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ABSTRACT

Protected areas are important environmental conservation sites, but their sustainability depends
on effective management to mitigate the negative impacts of nature-based tourism. Data from
Mobile fitness apps (MFAs) provide researchers and stakeholders with detailed spatiotemporal
information regarding visitor movements, thereby facilitating a comprehensive understanding
of visitor behaviour, the implementation of effective monitoring strategies, and the
minimisation of tourism-related impacts. Considering the novelty and growth of studies
exploring MFAs to understand recreational use in protected areas, it's essential to integrate this
emerging field of data science into existing knowledge and establish MFA-based monitoring. A
detailed analysis of 26 publications, published between 2012 and 2023, was performed to
explore who conducts the research, the main sources of knowledge, where the research is
conducted, the core research questions, the data sources used, and which methodologies are
employed. Results show that research is primarily conducted by European, Chinese, and
Australian scholars within a collaboration network that remains underdeveloped. Studies are
mostly influenced by research published after 2010 and focus on visitors’ spatiotemporal
behaviour analysis and environmental impact assessment. MFAs function as surrogates for on-
site visit counts, offering key information that can be utilised for protected area management,
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promoting sustainable tourism, and ensuring environmental preservation.

Introduction

Protected areas, defined as geographical spaces dedi-
cated to long-term nature conservation (Dudley,
2008), are vital for both society and our planet. They
ensure environmental protection and provide essential
socioeconomic and health benefits to local commu-
nities, as well as to tourists who visit for leisure and
outdoor recreation (Carrus et al., 2015; Stolton &
Dudley, 2010; Watson et al., 2014). However, their sus-
tainability relies on careful planning to mitigate nega-
tive environmental impacts that result from excessive
human use, such as trampling, dispersal of invasive
species, waste production, or soil degradation and
erosion (Ballantyne & Pickering, 2015; Barros et al,,
2015; Marion et al., 2016). Nowadays, with protected
areas facing escalating pressure from the expansion
of tourism-related activities (Morgan, 2023; National
Park Service, 2024; Schagner et al, 2017), effective
visitor management emerges as an essential challenge
in ensuring their sustainability (Eagles, 2014; Newsome
et al, 2012).

To enable protected areas’ socioeconomic and health
benefits without causing environmental damage, it's
necessary to balance visitors’ recreational use with eco-
system conservation (Beeco & Brown, 2013). Conse-
quently, protected area managers need detailed visitor
data to make informed decisions regarding infrastruc-
ture development, staff allocation, and conservation
measures (Ankre et al., 2016; Cessford & Muhar, 2003).
To gather this essential information, an effective visitor
monitoring system is needed(Eagles, 2014). Visitor moni-
toring refers to the systematic collection, analysis, and
interpretation of data to understand visitor numbers,
behaviours, movements, preferences, and impacts on
the environment and wildlife (Arnberger et al., 2005;
Cessford & Muhar, 2003; Griffin et al, 2010; Newsome
et al,, 2012).

Though some questions can be addressed using con-
ventional monitoring methods (e.g. interviews, surveys,
field observations, or access permits), they have limit-
ations, such as time consumption, high cost, and
location-specific measurements (Cessford & Muhar,
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2003). To address these limitations, novel monitoring
methods are emerging (A. Barros et al., 2020; Marion
et al., 2016; Pickering et al., 2011). One such developing
approach is leveraging crowdsourced data (i.e. data col-
lected from a large online community) from social-media
and mobile apps (Barros et al., 2022; Ghermandi, 2022;
Teles da Mota & Pickering, 2020). Results emerging
from these digital technological approaches show posi-
tive correlations when compared with conventional
monitoring methods and have numerous advantages
in terms of cost-effectiveness, data accessibility, and
the elimination of ‘knowledge bias’ (Barros et al., 2022;
Ghermandi, 2022; Ghermandi & Sinclair, 2019; Norman
& Pickering, 2017). However, there are some limitations
in the use of crowdsourced data, such as sampling
bias, user privacy, and about how social media and
mobile apps share data with academic researchers
(Barros et al., 2022; Norman et al., 2019; Norman & Pick-
ering, 2019).

