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Abstract

Beach rankings are very frequent on the internet; however, the information provided on how these rankings are made
is often unclear and their content is mostly subjective. In addition, the vast majority of these rankings do not take
into account the fact that beaches are coastal eco-systems. The aim of the research was to develop an objective
framework to rank the quality of beaches worldwide. The framework integrates indicators to assess the socio-
ecological system quality and can be used as a basis for effective beach management. The methodology involved
the collection, evaluation and grouping of indicators into domains and categories. Moreover, a measurement
technique and a 5-point rating score for each indicator was used. Weights were calculated for different beach types
using an analytical hierarchical process and the methodology was validated by a focus group of beach management
experts. The quality value of each beach was calculated through equations and the results were presented in graphs
inspired by the Circles of Sustainability and the Ocean Health Index. The theoretical application was tested on Portu-
guese beaches. The framework presents a holistic assessment of four domains: Recreation, Protection, Conservation
and Sanitary. The resulting Beach Ranking Framework (BRF) is an objective, holistic framework designed to communi-
cate with society, unlike the existing beach quality assessments.
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1 Concept and background

The coastal zone provides goods (e.g. food and medicine)
and services (e.g. shoreline protection and areas for rec-
reation) highly valuable to human society (Martinez et al.
2007). One of these services is related to the cultural use
of beaches, mainly for leisure and recreation. Beaches
are chosen as an area for individuals to relax and medi-
tate, making them a key destination for coastal tourism
(Li et al. 2023). According to Drius et al. (2019), while it is
undeniable that tourism is important for economic devel-
opment, it is also obvious that its continued rise will place
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growing stress on coastal zone environmental resources.
In order to control the pressures and plan the develop-
ment of tourism in an area, a beach quality assessment
is essential. Beach quality is defined in terms of environ-
mental quality as “the state of the beach as a socio-natural
system in a certain time, concerning its ecosystem function-
ality and satisfaction of human needs” (Botero et al. 2019).

The coastal tourism sector uses a number of aesthetic
measures to rank recreational areas in order to draw
the attention of visitors and let them know where the
‘best beaches’ are (Williams and Micallef 2009). Trave-
lers increasingly use travel intermediaries and social
media in their destination selection process (Echtner
and Ritchie 1991; Oluwakemi and Ozdemir 2020; Gret-
zel 2021; Weissmann 2021), so promotion strategies like
the ‘best beaches’ lists play an important role in image
construction (Mendes et al. 2011) and contribute to the
popularity of a destination. However, the majority of
the current web-based rankings are subjective (Oliveira
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et al. 2024). They mainly rely on subjective opinions
from the editorial team, “traveler specialists’, personal
experience, or user’s perception to classify the beaches,
without specifying objective criteria. One of the most
famous examples is the list provided by TripAdvisor
(www.tripadvisor.com), which is based on the opinion of
the users: each person rates the beaches on a scale of 1
to 5 based solely on their own personal experience. Fur-
thermore, these rankings are evaluating beauty rather
than quality, as they are based solely on aesthetic fac-
tors, such as color of water, color of sand, scenic value,
and well-kept vegetation (Oliveira et al. 2024). The
indiscriminate propagation of these lists can have a vari-
ety of impacts on the beaches included on these lists.

There are numerous beach quality assessments in the
scientific literature. Quality of beaches is mainly assessed
by indices that describe and evaluate the beach. Indi-
ces developed to assess beach quality often emphasize
water quality (El-Sorogy et al. 2023; Uddin et al. 2023)
or address specific management issues, such beach lit-
ter (Schattschneider et al. 2020; Scarrica et al. 2022), sea
level rise (Revell et al. 2021) or beach erosion (Andreadis
et al. 2021). Nevertheless, some indices propose an inte-
grative approach to assess beach quality holistically, con-
sidering the physical characteristics, the environmental
quality and human aspects, such as socioeconomic and
recreation (Ariza et al. 2010; Gine et al. 2018; Bombana
and Ariza 2019; Diniz et al. 2022; Li et al. 2023).

Ariza et al. (2010) proposed the Beach Quality Index
(BQI) to evaluate urban and urbanized beaches in Spain,
based on 13 partial indices distributed into three com-
ponents (recreational, natural, and protective). The BQI
is one of the best-known beach assessment methodolo-
gies, having been applied in Chile (Gonzales and Holt-
mann-Ahumada 2017), Vietnam (Huong et al. 2017), and
Indonesia (Rafif et al. 2023). The assessment was later
improved by Bombana & Ariza (2019) to incorporate the
perceptions and narratives of the stakeholders engaged,
and to include other levels of beach development on
the Catalan coast. Giné et al. (2018) designed a tool to
assess the beach quality in protected areas in Spain. The
Dynamic Index for Beaches in Protected Areas (DIBA)
evaluates nine indicators divided into three sub-indexes
(environment, landscape, and recreation). Diniz et al.
(2022) proposes a coastal scenery quality index to meas-
ure the quality of Brazilian beaches, which includes 67
indicators distributed among eight categories (accessibil-
ity, environmental quality, water quality, comfort, scenic
quality, services and infrastructure, safety, and environ-
mental education and information). Li et al. (2023) assess
the quality of beaches in Yangkou Beach, China using 18
indicators divided into three aspects (natural, environ-
mental and social factors).
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Despite having an integrative and holistic approach,
beach-user satisfaction is at the forefront of these indi-
ces (Bombana and Ariza 2018). Even when other aspects
are included, such as environmental and physical charac-
teristics, these are also aimed to promote recreation. In
addition, most of the indices neglect the complexity of
socio-ecological systems, due to the lack of transdiscipli-
nary approaches (Bombana and Ariza 2018). Moreover,
the indices display their results in a similar way, using a
numerical scale or a qualitative rating scale, without a
graphical output (Bombana and Solé, 2017). The lack of
a graphical representation of the results makes compre-
hension by the public harder; hence, these indices do not
break out beyond the barriers of academy. Another gap
is that indexes are created to help the management of
beaches but not to rank the best ones or help the tourist
to decide their destination (Espinola and Marques 2021).
In other words, they are not designed to correct the sub-
jectivity of the ‘best beaches’ lists or to communicate
with the society. Thus, there is a need for a methodology
that standardizes rankings to reduce the subjectivity of
existing best beach lists, communicates the results clearly
to beach-users in society, while applying the concepts of
scientific beach quality assessment.

