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ABSTRACT

In recent years, the identification and economic valuation of ecosystem services have been identified as an important tool
to recognize and translate nature’s contribution to people’s well-being. It is understood that assessing the economic value
of ecosystem services contributes to better decision-making process regarding ecosystems, since it helps evaluation of
trade-offs in alternative scenarios. Sandy beaches are among the most valuable coastal ecosystems, especially in regards to
cultural services; however, they are still commonly subjected to several impacts that compromise the ecosystem integrity
and capacity to provide multiple services, especially in the Global South. For this reason, management policies are crucial
to reduce negative impacts. Assessing ecosystem services should be seen as a strategic approach to provide empirical
support to these policies. We reviewed studies assessing and valuing sandy beach services in Brazil to identify strengths
and gaps that could guide future studies. Our analysis showed that, despite Brazil being one of the leading countries in
the published literature on sandy beach science, the number of studies assessing and valuing ecosystem services are
small. Most of those studies are published in the native language, Portuguese, limiting the possibility of discussion and
experience exchange at the international level. The services related to the use of beaches for tourism and leisure are the
main category evaluated, and studies seem to focus on tourist beaches, especially those providing monetary evaluation,
which follows the global trend. An increase in the number of published studies in recent years suggests a growing interest
in the research subject. Based on the literature review, we discuss the results and make recommendations to guide and
foster studies assessing beach services in the context of the Ocean Science Decade.

Descriptors: Ecosystem services, Ecological economics, Global south, Coastal management, Ocean science decade.

INTRODUCTION depletion, desertification, water and soil pollution, defo-
restation and climate change damage the whole plane-
tary system and, consequently, impact human societies’
welfare. The perception of such impacts has led to an
increase in the recognition that conservation efforts are
necessary to mitigate their effects and lessen the spe-
ed at which these processes are advancing (Carpenter

The degradation of the world’s ecosystem is the
most pressing concern of our modern society. The
use and exploitation of natural resources have brou-
ght progress that came with a price; ongoing resource
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integrated social-ecological systems (Ban et al., 2013;
Scarano, 2017).

There is an increasing body of management prac-
tices that apply the ecosystem services (ES) concept
to support management and conservation practices
(Daily and Matson, 2008; Fisher et al., 2008; Pascual et
al., 2017). Although there is no single working defini-
tion (see Potschin & Haines-Young, 2016; Costanza et
al. 2017, for discussion), ES aims to translate the sense
that natural systems provide irreplaceable benefits to
human populations. According to the Millennium
Ecosystem Assessment classification (MEA, 2005),
that we adopt in this study, ES can be differentiated
among (i) provisioning (i.e., products extracted from
ecosystems); (i) regulating (i.e., benefits generated
by regulatory processes); (iii) cultural (non-material
benefits generated from ecosystems); and (iv) sup-
porting (i.e., ecosystem functions that maintain all
other categories) (MEA, 2005). The use of the ES con-
cept itself is a matter of contention among research-
ers. Critics state that it represents an anthropocentric
and instrumentalist view of nature, whereas praisers
argue that the concept includes ethical questions
and considers nature’s intrinsic value (Schroter et al.,
2014). Regardless of the criticism, numerous initia-
tives acknowledge the ecosystem services concept as
a powerful tool to translate nature’s value to decision-
making (Arkema et al. 2015, Ruckelshaus et al., 2015).

In addition to its recognition, the valuation of eco-
system services is an important step often applied by
management-driven approaches to translate nature’s
benefits into monetary and/or non-monetary units.
Although different valuation approaches (i.e., eco-
nomic, sociocultural, and ecological) are recognized,
each one with its own context and relevance, eco-
nomic valuation, which aims to attribute monetary
value to ecosystem services, is the most common
approach (Christie et al. 2012). Since most ecosystem
services are public goods, they are not usually traded
in markets (De Groot et al., 2002), making their eco-
nomic values often invisible to the general public
and thus ignored in the decision-making process
(Costanza et al.,, 2014). Therefore, economic valuation
is a tool to reveal the monetary values of ecosystem
services and guide better-informed decision-making
regarding land-use decisions. Knowing the economic
values of ecosystem services is especially relevant
when trade-offs are involved. It can clarify how much
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is being lost or gained in different decision-making
scenarios (Costanza et al., 2017).

The perception of the complexity of studies in-
volving environmental economic valuation is nota-
ble, in addition to criticisms and limitations. However,
experts on the subject continue to explore this chal-
lenge to contribute to decision-making (Meinard and
Grill, 2011). Due to this complexity and the different
theoretical approaches related to environmental
economic valuation, there are various methods for
determining economic values for ecosystem services
(Mota et al., 2010; Christie et al., 2012). The suitability
of each method depends upon the service to be val-
ued and on the analysis’s goal. When ecosystem ser-
vices are traded in markets (usually provision services
- e.g.,, commercially harvested fish), the market price
is the best indicator of their economic value (Christie
et al., 2012). When they are not, their monetary
value can be estimated both directly and indirectly
(Christie et al., 2012). For instance, if you ask people
how much they would be willing to pay to conserve,
restore or improve an ecosystem and its services, it is
a direct assessment known as ‘contingent valuation!
This method is the only one that permits the assess-
ment of ecosystems’ non-use values (e.g., existence
and altruistic values) (Martin-Ortega et al., 2012).
Indirect valuation of the economic value of ecosys-
tem services are estimated by observing markets of
complementary and substitute goods and services
(Christie et al., 2012),

Although economic valuation is important, it
will probably not fully reveal all ecosystem services’
contributions to human well-being, especially when
ecosystems are closely associated with historical,
ethical, religious, and spiritual values. Not all attri-
butes and ecosystem dimensions are liabilities of
economic valuation; therefore, the great challenge
for scholars of environmental economic valuation is
to balance monetary values with non-monetary val-
ues, as there are non-quantifiable requirements for
these services (Andrade and Romeiro, 2009; Mota et
al., 2010; Carrilho and Sinisgalli, 2019). For this reason,
economic valuation should be often complemented
by sociocultural and ecological valuation approaches
which do not aim to establish monetary value, but
rather understand the social impact or the ecologi-
cal relevance of a given service. In such cases, so-
ciocultural approaches can complement economic
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valuation by exploring ecosystem services’ contri-
butions to people using non-monetary methods
(Martin-Lopez et al., 2014), for instance, by ranking
the ecosystem services based on the preferences of
a particular group. Ecological approaches, in turn, are
based on the assumption that ecosystem services are
products generated by nature regardless of their rela-
tionship with people. Unlike economic and sociocul-
tural valuation, which depicts peoples’ preferences,
ecological valuation considers ecosystems’ biophysi-
cal interdependencies. One example is estimating
“emergy” (Odum, 1983) values of ecosystem services
by converting all forms of energy used during its pro-
duction into solar energy equivalents (Andrade and
Romeiro, 2009).

