2004; Williams et al. 2016) have demonstrated the importance of
considering the entire beach when assessing crowding perception and coastlines on different
beaches around the world, because it is the beach as a whole that shapes beachgoers’opinions.
Consequently, the third sub-index considers the total number of beachgoers and the whole
surface area to provide information on crowdedness for the entire beach (Silva 2002). Taken
as a whole, the commonest score is an availability of 50m?or more of sand per user. On
average throughout the bathing season, 34.4 percent of Cala Fonda beach’s surface offers
50m? or more of sand per user, whereas11.8 percent of Muntanyansoffers less than 9.9m? of
sand per user when the beach is crowded. Similar studies carried out on Portuguese beaches
showed even broader scores ranging from 31.2 to 354.9m?/user (Silva 2002), whereas
Ribeiro, Ferreira and Silva (2011) calculated a minimum score of 8.96m*/user on average
over four selected days during the tourism high season. Other research undertaken on
different beaches in South Africa (De Ruyck, Soares and McLachlan 1997) or India (Rajan,
Varghese and Pradeepkumar 2013) showed varying scores, which makes it difficult to
compare and generalize results. Some authors suggested that scores below 5m?/user mean
overcrowding and should be considered as uncomfortable (Roca and Villares, 2008; Yepes
2010 in Ribeiro, Ferreira and Silva 2011). However, although this score appears to be
illustrative, it is somewhat inaccurate because there are high levels of heterogeneity within a
beach and among different types of beaches and users. Timing is also important because
numbers of beachgoers vary greatly throughout the bathing season; as general rule, the bigger

and more crowded the beach the more the numbers changed (Table 4).
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The aforementioned sub-indexes provide partial and scaled approaches (100m?’cell,
neighboring 100m?cells, the entire beach) to determining crowdedness on the beach. The BCI
synthetizes and weights each sub-index to provide a weekly composite score of crowding
across the beach in 100m?plots (Table 5). On the basis of the literature (Roca et al., 2008;
Pessoa et al., 2013), users’ responses and field work the following four classes were
established: a poor BCI score is a perception of sand availability of < 2.0m?/user; an
acceptable score is 2.1 -2.5m*/user; a good score is 2.6-3.0m*/user; and a very good score is
>3.1m*/user; a photographic example for two different beaches is provided in Figure 4,
showing scores ratted as very good/good and poor/acceptable for a better understanding. This
classification ranges from more crowded to less crowded classes and considers broad enough
thresholds that avoid the rigid limiting of classes in favor of tolerable limits (De Ruyck,
Soares and McLachlan 1997). For instance, for the third week of August, the most
overcrowded on average for all the beaches, 302 beachgoers were counted on Riumar beach,
occupying 274 out of the 2299 100m? plots covering the entire beach (11.92 percent), and
enjoyed a minimum BCI rate of 1.3 (poor) and a maximum rate of 3.4 (very good). A better
understanding of its significance in assessing social carrying capacity can be seen when the

scores are mapped; an example for Cala Fonda is shown in Figure 5.

Crowding is regarded as an important issue in beach quality assessment, particularly for
vulnerable beaches or beaches under tourist pressure (Benoit and Comeau 2005). A number
of procedures pay special attention to overcrowding as an issue that affects beach quality (e.g.
Ariza et al. 2008; Lucrezi, Saayman and Merwe 2016), and other procedures also calculate
the indirect effects of overcrowding (e.g. noise) on scenery (Ergin et al. 2004; Rangel-

Buitrago et al. 2013). Commonly, these procedures consider the total number of beachgoers
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for the entire beach (third sub-index for the BCI) and ignore their distribution throughout the
beach, which, as demonstrated, can be quite heterogeneous. The BCI concentrates on
beachgoers spatial position, and gives extra information about beach occupancy and users’
interactions on a weekly basis, which is why it can be highly helpful when assessing social
carrying capacity. Other studies that look at coastal planning or management(e.g. Jiménez et
al. 2007; Alexandrakis, Manasakis and Kampanis 2015; Huamantico et al. 2016), could also
benefit from this procedure, as it builds a long term series of data that reinforces the models
reliability and its trustworthiness by allowing comparison at different times (Saveriades

2000).