The goal of the research was to develop a robust and
objective framework to assess the beach quality and to
rank beaches worldwide. The framework was designed
to consider socio-ecological indicators and to display the
results in a graphical output, making them more under-
standable and attractive for the beach-users in society.

Coastal tourism, and especially beach tourism, is a sig-
nificant sector of the Blue Economy (EC 2021) and one
of the goals of the Ocean Health Index (Halpern et al.
2012). Tools that contribute to improve the use and
conservation of beach resources are therefore economi-
cally, socially and environmentally useful and necessary.
Hence, a fit-for-purpose beach-assessment framework
could support the sustainable development and con-
servation of coasts. Furthermore, the framework could
provide a reliable source of information for beach-users
when choosing a destination to visit, by eliminating the
subjectivity embedded in the existing rankings.

2 Materials and methods

The methodology followed some steps that are described
into the flowchart exhibited as Fig. 1. As a first step, list-
ings of ‘best beaches’ and beach quality assessments were
surveyed to extract relevant indicators. Searches using
Google for the term ‘best beaches’ were conducted five
languages (English, French, Portuguese, Spanish, and
Italian). Over 200 websites were checked of which 71
were selected, based on their original content. Websites
that merely replicate or translate other rankings were
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Fig. 1 Flowchart of the methodological process. Prepared by the authors

disregarded. The indicators were summarized according
to their presence and frequency of appearance. Scien-
tific literature was also surveyed in Google Scholar (GS)
and Science Direct (SD) journal databases for the com-
bination of the terms ‘beach’ AND ‘quality. The survey
returned 95 articles in SD and 771 in GS. The titles of
all articles in SD and of the first 100 articles in GS were
filtered to identify the alignment with the theme and

check the availability of the full article. Repeated articles
were excluded. Articles that incorporated the opinion of
beach experts (managers, planners, investigators) and
beach users were prioritized. This resulted in the identi-
fication of 17 peer-reviewed journal articles (highlighted
in Oliveira et al. 2024) that proposed an index to evalu-
ate overall beach quality through a holistic approach.
The content of these articles was analyzed based on the
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number of indicators, the type of indicator and on the
methodology performed. These results were recorded in
a spreadsheet.

The potential indicators identified from both assess-
ments were analyzed to remove the ones with similar
meaning. The remaining were evaluated according to the
relevance for management based on the S.M.A.R.T. cri-
teria (specific, measurable, achievable, realistic and time-
bounded) (Elliott 2011). Indicators that did not fulfill the
SMART criteria were discarded. In addition, indicators
derived from a technical report of the European Com-
mission (Maes et al. 2018) and from ecosystem indica-
tor literature (Atkins et al. 2015; Hattam et al. 2015) were
considered during the framework composition. The final
set of indicators was selected based on: (i) the frequency
of occurrence in the rankings and indices analyzed; (ii)
the availability of data to support them; (iii) the appro-
priateness for describing beach function; (iv) the main
issues requiring management; and (v) the communicabil-
ity of the information.

The indicators considered relevant and appropri-
ate were divided into domains and categories accord-
ing to their classification by the scientific literature or
by the government agencies and on their suitability
for each domain. The decision to divide the framework
into four domains was based on three primary reasons.
Firstly, drawing inspiration from established beach qual-
ity indexes that categorize their methodology into com-
ponents, namely Recreation, Natural, Physical, and
Socioeconomic. By segmenting the framework into dis-
tinct components, all aspects relevant to beach man-
agement can be comprehensively addressed. Secondly,
equal importance is placed on the primary functions of
a beach — protection, recreation, and conservation. This
approach reflects a commitment to acknowledging and
balancing the multifaceted roles that beaches play in
their ecosystems and communities. Lastly, the objective
included creating a visually impactful output. In pursuit

Indicators

S ——————— - -
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of this goal, cues were taken from existing frameworks,
particularly the Circles of Sustainability’ (James 2015),
which features four domains. This visual representation
enhances the framework’s accessibility and facilitates a
clearer understanding of the interconnected elements
governing beach management.

Circles of Sustainability (CS) is an assessment frame-
work, based on the social-ecological systems (SES) the-
ory, to measure urban sustainability through a holistic
approach by assigning scores to categories divided into
four domains: ecology, politics, culture and economics.
In the current framework, the domains were adapted to
reflect the main quality areas that need to be evaluated
in a beach. Therefore, here the domains are divided into
recreation, protection, conservation, and sanitary. Each
domain is divided into five categories and each category
is measured by a variable set of indicators that embrace
the characteristics necessary to describe them. The varia-
ble number of indicators in the categories aims to include
all aspects considered relevant. It does not represent a
higher importance and does not affect the weighting. The
hierarchical division of the framework is represented in
Fig. 2. This holistic approach grants equal relevance to
each domain, regardless of whether more established
indicators exist in one domain than in another. The use
of this framework also ensures that the results are repre-
sented graphically, facilitating transmission to the public
and comprehensibility of the information.

For each indicator, a measurement technique and a
5-point Likert-type scale was used, following the litera-
ture and the established regulations (Cendrero and Fis-
cher 1997; Leatherman 1997; Morgan 1999; Ergin et al.
2004; Aragjo and Costa 2008; Roca et al. 2009; Williams
and Micallef 2009; Ariza et al. 2010; Keller et al. 2011;
Mclachlan et al. 2013; Amyot and Grant 2014; Atkins et al.
2015; Lucrezi et al. 2016; Penia-Alonso et al. 2018; Bom-
bana and Ariza 2019; Directives 75/440/EEC, 91/676/
EEC, 2000/60/EC 2006/7/EC). Once each indicator was

Fig. 2 Hierarchical division. The framework is divided into four domains. Each domain is composed of five categories and each category

is measured by a variable set of indicators
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scored on the 5-point scale, the results were normalized.
The normalization was done by dividing the sum of the
score allocated to each indicator in a category by the total
maximum score for each category. For example, the cat-
egory ‘Habitat’ is composed of two indicators: ecosystem
connectivity and ecosystem condition. The sum attributed
for each indicator was summed (e.g. 4+5=9) and divided
by the maximum score for the category (5+5=10) result-
ing in a normalized score (9 / 10=0.9).