Despite the evident limitations and utilitarian
character (i.e., focused on practical use rather than
the intrinsic value), economic valuation of ecosystem
services enriches a cost-benefit analysis of investing
in public policies towards environmental conserva-
tion. It highlights disregarded values, providing a way
to support decision-making processes and demon-
strate the importance of ecosystem services for hu-
man well-being. However, the economic perspective
is not enough to support decisions that involve the
conservation of natural ecosystems. The non-eco-
nomic values must also be considered to overcome
the limitations in environmental economic valua-
tion practices (Costanza et al., 2014). Going beyond
monetary values is regarded as an essential step for
integrating ecosystem services into policies, as deci-
sion-makers seem to take an interest in the monetary
valued services and non-marketable services, such as
cultural ones (Ruckelshaus et al., 2015). An important
step in this direction is to consider the involvement of
social and human scientists in the research to include
different perspectives and methods (Chan et al, 2012;
McKinley et al, 2020).

Sandy beaches are a curious case among ma-
rine ecosystems. Beaches occupy around a third of
the unfrosted coastlines worldwide (Luijendijk et al.,
2018) and are the coastal ecosystem most used by
human societies (Defeo et al., 2009), primarily due to
their accessibility. Despite their natural occurrence
and intimate relation with human societies, they are
the least studied among coastal marine ecosystems.
Research aiming to evaluate beaches as an ecosys-
tem got traction only in the 1980s (Nel et al., 2014),
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and few studies focused on beaches to assess ecosys-
tem services up until 2012 (Liquete et al., 2013).

Beaches are the main tourist attraction for many
countries in the Global South (Henderson and Smith,
2009; Pécot et al., 2018) and an essential part of these
countries’ economies. In Brazil, the situation is no
different, and sandy beaches are an integral part of
society and the economy. In 2018, tourism gener-
ated US$ 152.5 billion, responsible for 8.1 % of the
country’s gross domestic product (WTTC, 2019), and
most destinations were coastal cities (MTur, 2019).
Beaches also support fisheries, both as feeding and
nursery grounds for juvenile fishes and docking and
sailing points for boats in small-scale fisheries. Aside
from the importance for the development of tourism
and fisheries, beaches provide an extensive array of
distinct services, including waste depuration, stabi-
lization and protection of shorelines against coastal
erosion, dampening the effect of stochastic events,
nutrient cycling, and maintenance of local communi-
ties (Schlacher et al,, 2008; Barbier et al., 2011; Sarda
etal., 2015).

Despite the importance of sandy beaches to hu-
man societies, beaches are under increasing pressure
and threat from anthropogenic activities (Schlacher
et al.,, 2008; Defeo et al., 2009; Harris et al., 2015). With
increasing (and poorly planned) coastal urbanization,
beaches are at risk of disappearing due to climate
change. Global assessments of beach conditions have
shown that many beaches worldwide are undergo-
ing erosion processes (Hinkel et al., 2013; Luijendijk et
al., 2019) and may disappear with increasing sea-level
rise (Vousdoukas et al., 2020). Although beaches can
migrate landwards to avoid disappearing due to sea-
level rise (Cooper et al., 2020), in many places, there
is simply no space beyond the backshore (e.g., hin-
terlands, dunes) to allow for such a process to occur.
For this reason, appropriate management of coastal
areas is vital to the protection of sandy beach ecosys-
tems against such threats.

In this sense, efforts in beach management are
crucial for maintaining the benefits generated by
them. Beach sustainability also contributes to the
healthier and resilient ocean desired by the United
Nations Decade of Ocean Science for Sustainable
Development (Ocean Science Decade), further en-
hancing the importance of supporting manage-
ment practices. Additionally, it helps to foster the
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implementation of the 2030 Agenda, especially the
SDG 14 (Life underwater) (UN, 2020).

Although still in its initial phase, ocean and coast-
al ecosystem services’ valuation is steadily increasing
worldwide (Barbier, 2012). Such studies have stressed
the synergies inherent to coastal habitats, which oc-
cur in the land-sea-atmosphere interface. Assessing
multiple benefits of interconnected ecosystems and
habitat enables society and decision-makers to have
a more comprehensive understanding of their value
and what is at stake when such ecosystems are sup-
pressed. Such a perspective is expected to result in
more ecologically and economically sustainable
management practices (Barbier, 2012). Additionally,
to embed synergies and interconnections, a ho-
listic and integrated approach to management is
also necessary to incorporate temporal and spatial
scales. For this, the ecosystem-based management
approach has emerged as a promising framework.
The ecosystem-based management considers the
intrinsic interconnectedness of a system’s ecological
and social components and applies a holistic, adap-
tive, participatory, and knowledge-based rationale
to management (Long et al,, 2015). This approach
has increasingly been applied to marine ecosystems.
It is considered an optimum alternative to deal with
the multiple interests, uses, and processes related to
beach management (Sarda et al.,, 2015), incorporat-
ing ecosystem services valuation as a common lan-
guage to discuss societal choices.

In terms of beach services, most studies seem to
focus on understanding the value of this ecosystem
for local and national economies in regards to tour-
ism activities, derived either from the current earn-
ings or from losses resulting from the degradation
of the coastline (Dharmaratne and Brathwaite, 1998;
Gopalakrishnan et al., 2011; Pendleton et al., 2011;
Castafo-lsaza et al., 2015). This tourism-related in-
terest in beach valuation results in a bias of studies
toward areas highly dependent on these activities
(Torres and Hanley, 2016). The focus on the valuation
of tourism-related services also hinders the compre-
hension of the value of other beach services, which
may have even higher monetary value than tourism
(Brenner et al., 2010).

To understand the actual value of an ecosystem,
the range of its services must be considered and the
synergy between services recognized to provide
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efficient support for coastal management and poli-
cies. Due to the relatively recent development of the
framework, the number of studies assessing ecosys-
tem services has seen an increasing trend in the past
few years (McDonough et al., 2017; Aznar-Sanchez et
al., 2019), and is likely to be further developed in the
following years and applied by different discipline
areas and management sectors. However, more than
just recognizing the existence of a trend, it is neces-
sary to understand the general scope and direction
of studies, such as the spatial distribution, the ser-
vices assessed, and the study’s spatial scale. This in-
formation is essential for guiding further studies that
can provide information regarding identified gaps
and under-represented topics or areas.

In this paper, we review the studies that assess
and value ecosystem services of sandy beaches in
Brazil as a case study of the challenges and opportu-
nities for the development of sandy beach manage-
ment in the Global South. Although we recognize the
heterogeneity of the Global South countries, we also
acknowledge many similarities, such as the popula-
tion increases in the coastal zone and the fast and
often unplanned urbanization pressuring coastal
areas of developing countries (Datta and Shaban,
2017). Yet, developing economies from the Global
South have their economies heavily dependent on
coastal tourism or their local populations relying on
small-scale fisheries. A review by Torres and Hanley
(2016) found that only 7.5% of studies providing an
economic valuation of ecosystem services in sandy
beaches were carried out in developing countries. In
this sense, this perceived gap of valuation studies in
beaches of developing countries may harm the elab-
oration of management strategies in these areas. This
scenario makes discussing and summarizing the ES in
beaches more relevant. Brazil is a case in point here.
It has one of the longest coastlines globally and the
variability of socio-economic conditions along the
country’s region provides a good case study of the
potential different uses and importance of beaches.

