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• Surfing is a Cultural Ecosystem Service
benefit.

• Surfing provides psychological benefits to
surfers.

• Surfers often have pro-environmental
behaviour and contribute to local
economies.

• Most of the negative impacts of surfing are
associated with the risk of injuries.

• The management of nature-based recrea-
tional activities should be interdisciplin-
ary.
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Marine ecosystems contribute to human well-being, e.g. through the promotion of nature-based recreational activities
such as surfing, which is a benefit obtained from Cultural Ecosystem Services (CES). Our research objective is to iden-
tify the benefits and impacts associated to surfing, and who are the main affected subjects and/or objects, achieving a
better understanding of the sustainability status of this recreational activity. To this end, a bibliometric study and sys-
tematic review was carried out for the period 1965–2021. Benefits and impacts were collated and grouped according
to their dimensional focus and type of effects in 6 groups (3-dimensional focus×2 type of effects). The results revealed
that since the beginning of 21st century surfing research topics are growing and diversifying. This review shows that
implications of surfing go beyond direct users (i.e., surfers) and has consequences in diverse dimensions (environmen-
tal, socio cultural and economic), involving many stakeholders (e.g., scientific, and local communities). Most of the
pieces of evidence collated in this research were related with the people who practice the activity and its social impli-
cations (psychological benefits as main benefit and injuries as main impact). Following an interdisciplinary approach,
we obtained a holistic understanding of the surfing activity, not only in terms of the different dimensions addressed but
on the sectors of the society that obtain benefits or are impacted by the activity. All of them should be considered and
integrated to guarantee the sustainable management of this CES benefit.
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1. Introduction

Nature is essential for humanwell-being. Ecosystems provide direct and
indirect benefits to humans through their ecological characteristics, func-
tions, or processes, through the so-called ecosystems services (Costanza
et al., 1997, 2017) or nature's contributions to people (Díaz et al., 2018).
Ecosystem services are classified according to the Common International
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Table 1
List of terms usedwhen searching in the sci-
entific literature, regarding surf, and combi-
nations used in the search (source: Scopus;
consultation date 06/03/2021).

Search terms

“surfing*” OR “surfer*” AND “recreation*”
“surfing*” OR “surfer*” AND “touris*”
“surfing*” OR “surfer*” AND “activ*”
“surfing*” OR “surfer*” AND “sport”
“surfing*” OR “surfer*” AND “leisure”
“surfer*” AND “impact*” OR “surfing*”
AND “impact*”

“surfer*” AND “impact*” OR “surfing*”
AND “benefit*”
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Classification for Ecosystem Services (CICES) as provisioning, regulating
and maintenance, and cultural services (Haines-Young and Potschin-
Young, 2018). Overall, most ecosystem services research have addressed
provisioning and regulating services (e.g., food provision, carbon sequestra-
tion, nutrient cycling), whereas Cultural Ecosystem Services (CES) have re-
ceived less attention due to their intangibility, which complicates their
valuation and quantification (Milcu et al., 2013). Under CES, the CICES
(V5.1) classification includes benefits such as social relations, sense of
place, educational and aesthetic values, with most studies focusing on
those related to recreation and (eco)tourism (Milcu et al., 2013; Gascon
et al., 2017; Kosanic and Petzold, 2020). These holds true also for the ma-
rine realm, as found by a recent bibliometric study (Rodrigues Garcia
et al., 2017) that provided an overviewon the growth in the number of pub-
lications on marine and coastal CES.

Coastal tourism and recreation contribute substantially to national
economies, while at the same time provide pleasure and joy to people
through beneficial physical and mental contributions (White et al., 2010;
Barbier, 2017), as well as other significant social benefits (Irvine et al.,
2013; Rocher et al., 2020). Marine recreational activities, such as rowing,
canoeing, sailing, and surfing contribute to better quality of life, sense of
place, or physical well-being, among others (Wood et al., 2013). Exposure
to ‘blue’ spaces, including coasts and oceans as well as inland bodies of
water, through the practice of recreational activities, is associated with pos-
itive outcomes for individual's mental state (e.g., feeling calm or revital-
ized) as well as overall health and state of well-being (White et al., 2010,
2014, 2016, 2019). Furthermore, practicing outdoor activities and spend-
ing time in nature are key determinant factors preventing diseases, and
can contribute to reduce mental health problems during stressful life
events, such as the COVID-19 pandemic (Oh et al., 2017; Pouso et al.,
2021). The research interest on nature-based activities is currently growing
(Coventry et al., 2021) but the sustainability of these CES benefits has been
largely unexplored (Rodrigues Garcia et al., 2017), and may be compro-
mised by recreational marine activities if carried out unsustainably,
harming the ecosystems (Rees et al., 2010; Wyles et al., 2014).

Surfing is one of the many recreational activities supported by the ma-
rine environment, i.e., it is a human activity that depends on natural capital
(e.g., wave break) or environmental features (e.g., water quality). There-
fore, it can be studied as a CES benefit that contributes to human mental
and physical health. The influence of this sport spreads throughout differ-
ent sectors (e.g., economics, environment, and sociocultural) being one of
the most popular marine recreational activities in the world (Orams and
Towner, 2013). In 2012, the International Surfing Association estimated
that there are 35 million surfers worldwide, and valued the worldwide in-
dustry associated to the sport in around $22 billion (Surfer Today, 2018).
Such popular activity also poses the potential to negatively impact the loca-
tion where it takes place, e.g., through surf tourism development (Krause,
2012), e.g., in terms of increasing litter or conflicts with other sea users.
The wide touristic implications and pressures of the surfing activity have
been studied before (Buckley, 2002; Towner and Orams, 2016). However,
recent reviews that have been undertaken around the recreational activity
(Pérez Gutiérrez and Cobo Corrales, 2020; Valencia et al., 2020) focused
mainly on publication aspects such as productivity, research subjects, and
collaboration patterns, instead of exploring the social and ecological as-
pects of surfing.