Weights were assigned for each category and for each
domain using the Analytic Hierarchy Process, following
the procedure explained by Saaty (2008). The method was
applied for different beach types to respect different man-
agement strategies. The beach types included were Urban,
Village and Rural, following the anthropogenic classifica-
tion of Williams and Micallef (2009). Urban beaches are
generally open to the public, have well-established public

Page 5 of 19

to fill in a set of spreadsheets made available on a cloud
service, according to the method of AHP (Saaty 2008).
The comparison was made according to the importance
of the domains and categories within each beach typol-
ogy, using the pairwise comparison scale. The responses
obtained were average and the final weight values and
standard deviation were calculated for each beach type.
The final Beach Quality Value (BQV) was calculated
using linear aggregation. The BQV has been established
as the sum of the quality per domain, each with different
weighting, as shown in the equations below (Eq. 5). The 1, p,
c and s coefficients adjust the importance of the categories
for each domain, while the w coefficient adjusts the impor-
tance of domains for each beach typology. The quality
of the domain is calculated by the sum of the normalized
value in each category by its weight (Egs. 1 to 4). The rank-
ing is the decreasing order of beaches based on the BQV.

RD = [(r; x AP)] + (r3 x CC) + (r3 x FS) + (r4 x SV) + (55 x Saf) (1)
PD = [(p; x SB)] + (py x SS) + (p3 x IC) + (pg x SbD) + (p5 x RV) @
CD = [(c; x EQ)] + (c2 x GA) + (c3 x Hb) + (c4 x SP) + (c5 x Her) (3)
SD = [(51 x WQ)] + (s2 x SQ) + (53 x EP) + (s4 x SE) + (s5 x LW) (4)

services (e.g. banks, cafes, internet, markets) and com-
mercial activities in the proximity (fishing, harbors and
marinas), whereas village beaches are located outside the
main urban environment, reached by public or private
transport and associated with a small and permanent pop-
ulation, with access to organized and small-scale commu-
nity services (Williams and Micallef 2009). A rural beach,
on the other hand, is described as the one located outside
the urban/village environment and not readily accessible
by public transport. These beaches have little or no beach-
front development or facilities and are valued by their qui-
etness and natural qualities (Williams and Micallef 2009).

A Focus Group of beach management experts and
practitioners from different countries was used to check
for and to reduce cultural differences, subjectivity and
bias. The group was formed by five coastal management
experts (1 oceanographer, 1 geographer, 1 environmen-
tal engineering and 2 geomorphologists) from Proplayas
Network with experience ranging from 5 to 25+ years,
with different approaches regarding the four dimen-
sions of the framework. An online workshop was organ-
ized on June 02/2021 to explain the methodology and the
procedure of weighting. Later, the experts were asked

BQW = (w; x RD) + (wy x PD) + (w3 x CD) + (w4 x SD)

(5)
where; AP=Access & Parking; CC=Carrying Capacity;
FS =Facilities & Services; SV =Scenic Value; Saf=Safety;
SB=Storm Buffer; SS=Shoreline Stability; IC=Induced
Changes; SbD =Subaerial Dissipation; RV =Risk & Vul-
nerability; EQ=Environmental Quality; GA=Govern-
mental Acts; Hb=Habitat; SP=Species; Her =Heritage
WQ=Water Quality; SQ=Sand Quality; EP=Episodic
Pollution; SF=Sanitary Facilities & Services; LW =Lit-
ter & Waste; RD=Recreation domain; PD=DProtec-
tion domain; CD =Conservation Domain; SD = Sanitary
domain.

3 Resulting beach ranking framework (BRF)

A holistic and systemic approach to ranking is neces-
sary to identify tourism characteristics and recurring
problems that may endanger the ecosystem, if the results
are to be useful for coastal management. It must also be
adaptable to be appropriate for various types of beaches
while respecting their unique characteristics. The com-
parison metrics must be clear and standardized to reduce
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Fig. 3 Division of the BRF inspired by the ‘Circles of Sustainability’ showing the domains (in the quadrants) and categories (in the rectangles)

classification subjectivity. To achieve these goals, a struc-
ture separated into domains and categories based on the
Circles of Sustainability (CS) framework (James 2015),
and updated for the coastal areas by Alencar et al. (2020),
was utilized in the design. The domains in the BRF were
adapted to reflect the main functions of a beach, coastal
defense, recreation and conservation (Williams and
Micallef 2009), and to reflect the sanitary conditions.
Each domain is divided into five categories that includes
its main elements, as shown in Fig. 3. The categories,
according to Alencar et al. (2020), are generic sustainable
qualities that can be represented in a way that improves
transparency across sectors and scales.

The ‘Recreational’ domain (RD) refers to the provision
of services and infrastructure that enable beach users to
relax, have fun and be entertained. The five categories
included aims to identify the key attributes for tourism.
The ‘access & parking’ category aims to identify the type
of entrance and the availability of parking on the sur-
roundings. ‘Facilities & services’ evaluates the offer of
amenities and adaptations for disabled users. The ‘Carry-
ing capacity’ category considerate public crowding per-
ception, while the ‘Scenic value’ category measures the
coastal scenery of a specific site. Finally, ‘Safety’ includes
the aspects related with security in the beach including
currents, rescue services and dangerous situations.

The ‘Protection’ domain (PD) is going to evaluate the
beach potential to dissipate energy and defend the city

against possible harmful events. The categories are going
to identify vulnerabilities and anthropic modifications
that can damage the natural defense of the coast. The
‘Storm buffer’ category evaluates the capacity of beach
to defend and resist against storms and includes aerial
beach elements. The ‘Subaerial dissipation’ category
identifies the presence of subacute features (e.g. salt-
marshes, mangroves) that absorb wave energy. ‘Shoreline
stability’ refers to the position of the shoreline along the
time while the ‘Induced changes’ category evaluates the
human modifications on the beach and surroundings.
‘Risk & Vulnerability’ evaluates the occurrence and fre-
quency of events (e.g. hurricanes, sea level rise) that can
generate impacts at a site.