Research undertaken on urban beaches (Roca and Villares 2008) has demonstrated that
overcrowding is not an inconvenience for beachgoers on urban beaches. The same cannot be
said for non-urban beaches because users try to ensure sufficient distance among themselves
and state their annoyance with crowds; in fact, the more natural the beach the greater the
dislike of crowds. Although beachgoers’ preferences are fluid cultural responses that may
vary quickly (Breton et al., 1996) and beach users sometimes behave differently from their
interview responses (Silva, 2002), this fact demonstrates the existence of different types of
beaches and beachgoers, and their importance in beach and tourism management. For beach
managers, it is important to remember that the presence of users on the beach does not mean
that they are necessarily enjoying the beach, as Kalisch (2012) demonstrated on German

beaches, and it underlies the fact that efforts must be made to improve beach quality.

The BCI can be applied in many ways. Because the plots analyzed are georeferenced, those
areas that are usually more or less crowded can be easily located and management duties such

as surveillance or cleaning can be scheduled according to needs. Coastal policies can be

15



designed that take into account spatial analysis and carrying-capacity measurements can be
introduced that consider the real impact of beachgoers on different sectors of a single beach.
This is especially important on vulnerable beaches such as those in protected areas or fragile
environments because they face greater threats. Some respondents suggested closing the
entrance to the beach when overcrowding occurred, in order to enjoy themselves on the beach
avoiding an excessive number of beachgoers; however, the BCI procedure means that spatial
patterns can be monitored and beachgoer flows can be redirected to non-crowded areas and
that therefore only overcrowded sectors need to be closed rather than the whole beach. In
addition to spatial characterization, studies can also use the BCI to assess the spatial statistics
of beaches. Some applied examples include regression analysis of beachgoers’ opinions in
relation to their position on the beach and the real world, perception of comfort interpolation,

vicinity to other users and spatial interaction, advanced modelling and so forth.

Conclusion

Vulnerable beach management is a real challenge for coastal and tourism managers and the
issues of crowding and social carrying capacity are difficult challenges. Beachgoers often
avoid overcrowded beaches, especially on non-urban beaches, because they are usually
seeking peace, tranquility and, sometimes, isolation. However, vulnerable beaches such as
those in protected areas are very sensitive to crowding. As beachgoer flows increase, so too
does overcrowding on vulnerable beaches and sustainable management practices need to be
implemented. The BCI is a good approach for assessing and managing crowding and for
preventing overcrowding, especially on vulnerable beaches. The BCI focuses on spatial
analysis and gathers data throughout the bathing season, both of which bestow robustness and

reliability on its results. The beaches studied gave minimum and maximum scores of 0.7 and
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3.7 on a scale from 0 to 4, with considerable variety depending on the beach and week the
data were taken. The BCI scores should not be understood as the maximum number of
beachgoers a given beach can hold in a given area to obtain a given degree of comfort, but as
a reference threshold that allows people to enjoy the beach without its quality falling below a
suitable standard. Nevertheless, crowding is not the only item affecting beach quality, beach
fragility and beachgoers’ perceptions, and so other approaches need to be developed that
complement the BCI in the process of implementing sustainable practices and achieving

better beach management.
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Tables

Table 1. Number of beachgoers on Riumar beach in 5m strips from the shoreline.

Strips from the shoreline (meters)

5 10 15|20 | 25 |30 |35 |40 |45 |50 |55 |60 |65 |70 | 75 |80 |85 |90 |95 | 100
1stweek June 3 27 |23 |16 |25 |14 |16 | 17 | 10 | 3 4 - 2 - - 3 - - - -
2"dweek June - - 120312 - 1 1 - -t 2] 3 - - - -] - - -
3rdweek June 1 17 [23 12| 5 | 3 | - - - -2 - - - - - S - -
4thweek June 1 17 [23|12] 5 | 3 - - - -2 - - - - - - - - ;
1stweek July 12 28 (20| 12| 2 - - 4 1 - - - 1 2 5 - - - - -
2ndweek July 2 16 6 8 6 |12 (12| 8 4 3 - - 3 5 2 6 - - 5 -
3rdweek July 34 | 119 |46 | 17 | 12 | 19 | 16 | 6 13 3 1 5 2 - 1 - - - 1 1
4thweek July 21| 56 |22 | 2 | 2 - 1 716 |33 - - - 4 - - - - -
5thweek July 21| 56 |22 2 | 2 | - 1| 7161|313 |-]- - 4| - -] - - -
18week August 14| 67 |80 |48 |29 | 5 | - - - - - - - - - - S - -
2ndweek August 91 60 | 79|47 29| 8| 7| 2| - - - - - - - - . , ;
3rdweek August 15 70 |97 69|42 9 | - - - - - - - - - - I - -
4thweek August 1396870 |3t 11| - |- -1-1-1|-/|-1|-1-1-1-1+-1- B

1stweek September

2"dweek September

3r%week September

4tweek September
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Table 2. Number of beachgoers on Muntanyans beach in Sm strips from the fourteen access

points to the beach.