Social networks and mobile apps are fast-paced
industries with fluctuating popularity, changing user
bases that vary across different regions, and growing
concerns about free data access (Ghermandi, 2022;
Teles da Mota & Pickering, 2020; Wilkins et al., 2021).
Any change in accessibility to crowdsourced data can
negatively impact scientific production and threaten
the loss of essential data (Ghermandi et al., 2022). To
mitigate the impact of data access changes in specific
platforms, such as those caused by the fast-paced evol-
utionary nature of the digital world or unexpected

Table 1. Search query approach used in SCOPUS and Web of
Science.
Platform

Query

TS = (‘Geotagged’ OR 'Georeferenced’ OR 'Big data’ OR
‘Social media’ OR 'Mobile App* OR ‘volunteered
geographic information’ OR ‘Flickr’ OR ‘Wikiloc' OR
‘Strava’ OR ‘Panoramio’ OR ‘GPSies’ OR "AllTrails’ OR
‘Twitter’ OR ‘MapMyFitness' OR ‘Instagram’) AND TS
= (‘National Park* OR ‘Natural Area* OR ‘Natural
Park*" OR ‘Protected Area*' OR ‘Protected Park*' OR
‘Conservation area*' OR ‘Conservation Park* OR
‘Nature Reserve* OR ‘Wildlife Refuge* OR 'Marine
Reserve*’ OR 'Ecosystem services” OR ‘Nature-based
recreation’ OR ‘Nature-based tourism’ OR ‘Nature
based recreation’ OR ‘Nature based tourism’) AND
English (Languages)

TITLE-ABS-KEY('Georeferenced’ OR ‘Geotagged’ OR ‘Big
data’ OR ‘Social media’ OR ‘Mobile App*' OR
‘volunteered geographic information’ OR ‘Flickr’ OR
‘Wikiloc' OR ‘Strava’ OR ‘Panoramio’ OR 'GPSies’ OR
‘AllTrails” OR ‘Twitter’ OR ‘"MapMyFitness’ OR
‘Instagram’) AND TITLE-ABS-KEY('National Park*' OR
‘Natural Area*' OR ‘Natural Park*' OR ‘Protected Area*’
OR ‘Protected Park*' OR ‘Conservation area* OR
‘Conservation Park*’ OR ‘Nature Reserve*' OR 'Wildlife
Refuge*’ OR ‘Marine Reserve*' OR ‘Ecosystem services’
OR 'Nature-based recreation’ OR ‘Nature-based
tourism’ OR ‘Nature based recreation’ OR ‘Nature
based tourism’) AND LANGUAGE(English)

Web of Science
(WOS)

SCOPUS

changes in data access rules, it's crucial to continually
expand data sources that can be used in scientific
research. Lately, researchers have started to use GPS
tracking data (ie. positional information obtained
through GPS technology) from MFAs to study visitors’
behaviour in protected areas (Campelo & Nogueira
Mendes, 2016; Nogueira Mendes et al., 2012; Norman
& Pickering, 2017). MFAs differ from other apps used
to monitor visitors in protected areas, as they are
capable of tracking their complete path during their
visits, providing managers with detailed movement
data to optimise conservation and visitor-management
strategies (Sisneros-Kidd et al., 2021). Such apps are typi-
cally used by visitors to record and share outdoor activi-
ties (such as hiking, running, or cycling), offering a level
of detail about their activities that exceeds other types of
crowdsourced data (Barros et al., 2019; D’Antonio et al.,,
2022; Meijles et al., 2014).

Research leveraging GPS tracking data from MFAs to
monitor visitors in protected areas is recent, but its appli-
cation is increasing, with 17 papers being published in
the last 5 years. Considering the importance of this
theme and its novelty, a literature review is essential to
clarify the underlying reasons behind the limited appli-
cation of MFA-based monitoring. Furthermore, it
would also be relevant to frame this subset of research
against existing knowledge. This framing is especially
important alongside studies leveraging big data to
evaluate nature tourism (Teles da Mota & Pickering,
2020) in order to understand visitation in protected
areas (Barros et al., 2022; Wilkins et al., 2021), and to
evaluate the correlation between big data and visit
counts in natural areas (Ghermandi, 2022). These
studies did not adequately highlight content from
MFAs, where 77% of the studies and 67% of the plat-
forms analysed in the work presented here were not
included in their literature considerations and underpin-
ning. This paper seeks to address the following ques-
tions: (1) Who carries out the research? (2) Where is
the research being conducted? (3) What are the main
sources of knowledge? (4) What are the core research
objectives? (5) What data sources are being used? (6)
How is GPS tracking data being collected and validated?