The capacity of marine and coastal ecosystems to supply recreational
benefits such as surfing depends on the sustainable use and integratedman-
agement of those ecosystems, to guarantee that they remain clean and
healthy. Furthermore, framing the activity into sustainable tourism devel-
opment is essential to ensure an equal balance of the effects between eco-
nomic, social and environmental dimensions (UN World Tourism
Organization, 2005).

Following a context of sustainability closely linked to the above, the
United Nations (UN) 2030 Agenda for Sustainable Development (UN,
2015), with its 17 Sustainable Development Goals (SDGs), aims to ensure
that sustainable development is achieved by 2030, improving scope and
balance between the three dimensions of sustainable development above-
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mentioned. In addition, this agenda plays part in the UN Decade of Ocean
Science for Sustainable Development (2021–2030) (Claudet et al., 2020),
which engages to comply with the SDGs (Ryabinin et al., 2019).

In this context, studies that analyze the performance of touristic and rec-
reational activities in the marine realm are urgently needed, in order to
measure if they occur sustainably and in line with the above-mentioned
agenda. The overall objective of this study is to achieve a better understand-
ing of the sustainability status of the surf activity by identifying the benefits
and impacts (positive and negative contributions, respectively) provided by
this activity and who, and in which form, are the main subjects and/or ob-
jects affected. Our study analyzes surfing sport as a marine recreational ac-
tivity, which in turn is considered a benefit from the CES group: “Physical
and experiential interactions with natural environment” (Haines-Young
and Potschin-Young, 2018). To achieve this objective, a systematic litera-
ture review has been undertaken and discussed. The findings will help to
better understand the past and current status of the surfing activity, provid-
ing the basis for a more sustainable management of the activity.

2. Material and methods

2.1. Literature review process

In order to gather the necessary information, a consultation was under-
taken in Scopus (www.scopus.com) Database (consultation date: 06/03/
2021) following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Moher et al., 2010). Previous to
the literature review, a selection of search terms and key strings were de-
fined by the research team. Since the term ‘surf’ has different meanings
(e.g., navigating on the web, recreational activity), it was important to
check the best way to introduce the term in the system to avoid irrelevant
retrievals. A set of nine terms combined in a structured manner was finally
selected for scientific literature database queries. The terms refer to the ac-
tivity (general terms: ‘surfer’, ‘surfing’; specific terms: ‘recreation’, ‘tourism’,
‘activity’, ‘sports’, ‘leisure’), as well as the ‘benefits’ and the ‘impacts’
(Table 1). Boolean operators were used to perform the combination of
search queries, i.e., ‘OR’ and ‘AND’, the first one ensures that at least one
term must appear, and the second one ensures both terms must appear.
Similar approaches have been used in reviews of different ecosystem ser-
vices (Aronson et al., 2010; Milcu et al., 2013; Gascon et al., 2017;
Kosanic and Petzold, 2020).

The Scopus database returned 2538 references for the search terms
used, which were exported and analyzed using EndNote X9 for Windows
(produced by Clarivate Analytics). All references selected were scientific
papers written in English. This resulting publication set was carefully re-
viewed in three steps (Fig. 1). First, duplicated and/or incomplete refer-
ences (i.e., absence of authors, source, etc.) were removed, reducing the
number of references to 2241. Second, the articles were pre-screened (by
reading the title, keywords and abstract) to determine their relationship
with the topic investigated and removing those not related to the recrea-
tional activity (e.g., web surfing, wave engineering). This resulted in 488
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Fig. 1. Literature search workflow diagram followed in the methodology for the bibliometric assessment.

Table 2
Description of the criteria adopted for extracting data related to publications com-
piled in the bibliometric analysis. Note that in effects (*) within the negative im-
pacts, those that implied a risk or a negative contribution in a fortuitous way
(i.e., human hazards), where indicated with an asterisk to keep track of those docu-
ments.

Methodology
blocks

Examples

1. General infor-
mation

Title, author/s, year of publication, and journal

2. Document type Book chapter, conference paper, article, review, letter and note
3. Research topic Health and well-being, tourism, marine pollution,

socioeconomic, conflicts, injuries, and coastal management
4. Spatial cover-

age
Global, continental, mixed, national, sub-national or local scale

5. Research
methods

Database, fieldwork, interviews, lab test, literature review,
medical report, online, physical or telephone surveys or
participant observation

6. Dimensional
focus

Economic, social, or environmental

7. Type of activity
effect*

Benefit as positive contribution of surfing, (focused on an
advantage or profit gained thanks to the presence or the practice
of the activity), impact as negative effect of surfing, (focused on
the adverse effects generated by the presence or the practice of
the activity)

8. Evidence group Specific benefit/impact (e.g., local business development,
income inequality)

9. Who/what are
involved

Positively or negatively affected subject or objects (e.g., surfing
community, patients, marine and coastal ecosystems)
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documents relevant to this research. Third, full-text articles were screened
and retained or excluded depending on the contents and their real rele-
vance for the objective of this research. After these three steps, the final
number of articles used was 247.

2.2. Data extraction and compilation

From each selected article, data were extracted into an Excel spread-
sheet. The information was organized according to the environmental,
social and economic dimensions related to the main benefits and im-
pacts of the surfing activity. Following the methodology used in recent
reviews (Chalastani et al., 2021; Wang et al., 2021) the database was
composed of eight blocks (Table 2). Blocks 1, 2, 3, 4 and 5 compile gen-
eral characteristics of the publication (e.g., title, authors) while blocks
6, 7, 8 and 9 compile the specific pieces of evidence that they provide,
with each publication possibly contributing with more than one evi-
dence. For assigning the publication to a research topic (block 3), we
first design a topic list with those that we expected to arise from the re-
view (e.g., tourism, health). The list was completed and adapted while
performing the review.