METHODS

To understand the patterns of ecosystem ser-
vices studies in Brazilian beaches, we carried out a
literature review related to the topic. We included
studies published up to 2019. A systematic search
was carried out using the terms “ecosystem services,’
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“ecosystem goods,” and “valuation” combined with
the terms “beach” and “Brazil’, both in English and
in Portuguese, in the Google Scholar and Scopus
database (Figure 1). We included publications of dif-
ferent types, including reports, theses, conference
proceedings, and peer-reviewed articles that explic-
itly evaluated services in the Brazilian beaches. The
publications included in this initial analysis were then
refined by reading each manuscript abstract and re-
sults to check if the goals fitted our selection criteria.
In the final review stage, we only included the docu-
ments that explicitly assessed the array of ecosystem
services, considering the framework established by
the MEA, and/or valued a specific or multiple services
provided by beaches. Studies that focused on meth-
ods, review studies and those that do not evaluate
sandy beach services individually were not included.
We also excluded duplicated studies, i.e., those pub-
lished in different formats but based on the same
dataset/information.

From the final selection of the publications, we
completed a full reading of the text and classified
information according to the following categories:
(1) Authorship; (2) Region; (3) type and language of
publication; (4) Spatial scale (number of beaches); (5)
Ecosystem services identified; (6) Estimated monetary

Beach market in Brazil

value (if available); (7) method for valuation. Authorship
analysis included the number of authors in each studly,
authors network analysis performed with VosViewer
1.6.16°, number of publications per author, and num-
ber of institutions. The number of beaches refers to the
number of sites where services were individually eval-
uated. Ecosystem services were classified according
to MEA categories (i.e., provisioning, supporting, regu-
lating, cultural). Cultural services were further divided
into the following categories: traditional related only,
tourism-related only, complete (traditional + tourism-
related). Services were also considered individually,
regardless of category, to assess which ones are most
commonly identified in the studies.

To verify the existence of patterns among the
spatial scale of the study, the region where the study
was carried out, the application of valuation meth-
ods, and the array of services identified (i.e., single
or multiple MEA categories), we applied a Multiple
Correspondence Analysis, which is suitable for the or-
dination of categorical data (Nenadic and Greenacre,
2007). As MCA standard procedures severely un-
derestimate inertia values, we used the Burt matrix
method to correct inertia values, which preserves
optimal scaling, while raising the explained inertia
(Nenadic and Greenacre, 2007). The squared cosine

Figure 1. Descriptive illustration of the literature review methods used in this paper: (1) article search on the
Scopus and Google Scholar database, based on general terms related to the review topic; (2) Initial selection
of different manuscript types based on the title and abstract (n=59); (3) analytical reading of the selected
manuscript, excluding those dealing only with methods, reviews and those that did not assess sandy beaches
(n=31); (4) sorting of the information presented in the manuscript into the major categories established for the
analytical review Source: Elaborated by the authors at Pitch.
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value (cos?) was estimated for the levels of each vari-
able as a measure of the quality of the representation
in the multivariate space, ranging from 0 (‘poor’) to 1
(‘optimal’). The categorical variables were coded as
follows:

(a) Spatial scale of the study: Small (1-2 beaches);
Medium (3-6 beaches); Large (> 7 beaches)

(b) Region of the study: South (S), Southeast (SE),
Northeast (NE), and North (N)

(c) Economic Valuation: Yes/No

(d) The array of services identified: Single catego-
ry (usually cultural) or multiple categories.

The non-economic valuation was not included as
a variable in this analysis due to the limited number
of studies using this approach found in the review
process.

RESULTS

After reading the abstracts that resulted from the
database search, we selected 59 documents that spe-
cifically mentioned ecosystem services on beaches.
After reading through the whole set, 28 that did not
fit our criteria were excluded, resulting in 31 docu-
ments that we re-read to classify the information pro-
vided (Supplementary Table 1).

From the 31 documents, we identified 73 authors,
but only 7 (9.5 %) appeared in more than one publi-
cation, with the maximum number of co-authorships
by a single author being 4. More than half of the pub-
lications had either a single or two authors (58 %).
However, many single authorships are attributable
to theses or dissertations that were not published in
peer-reviewed journals. The authors’ network analy-
sis showed 25 unrelated clusters, with most clusters
composed of no more than four authors, indicating
little collaboration among different research groups
(Figure 2). This pattern indicates a strong regionaliza-
tion, with very little contribution among authors from
different regions. Many clusters are composed of a
single or two authors, which indicates that many of
the articles represent individual efforts that may not
be associated with a consolidated research group.
Thirty different institutions, to which the authors
are associated, were involved in the reviewed litera-
ture; 25 from Brazil and five from foreign countries
(England, Wales, Canada, Portugal, and Germany).
In terms of regional distribution, most studies were
carried out in the northeastern region (18, 58%),

Beach market in Brazil

followed by studies in the southern region (7, 23%),
southeastern region (5, 16%), and northern region
(1, 3%). From the 17 states located on the coastline
of Brazil, only 6 (Amapa, Espirito Santo, Maranhéo,
Paraiba, Piaui and Sergipe) had no studies registered.

Most publications were from peer-reviewed sci-
entific journals (21 or 68 %), with 5 (16%) publications
from conference proceedings, 4 (13%) doctorate the-
sis, and a single technical report publication (3%). The
majority of these publications were published in the
native Portuguese language (25 or 81%), with the
remaining published in English (6 or 19%). The time-
line of the number of publications shows a trend of
increase since the first reviewed publications (2002).
Although with oscillations in the number of publica-
tions throughout the entire period, since 2014, there
is a consistent trend of at least a single publication
per year (Figure 3).

Most studies were small-scale, evaluating a single
(15,48%) or two beaches (4,13%). Ten studies assessed
between 5 and 7 beaches (32%), whereas only three
studies (10%) evaluated more than ten beaches, with the
maximum number being 25. Two studies (6%) were of
regional scope but provided no information regarding
the number of evaluated beaches.

Considering MEA’s four ecosystem services cat-
egories, 12 publications focused on a single category,
13 evaluated multiple categories, and six publica-
tions did not specify which services were identified.
All studies that evaluated a single category focused
on the identification and valuation of cultural servic-
es. Thus, cultural services were the main category of
services being assessed in the published literature for
Brazilian sandy beaches, with 25 publications. From
these cultural services, 13 evaluated only tourism ac-
tivities, 11 evaluated all cultural services, and a single
study focused only on cultural services linked to tra-
ditional communities. Provisioning, regulating, and
supporting services were generally identified togeth-
er in the studies that focused on multiple categories,
with 12, 12, and 11 publications, respectively.