Methodology
Search query

A comprehensive search was performed on SCOPUS and
Web of Science (WOS) until the end of 2023. These data-
bases were selected because they are cross-disciplinary
and highly reputed database sources of scientific
research (Harzing & Alakangas, 2016). Our approach



followed the method for systematic quantitative litera-
ture reviews (Pickering et al,, 2014; Pickering & Byrne,
2013) and PRISMA (Preferred Reporting ltems for Sys-
tematic Review Recommendations) guidelines (Liberati
et al., 2009; Moher et al., 2009).

The search queries used as inputs into the SCOPUS and
WOS databases (Table 1) consisted of two lists of terms.
One that focused on terms related to the data sources
and types used, with the goal of capturing the technical
and methodological aspects of the research. The second,
aimed at capturing studies conducted in protected areas.
The queries returned studies that included at least one
term from each list in the title, abstract, or keywords.

Study selection

The search queries listed in Table 1 were used across the
chosen databases, and the results were exported from
SCOPUS (1079 publications) and WOS (912 publications)
into a reference manager software. The first step of the
systematic screening comprised the ‘identification’ and
elimination of any duplicate studies. Accordingly, the
publications’ titles and abstracts were analysed in a
first ‘screening’ step to eliminate any studies that were
clearly unrelated to the scope of our literature review.
Next, a further ‘screening’ step involved a thorough
examination of the remaining publications analysing
their full-text documents. Studies that did not use GPS
tracking data from MFAs and studies that the study
site didn’t overlap with protected areas were excluded
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to ensure consistency. Although these criteria may intro-
duce selection biases by overlooking studies with
alternative methodologies or in different environments,
they were necessary for achieving methodological con-
sistency and meeting the research objectives. This step
allowed us to select ‘eligible’ articles that were explicitly
analysing visitor GPS tracking data from MFAs in pro-
tected areas. Finally, we then used these articles to
examine their cited-listed references in more detail to
identify any relevant studies absent from the selected
databases. After completing the screening and eligibility
process, 26 publications were deemed suitable for
further analysis (Figure 1).

Data extraction and analysis

Using the selected 26 publications, we then under-
took a data extraction process to capture key infor-
mation. For data handling accuracy and reliability
purposes, the extracted information was organised
into a coding frame, where it was summarised and
tabulated. This key process was conducted indepen-
dently by two authors. These independently
acquired results were then compared to minimise
any potential errors, thereby improving the integrity
of the data extraction process. Furthermore, to
enhance the analysis, detailed reference data was
used to conduct a thorough bibliometric analysis
using ‘Bibliometrix’, an advanced R package (Aria &
Cuccurullo, 2017).

c
-% Publications identified from searching online
£ databases (SCOPUS and Web of science):
< (n=1991)
k=)
v
Publications after all duplicates removed.
(n=1127)
g
c
7
@
Publications screened (title and abstract): ||  Excluded publications:
(n=1127) (n=2970)
v
2 R —
3 Full-text Publications assessed for eligibility: |, | Excluded publications:
=) = (n=137)
= ( n=157 )
w
v
é Papers included in the systematic quantitative Additional publications located
2 literature review: € through reference lists:
£ (n=26) (n=86)

Figure 1. Flowchart of the literature review screening process and its quantitative outputs.
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Results
When and where were the studies published?

From 2012 until 2023, 20 articles and 6 conference pro-
ceedings were published using GPS tracking data from
MFAs in protected areas (Figure 2A). Publications on
the topic started modestly (4 studies during 2012-16),
subsequently increased (10 studies during 2017-21),
and have recently experienced noteworthy acceleration
(14 studies 2022-23). Overall, scientific production on
this subject showed an annual growth rate of 19%
from 2012 to 2023. Use of the 26 studies published
from 2012-2023 is revealed in their citation patterns.
Two studies published in 2023 received substantial inter-
est, accumulating over ten citations within a year of their
release (Horst et al.,, 2023; Smith et al., 2023).

Twelve journals have published on the GPS-MFAs
topic (Figure 2B). The Landscape and Urban Planning

and Journal of Outdoor Recreation are the main outlets,
each having published four articles while the Journal of
Environmental Management and Applied Geography are
lesser used with 2 publications each. For the six confer-
ence proceedings published between 2012 and 2023,
four were published in association with the International
Conference on Monitoring and Management of Visitors
in Recreational and Protected Areas. This highlights
this specialist themed conference as a key platform for
communicating research using GPS tracking data in
monitoring protected area visitors.