2.3. Data analysis

After data extraction, VOSviewer (version 1.6.16) (van Eck and
Waltman, 2014) was used to perform the bibliometric analysis. This
software allows constructing, analyzing and visualizing maps based on
bibliometric network data and has been used in different reviews (Lis
et al., 2020; Borja and Elliott, 2021; Rosato et al., 2021). The results
are displayed in clusters to provide the connections among the biblio-
metric data. “A cluster is a set of closely related nodes where each node is
assigned to exactly one cluster” (van Eck and Waltman, 2014). In knowl-
edge domain maps, each node represents an item, such as an author, a
keyword, country, or reference and the links between them indicates
their collaborative relationships. A link is a connection or a relation be-
tween two items. Examples of links are bibliographic coupling between
publications, co-authorship between researchers, and co-occurrence
3

between terms. The strength of a link may for example indicate the num-
ber of cited references two publications have in common, the number of
publications two researchers have co-authored, or the number of
publications in which two terms occur together (van Eck and
Waltman, 2014).

The first bibliographic analysis carried out was to explore the co-
occurrence of keywords. “The number of co-occurrences of two keywords is
the number of publications in which both keywords occur together in the title,
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abstract or keyword list” (van Eck and Waltman, 2014). Secondly, co-
authorship patterns were analyzed to identify trends of collaboration.
Data cleaning was performed by removing not useful words (e.g., ‘article’,
‘priority journal’, ‘conference paper’) and merging similar keywords in a
‘thesaurus file’ to indicate that different keywords in fact refer to the
same term (van Eck and Waltman, 2014). In addition, and using the End-
Note dataset, a study of the most cited authors, and their affiliation to
each cluster of knowledge was undertaken. The objective of this analysis
was to identify the hottest topics.

Regarding the systematic review, a social-ecological system ap-
proach was followed, extracting from the relevant literature the effects
that surfing generates, and analyzing the environmental and socio-
economic factors involved in the activity, as well as the stakeholders im-
pacted and/or benefited from it. The pieces of evidence on the impacts
and benefits related with the surfing activity were subsequently ana-
lyzed. Chi-square test, followed by Fisher's test as a post-hoc test (Shan
and Gerstenberger, 2017), was used to elucidate if there is a significant
difference (p < 0.05) between the dimensional focuses of the evidence
(‘environmental’, ‘social’ or ‘economic’) in terms of the type of effects
that surf generates (benefit, impact). In this study, health risks were
coded as impacts (i.e., social impacts). Therefore, those pieces of evi-
dence were organized according to their dimensional focus and type
of effects in a total of six evidence groups (3-dimensional focus × 2
type of effects). Each evidence group would integrate pieces of evidence
with same or similar topics (e.g., ‘Individual psychological benefit and
well-being: quality of life, general well-being’ would integrate pieces
of evidence such as surfing leading to feelings of freedom or surfing as
an activity practiced for sensation seeking). Thus, each article was ana-
lyzed considering the dimension and users/environment addressed.
Since one article could explore different dimensions (e.g., social and en-
vironmental), and address different users (e.g., surfers, local communi-
ties, the environment itself), for each article we could report more than
one evidence. Each evidence provided a unique combination of dimen-
sion, type of effect and users (e.g., Evidence 1. Addressing social impacts
on surfers; Evidence 2. Addressing social impacts on local communities,
etc.). Finally, a Sankey diagram was built with the aim of better under-
standing of the diversity of stakeholders or environmental features
(e.g., coastal and marine ecosystems) impacted or benefited by the surf-
ing activity. All the data management, statistical analyses and figures
were carried out in R version 4.0.0.
Fig. 2. Annual distribution of publications with respect to the research topics (i.e., coasta
nomic and tourism). The bar graph shows the number of publications per year accordin
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3. Results

3.1. Characterization of publications

The database compiled (n = 247) comprises 231 articles, 5 conference
papers, 3 book chapters, 3 reviews and 5 publications of other type
(i.e., note, letter), according to the classification of the Scopus database
(the whole material can be consulted in a .ris file in the SupplementaryMa-
terial (SM1)). The evolution of these publications encompasses research
from 1965 to 2021 (Fig. 2). Considering the research topics and the number
of publications, we identified three periods: (i) from 1965 to 2000 the num-
ber of publications related to the surfing activity remained low (<4 per
year), with practically only one topic (injuries); (ii) between 2001 and
2012 there was a slow increase in the number of papers, with values be-
tween 3 and 12 per year, and several topics ‘injuries’was still themost com-
mon topic, ‘socioeconomic’ and ‘marine pollution’ appeared more
frequently, and new topics, such as ‘health and well-being’ (in 2001), ‘tour-
ism’ (in 2002), ‘coastal management’ (in 2006), and ‘conflicts’ (in 2009)
emerged; and (iii) between 2013 and 2021, there was a significant expan-
sion in the number of papers, with values between 13 and 26 per year, as
well as the diversity of topics (there was still a predominance of the ‘inju-
ries’ topic, but increased others such as ‘tourism’, ‘health and well-being’,
‘coastal management’ and ‘conflicts’).

The comparison of the topics investigated with the spatial coverage of
the publications showed clear distinctions on research tendencies between
countries (Fig. 3). Overall, the most recurrent investigated topic was ‘in-
jury’, representing the highest number of publications for most countries,
especially in USA (45 out of 68) and within publications of unknown loca-
tion (i.e., publications that have not specified their location or have been re-
lated to general medical reports) (17 out of 20).

The second most relevant topic in terms of number of publications was
‘health and well-being’, for which countries such as Australia, USA, New
Zealand, United Kingdom, or Portugal, had the largest number of publica-
tions in this field (n ≤ 8). Other topics like ‘coastal management’, ‘con-
flicts’, or ‘socio-economics’, show a similar pattern, with few existing
publications (n≤ 5) mainly coming from the same countries.