A total of 45 individual services were identified on
Brazilian sandy beaches (Figure 4). Most were cultural
(18) and regulating (17) services. Only six supporting
and four provisioning services were identified. The
most commonly identified services, in order of rele-
vance, were: Tourism activities (19), leisure/recreation
(15), scenic beauty (12), food resources (e.g., fisheries,
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Figure 2. Authors' network for the 31 documents from the bibliographic review. Each sphere represents a
single author and the connections represent co-authored publications among them. The size of the spheres
indicates the relative number of reviewed publications by a given author. For each cluster is identified the
author with most connections and/or with most first authorships. Code color indicates the year of publication.

Figure 3. The number of studies assessing and/or valuing ecosystem services in Brazilian sandy beaches
published per year, from 2002-2019 (n = 31).
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Figure 4. Ecosystem service assessed by studies in Brazilian sandy beaches. Numbers in parentheses represent
the number of studies for each individual service, classified according to MEA (2005) categories.

shellfisheries) (11), groundwater retention (9), sedi-
ment trapping (9), shoreline protection/erosion con-
trol (8), genetic resources (7), nursery grounds (7),
wave dissipation (6), and waste depuration (6).

From the 31 reviewed publications, 19 presented
a monetary evaluation of the identified services. Most
studies used valuation methods based on daily ex-
penditure/travel cost (e.g., Bosquetti and Souza, 2009;
Carvalho and Mondo, 2010; Ferreira, 2015; Krelling et al.,
2017) and willingness to pay/accept (WTP/WTA) pay-
ing for a given service (e.g., Finco and Abdallah, 2002;
Martins and Peres, 2005; Medeiros and Araujo, 2010;
Santos-Frossard et al., 2015). Only two studies used mar-
ket price and cost of replacement methods to assess
the value of services (Carrilho and Sinisgalli, 2018; Lins-
de-Barros and Parente-Ribeiro, 2018), while two stud-
ies used non-monetary consultative methods based
on questionnaires, a sociocultural valuation approach,
to assess people’s perception of the provision of the

services (Oliveira and Berkes, 2014, Romeiro et al., 2014).
Estimated values varied considerably among studies,
which may reflect the differences in attractiveness, infra-
structure and carrying capacity. For instance, yearly esti-
mated value by tourism activities in a single sandy beach
varied from R$ 2,619,980,000.00/year (Santos, 2017), R$
7,048,928.72/ year (Oliveira et al,, 2017) to R$1,750.350/
year (Martins and Peres, 2005). It is important to notice
that tourism in itself is an economic activity, and this esti-
mated value is not a direct estimation of beach services,
but rather an indication of the underlying value of the
services that support these economic activities.

The multivariate qualitative ordination shows that
large-scale studies tend to assess multiple catego-
ries of services but do not apply economic valuation
methods, providing just an assessment of the local
beach services. On the contrary, studies providing a
monetary valuation of services are usually small-scale
ones. In terms of regional patterns, associations were
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lower in power (lower cos® value), but studies carried
out in the Northeast were more prone to be large-
scale and evaluate multiple categories, which in most
cases, included all categories. In contrast, studies car-
ried out in the South were more inclined to consider
a single category of services, which, as previously
mentioned, are exclusive to cultural services related
to tourism activities (Figure 5).

DISCUSSION

The limited knowledge of ocean processes and
limits that governed our historical relationship with
these complex systems is responsible for many of
the impacts and injuries we face today. The Ocean
Science Decade is intended to boost ocean science
and increase our comprehension of the marine
realm. However, fostering research is only one of the
many challenges. The Ocean Science Decade propos-
es a new paradigm for ocean science, which advo-
cates for more integrated, interdisciplinary, applied,
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innovative and participatory practices (UN, 2019). For
this, using ecosystem services asa common language
and their value to clarify trade-offs between manage-
ment practices is a road that can take us close to fu-
ture ocean sustainability.

Brazil has one of the largest coastal areas occupied
by sandy beaches globally (Luijendijk et al., 2018).
The extent of the beach area and its importance to
the country’s blue growth alone are sufficient to jus-
tify beach science investments. Indeed, Brazil is one
of the leading countries in sandy beach publications
(Nel et al., 2014). Considering studies on beach valua-
tion, however, the picture is not so encouraging.

Up to 2019, only 31 publications were identified,
including articles, conference proceedings, theses,
and one report; most of them published in the na-
tive language. These publications are authored by
researchers disconnected from each other, represent-
ing the work of individual research groups. There is a
spatial imbalance, with most studies being directed

Figure 5. Multiple correspondence analysis (MCA) showing the relation among the qualitative variables of
each study: (1) Spatial scale: Small scale (S_scale, 1 or 2 beaches), Medium scale (M_scale, 3-6 beaches), Large
scale (L_scale, > 7 beaches); (2) Region: South (S), Southeast (SE), Northeastern (NE) and North (N); (3) Economic
valuation: Yes (Y_value), No (N_value); (4) Ecosystem services categories evaluated: Single or Multiple.
Distances between categories indicate their degree of similarity. The squared cosine (cos?) indicates the quality

of the variable’s representation in the multivariate space.
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towards the northeastern coast, which is relevant
but insufficient to support a national strategy, given
the distinct socio-economic conditions and varying
degrees of anthropogenic pressure along the coast.
Cultural ecosystem services related to the use of
beaches for tourism and recreational activities are
the prevailing ecosystem services category in the
reviewed literature. This is understandable given the
importance of beaches for tourism worldwide but
limits our comprehension of other relevant services,
primarily regulating ones. In particular, there is an
undervaluation of fishery-related services, a critical
information gap, given fisheries’ relevance for devel-
oping countries’ local economies (Béné et al.,, 2010;
Hanh and Boonstra, 2018). Finally, there is a need for
studies to consider a more extensive scale in evalua-
tion. The provision of ecosystem services by beaches
is directly affected by either environmental or anthro-
pogenic conditions at multiple levels. A trans-scalar
evaluation of multiple beaches and the processes
that affect them can give a more comprehensive un-
derstanding of the development of beach manage-
ment strategies that target ecosystem services' long-
term maintenance.