Who carries out the research?

The analysed studies were written by 61 authors. Among
them, four authors have three or more publications,
while 48 have participated in only one study. The main
authors in the field, based on their contribution

Article with more than 25 citations
Article with 6 to 25 citations
Article with 5 or less citations

H Conference paper
— Direct citation

18
2012 2014 2016 2018 2020 2022 "
Journal of Outdoor Rec. & Tourism ' . B
Landscape & Urban Planning O O O )
Applied G Y @ @
Journal of Environment Management (@] O
Acta Sci. Pol. Admin. Locorum @
Current issue in Tourism @
Geocarto International (6}
Geografisk Tidsskrift-Danish J. of Geog. @
International Journal of Digital Earth @
ISPRS Int. Journal of Geo-Information @
PLos ONE @
Journal of Leisure Research @
Conference Proceedings |——@ 16 . @3 ©
2012 2014 2016 2018 2020 2022 4

@ 1 Publication

@ 2 Publications

Figure 2. Main sources of knowledge: (A) Illustration showing the direct citation network and the articles impact. (B) Sources of the
published studies. (1) Nogueira Mendes et al. (2012); (2) Nogueira Mendes et al. (2014); (3) Campelo and Nogueira Mendes (2016); (4)
Santos et al. (2016); (5) Norman and Pickering (2017); (6) Korpilo et al. (2017); (7) Norman and Pickering (2018); (8) Korpilo et al. (2018);
(9) Roque et al. (2018); (10) Rota, et al. (2019); (11) Norman and Pickering (2019); (12) Norman et al. (2019); (13) C. Barros et al. (2020);
(14) Venter et al. (2021); (15) Santos et al. (2022); (16) Monteiro and Cabral (2022); (17) Ciesielski et al. (2022); (18) Schirck-Matthews

et al. (2023);(19) Chai-Allah et al. (2023); (20) Dong et al. (2023);

(21) Nogueira Mendes et al. (2023); (22) Monteiro and Cabral (2023);

(23) Smith et al. (2023); (24) Horst et al. (2023); (25) Zhao and Wang (2023); (26) Che et al. (2023).



amount, are: (1) Nogueira Mendes (seven publications;
three publications as first author); (2) Norman (five pub-
lications, four publications as first author); (3) Pickering
(five publications); and (4) Silva (five publications). The
authors that participated in the studies are mostly
affiliated with Portuguese and Chinese institutions,
with fourteen and thirteen authors, respectively
(Figure 3). Additionally, other well-represented countries
are Spain (eight authors), Australia, and Norway (five
authors). Most researchers are affiliated with European
institutions (69%), 13 authors are affiliated with Asian
institutions, 5 are affiliated with institutions in Oceania,
and 3 authors are affiliated with North American insti-
tutions. Authors from South American or African insti-
tutions are notably absent, revealing an unequal
distribution in scientific production that appears to be
related with MFAs data availability.

The author collaboration network is typically com-
posed of many small clusters, each consisting of two
to four authors (Figure 3). This pattern indicates that
cooperative research generally takes place in isolated,
limited-scale collaborations. An exception to this trend
is a group consisting of thirteen individuals who collabo-
rated on seven publications. Nogueira Mendes appears
to be the lead author of the cluster, and its most
robust partnership occurs with Silva (four publications).
Additionally, the Australian cluster is also notable,

——France - ——————
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since the connection between Pickering and Norman is
the strongest in the entire network, collaborating on
five publications. However, only four authors comprise
this cluster.

Twenty-five institutions are evident from the collabor-
ation network analysis (Figure 3). The most common
affiliations are: (1) Lisbon Nova University (eight
authors; nine publications); (2) Griffith University (four
authors; five publications); and (3) University of Lisbon
(five authors; four publications). The collaboration
network consists of five isolated nodes and seven separ-
ate clusters. Among these clusters, only three possess
international partnerships. The only cluster counter to
this trend is the one between the Portuguese univer-
sities of the University of Lisbon, Lisbon Nova University,
and the University of Aveiro, and the Spanish university
of Lleida University. This cluster collaborated on nine
publications, with the strongest network link between
the University of Lisbon and Lisbon Nova University.

Where was the research conducted?