Although ‘tourism’ related publications were available for
e.g., Australia, Japan, Spain, and Portugal, generally in low numbers, it is
worth noting that for several Indo-Pacific countries (i.e., Indonesia,
Thailand, Fiji, Maldives, and Papua New Guinea) all the surf-related
l management, conflicts, health and well-being, injury, marine pollution, socio-eco-
g to the total (n = 247).



Fig. 3.Geographical distribution of publicationswith respect to the research topics (i.e., coastal management, conflicts, health andwell-being, injury, marine pollution, socio-
economic and tourism). The bar graph shows the number of publications per country (above mentioned as spatial coverage) according to the total (n = 247).
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publications were focused on ‘tourism’ (n≤ 6). Several publications were
grouped as continental (n = 1), global (n = 5) or mixed (n = 1).

3.2. Authors and keywords clusters

Although many small author's clusters were identified, they are gener-
ally disconnected from each other (Fig. 4; Table SM2.1). A first large
Fig. 4. Co-authorship network map based on total link streng
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cluster, divided in three sub-groups, includes 13 authors, withM. Climstein
being the most connected author. This cluster shows several links in their
scientific production, dedicated mainly to injuries associated with the surf-
ing practice. Three smaller clusters, close to the first one, but disconnected,
can also be seen. These clusters also cover publications in the fields of inju-
ries and composed by the authors S.E. Anderson (in green), K.S. Taylor (in
yellow) and J.F. Griffith (in purple), respectively. In addition, smaller (1–3
th. The map shows the 64 most well-connected authors.
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authors) and disconnected groups are publishing on topics such as surf
‘tourism’ (e.g., S.A. Martin) (Fig. 4 - orange color), ‘socio-economics’
(e.g., J.C. Ferreira) (Fig. 4 - dark green color), ‘conflicts’ (e.g., L.E. Usher)
(Fig. 4 - light red color), ‘marine pollution’ (e.g., B. Wheaton) and ‘human
health and well-being’ (e.g., R. Olive) (Fig. 4 - pink color).

The most highly cited papers by topic are identified in Table SM2.2.
Around 60% of the authors were not part of any cluster. Adams (2002), a
publication on ‘injury’, has the highest number of citations (n = 114).
Other highly cited publications were related to ‘tourism’ (e.g., Barbieri
and Sotomayor, 2013), ‘health and well-being’ (e.g., Brymer and Oades,
2009) and ‘marine pollution’ (e.g., Wheaton, 2007) with 80, 77, and 74 ci-
tations, respectively.

The keywords co-occurrence analysis reveals a network structured of 63
nodes (items) and 1189 links, which result in six main clusters (Fig. 5). The
proximity of the nodes indicates how these topics are related to each other.
A total of 310 keywords were obtained and occurred at least three times.
After applying the thesaurus file, they were reduced to 260 providing a
clearer overview of the dominant keywords. The term ‘human’ was the
most used keyword, followed by ‘injury’, and ‘aquatic sport’, while ‘surfing’
and ‘male’ occupied the fourth and fifth positions.

The resulting networkmap shows that within each cluster there is a dif-
ferent dimensional focus, which may be related to the above-mentioned
main topics. The largest cluster (Cluster 1, Fig. 5 - red color) focused on
the recreational perspective of surfing (recreation and tourism) and its con-
nection with environmental conditions of the ocean and seas. ‘Cluster 2’
(Fig. 5 - green color) refers to the interaction of people of different demo-
graphic characteristics (e.g., child, adult, male, female) with aquatic sports.
‘Cluster 3’ (Fig. 5 - dark blue color) focuses on risks associated with surfing,
mainly related with injuries. It also includes the concept of ‘surf therapy’
which may suggest publications related with health and well-being in con-
trast to the above-mentioned risks. ‘Cluster 4’ (Fig. 5 – yellow color) repre-
sents a clear focus on clinical aspects. ‘Cluster 5’ (Fig. 5 – purple color)
indicates health risks (diseases). The small ‘Cluster 6’ (Fig. 5 – blue light
color) refers to seasonality of the surfing activity.
Fig. 5.Networkmap of the 260 keywords co-occurrence. The size of the nodes represents
Lines are connecting the nodes based on the magnitude of their correlation (link streng
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3.3. Analysis of the activity

From the total number of publications selected (n= 247), 724 pieces of
evidencewere extracted and compiled. Its classification according to the di-
mensional focus (i.e., social, environmental, economic), showed a clear
dominance of the social dimension (609 pieces of evidence, 84.1%) over
the environmental (64 pieces, 8.8%) and economic dimensions (51 pieces,
7%) (Table 3). When exploring the pieces of evidence with respect to their
effect (i.e., impact or benefit), there were significant differences between
and within their dimensional focus (Chi-squared test p < 0.001 and p <
0.05 between the three dimensions after post hoc test) (Table 3). In addi-
tion, and when exploring the type of effects reported within each dimen-
sion, for the environmental and economic dimensions, the proportion of
benefits (62.5% and 82.4%, respectively) was much higher than that of im-
pacts (37.5% and 17.6%, respectively); while in the social dimension, the
proportion of impacts (56.2%) was slightly higher than the benefits re-
ported (43.8%).

Considering the effect and dimension, evidence pieceswere classified in
specific thematic groups (Table 4). This revealed that social benefits were
mainly related to individual and collective psychological benefits that surf
generates, such as quality of life improvement, general well-being, self-
satisfaction or self-esteem (139 out of the 267 total social benefits). The in-
crease in popularity of an area for surfing, and even its transformation in a
surf tourism destination, is recorded in many publications as a catalyst for
socio-cultural benefits for the local community (58). Other examples of social
benefits include the physical benefits obtained from practicing the sport,
benefits from environmental activism and awareness or surfing site preservation
as well as from safety provision for surfers and beach users in general.