On a positive note, our review indicates an increase
in beach valuation studies, following an international
pattern (Torres and Hanley, 2016). This increase may
improve the understanding of ecosystem services in
Brazilian beaches and support sustainable beach gov-
ernance practices. However, the paradigm change in
ocean science has to be applied to this scientific agen-
da’s development. If the increase in beach valuation
studies follows the previous trend, focusing on specific
regions and ecosystem services, our progress will be
limited. In other words, it is necessary to expand beach
valuation science in scope and address the current is-
sues. It is essential to look beyond the most prominent
services (such as those related to tourism development)
and clarify the value of other indispensable albeit invis-
ible ecosystem services that support the whole beach
ecosystem. We believe that the Ocean Science Decade
is an excellent opportunity for steering beach science to-
wards more diverse and socially relevant topics, assisting
in developing the science we need for the beaches we
want. For this, based on our review, we provide insights
on eight main issues to be addressed in future studies
and management strategies focusing on ecosystem ser-
vices in sandy beaches.
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1. FOSTER MORE AND MORE DIVERSE VALUATION STUDIES

We identified a total of 45 individual ecosystem
services assessed and valued on Brazilian beaches.
The number of studies assessing beach ecosystem
services in Brazil can be seen as relatively low, espe-
cially considering the large coastal area. One of the
more pressing issues for the Ocean Science Decade
is providing funding and support for beach science.
Through the years, Brazil's science and technology
budget has been systematically reduced (Tollefson,
2019; Oliveira et al., 2020), and such cuts have affect-
ed ocean science, as less than 0.5% of the gross do-
mestic expenditure on research is devoted to ocean
science. However, investments in ocean science and
technology are expected to increase through the
Ocean Decade as a result of international coopera-
tion that Brazil has celebrated over the years (I0C-
UNESCO, 2020), and we suggest that specific quotas
should be directed in increasing our knowledge and
valuation of sandy beach ecosystem services.

Most studies focused on cultural services, mainly
directed towards tourist and recreational activities,
which are the most commonly evaluated in beach
studies worldwide (Rodriguez-Revelo et al., 2018).
This is understandable, given the importance of tour-
ist beaches to the national economy and the fact
that such cultural services are more prone to a mar-
ket-based valuation in contrast with other non-mar-
ketable cultural services (e.g., sense of well-being,
traditional and historical value, a place for religious
practices), which tend to be neglected in ecosystem
services assessments in general (Milcu et al.,, 2013), in-
cluding for sandy beaches (Torres and Hanley, 2016).

Although understandable, the focus on a sin-
gle ecosystem service category or service must be
treated with caution. The emphasis on tourism may
perpetuate a view of sandy beaches as only bare
sedimentary deposits, a vision that likely delayed the
recognition of beaches as complex ecosystems and,
thus, the scientific advancement of sandy beach sci-
ence (McLachlan and Erasmus, 1983; Nel et al., 2014).
To inform more effective management, beach science
must move beyond this simplistic view. Management
strategies based on the ecosystem services approach
must consider and integrate the multiple arrays of
services provided by an ecosystem, as the provision
of specific services is often interactive (Bennett et al.,
2009; Guerry et al., 2012).
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When management focuses on single ecosystem
services, the strategies may risk impairing the provi-
sion of other relevant services. For instance, beach
nourishment, which is a soft-engineering strategy
that consists of the dredging of offshore sand to be
dumped in the beach face, is commonly applied as
a countermeasure to beach erosion and, more re-
cently, to mitigate effects of the predicted sea-level
rise (Phillips and Jones, 2006). Although this strategy
is found to be effective in enhancing the tourism po-
tential (Phillips and Jones, 2006; Alexandrakis et al.,
2015), it may have damaging consequences to the
biological and physical features (Speybroeck et al.,
2006; Schlacher et al., 2012; Peterson et al., 2014),
which in turn may affect the provision of non-cultural
services, such as productivity, nutrient cycling, car-
bon stock, and groundwater storage. Another exam-
ple of practices that have contrasting effects on ser-
vice provision is beach cleaning, enhancing beaches’
tourism potential, but removing an essential organic
input source, causing changes to benthic assemblag-
es and energy flow in the ecosystem (Zielinski et al.,
2019).

For a better assessment of the trade-off of ap-
plying any management strategy, a more holistic
comprehension of the array of services provided by
target beaches must be considered. This broader
view of service provision is especially important for
policies applied at regional or larger scales. When
multiple beaches are targeted, the ideal scenario for
managers is to identify the “natural vocation” of par-
ticular sandy beaches so that they can be individu-
ally selected, classified and managed based on the
services provided as either recreational, primarily for
conservation, or as a mixed-use beach (McLachlan et
al., 2013). However, to recognize this so-called “voca-
tion,” management strategies need to consider the
different array of services and the various pressures
and activities that beaches are subjected to devel-
op appropriate policies that consider each beach’s
individualities.

The majority of studies that established a valua-
tion of ecosystem services focused on the economic
approach, with only two studies using a sociocultural
approach. The focus on economic valuation is com-
mon, given that this approach establishes a market
value that can be better understood for econom-
ic-based decision-making. However, by itself, the
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economic valuation may lead to problematic conclu-
sions for management. For instance, lacking the rec-
ognition of other services, especially the non-value
ones, may lead to strategies that consider highly tour-
istic and urbanized beaches as more important and
“valuable” than pristine beaches with little urbaniza-
tion, which, for example, may have higher biodiver-
sity and ecological importance for local persistence
of the species pool. While certainly an important tool,
the use of monetary value for ecosystem services
in decision-making should be used with caution to
avoid falling into what critics call the “commoditiza-
tion of nature” (McCauley 2006), which may generate
negative feedback for conservation. For this reason,
sociocultural and ecological approaches should be
targeted in further studies, which can be comple-
mentary approaches to the groundwork that is being
established by economic valuation, leading to a bet-
ter understanding of the value of different categories
of services (Hattam et al., 2015; Villegas-Palacio et al.,
2016).

In terms of non-cultural services, studies most
commonly focused on regulating services, for in-
stance, erosion control, sediment trapping, and
groundwater retention and accumulation (Defeo
et al.,, 2009, Barbier et al.,, 2011; Rodriguez-Revelo et
al., 2018). However, most of the Brazilian studies as-
sessing this type of service only provide an identifi-
cation of the services, without economically valuing
them. Carrilho and Sinisgalli (2018) estimated that
waste depuration is the most valuable service pro-
vided by a tidal flat in Sdo Paulo (SE Brazil), worth
US$ 153,585.23/year. In contrast, carbon stocking
was less relevant in the area, providing a service
worth US$ 128.40/year. Medeiros and Araujo (2010)
estimated the willingness-to-pay for maintenance
of the beach and the service of erosion control, find-
ing a total worth BRL 1,561,031.60/year; this value,
however, was deemed insufficient for the integrity of
service provision. These two studies provide impor-
tant clues regarding the value of regulating services;
however, there is an urgent need for more studies to
understand and translate the importance of non-cul-
tural services provided by sandy beaches to human
populations.