Portugal has the largest number of studies undertaken
on protected areas (9 publications). However, eight of
them focus on protected areas within the confines of
the Lisbon metropolitan area (Figure 4). Australia ranks
second with five studies focused within the Southeast-

( Clermont Auvergne Uni. Rovira Uni B\

Rota

(
|
|
|
|
|
!
|
|
!
|
|
!
L

________

)

Ciesielski |

~Poland-—---"

_________________

P — Australia - |

b | Monteiro
o—®
|

Lisbon Nova Uni.

! [Grifth Uni. Pickering_ )
|
]
1
|
\

Figure 3. Collaboration network illustrating the linkages between authors, their institutional affiliations, and the institutions’ country

of origin.
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Publications (No.)
-1
m2-3

m4-5

.Hm9

0 5 000Km
——

Figure 4. Number of studies conducted in each country’s protected areas.

Queensland region. China has three studies in three
different protected areas, all of them published in
2023. Finnish and Spanish protected areas have two
studies each, and protected areas in Germany, France,
Norway, and Poland only have one study each. There
are no protected areas analysed in South America or
Africa, and no studies analysing multiple protected
areas across different countries.

Most cited references

The 26 selected studies cite a total of 906 publications
(Figure 5). Only 5% of the cited publications were pub-
lished before the 2000s, and 15% were published
between 2000 and 2009. This means that research
using GPS tracking data from MFAs in protected areas

(No.)

eor ——

o ——————

O

1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

@
©
o
—

Figure 5. References cited in the analysed studies.

is mostly influenced by works published after 2010
(80%). Four publications from the selected studies are
within the fifteen most cited references (Table 2).
Among them, the most cited publication was the
Campelo and Nogueira Mendes (2016) article with 13
citations, the Norman and Pickering (2017) article with
11 citations, and the Nogueira Mendes et al. (2012)
and the Santos et al. (2016) publications with 10 cita-
tions. These four articles are amongst some of the first
publications on this topic and are expected to be cited
by subsequent studies to contextualise prior research
on the subject (Figure 2A). The remaining studies focus
on the role social media, Volunteered Geographical
Information, and GPS technology (Beeco et al., 2014;
D’Antonio et al., 2010; Goodchild, 2007; Heikinheimo
et al,, 2017; Orellana et al., 2012; Wolf et al., 2012; Wolf




Table 2. Most cited references by the analysed studies.

Reference Times cited (No.)
Campelo and Nogueira Mendes (2016) 13%
Norman and Pickering (2017) 11*
Wood et al. (2013) 10
Santos et al. (2016) 10*
Heikinheimo et al. (2017) 10
Nogueira Mendes et al. (2012) 10%
Wolf et al. (2015) 9
Cessford and Muhar (2003) 8
Goodchild (2007) 8
Beeco et al. (2014) 6
Hadwen et al. (2007) 6
Eagles (2014) 6
Orellana et al. (2012) 6
D’Antonio et al., (2010) 6
Wolf et al. (2012) 6

* Study included in this literature review.

et al., 2015; Wood et al., 2013); and on methods to
monitor visitors (Cessford & Muhar, 2003; Hadwen
et al., 2007).

What are the core research objectives?

The most common objective in the examined studies is
the spatial analysis of user movements in protected
areas (Table 3). Here, researchers focused on quantifying
and differentiating use intensity (Korpilo et al., 2018;
Norman & Pickering, 2017; Zhao & Wang, 2023), what
types of circuits visitors preferred to do (Norman et al.,
2019), and to analyse the relations between the location
of major recreation hotspots and the trail network
(Jurado Rota et al,, 2019). Another aspect explored by
researchers was the analysis of visitors’ temporal pat-
terns, aiming to understand differences in protected
area visitation during workdays and the weekend (Cie-
sielski et al., 2022; Norman et al., 2019) and the differ-
ences in visitation at a monthly and seasonal level
(Monteiro & Cabral, 2023; Nogueira Mendes et al.,
2023; Roque et al., 2018). Validating the accuracy of
MFAs data is a frequently cited objective mentioned in
8 publications; however, only 5 studies statistically com-
pared MFAs data with on-site visitor data retrieved using
conventional methods (Horst et al., 2023; Norman et al,,
2019; Norman & Pickering, 2017; Smith et al, 2023;
Venter et al., 2021).