The principal impacts identified in the social dimension were related to
health hazards (272 out of the total 342 social impacts), which included
pieces of evidence related with common surfing injuries, gastrointestinal
illness risks, accidents by drowning or collision with their own board, and
carcinogenic risks due to sun exposure (Table 4). Other social impacts in-
cluded conflicts and localism behaviors (e.g., towards tourist surfers), as
their ‘occurrences’ indicating that these keywords occur frequently in the literature.
th).



Table 3
Comparison between dimensional focus and types of effects. Percentages presented
in respect to the total amount of evidence (n = 724). The statistical test performed
was Chi-squared test and post-hoc Fisher's test. Different letters (A, B, C) indicate
significant differences (p < 0.05) between groups, after the corresponding post-
hoc test.

Dimensional focus Statistical test

Economic Environmental Social

n % n % n % x2 p-value

Benefit 42 5.8% 40 5.5% 267 36.8% 32.9 <0.001
Impact 9 1.2% 24 3.3% 342 47.2%
Post-hoc test A B C
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well as overcrowding, damage of cultural roots, or negative psychological
and other effects due to surf tourism development.

The major environmental benefit was related to conserve and protect
the surfing space (15 out of 40), which lead surfers to take care for beaches
and its surroundings (Table 4). Also, environmental awareness (15 out of 40),
which was associated to ocean literacy, e.g., through beach clean-up cam-
paigns (Table 4). However, the opposite was found in other documents
(i.e., lack of environmental awareness) and collated as social and environ-
mental impacts. Another large group of pieces of evidence on environmen-
tal benefits was local ecological knowledge that surfers pose, and how this
knowledge can contribute to coastal management plans.

For the economic dimension, most benefits were linked to economic
development (27 out of 42), including cases such as the enhancement
of regional economies or generation of employment opportunities
(Table 4). However, some negative economic consequences were also
found (n = 9), mainly related with surf tourism development. For
example, the income inequality between surfing areas and adjacent
areas where there is no surf impact.

Finally, the Sankey diagram showed that themain stakeholders and fea-
tures affected by and/or benefited from the surfing activity are: (i) different
sectors of the surfing community (individual surfers, novice surfers, profes-
sional surfers, recreational surfers, surfing community); (ii) specific age
groups (children, adolescents, adults, elderly people); and vulnerable peo-
ple (patients, vulnerable young and old people); (iii) people that do not
practice the activity but are impacted/benefited by it due to close relation-
ship/location with the surfing activity (i.e., local community, coastal stake-
holders, other users of the sea, tourists) or by other reasons (society,
scientific community); and (iv) features of the marine and coastal environ-
ment (Fig. 6).

Among people that practice the activity, specific age groups
(e.g., children, adolescents, elderly people) and vulnerable people
(e.g., patients, vulnerable young people) received mainly benefits from
the surf practice (Fig. 6). However, regarding members of the surfing com-
munity (e.g., surfers, novice, professional and recreational surfers),most lit-
erature covered negative impacts. Among people that do not practice the
activity, most pieces of evidence related to the benefits that surf generates,
specifically to local communities where surfing activity occurs, with a
lower proportion of impacts over benefits (Fig. 6). Other groups such as so-
ciety at large, coastal stakeholders, or scientific community, also receive
benefits but to a lesser extent. However, for tourists and other users of the
sea, impacts were present in a higher degree than benefits (Fig. 6). Features
such as marine and coastal ecosystems received both benefits and impacts
from surfing activity.

4. Discussion

4.1. Research teams and topics in the surfing literature

According to the evidence collated in this research, the progress and
evolution of topics showed a prominent diversification among the three pe-
riods identified, with a transition to multidisciplinary research in recent
times, (e.g., Lazarow, 2007; Lazarow et al., 2008; Silva and Ferreira,
7

2013). One of the earliest topics surveyed and mentioned has been related
to injuries (e.g., Erickson and Von Gemmingen, 1967; Allen et al., 1977).
However, research topics that emerged in the last decade have been spe-
cially bonded to tourism, human health and well-being, among others
(e.g., Martin and Assenov, 2012, 2014b; Caddick et al., 2015; Ponting
and O'Brien, 2015). According to a recent analysis of the surfing activity
(Pérez Gutiérrez and Cobo Corrales, 2020) medical science was the most
represented area from 1967 to 2017, while fields such as economic sci-
ences, history and psychology were more recent topics. Other authors,
such as Valencia et al. (2020) highlighted the increasing number of publica-
tions about surf tourism over the last decade, which we also found in our
review. This gradual expansion and diversification of surfing literature
along the different periods can be due to different reasons. At the beginning
of the 20th century, surfing began its expansion from the roots of Pacific
cultures such as Polynesia, Hawaii and Peru to the rest of the world
(Lazarow, 2007; Esparza, 2016). Since the 1960s, surf acquired a growing
role in the film industry, magazines and social media (Johnson and
Orbach, 1986; Martin and Assenov, 2012). The rapid spread of the sport
generated many followers and crowds started going to the beach to play
part in surfing. As shown in our review, standing out countries are United
States, Australia, Brazil, and Portugal. In the 1980s, surf began to generate
an economic impact along different countries; a case is Hawaii, which
showed a significant impact of the activity to the economy and tourism in-
dustry (Johnson and Orbach, 1986; Lazarow, 2007; Martin and Assenov,
2012). Since the beginning of 21st century (until between 2010 and
2020), the number of publications increased, mainly due to online plat-
forms. Some authors argue that this boom could be associated to the inclu-
sion of surfing within the Tokyo 2020 Olympic Games program (Pérez
Gutiérrez and Cobo Corrales, 2020; Valencia et al., 2020). Looking at our
results, the number of publications increased overall, achieving amaximum
in 2016 with 26 papers, which agrees with the results obtained by Pérez
Gutiérrez and Cobo Corrales (2020).