The ‘Conservation’ domain (CD) refers to the preser-
vation of the environment, including measurements of
biodiversity, environmental quality and management
conservation actions. The ‘Environmental quality’ cat-
egory evaluates the overall quality of the environment of
a beach, identifying problems such as noise, air pollution
and eutrophication. The ‘Governmental acts’ category
refers to legal instruments to regulate the use and con-
servation of a beach. ‘Habitat’ evaluates the presence and
condition of beach habitats present at the beach, whereas
‘Species’ examines the richness and abundance of species
in an area and identify the presence of endangered and
invasive species. The ‘Heritage’ category evaluates the
presence of sites with specific conservation interest.
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Fig. 4 Graphical representation of the BRF showing the domains (in the inner circle), the categories (circle in the middle) and the indicators (outer
circle). Colours are representative of each domain. The variable number of indicators in the categories aims to include all aspects considered
relevant. It does not represent a higher importance and does not affect the weighting

Finally, the fourth domain is dedicated to ‘Sanitary’
(SD) issues that aims to identify the presence and impacts
of litter and pollution. The “Water quality’ category evalu-
ates the overall quality of the bathing waters while the
‘Sand quality’ category aims to identify the comfort and
cleanliness of sediments. The ‘Episodic pollution’ cate-
gory evaluates the occurrence and frequency of potential
pollution sources whereas the ‘Litter & waste’ category
examines the presence and volume of different types of

litter. Finally, the ‘Sanitary facilities & services’ category
investigates the provision of sanitary amenities such as
toilets and refuse collection points.

Each category is measured by a set of indicators that
embrace the characteristics necessary to describe them
(Fig. 4). There are a total of 79 indicators in the frame-
work, as shown in Fig. 3. The indicators chosen to com-
pose the framework evaluates the beach by a holistic
approach, considering it as a socio-ecological system to
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Table 1 Proposed rating Score for each indicator composing
the Beach Ranking Framework. The colors in the first column are
indicative of the domain. D represents the Domain and C the
Category
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Table 1 (continued)

Source: Aratjo & Costa (2008); Morgan (1999); Ariza et al. (2010); Pefia-Alonso
etal. (2018); Roca et al. (2009); Morgan (1999); Ariza et al. (2010); Amyot & Grant
(2014); Ariza et al. (2010); Pefia-Alonso et al. (2018); Ariza et al. (2010); Ariza et al.
(2010); Morgan (1999); Ariza et al. (2010); Pefia-Alonso et al. (2018); INR (Praia
acessivel); Ariza et al. (2010); Morgan (1999); Ariza et al. (2010); Ariza et al. (2010);
Ergin et al. (2004); Ergin et al. (2004); Ergin et al. (2004); Ergin et al. (2004); Araujo
& Costa (2008); Ergin et al. (2004); Ergin et al. (2004); Ergin et al. (2004); Morgan
(1999); Pefia-Alonso et al. (2018); Araujo & Costa (2008); Araujo & Costa (2008);
Morgan (1999); Morgan (1999); Leatherman (1997); Pefia-Alonso et al. (2018);
Leatherman (1997); Pefia-Alonso et al. (2018); Araujo & Costa (2008); Morgan
(1999); Pefia-Alonso et al. (2018); Araujo & Costa (2008); Leatherman (1997);
Leatherman (1997); Aratjo & Costa (2008); Morgan (1999); Amyot & Grant (2014);
Ergin et al. (2004); Bombana & Ariza (2019); Cendrero & Fischer (1997); Araujo &
Costa (2008); McLachlan et al. (2013); Leatherman (1997); Ergin et al. (2004); Ariza
etal. (2010); Ariza et al. (2010); Ariza et al. (2010); Aratjo & Costa (2008); Araujo

& Costa (2008); Cendrero & Fischer (1997); Araujo & Costa (2008); Cendrero &
Fischer (1997); Lucrezi et al. (2016); Araujo & Costa (2008); Ergin et al. (2004);
Pena-Alonso et al. (2018); APA PT; Directives 91/676/EEC (EC 1991); 75/440/

EEC (EC 1975); Lucrezi et al. (2016); Cendrero & Fischer (1997); Lucrezi et al.
(2016); Amyot & Grant (2014); Lucrezi et al. (2016); Cendrero & Fischer (1997);
Araujo & Costa (2008); Atkins et al. (2015); McLachlan et al. (2013); Directive
2000/60/EC (EC 2000); McLachlan et al. (2013); Keller et al. (2011); Bombana &
Ariza (2019); Cendrero and Fischer (1997); Lucrezi et al. (2016); Ergin et al. (2004);
Araujo & Costa (2008); Directive 2006/7/EC (EC 2006); Araujo & Costa (2008);
Araujo & Costa (2008); Lucrezi et al. (2016); Pefia-Alonso et al. (2018); Lucrezi
etal. (2016); Pefia-Alonso et al. (2018); Lucrezi et al. (2016); Williams & Micallef
(2009); Williams & Micallef (2009); Ergin et al. (2004); Ergin et al. (2004); Morgan
(1999)

respect the ecosystem services and functions provided
by the beach. The recreation domain includes indica-
tors like parking, availability of sand by user, adaptations
for disabled users, facilities (children/ dinning / sports),
lifeguards, dangerous animals (jellyfish, sharks), and rip
currents. The protection domain comprises beach width
and slope, dune type and condition, rate of erosion,
impervious surface, morphodynamic state, rate of sea
level rise, and exposure to waves. Among the conserva-
tion indicators are concentration of nutrients, protected
areas, ecosystem condition and connectivity, endangered,
iconic and invasive species. Sanitary indicator embraces
microbiological water quality, feces on the sand, cleaning
of the beach, litter bins, toilet provision and solid human
waste. The indicators can be used to identify some of the
most common environmental issues in beaches, such as
erosion, flooding, eutrophication, pollution, alteration of
landscape and decrease of biodiversity. At the same time,
they also reflect the quality of the services provided.