Strips  from  access  points

(meters)

5 10 | 15 20 | 25 | 30
1tweek June - - 1 3 7 30
2ndweek June - |- - - - 9
3rdweek June - - - 3 6 3
4thweek June - - |- 20 9 8
1stweekJuly - - - 2 3 15
2ndweekJuly - - 41 1 2 -
3rdweekJuly - - 21 4| 9 1
4%weekJuly - - 20 1 3 9
5thweekJuly - |- - 4 3 7
1stweek August - - 31 12| 17 11
2"dweekAugust - - - - 18 30
3rdweekAugust - - 30 9] 19 28
4™weekAugust - 2 - - 1 55
1stweekSeptember - - - 1 - 6
2"dweekSeptember - - - - -
3rdweekSeptember - - 1| 7] 13]-
4tweekSeptember - - - - - 34




Table 3. First crowdedness sub-index analyzing 100m? plots onTrabucador beach and

showing the availability of sand (m?) per beachgoer when the beach is crowded.

<5.0 5.1-7.0 7.1-9.9 >10.0
m?/user | m*user | m*user m?/user
1**week June 2 0 0 145
2mweek June 3 0 0 174
3rweek June 5 3 4 86
4hweek June 6 3 4 80
I®'weekJuly 5 0 0 72
2MweekJuly 10 0 0 152
3weekJuly 8 0 0 240
4hweekJuly 3 0 1 246
5hweeklJuly 3 0 0 247
IM'week August 11 1 1 631
2"weekAugust 22 3 4 641
3rdweek August 10 0 5 674
4hweek August 7 1 2 406
1*'weekSetember 1 1 0 144
2"weekSetember 1 1 0 34
3rdweekSetember 1 0 0 34
4hweek Setember 2 0 0 43
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Table 4. Third crowdedness sub-index analyzing the whole of Muntanyans beach and

showing the percentage of sand available when the beach is crowded.

<99 10.0-29.9 | 30.0-49.9 | =50.0

m?/user m2/user m2/user m?/user
1" week June 0.00 0.00 0.00 0.12
2" week June 0.00 0.00 0.00 0.07
3" week June 0.00 0.00 0.17 0.00
4™ week June 0.00 0.27 0.00 0.00
1* week July 0.00 0.00 0.08 0.00
2" week July 0.00 0.26 0.00 0.00
3" week July 0.30 0.00 0.00 0.00
4™ week July 0.26 0.00 0.00 0.00
5" week July 0.05 0.00 0.00 0.00
1" week August 0.40 0.00 0.00 0.00
2" week August 0.33 0.00 0.00 0.00
3" week August 0.37 0.00 0.00 0.00
4™ week August 0.42 0.00 0.00 0.00
1" week September 0.00 0.00 0.00 0.02
2™ week September 0.00 0.00 0.00 0.00
3" week September 0.00 0.00 0.14 0.00
4™ week September 0.00 0.00 0.00 0.05
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Table 5. The CI scores and main data for the four beaches in the third week of August, the

most crowded week on average.

Muntanyans | Cala Fonda Riumar | Trabucador

Number of users 291 46 302 690
Total number of 100m’cells 1689 85 2299 10120
Number of occupied 455 36 274 689
100m?cells

CI minimum score 0.7 2.4 1.3 1.0
CI maximum score 2.8 3.7 34 3.1
CI average 1.8 3.0 2.5 2.2
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Figure captions

A
o0 n ' o®
o ©® o
@ N
o5
LX) Y o0
&
c

Figure 1. Graphic overview of the BCI procedure. Beachgoers are georeferenced (A); first

sub-index is generated by overlaying a 10m*10m cells grid (B); second sub-index obtains

beachgoer data surrounding each 100m? cell (C); third sub-index obtains data for the entire

beach and the total number of beachgoers (D).
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Figure 3. Number of people on the four beaches per week throughout the bathing season.
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Figure 4. Beachgoers on Cala Fonda beach (left) and Muntanyans beach (right). Cala Fonda
photograph was taken the third week of July (the most common rates were good and very
good) and Muntanyans the first week of August (the most common rates were poor and

acceptable).
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Figure 5. The BCI applied to Cala Fonda beach throughout the bath season.
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