In the 21st century, research with a multidisciplinary approach
emerged, with diverse new issues related to practice of surf and its tourism
character such as pollution (Laviolette, 2006) or management surfing
breaks (i.e., coastline area where waves start to break due to the bottom
morphology) and bathers' capacity (i.e., safe spatial distribution of bathers,
including surfers) (Scarfe et al., 2009a,b; Basterretxea-Iribar et al., 2019).
Likewise, this justifies why as surfing spreads to more countries, the re-
search topics around the surfing activity diversify, as a response to the
need of assessing the environmental, socio-cultural and economic pressures
associated to it. Therefore, in countries with much more tradition of surf-
ing, such as Indo-Pacific countries, USA, Australia or Portugal, research
has progressed in different directions according to external requirements
and country-specific capacities, opportunities and needs. The disparities be-
tween them in terms of priorities seem to be the basis of the different re-
search focus in recent years, where countries such as USA or Australia
were focusing on socio-economics, coastal management, human health
and well-being, while other countries, such as Indonesia, Thailand or
Papua New Guinea, focused mainly on topics such as tourism (Ponting
and O'Brien, 2014). The latter is likely to be related to their self-
promotion as international tourism destination, and the aim of recruiting
foreign business and revenues (Buckley, 2002),which introduces a growing
interest on how to manage the surf tourism and recreational capacity
(Ponting et al., 2005; Ponting andO’Brien, 2015). All in all, the articles pub-
lished in recent years have helped to improve the understanding of this rec-
reational activity, including its environmental and social implications.

Our results confirm that although established research topics
(e.g., injuries) have larger weight according to the number of publications,
citations or collaborations between researchers, other emergent and inno-
vative topics (e.g., human health and well-being) have acquired relative
predominance due to its buoyant promotion in a narrow timeline. Collabo-
rations between authors in this topic have been diverse within the period
1965–2021 (note that articles were retrieved in Scopus in March 2021
and the annual cycle for the last year was not completed). Throughout
the co-authorship network map, it is possible to see a clear disconnection



Table 4
Classification of evidence based on common characteristics found within each dimension and each type of effect. Note that risks (*) are included as a subgroup of social
impacts.

Effect Dimension Evidence group Number

Economic Benefit Economic development 27
Increases non-market value 6
Local business development 9

Impact Income inequality 3
Increase of prices 2
Negative consequences of surf tourism development 3
Environmental externality 1

Environmental Benefit Environmental awareness: environmental activism 6
Environmental awareness: environmental engagement 3
Environmental awareness: sustainable behavioral patterns 6
Local ecological knowledge 8
Conserve surfing space 15
Scientific data collection 2

Impact Environmental impacts of surfing industry: burning of fuel 1
Environmental impacts of surfing industry: surf products 2
Environmental impacts of surf tourism: commercial industry 2
Environmental impacts of surf tourism: impacts on flora and fauna 3
Environmental impacts of surf tourism: increase of coastal urbanization 4
Environmental impacts of surf tourism: increase of sewage and waste 5
Environmental impacts of surf tourism: transport of material goods 1
Environmental impacts of surf tourism: unsustainable behavioral patterns 7
Lack of environmental awareness 2

Social Benefit Collective psychological benefits and well-being: behaviour 8
Collective psychological benefits and well-being: sense of belonging to nature, cooperation 4
Collective psychological benefits and well-being: surfing group maintenance 5
Individual psychological benefits and well-being: behaviour 11
Individual psychological benefits and well-being: pleasure and joy 20
Individual psychological benefits and well-being: quality of life, general well-being 44
Individual psychological benefits and well-being: reduces mental health symptoms 16
Individual psychological benefits and well-being: self-satisfaction and self-esteem 31
Physical benefits: aerobic capacity 3
Physical benefits: energy supplementation, lower risk of injuries 4
Physical benefits: general well-being 2
Physical benefits: risk consciousness 3
Physical benefits: training 14
Physical benefits: treatment of injuries or diseases 4
Socio-Cultural benefits for local community: citizenship 4
Socio-Cultural benefits for local community: community engagement 14
Socio-Cultural benefits for local community: contact with other cultures 8
Socio-Cultural benefits for local community: education 13
Socio-Cultural benefits for local community: inclusion 4
Socio-Cultural benefits for local community: infrastructure and services 7
Socio-Cultural benefits for local community: leisure 2
Socio-Cultural benefits for local community: NGO 1
Socio-Cultural benefits for local community: surfing knowledge 6
Environmental awareness: consultancy 1
Environmental awareness: environmental activism 6
Environmental awareness: environmental engagement 11
Environmental awareness: NGO formation 1
Surfing site preservation: aesthetics 3
Surfing site preservation: engagement 5
Surfing site preservation: identity 5
Safety: surf rescue 7

Impact Conflicts between surfers and other users: access to surfing sites 1
Conflicts between surfers and other users: crowding 20
Conflicts between surfers and other users: local aggression towards tourists 5
Conflicts between surfers and other users: surfing schools 2
Damage cultural roots/Cultural costs of tourism 15
Surf tourism development: lack of regulation 5
Surf tourism development: overcrowding 4
Accidents: drowning* 6
Accidents: hit by something* 2
Accidents: shark attacks* 2
Carcinogenic risks: skin injuries* 7
Risk of diseases: water quality* 22
Sport injuries: animals* 7
Sport injuries: contusions, lacerations, fractures* 141
Sport injuries: exostoses* 33
Sport injuries: eyes injuries* 6
Sport injuries: myelopathy* 24
Sport injuries: others* 10
Sport injuries: skin injuries* 4
Sport injuries: Surfers' knots* 5
Sport injuries: tumor* 3
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Table 4 (continued)

Effect Dimension Evidence group Number

Physical impacts: fluid loss, fatigue 3
Psychological impacts: feelings of being addicted to the surfing activity 4
Psychological impacts: feelings of excitement during and before surfing 7
Psychological impacts: frustration due to surf tourism 1
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between the different sub-topics and research groups. On one side, the sub-
topic ‘injury’ presents much more connection than the other topics among
the different research teams. Despite this, looking at the links between
them, we have identified different working groups (Dimmick et al., 2013;
Climstein et al., 2016; Furness et al., 2015; Simas et al., 2019). However,
most recent topics (i.e., well-being and tourism) seem to be less connected
to each other, as shown in Table 2, probably because still there is not a crit-
ical mass for international collaboration on these sub-topics. Still, publica-
tions on ‘human health and well-being’ topic have shown the most
promising results in terms of number of citations in a narrow timeline.