Notably, the number of studies estimating, and
more importantly, valuing the importance of beach-
es to fisheries is low. Although services such as food
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supply (often unspecified) and nursery grounds are
recognized in a few studies (11 and 7, respectively),
others such as harboring vessels and providing access
to the sea are mentioned in a single study (Carrilho
and Sinisgalli, 2018). This is also the only study to pro-
vide a direct monetary evaluation of fishery-related
services in sandy beaches, estimating, via cost of re-
placement method, a value worth US$ 118, 090.90/
year, in a tidal flat in SE Brazil. Although many studies
recognize the biodiversity and importance of beach-
es to Brazilian fisheries (Diegues, 1999; Tubino et al.,
2007; Vasconcellos et al., 2011), these are usually not
carried out under the ecosystem service context and,
for this reason, do not provide a valuation that can
be used to support management practices. Given the
importance of small-scale fisheries to the economy
and subsistence of local communities across the
northern and southern regions of the Brazilian coast-
line (Begossi, 2010; Vasconcellos et al., 2011), recog-
nizing and valuing these services is one of the most
relevant gaps that needs to be considered in further
studies.

2. DEVELOP A COMPARABLE VALUATION STRATEGY

Even within a single category and type of ser-
vice (take tourism as an example), variables used to
value ecosystem services in Brazilian beaches are
as diverse as the beach ecosystem themselves. For
instance, Toste et al. (2011) estimated that the rev-
enue of the hotel sector around Geriba Beach (RJ)
reached a total of BRL 32,555,402/year, combining
high and low tourism seasons; income from tourism
at the Guarda do Embau beach (S Brazil), famous as
a surfing spot, reach US$ 2,978.018 during summer
months (Bosquetti and Souza, 2009). Other stud-
ies based tourism value on estimated losses due
to beach erosion or poor quality. Lins-de-Barros
and Ribeiro (2015) estimated that sea-level rise and
coastal erosion in two highly touristic beaches in Rio
de Janeiro would result in a monthly loss of BRL 1.2
mi during low and BRL 4 mi during high season. The
loss of sand on Arpoador beach during a storm event
resulted in a monthly loss of BRL 160,000 (Lins-de-
Barros and Parente-Ribeiro, 2015). Similarly, Oliveira
(2015) estimated an annual loss of BRL 3,083,074,81
for residents of a neighborhood in Bahia due to local
beaches’ degradation. Krelling et al. (2017) estimated
yearly losses from US$ 880,000 to US$8.5 million with
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increasing litter pollution on beaches of Pontal do Sul
(S Brazil).

Adding to the diversity of variables, the different
methods applied may hinder comparisons even when
the same ones are considered. We identified four
methods for economic valuation that provide widely
divergent estimates. The willingness-to-pay (WTP)
was the most used method. It estimates whether and
how much an individual is willing to pay to protect
a given ecosystem and maintain its services, which
can guide managers to identify and stipulate accept-
able prices for non-marketable ecosystem services
(Nielsen-Pincus et al., 2017). Although controversial,
this method is commonly applied in studies to value
cultural ecosystem services in coastal areas (Halkos
and Matsiori, 2012; Birdir et al., 2013). Value estimates
with this method are widely variable in the literature
and likely to arise from distinct conditions, such as
the existence of personal benefits and awareness of
detrimental consequences of environmental degra-
dation (Obeng and Aguillar, 2018). For these reasons,
WTP is commonly criticized for being susceptible to
variability and not reflecting the actual value (Kanya
etal., 2019).

Aside from the proportion of people willing to pay
for the maintenance of services provision, the WTP
also depends on the value imposed or suggested to
be paid for this benefit. For this reason, willingness to
pay also has a temporal and political component, be-
ing heavily influenced by momentaneous situations
and the general satisfaction with public policies and
the current government (Matthews et al., 2017). For
instance, in beaches of Ceard (NE Brazil), Leite et al.
(2019) found that the unwillingness to pay was di-
rectly linked to the idea that the government should
be held accountable for the conservation of beaches.

Despite the controversy, this method’s use in
beach studies is expected, given the prevalence of cul-
tural services attributed to this ecosystem. Although
monetary values can be estimated for some cultural
services by alternative methods, contingent valua-
tion is the only method capable of valuing services
related to non-use goods, such as the ones involving
spiritual and traditional values. In this sense, the WTP
method provides a framework that allows people to
attribute a value to specific or general activities or
benefits provided by the ecosystem, allowing the
valuation of non-use services (Christie et al., 2012).
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Nonetheless, studies valuing sandy beaches via the
WTP method should be aware of contextual and tem-
poral components on ecosystem services valuation
to better inform management strategies.

The second most used valuation technique was
the travel-cost method, which is commonly used to
assess the value of touristic and recreational services
(Clawson & Knetsch 1966; Christie et al., 2012) not on-
ly in studies developed in Brazilian beaches (Abreu,
2008; Carvalho and Mondo, 2010; Krelling et al., 2017;
Santos, 2017) but also worldwide (e.g., Bin et al., 2005;
Ariza et al., 2012; Zhang et al., 2015). This method, by
assessing the costs involved in the travel to a particu-
larsite, can be seen as a proxy of the implicit price paid
by visitors to benefit from the tourism service. Albeit
an appropriate method to estimate non-market ser-
vices, it does suffer from some degree of uncertainty
and may be biased or confounded by variables such
as duration of the trip, multiple-purposes travels, or
visits to multiple sites (Leh et al. 2018). Assuming a
relationship between people and the service, this
method cannot be used to estimate non-use values
(Christie et al., 2012).

Although diversity is a positive thing and many
methods are complementary, it can also preclude
comparisons and hamper a nationally coordinated
strategy. It is clear that the value of a beach is con-
text-dependent, and strict comparisons bring little
information. It is our understanding that having a
comparable set of methods and key variables to be
measured would benefit policy-making. The unavail-
ability of a comparable strategy even impairs making
sense out of data from the same beach, limiting, as
an example, long-term monitoring through differ-
ent studies. A sound system for valuing beaches
should include multiple methods (e.g., both con-
tingent and market price-based methods, as well
as sociocultural and ecological valuation methods),
which is a robust approach. We suggest that the UN'’s
Sustainable Development Goals (SDG) should be
considered to select a set of variables. For instance,
when valuing tourism-related ecosystem services, it
would be relevant to understand how such services
are appreciated for local traditional communities
beyond local enterprises such as hotels and restau-
rants. This information can be important for orient-
ing public policies targeted to these communities.
For instance, coastal tourism and the income from
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fisheries activities in Brazil were deeply affected by
the 2019 oil spill (Aradjo et al. 2020), and now, due
to the global COVID-19 pandemic. The information
regarding the value of beaches to these communities
is essential to understand the extent of the impacts
of tourism decrease on the local populations and pro-
mote financial support policies.

3. ADDRESS REGIONAL IMBALANCE

Aside from the limited number of studies, there
is a clear regional imbalance in the research’s spatial
distribution. Most ecosystem services assessments
are carried out in Northeastern Brazilian beaches.
This result was surprising because it follows an op-
posite trend regarding ecological studies on sandy
beaches in Brazil, which is more directed towards
Southeastern and Southern beaches (Amaral et al,,
2016). In both cases, this imbalance is worrisome be-
cause extrapolations between regions are limited in
power due to the distinct ecological and socio-eco-
nomic conditions along the Brazilian coast (Amaral
and Jablonski 2005). The southern and northern re-
gions have particular degrees of economic develop-
ment and coastal urbanization, which lead to differ-
ent pressures and socio-political conflicts that affect
management and conservation strategies (Amaral
and Jablonski, 2005; Jablonski and Filet, 2008; Sartore
etal., 2019).