The use of a rating score with measurements for each
indicator (Table 1), instead of a simple rating by order of
excellence, decreases the subjectivity of the index, since
the scale of comparison is the same for every investigator
applying the framework. The use of ‘Bad’ to ‘Good’ scale
gives space for personal interpretation, since what can
be seen as good for a person can be faced as regular by
another one with more restrictive criteria. The standardi-
zation of scores, with a clear definition of what is good
or bad for each indicator is essential since it guarantees
that all beaches will be analyzed based on the same crite-
ria and the ranking is a reliable comparison of elements.
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3.1 Aggregation & weighting

The final weights, derived from the average of the val-
ues obtained through the focus group, can be seen in
Table 2. The mean values for the domains and categories
varied according to beach typology. These weightings
are in accordance with the expectations for each beach
type: urban beaches are known for their development
and offer of services and amenities, while rural ones are
known for their natural aspects. Since village beaches are
semi-urban, the transition between the two, they have a
mixture of elements. For urban beaches, ‘Recreation’ and
‘Sanitary’ have higher weight, while for rural, the ‘Con-
servation’ domain has a greater weight. Meanwhile, for
‘Village’ beaches, all the domains have similar weights.
The weights for the categories also changed between
beach types: ‘Scenic value’ and ‘Carrying capacity’ have
higher weighting for rural and village beaches, while
‘Safety’ was considered the most important for urban.
Concerning conservation, ‘Environmental quality’ is the
most important category for urban beaches whereas
‘Habitat’ is priority for rural beaches. The ‘Sanitary facili-
ties and services’ have the lowest weight for all beach
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types in the sanitary domain. Finally, the ‘Protection’
domain did not show any relevant variation of priorities
between the categories.

The standard deviation (Table 2) shows the variability
of weights between the scholars in the survey. Regard-
ing the domains, urban beaches show the lowest values
of variability. Rural beaches have higher inconsistency
for conservation and protection, and village beaches have
higher values for the sanitary domain. All beach types
presented high variability for scenic value and induced
changes. In the sanitary domain, urban beaches showed
stronger disagreement on episodic pollution. Finally,
rural beaches had a higher variability for the categories
‘habitat’ and ‘environmental quality’ on the conservation
domain, whereas village beaches had higher disagree-
ment on environmental quality and heritage.

3.2 Communication of the BRF

Ranking does not explain why a particular beach is placed
in a specific position; it is therefore useful to represent
the overall performance of the beach using a graphical
output, in addition to a numerical output. The graphic

Table 2 Weights assigned for domains and categories for the three types of beaches. () is the mean value and the (o) is the standard

deviation
Urban Rural Village
1] o u c 1] c
Domains Recreation 0.372 0.08 0.104 0.03 0.256 0.12
Conservation 0.139 0.06 0457 0.14 0.278 0.1
Protection 0.196 0.05 0.257 0.1 0.228 0.1
Sanitary 0.294 0.11 0.182 0.09 0.238 0.14
Recreation Access & Parking 0.177 0.04 0.0842 0.08 0.127 0.06
Carrying Capacity 0.187 0.07 0.2828 0.11 0.241 0.08
Facilities & Services 0.183 0.03 0.0904 0.06 0.128 0.04
Safety 0.263 0.06 0.1958 0.08 0.18 0.05
Scenic Value 0.19 0.11 0.3468 0.12 0324 0.1
Protection Subaerial dissipation 0.181 0.05 0.177 0.09 0.237 0.03
Risk & vulnerability 0.231 0.11 0.2 0.1 0.14 0.07
Induced changes 0.221 0.11 0.223 0.1 0.219 0.11
Shoreline stability 0.185 0.06 0.204 0.1 0.176 0.06
Storm buffer 0.182 0.06 0.196 0.06 0.228 0.07
Conservation Environmental quality 0.268 0.07 0.173 0.1 0.185 0.1
Governmental acts 0.186 0.06 0.138 0.03 0.206 0.07
Habitat 0218 0.08 0.272 0.1 0.219 0.04
Species 0.181 0.07 0212 0.03 0.196 0.05
Heritage 0.147 0.05 0.205 0.05 0.194 0.09
Sanitary Water quality 0.209 0.07 0.2034 0.07 0.264 0.05
Sand quality 0.185 0.06 0.2546 0.08 0.176 0.06
Episodic pollution 0.258 0.1 0.2276 0.07 0214 0.08
S. facilities & services 0.145 0.02 0.078 0.04 0.102 0.03
Litter & Waste 0.203 0.03 0.2364 0.05 0.244 0.08
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the domains (yellow for recreation, pink for protection, green for conservation, blue for sanitary). The more filled the slice, the better the beach’s

performance

can provide a user-friendly and simple perspective of the
beach quality for each domain, delivering a better com-
munication tool for coastal managers and tourists. More-
over, it can help to avoid the self-destructive cycle that
tourism can provoke.

The graph created (Fig. 5) is inspired by the combina-
tion of the visual output of two Social-Ecological System
frameworks: the ‘Circles of Sustainability’ (James 2015)
and the ‘Ocean Health Index’ (Halpern et al. 2012). Color
represents the domains, yellow for ‘Recreation, pink for
‘Protection; green for ‘Conservation, blue for ‘Sanitary’ The
axis of the graphs shows the normalized score for each cat-
egory and varies from 0 to 1, being one the greatest value
at the outside border (the more filled the slice, the better
the performance of the beach in this particular category).
The overall BQV is shown in the center of the graph.

The graphic representation of the framework allows
the visualization of the performance of the beach at each
domain, facilitating the communication and interpreta-
tion of the data. The graphic output allows the user to
understand why the beach is at a specific position in the

ranking and helps the managers to identify which catego-
ries could be improved to raise the position in the rank-
ing. Moreover, users can use the graphic to easily identify
beaches that are better in a specific domain. Families, for
example, can choose beaches that are better in the rec-
reation quadrant, whereas groups that are looking for
nature or adventure can look at conservation and find the
beaches that fit their visitation purpose. The same applies
for the categories. Beach-users can look for slices of the
graph that fit their interest to identify the beaches with
better access or greater diversity of species and habitats,
for example.

4 Study case

The BRF was tested on eight beaches (Rocha, Benagil,
Marinha, Falésia, Luz, Camilo, Faro and Dona Ana) in the
Algarve region, in southern Portugal (Fig. 6). The Algarve
extends from the Odeceixe estuary on the West coast,
to the Guadiana river-mouth on the South coast, total-
izing 210 km (Moura et al. 2019). The coast is marked by
a high geodiversity, having vertical cliffs segments as well
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Fig. 6 Location of the study area. Algarve, Southern Portugal. Source of Base: Agéncia para a Modernizagdo Administrativa. Available at dados.gov.pt

as sand-dunes associated with estuarine-lagoon systems
(Teixeira 2009). Regarding the hydrodynamic regime,
the tide is semi-diurnal, with amplitude of 2 m (Teixeira
2009); the average waves are 1 m height, with period of
4.7 s and W-SW prevailing direction; the winds approach
the coast with angles of 40° and 60° (Costa et al. 2001;
Teixeira 2009). The average temperature is 14° in winter
and 24° in summer (Semeoshenkova and Williams 2011).
The beaches are composed of median to coarse sand and
have intermediate to reflective morphodynamic state
(Loureiro et al. 2013).