There are several research teams that have carried out research inde-
pendently (Wheaton, 2007; Martin and Assenov, 2012; Silva and Ferreira,
2013; Usher and Gómez, 2016; Wheaton et al., 2017). This lack of collabo-
ration shows the immature state of studies' integrity and interdisciplinarity.
Although the number of authors, institutions and countries involved in surf-
ing research and the number of publications have both increased, interna-
tional collaboration between research groups are still scarce (Pérez
Gutiérrez and Cobo Corrales, 2020). Some collaborations have been identi-
fied between USA and Australia, in terms of tourism (Valencia et al., 2020).
Pérez Gutiérrez and Cobo Corrales (2020) consider that Australian institu-
tions are most productive and highly collaborative, exemplifying the scien-
tific knowledge transfer. Still, in our literature review we found that
although the surfing activity is analyzed from multiple disciplines, the col-
laboration between them (i.e., interdisciplinary studies) is still scarce.
Fig. 6. Flow diagram (Sankey diagram) divided in three nodes related to type of effec
connections or flows between nodes is proportional to the number of evidence found in

9

4.2. Analysis of the benefits and impacts of the activity

Many of the social benefits reported in the literature involved specific
age groups and vulnerable people (i.e., adolescents, children, adults and el-
derly people), who may be psychologically benefited while doing surfing
therapy (Britton and Foley, 2021). Some of these publications focused on
children and adolescents with adverse childhood experiences, and for
whom practicing surf resulted on improvements on symptoms of depres-
sion or anxiety, sleep quality, self-efficacy or social connectivity (Pereira
et al., 2020). Physiological benefits of surf therapy have also been found
for children with selected disabilities (e.g., autism spectrum disorder and
down syndrome) such as reduction in total body and fat free mass and a
substantial enhancement in bone mineral density (Clapham et al., 2020).
Moreover, for patients with mental problems (major depressive disorder
(MDD), posttraumatic stress disorder (PTSD) and Alzheimer's disease
(AD)), it has been proved that water-based activities, such as surfing, incurs
in greater improvements in depressive symptoms and can promote well-
being through the concept of ‘blue gym’ (White et al., 2016). This ‘blue
gym’ provides strength training, balance rehabilitation as well as cognitive
performance, which may increase the maintenance of autonomy. Also, it
may work as group supportive therapy (Fleischmann et al., 2011; Rogers
et al., 2014; Caddick et al., 2015; Pérez et al., 2017; Walter et al., 2019).
Other social benefits identified involved local communities, which may
profit from surf tourism in the form of socio-cultural benefits,
t, dimensional focus, and stakeholder or features (from left to right). The width of
the literature review.
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e.g., language acquisition, increase in the knowledge about the world out-
side (Towner and Orams, 2016; Towner and Milne, 2017; Towner and
Davies, 2019) or even involve surfing community coming up with a kind
of community engagement which refers to ‘generating obligation to safeguard
and care for the environment for future generations’ (Aramoana Waiti and
Awatere, 2019) or ‘providing a local surfing space as a community resource’
(Beaumont and Brown, 2016). Also, surf can benefit the local community
and its environment in the form of promotion actions of citizen science
and awareness, contributing to the public water safety and site awareness,
enhancing community activities for village beautification, or organizing
campaigns and community events for beach cleaning (Martin and
Assenov, 2014a,b; Kim and Kwon, 2020).

By contrast, surf can create social impacts which mainly affect surfers
and local communities. On one hand, different members of surfing commu-
nity (i.e., individual surfers, novice surfers, professional surfers, and recre-
ational surfers) suffer from injuries and diseases experimented while
surfing. Hence, many of the reviewed publications were medical reports,
specially related to exostoses of the external auditory canal (Seftel, 1977),
as well as ‘surfer's myelopathy’, which is a non-traumatic spinal cord injury
that affects inexperienced surfers (Thompson et al., 2004) or much more
common injuries associated to fractures, lacerations, muscular, joint, skin
origin, etc. (Furness et al., 2014; Dimmick et al., 2019; Rogich et al.,
2020). On the other hand, local communities experienced conflicts with
non-local surfers and tourists, resulting on cultural damage by surf tourism,
due to global cultural gentrification and over-crowding (Hill and Abbott,
2009; Doering, 2018), may even experience local aggressions towards
non-local surfers generating a ‘local hierarchy’ known as surf localism
(Anderson, 2013; Beaumont and Brown, 2016). Other cultural costs of tour-
ismwere related to foreigners' bad behaviors and influence, which can con-
tribute to the degradation of local culture (Krause, 2012; Towner and
Orams, 2016; Towner and Davies, 2019).

Regarding the economic dimension, local communities obtain bene-
fits from surf tourism which, in several cases, have been an advantage for
them as a tool for revitalizing the local economy or enhancing regional
economy (Poizat-Newcomb, 1999a; Poizat-Newcomb, 1999b; Lazarow,
2007; Lopes and Bicudo, 2017; Kim and Kwon, 2020), as well as contribut-
ing to the local business development ‘increasing the fixation and employabil-
ity of the local population and promoting the improvement of local infrastructures
and services’ as recognized byMachado et al. (2018). However, the popular-
ization of a site for surfing can generate impacts such as increases in local
prices (Krause, 2012). Some authors claim that this phenomenon generates
unequal income distribution and reinforcement of urban–rural disparities
(Towner and Orams, 2016; Doering, 2018). In general, it was found that
surf tourism does not contribute to the improvement of the quality of life
of the population (Valencia et al., 2020).