It is worth noting that the focus on tourism and
recreation services, valued through contingent
methods, the most applied combination found in
the reviewed literature, is a relatively less expensive
approach than would be necessary to include other
ecosystem services. For instance, to develop a trophic
model, quantify carbon stock and nutrient cycling,
or assess the genetic diversity, scientists rely on pe-
riodic sampling and/or analysis with specific equip-
ment that increases the costs of research projects.
Expanding the array of ecosystem services valued
on beaches will, ultimately, increase regional dispari-
ties related to funding opportunities, which already
have a natural unbalance due to the distinct financial
development of the coastal regions (MCTI, 2020).
Addressing the regional imbalance would require
increased financial research support to level out re-
gional disparities. Financial support needs to focus on
human resource attraction and development, to train
personnel to work with beach valuation in all regions;
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to support references centers that can facilitate and
promote science and technology development; to
provide needed infrastructure and equipment; and
to provide funding for long-term and broader proj-
ects on beaches and coastal ecosystems in general.

4. FOSTER MULTIPLE-LEVEL STUDIES

One of the reviewed studies’ main characteristics
is that they tend to focus on no more than two beach-
es, with a robust local component (lower spatial scale
levels). This is a reflection of the study of ecosystem
services being directed mainly towards beaches
with value for tourism. Many publications are part of
conference proceedings, which usually comprehend
small-scale studies, further contributing to this find-
ing. On a positive note, these studies were more likely
to give a monetary valuation of beach services. This is
in itself a strength of those small-scale assessments:
the ability to focus on beaches of particular interest
and direct more effort in valuing specific services that
can aid management needs and support particular
management strategies. These assessments are of
great importance in particular cases. For instance,
Carrilho and Sinisgalli (2018) evaluated services at
Araca Bay, a tidal flat located on Brazil's southeastern
coast with multiple ecosystems, including beaches,
that are threatened by the expansion of a nearby
port. Identifying local ecosystem services and their
valuation helped both the local community and the
Public Prosecutor Office counteract the expansion
project and discuss gaps and inconsistencies in en-
vironmental impact assessment (Santos and Turra,
2017;Turra et al., 2017).

There is a downside, however, for the focus on
small-scale studies. Beaches are environments where
the provision of ecosystem services may vary ac-
cording to physical characteristics. For instance, the
nursery ground provision is more relevant in em-
bayed, low-hydrodynamic beaches (Vasconcellos et
al, 2007; Oliveira and Pessanha, 2014). The morpho-
and hydrodynamic conditions also affect biological
variables (e.g., diversity, species turnover) (Defeo
and MclLachlan, 2005), and services related to biodi-
versity (e.g., maintenance of genetic diversity, fish-
ery resources) are likely to vary from steep-sloped,
coarse-grained reflective beaches to gentle-sloped,
fine-grained dissipative beaches. Socio-ecological
characteristics also affect the provision of services,
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especially cultural ones. Beach users tend to value
safe and clean beaches (i.e., lack of litter, wrack) with
easy access and the presence of relevant facilities,
such as kiosks (Phillips and House, 2009; Botero et al.,
2013). Domestic tourists seem to favor characteristics
such as the beach face’s total length, whereas inter-
national tourists are prone to value more the cultural
aspect of beaches (Onofri and Nunes, 2013).

For this reason, more comprehensive approaches
are needed. The focus on urbanized beaches lim-
its the understanding of the services provided by
pristine or less disturbed beaches. Souza-Filho et al.
(2014) found that urbanization affects services such
as coastline protection and food provision on Bahia’s
beaches (NE Brazil). Proximity to adjacent coastal eco-
systems, such as mangroves and estuaries, were also
factors that affected services such as water filtration
and nutrient cycling by sandy beaches (Souza-Filho et
al. 2014).These factors show the importance of multi-
level studies carried out on numerous sandy beaches,
and that also consider neighboring ecosystems.

In Brazil, with most of the population occupying
cities close to or within the coastal plain (IBGE 2010),
the increasing urbanization puts intense pressure on
beaches. This trend is similarly found in other Global
South areas, where growing urbanization is a press-
ing concern (Datta and Shaban, 2017). In this sense,
understanding the impacts of urbanization in the
provision of services is relevant to assess what is be-
ing lost due to the degradation of the ecosystem.The
presence of adjacent ecosystems is also relevant, es-
pecially given that the most extensive mangrove ar-
eas are found in the global south, in countries where
beaches are also economically significant, such as
Indonesia, Malaysia, Brazil, and Mexico (Feller et al.,
2017). These examples of distinct environmental
conditions and human pressures show that further
studies should understand how these variables can
affect the provision of ecosystem services by sandy
beaches, which can be better achieved by comparing
services provision in multiple beaches, encompass-
ing a gradient of variability in these attributes.

5. PROMOTE INTER- AND TRANSDISCIPLINARITY

Our results showed that the authors’ network for
the studies identified is fragmented, indicating little
cooperation between research groups, each group
focusing on one ecosystem service category. One
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way to expand how we study ecosystem services
is through interdisciplinary efforts, where different
groups of researchers could cooperate and integrate
their knowledge fields. As mentioned before, Brazil
was one of the leading countries in beach science
publications up to 2013 (Nel et al., 2014), but this
does not represent beach valuation studies, which
are more recent. Linking the incipient beach valua-
tion studies to other beach science efforts that are
more developed can speed up Brazil’s valuation field.
We noticed three significant knowledge areas in the
publications: marine science, geography, and eco-
nomics. Thus, interdisciplinary cooperation among
economists, natural, and socio-political sciences is
crucial to promote an integrated and holistic ap-
proach to management, considering beaches as
social-ecological systems and fostering participatory
practices that enhance social acceptance of valuation
in decision-making (Torres and Hanley, 2017).

Valuation of ecosystem services is intended to
support decision-making. However, there is a mis-
match among the growing beach valuation literature
and its application to management activities (Torres
and Hanley, 2017). To close this science-policy gap,
fostering more participatory practices and including
politicians, decision-makers, and the general public
in valuation studies is essential. Given the central role
of the social context of ecosystem services value, the
valuation field benefits from transdisciplinarity and
makes room for it to thrive. Promoting transdiscipli-
narity implies integrating different social actors from
different cultures, principles, and social practices
(Xavier and Gongalves, 2020) and demands new ways
of producing and translating knowledge to support
public policies. So far, in the analyzed publications,
none of them sought to co-produce with social ac-
tors, and few brought approaches or results aiming
to share principles to produce knowledge more in-
tegrated with social processes and decision making.
Building knowledge with other social actors or trans-
lating the ability to contribute to the social transfor-
mation is at the core of the Ocean Science Decade
and developed under the ocean literacy approach
(Claudet et al., 2020).