The data for each indicator was scored using informa-
tion provided by the literature (Reyes et al. 1999; Costa
et al. 2001; Antunes and Taborda 2009; Teixeira 2009;
Martins et al. 2012; Loureiro et al. 2013; Pinto et al. 2018;
Sousa et al. 2018; Moura et al. 2019; Lukoseviciute and
Panagopoulos 2021); public databases (Natura 2000,
Mesh Atlantic, UNESCO Harmful algae info system,
Eurostat, Shark Attack Data, Gel a Vista, DiscoMap
EEA); Google Earth; and official government/environ-
mental sites. Experts from the University of Algarve and
research centers (CCMAR and CIMA) were consulted
by email to clarify some parameters. Fieldwork was also
carried out in April and May of 2022 for on-site inspec-
tion. The Quality Value for each beach and the final rank-
ing was calculated using a spreadsheet developed by the

authors (Online Resource 1). The individual performance
of each beach was represented by the proposed graphical
output and are shown below (Fig. 7).

The results (Fig. 7) show that all the beaches presented
good performance in the ‘Sanitary’ domain, which con-
tributed to elevate the individual final score. The high
quality of the bathing waters is a consequence of the EU
Bathing Water Directive (EC 2000), which requires the
Member States to monitor and report information on
water quality. In addition, the beaches of Faro, Rocha,
Falésia, and Luz have the ‘Blue Flag’ certification, which
establishes criteria for sanitary quality and facilities.

Recreation is the domain that varied mostly between
the beaches. Rocha, D. Ana and Faro beaches showed
the best performance for the ‘Recreational’ domain as
a whole (Table 3), whereas Camilo and Benagil had the
lowest, especially for the Carrying Capacity category
due to the small beach area. The large beach of Falésia is
the only one to achieve the highest score in the Carrying
Capacity category. Facilities and Services are higher at
urban and village beaches, except for Dona Ana, which,
despite being an urban beach, does not have facilities for
children, shade provision or adaptions for disabled users.

All beaches obtained similar results for ‘Protection;
with an overall median performance (Table 3), inter-
calated with a good to very good result in one specific
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Fig. 7 Graphical representation of each beach scored



de Oliveira et al. Anthropocene Coasts (2024) 7:6

Page 13 of 19

Table 3 Ranking of the Algarve beaches by domain. The value represents the overall performance of each beach in the specific

domain. The beaches are ranked according to performance

Recreation Protection Conservation Sanitary

Ranking Value Ranking Value Ranking Value Ranking Value
Rocha 0.297 Marinha 0.182 Marinha 0.352 Rocha 0.272
D. Ana 0.238 Camilo 0.175 Camilo 0.339 D. Ana 0.269
Faro 0.191 Benagil 0.174 Benagil 0312 Luz 0.222
Luz 0.179 Falésia 0.167 Falésia 0.272 Faro 0.216
Falésia 0.088 Luz 0.145 Luz 0.235 Benagil 0.174
Marinha 0.074 Faro 0.133 Faro 0.187 Marinha 0.167
Camilo 0.060 D. Ana 0.124 D. Ana 0.092 Falésia 0.167
Benagil 0.058 Rocha 0.115 Rocha 0.086 Camilo 0.162

category. Marinha and Camilo, per example, showed the
highest score for ‘induced changes, while Rocha was the
better on ‘storm buffer! Marinha and Camilo scored bet-
ter on the ‘Conservation’ domain (Table 3), with a very
good performance in the Environmental quality category
due the absence of noise or exceeding nitrogen, and the
excellent air quality. Luz also has the highest score for the
category ‘Heritage’ due the presence of a high number of
well conserved sites.

The ranking of best beaches, done through the com-
parison of the BQYV, is shown in Fig. 8. The beaches pre-
sented similar BQV despite the variations between the
domains and beach typology. The best beach (#1) is Luz,
a village beach in the municipality of Lagos. The beach
won due the combination of a good performance in the
‘Sanitary’ and ‘Conservation’ domains (presence of a Nat-
ura 2000 site), aligned with a median performance in the
‘Recreation’ domain. The beach in the last position, Falé-
sia, had a low performance in the ‘Conservation’ domain
and a good performance in ‘Recreation;, despite being a
rural beach. Since rural beaches have higher weights for
conservation and lower for recreation, a mediocre per-
formance in conservation led Falésia to a worse position.
Furthermore, the ranking shows different beaches at the
three first positions, confirming that the framework is
not favoring a unique beach type.

The test-application of the Beach Ranking Frame-
work on the Algarve region was possible and validated
the methodology created. The graphics produced con-
firm that urban beaches have higher performance in the
‘Recreational’ domain, compared with rural beaches that
favor ‘Conservation’ This outcome also proves the impor-
tance of weightings when the same rating scale is being
applied. If equal weights were applied to all beaches,
regardless of the typology, the final ranking would not
be appropriate, since the beaches do not have the same
strength in each area. Rural beaches, for example, would

be jeopardized by the lack of infrastructure, even though
they would not be expected to have it. Urban beaches,
on the other hand, would suffer losses due to their land
modification, which is unavoidable, since land modifica-
tion is needed to provide facilities such as parking and
services such as access steps and ramps, which is their
main strength.

5 Discussion

The ‘Beach Ranking Framework’ is a clear, objective
methodology composed by indicators that respect the
functions and ecosystem services of a beach generating
a rating score scheme that enables comparisons. The use
of weights allows type-specific differentiation based on
the importance of each component for each beach type,
avoiding generalization and incorrect classification. The
framework provides a holistic view, addresses the main
issues and points out the weakness and strengths of each
beach. The graphical result summarizes larges amount of
information to communicate clearly to the beach-users.
Furthermore, the framework standardizes the ranking
methodologies, reducing the subjectivity of the existing
beach rankings.