Lastly, regarding to environmental dimension, marine and coastal
ecosystems can be positively affected from the participation of surfers in
different collateral activities, becoming role models for citizens. For exam-
ple, surfers can contribute to coastal and marine management being a tool
for understanding the environmental resources and supply locally relevant
environmental data to inform resource management (Reineman, 2016), or
projects related with sea-level rise impacts (Reineman et al., 2017). Other
benefits include the involvement of surfing communities in campaigns
against pollution of the seas (Surfers against sewage, 1996; Holland-
Smith et al., 2013; Surfrider Foundation Europe, 2021), which enhances
the environmental activism (Kim and Kwon, 2020) and promotes sustain-
able surfing environmental practices, as well as the protection and
safeguarding of natural resources (Machado et al., 2018). Indeed, famous
surfers have become referents in the fight against marine litter, even creat-
ing Non-Governmental Organizations, such as Surfers Against Sewage
(Surfers Against Sewage, 2021). However, surfing can also generate envi-
ronmental impacts. According to Portman and Zhulpa Camporesi (2020),
frequent surfers may have fewer pro-environmental behaviors and unsus-
tainable lifestyles in their daily life, in terms of recycling, plastic use, or-
ganic shopping and environmental actions. Surfing has also been
associated with generation of negative impacts to the marine and coastal
10
ecosystems, such as rubbish and solid waste production, impacts on local
flora and fauna due to trampling over sand dunes or encroachment on
bird nesting areas (Martin and Assenov, 2014a,b; Towner and Orams,
2016; Towner and Milne, 2017).

4.3. Research limitations

This study has some limitations that could have biased the results, to
some extent. First, the review excluded manuscripts not written in English
and grey literature, limiting the findings only to that language. Second, the
searching terms could limit thefinal results (e.g. ‘surfing’ is used in different
contexts, such as ‘web surfing’), however, this bias was minimized by a
careful revision of all papers, removing those not related to the topic inves-
tigated. Third, disentangling benefits and impacts of the activity was diffi-
cult in some cases, due to the absence of clear indications in the papers
collated. Despite these limitations, the findings could be considered as rep-
resentative of the activity and representative of the dimensions investigated
here.

4.4. The activity in a wider context

This research integrates the current knowledge around the benefits and
impacts associated with surfing, providing valuable information for the fu-
turemanagement of the activity. The pieces of evidence collated confirmed
that surf activity has brightened to several and relevant attributes which
avail its relevance as a benefit from CES: it is a recreational activity with so-
ciocultural, environmental and economic relevance (i.e., value in the eco-
system services cascade) and can positively contribute to human well-
being (i.e., ‘benefit’ in the ecosystem services cascade) (Potschin-Young
and Haines-Young, 2011) if carried out carefully.

It has become a relevant economic activity dependent on environmental
conditions, and therefore, its management should follow (eco)tourism prin-
ciples: “responsible travel to natural areas that conserves the environment, sus-
tains the well-being of the local people, and involves interpretation and
education” (TIES, 2015).

Due to themultiple disciplines affecting and affected by the activity, our
results emphasize the need for closer collaboration between different re-
search disciplines, moving to interdisciplinary studies, to advance towards
a more sustainable management of the surfing activity in the near future,
reducing/minimizing the impacts identified in this research.

The research undertaken here is closely related to the objectives of sev-
eral UN SDGs Surf can be used to promote SDGs and achieve their targets in
different ways: (i) it has been seen that some locations and countries have
an important economic sector linked to surf, which can contribute to allevi-
ate poverty (SDG1) in some developing countries; (ii) ensuring healthy lives
and promoting well-being for all at all ages (SDG3) is closely related with
the practice of this sport, and are clear physical and mental benefits from
a nature-based recreational activity; and (iii) conserving and sustainably
using the oceans (SDG14), using this activity, and surfers, to promote the
awareness about ocean problems (e.g. litter, pollution), increase the protec-
tion of areas to practice nature-based recreational activities, contributing to
the increase of benefits to small island developing states and least devel-
oped countries from the sustainable use of marine resources, such as tour-
ism.

In this context, the UN ‘Decade of Ocean Science for a Sustainable De-
velopment’ (Ryabinin et al., 2019) could promote studies associated to
healthy oceans and human welfare benefits, which are closely related
(Borja et al., 2020). Understanding recreational marine-based activities
could improve coastal and marine management plans and efforts, e.g.
through the maritime spatial planning activity, taking into account the ac-
tivity and the areas of recreation practice to reserve space for a sustainable
use of the ocean by human activities (Ehler and Douvere, 2009). The need
to guarantee the sustainability of recreational marine activities, such as
surfing, and the analysis of these activities as benefits from CES, should
be addressed under an interdisciplinary approach, embedding social, envi-
ronmental and economic dimensions (Martin and Assenov, 2014a).
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5. Conclusions

The increasing social interest for surfing came with an increase in the
scientific interest, and an expansion in the number of publications and
topics covered in the literature. Surfing activity generates impacts and ben-
efits in social, economic and environmental spheres, with consequences for
a diverse group of stakeholders beyond surfers. To advance towards a sus-
tainablemanagement of the surfing activity, and the environmental context
where it takes place, decision makers should consider the evidence col-
lected in the scientific literature in the last decades. An interdisciplinary ap-
proach should be adopted to guarantee that all the stakeholders impacted
by/benefited from the activity participate in the design and adoption of
managementmeasures tomitigate the negative impacts of surfing andmax-
imize its benefits.
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