One of the central challenges to inter and
transdisciplinarity is finding a common language
among practitioners. In this context, one extra ad-
vantage in working with the ecosystem services
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concept is that it can be used as a communica-
tion tool (Granek et al., 2010; Sarda et al., 2015).
The ecosystem services concept integrates envi-
ronmental attributes, social ideas, and their inter-
relations. Their valuation includes concepts such
as the sense of belonging, perception, power, in-
terest, values, and legitimacy in decision-making
processes (Hicks et al.,, 2015) and gives evidence
to the trade-offs of management alternatives and
their consequences for the socio-ecological sys-
tem (Granek et al., 2010), supporting and qualify-
ing transdisciplinarity practices.

6. CONTRIBUTE TO NATIONAL AND INTERNATIONAL
DISCUSSIONS

Brazil's biodiversity science output is comparable
to that of developed nations (Scarano, 2007), and the
country is among the leaders in sandy beach studies,
being responsible for 8 % of the total of studies in this
ecosystem (Nel et al., 2014). This highlights the im-
portance of studies developed on Brazilian beaches
to understand sandy beach ecology and dynamics.
This also shows that there are consolidated research
groups with a focus on this ecosystem. Despite this
potential, the number of studies assessing and valu-
ing ecosystem services is relatively low. Besides this
relatively limited number, studies estimating and
valuing services on Brazilian beaches are limited in
international reach. Nearly 30 % are published in the
so-called “grey literature” (i.e., theses, conference pro-
ceedings, reports). We opted to include this type of
unpublished research as it is relevant for local inter-
est and can provide complementary information to
those found in peer-reviewed articles (Saenz-Arroyo
et al., 2005; Adams et al., 2017). However, it certainly
has limited application for foreigners. The amount of
grey literature also indicates that many Brazilian san-
dy beach valuation studies are not published as peer-
reviewed literature, which may be related to barriers
such as the low accessibility of journals and little in-
centive to publication. Additionally, many studies are
descriptive and assess small-scales, primarily of local
and regional interest if the author fails to draw paral-
lels and drive discussions of broader interests.

Most publications are in the native language,
making studies more easily accessible to man-
agers and local decision-makers. This availabil-
ity can be regarded as a positive aspect, given the
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decision-making orientation of ecosystem services
and valuation research. However, the prevalence of
academic publications with little translation for the
public may hinder scientific information in public
discussions. Here again, the importance of promot-
ing more transdisciplinary research and making the
information public is stressed.

Considering the peer-reviewed articles, which
represent how academics communicate among
themselves, only 20 % are in a non-native language,
limiting the reach of the information outside the local
scope. Given that sandy beaches in Brazil are exposed
to similar threats, uses, and socio-economic contexts
as those found elsewhere in the Global South, this
number of limited-scope research studies represents
a missed opportunity of an exchange of experiences
and expertise that can improve the global under-
standing of the value and estimation of sandy beach
services. This limited international scope of studies on
ecosystem services on Brazilian sandy beaches is also
a missed opportunity in contributing to the global
development of the protection of marine ecosystems
via exchange of experiences among countries, espe-
cially in the Global South, where beaches are under
similar socio-economic conditions and threats.

As mentioned, 2021 marks the beginning of the
Ocean Science Decade, which targets, among other
goals, the use of scientific-based decisions to support
strategies to improve health and foster the sustain-
able development of the oceans. Given the consoli-
dated research groups in the country, coupled with
the varying degrees of socio-economic conditions
found along the coast, Brazil has a good potential to
serve as a case study for an array of conditions that
can affect marine ecosystem health and the imple-
mentations of policies for sustainable development.
This is especially true considering the Global South
countries, including Brazil, where many countries
have their economies heavily dependent upon in-
ternal and foreign tourism, to which beaches are one
of the main attractions. However, unplanned coastal
development and other anthropogenic drivers may,
depending on particular conditions, cause social con-
flicts (e.g., displacement of local communities) and
fail to resolve and even exacerbate socio-economic
disparities, especially when linked to the massifica-
tion of luxury coastal tourism in areas with economi-
cally vulnerable populations, where jobs arising from
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tourism may offer precarious conditions, low income,
and financial insecurity (Scheyvens and Momsen,
2015; Oviedo-Garcia et al., 2019; Bennett et al., 2021).

The use of the ecosystem services framework has
been proven to be successful in effectively guiding
more sustainable management policies in coastal
areas (Arkema et al,, 2015, Ruckelshaus et al. 2015).
However, for such a process to occur, the recogni-
tion and valuation of ecosystem services of sandy
beaches need to be enhanced. Our review shows
that, in one of the leading countries in sandy beach
research, the use of the ecosystem services frame-
work to identify beach value and provide support to
management strategies is still limited. Aside from the
low number, studies show a fragmentary nature and
are primarily directed toward identifying and valu-
ing services on tourist beaches. This indicates gaps in
the understanding of beach services at the national
level, given the results of previous reviews, and at
the international level. This calls for a need for more
studies and more integration to complete these gaps
through the exchange of experiences within and be-
tween countries. Regional and international levels
networks may be viable strategies to address this
problem. Such initiatives are already present in the
marine environment, such as the Pole-to-Pole Marine
Biodiversity Observation Network of the Americas
(MBON), which is a network of researchers to foster
the knowledge regarding marine biodiversity and
its services and of the negative impacts on the eco-
system, across the Americas, to the conservation of
the ocean and coastal environments (Canonico et
al. 2019). Examples such as this, coupled with the
need to preserve sandy beaches, should encourage
researchers to develop a network for advancing the
research on ecosystem services in these ecosystems
and exchange experiences on how the findings can
support management strategies, primarily, but not
restricted to, countries of the Global South, where the
gaps in the research seem to be larger, and consider
the similarities in socio-economic, ecological, and
anthropogenic conditions found among developing
countries worldwide.

CONCLUSION

Our study provides an overview of studies as-
sessing and valuing sandy beach ecosystem services
along the Brazilian coastline. We found that studies
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valuing beach services have been developed along
the Brazilian coast, but they still are incipient given
the socio-economic and ecological importance of
beaches. The most noticeable gaps are the focus on
the monetary evaluation of tourist and recreational
use of beaches, neglecting ecological and non-use
services; the evaluation of single or very few beaches;
regional imbalance; and the limited number of stud-
ies published in international peer-reviewed journals.
On a positive note, the number of studies is increas-
ing, following the worldwide trend. We suggest some
recommendations, based on our results, that can aid
future studies and assessments to fill the gaps noted
in this review. We believe that the recommendations
presented here can aid further studies that can fos-
ter the development of scientific research within the
Ocean Science Decade and transform the policies
and governance to help the 2030 Agenda implemen-
tation in Brazil.
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