The ‘Beach Ranking Framework’ can support the
management of beaches by highlighting the charac-
teristics, assessing the health status of a beach and
guiding the response and actions towards the main
issues identified. For example, the manager can look at
beaches with a lower score in the Protection domain
and think of alternative options, such as beach nour-
ishment, dune restoration, permeable access and struc-
tures, to increase the beach protection. Managing this
beach will then improve the score of specific categories,
increasing the future score and raising the position in
the ranking. Additionally, the managers can use the
result of the ranking to create informative materials
such as signs, posters, and brochures for environmental
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Fig. 8 Ranking of the beaches analyzed in Algarve using the beach ranking framework. The comparison only includes the eight beaches analyzed
in this study case. Source of images: Hélio Ramos, Algarve Beach Guide (2014)

education and raising awareness of beaches as socio-
ecological systems. Other stakeholders can also benefit
from the outcomes. The tourism industry can divulge
their region and the status of their beaches using a
‘science-based methodology’ Possible products for dis-
semination include beach guides, posters, videos, news
or social-media content. The scientific community can
apply the methodology not only to generate articles
and conference presentations, but also to move for-
ward the improvements needed. For the general pub-
lic, the Beach Ranking Framework allows each-users to
compare and identify the beaches that fit their visita-
tion needs and, at the same time, understand why that
beach is in a specific position, since the criteria for
ranking are explicit in the methodology.

The Beach Ranking Framework is widely applicable
and can be used for research on beach quality and for
the identification of the management priorities in areas
where coastal tourism is an important sector. However,
it should always be adapted to local specifics and beach
typology. Some of these adaptations may include the
revaluation of the access category in countries were pri-
vate beaches are allowed, and the revision of indicators
that depend of levels of standards, like water and air qual-
ity, or concentration of nutrients, that should be based on
local directives. Additionally, the rating of indicators can
vary according to the availability of data, local dynamics,
and relevance to the beach quality issues in a given area.
Some examples of this variety include beaches located
in bays and rivers, which do not fit the morphodynamic
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nomenclature, and have their own particularities regard-
ing waves, winds and water levels. In this scenario, storm
buffer and energy dissipation will need to be readjusted to
reflect the local energy characteristics. Touristic beaches
may have a seasonality in the tourism influx and in the
services provided throughout the year. Hence, the appli-
cation of the methodology in different times could show
variation on the final beach quality value. The choice of
the season that most reflects the real status of the beach
quality should be decided by a group of stakeholders.
The indicator ‘vulnerability and risk’ may be pointless
for locations that do not suffer or do not have a record
of harmful events, such as hurricanes. In these regions,
the vulnerability to sea level rise or other local hazards
should increase importance.

The case-study beaches generated evaluations with
final quality values very close to one another. There are
three possible explanations. Firstly, differentiating the
domains and categories within each beach typology by
using weights is helping to balance and compensate the
strengths and weakness of each beach. Secondly, the geo-
graphical location of the beaches analyzed. The beaches
are all from the same climate and economy, and are
located in a region known for its coastal tourism, which
would make them rate very similar in some of the cat-
egories. Finally, the results may have been impacted by
the person analyzing it, so there is still a small element
of subjectivity. If different researchers, with different
expertise, background, and more experience in the area,
had applied the methodology at the same beaches, the
results may have been different. The perception of the
framework user will subject the results to their personal
analysis and beliefs. For example, a conservationist and a
coastal engineer may evaluate the human modifications
of a beach differently. To test this possibility, we are cur-
rently implementing the framework on beaches in Latin
America with the help of experts from the Proplayas
Network. This assessment will allow us to assess how the
method responds in countries with different economies
and cultures, and how personal background can affect
the results of the application.

Developing the framework required some compro-
mises. First, we limited the selection of articles to the
ones that proposed a holistic and integrative approach to
assess the quality of beaches. Articles focusing on specific
management aspects, such as water quality, risk analysis,
microplastic or marine litter were not considered. They
could have brought updates and recent findings on spe-
cific indicators. Secondly, we decided to create one single
rating score for all beaches, and have them differentiated
by the weights. Even though the weights are helpful to
differentiate the beaches, as shown in the case study, the
creation and use of a rating score for each beach typology
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could deliver different results, as it would be more spe-
cific to some characteristics. Moreover, the use of a small
focus group to weight the framework, instead of a large
expert panel consisting of different stakeholders, could
still have a bias to one of the domains of the framework,
according their perceptions.

Finally, the rating score still has many elements that
are incomplete or subjective, such as the color of water
or sand. The rating of some indicators, for example park-
ing, only considers the abundance of space, but could
also include the location, the material of the paving, and
the integration with the environment. The rating of the
indicators related with beach protection, e.g. impervious
surface and hard coastal defense, could in future incor-
porate new developments in coastal structures, such
as permeable groynes and beach revetments, as well as
nature-based solutions, which play an important role in
stabilizing the shoreline in urban beaches.

Although the proposed methodology is working, some
improvements must be made to strengthen the frame-
work. First, the indicators selected were all extracted
from the existing literature. The incorporation of experts
and stakeholders at this stage of the project can gener-
ate better results by including indicators that are still
lacking importance or by restructuring the categories in
each domain. The sanitary domain, for example, could
evolve to incorporate indicators of human health, such
as mortality rate or income per capita, while governance
engagement and sustainable practices could be empha-
sized in the conservation categories. Another future step
could be the inclusion of indicators to assess social jus-
tice issues, giving support for the historically underrepre-
sented beach towns.

Second, a robust analysis of the rating scores, identify-
ing the best measurement technique and monitoring for
each indicator and the clear division between the classes
is necessary. The literature on environmental rating
scores is scarce. The majority of the measurements sug-
gested in this research are from more than one decade
ago, while others are just the opinion of the authors’ arti-
cle. Thus, an up to date, consistent and integrated rating
score to measure ecosystem services indicators (what is
good or bad) is urgent. Third, stakeholders, beach man-
agers and the expanded peer-community should be more
involved in the local adaptation of the framework and in
the weight process to amplify the range of perceptions
relevant for beach quality ranking. The use of a limited
focus group helped to reduce the bias of a single evalu-
ation, but would deliver better results if a bigger group
with different interests were involved in the process.
Fourth, this study tested the AHP only on three types of
beach (urban, village and rural) due the amount of infor-
mation to be shared with the focus group and the limited
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time. However, weights should be calculated for all beach
types, including resort and remote, to completely respect
the attributes of each one.

Additionally, the creation of an application or website
to calculate and plot the results should be pursued, since
it will facilitate the use of the framework by managers and
users worldwide. This could also be developed as App for
beach-users to download on a smart phone. Moreover,
the research can take advantage of the merging artificial
intelligence techniques, which can be used to automatize,
filter and display the results, and to retrieve data from
public available sources. Finally, the framework should
be shared with managers and users to see the acceptance
between different groups.

5.1 BRF and sustainability

The promotion of rankings can create a self-destructive
cycle for beaches. Once these beaches become the dream
of tourists, there is an increase in the influx of visitors
to the area, which will require additional facilities and
land modification, leading to a decrease in the quality
of the landscape, which in turn will decline the number
of visitors (Butler 1980; Cristiano et al. 2020). Moreover,
Decol (2015) states that after the complete saturation and
exhaustion of a beach, the search for new untouched and
pristine destinations begins, which will spread the impact
across different environments, as the rapid explosion of
demand, and the consequent economic return, prevents
tourism planning that could lead to sustainable tourism.
Additionally, large influxes of tourists can have a major
environmental impact on coastal ecosystems and their
functionality, as all drivers acting on this vulnerable habi-
tat have a cumulative impact (Halpern et al. 2008; Micheli
et al. 2013; Drius et al. 2019).

A good beach quality, according to Li et al. (2023), is
critical to the sustainable development of coastal zones
and the competitiveness of beach tourism. The World
Tourism Organization defines sustainable tourism as
"Tourism that takes full account of its current and future
economic, social and environmental impacts, addressing
the needs of visitors, the industry, the environment and
host communities” (W'TO 2005). According to them, sus-
tainable tourism needs to guarantee viable, long-term
economic operations, respect the socio-cultural authen-
ticity of host communities, and make optimal use of envi-
ronmental resources; it also requires the participation of
all relevant stakeholders, strong political leadership, and
constant monitoring of impacts. Sustainable Tourism
is also highlighted in the 2030 Agenda for Sustainable
Development, on targets 8.9, 12.b, and 14.7. The sustain-
able development goal (SDG) target 12.b aims to “develop
and implement tools to monitor sustainable development
impacts for sustainable tourism that creates jobs and
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promotes local culture and products”. The BRF is in the
scope of the sustainable tourism since it is a tool that can
help to monitor the quality of beaches in the three main
aspects (economic, ecological and cultural). The integra-
tion of various components into a holistic assessment is
necessary to address complex interconnections, identify
effective solutions across multiple systems and scales,
clarify environmental responsibilities, mediate trade-offs
and enhance of synergies, reduce conflicts, and design
harmonious conservation and development policies and
practices Liu et al. 2015). Moreover, the framework can
offer support for planning, management and develop-
ment the beaches, as it can assist managers to address
complex systems holistically, and help to reduce knowl-
edge compartmentalization (Virapongse et al. 2016).
Finally, the problems of tourism will not be solved until
the public is taught all the information they should know
about the environment, so they can manage their expecta-
tions. It is necessary to promote environmental awareness
and teach beach quality if it is to move towards a more
sustainable tourism. That is why something is desper-
ately needed to resolve the subjectivity of rankings while
bringing science and society closer together. The aim of
scientific quality indices up to this point was not to solve
this demand. The BRE, despite being a new methodology,
which is learning to crawl, has the potential to be this link.

6 Conclusions

The framework provides a robust, holistic, and widely
applicable tool for assessment of beach quality. It stand-
ardizes the ranking methodologies, reducing the subjec-
tivity of the existing internet-based content, and allowing
the tourist to compare the beaches and understand which
criteria the ranking was based on.

The BRF embraces three main goals: to assess the
quality of beaches based on indicators; to enable
beaches to be compared; and to communicate the
results for the society. For our first goal, indicators were
selected based on the maintenance of the beach’s ser-
vices, guaranteeing the identification of threats that can
put the system at risk (such as erosion, sea level rise,
loss of biodiversity, pollution). This holistic assessment,
which is common in the scientific quality evaluation, is
not applied in the beach rankings so far. Regarding our
second goal, in order to compare the beaches a scoring
system based on the final quality value was created. As
the beaches are evaluated using this system, we will be
able to compare the final value and rank them according
to quality. It is also important to highlight that the use of
weights is essential at this stage to ensure the protection
of beach typologies, since beaches must be assessed and
managed differently according to their characteristics.
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To achieve our final goal, to communicate the results
for the society, a graphical representation of the results
was created. This graphic was designed to allow the user
to understand why the beach is at a specific position in
the ranking and to help the manager to identify which
categories could be improved. The graphical output
allows large amounts of information to be communi-
cated clearly and quickly and, even more importantly,
provides a holistic view of everything that is important
when judging the quality of a beach.

Despite achieving the main goals proposed, the meth-
odology still have a long journey to go. The assump-
tions assumed so far, as the use of existing beach quality
indexes to select and rate the indicators and the use of a
limited focus group to weight the structure, need to be
improved in the near future. As different authors with
different expertise apply the methodology, new limita-
tions and challenges will arise. Some of these challenges
include the availability of continuous environmental
monitoring data, morphodynamic of beaches located in
bays, presence of beach hawkers, macrotidal regime, or
seasonality of beach tourism. Future applications will
allow exploration of how to improve the BRE. By calling
attention to specific gaps in indicators selection and rat-
ing, the framework can be stimulated to better assess the
system quality, differentiate the beaches, and incorporate
sustainable and nature-based solutions for tourism.

Sustainable tourism is a sector of the Blue Economy
and a goal of the Ocean Health Index. To achieve sus-
tainable tourism, is necessary to respect the character-
istics of different beaches and to inform the public so
they understand the principles of resilience and social-
ecological systems, to raise the profile of environmental
quality with respect to the ‘Instagramable’ aspects. The
proposed beach ranking framework can help achieve
these goals and transform the expectations of the tour-
ism sector towards a more sustainable future.
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