Many studies compared distinct user groups and
activities, comparing their behaviour inside protected
areas (Korpilo et al., 2018; Santos et al., 2022; Zhao &
Wang, 2023) and in examining spatial overlap and eval-
uating potential conflicts (Santos et al, 2022). Other
studies focused on comparing protected areas and ana-
lysing their popularity, aiming to find the main factors
(e.g. distance to urban centres, facility availability, ease
of access) associated with the popularity of protected

TOURISM RECREATION RESEARCH (&) 7

Table 3. Main objectives mentioned by the authors of the
analysed publications.

Main Number of
Objectives Publications

Publications
References

Spatialize users’ 16
movement

Campelo and Nogueira Mendes
(2016); Korpilo et al. (2017);
Korpilo et al. (2018); Rota, et al.
(2019); Norman and Pickering
(2019); C. Barros et al. (2020);
Venter et al. (2021); Santos et al.
(2022); Monteiro and Cabral
(2022); Ciesielski et al. (2022);
Dong et al. (2023); Nogueira
Mendes et al. (2023); Monteiro
and Cabral (2023); Horst et al.
(2023); Zhao and Wang (2023);
Che et al. (2023).

Norman et al. (2019); C. Barros et al.
(2020); Ciesielski et al. (2022);
Dong et al. (2023); Nogueira
Mendes et al. (2023); Monteiro
and Cabral (2023); Zhao and
Wang (2023).

Norman and Pickering (2017);
Korpilo et al. (2017); Norman and
Pickering (2018); Roque et al.
(2018); Norman et al. (2019);
Santos et al. (2022); Smith et al.
(2023); Horst et al. (2023).

Analyse temporal 7
patterns

Validate the accuracy 8
of route data

Compare data sources 4 Campelo and Nogueira Mendes
(2016); Norman and Pickering
(2017); Norman and Pickering
(2018); Horst et al. (2023);
Schirck-Matthews et al. (2023).
Compare users’ 3 Rota, et al. (2019); Norman et al.
activities (2019); Santos et al. (2022);
Schirck-Matthews et al. (2023).
Compare different 3 Santos et al. (2016); Korpilo et al.
user groups (2018); Venter et al. (2021).
Detect users’ 2 Roque et al. (2018); Santos et al.
provenience (2022).
Compare study areas 2 Norman and Pickering (2017);
Norman and Pickering (2019).
Protected areas 5 Norman and Pickering (2019);

Norman et al. (2019); Chai-Allah
et al. (2023); Smith et al. (2023);
Zhao and Wang (2023).

popularity analysis

Analyse off/informal 6 Norman and Pickering (2017);
trail usage Korpilo et al. (2017); Korpilo et al.
(2018); Rota, et al. (2019);
Monteiro and Cabral (2022);
Monteiro and Cabral (2023).
Identify 2 Monteiro and Cabral (2022);
environmental Monteiro and Cabral (2023).
impacts
Identify potential and 6 Korpilo et al. (2017); Norman and
applications Pickering (2018); Korpilo et al.
(2018); Rota, et al. (2019); Barros
et al. (2020); Monteiro and Cabral
(2023).
Identify benefits and 3 Korpilo et al. (2017); Norman and
limitations Pickering (2018); Norman et al.
(2019).
Analyse COVID-19 2 Venter et al. (2021); Smith et al.
effects (2023).

areas (Chai-Allah et al., 2023; Norman et al., 2019;
Smith et al., 2023; Zhao & Wang, 2023). Six publications
aimed to identify potential applications of GPS tracking
data from MFAs in the management of protected
areas. Three publications aimed to identify benefits
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and limitations of GPS tracking data, with the latest
being published in 2019 (Norman et al., 2019).

The identification of environmental impacts and
informal path analysis are a further common research
objective mentioned in the previous studies. Specifically,
studies aiming to analyse informal path use treated this
issue as a relevant and possibly degradational environ-
mental issue (Korpilo et al., 2018; Monteiro & Cabral,
2022; Monteiro & Cabral, 2023; Norman & Pickering,
2017). Lately, the analysis of the COVID-19 pandemic
impact on protected area visitation was explored in
two studies, with the studies exploring how protected
area use changed during the pandemic phases or with
different requlations.

What data sources were used?

Twelve different platforms were utilised in the analysed
studies (Table 4). The most used platforms were AllTrails
(www.alltrails.com) and Wikiloc (www.wikiloc.com) with
eleven publications, followed by MapMyFitness (www.
mapmyfitness.com) and Strava (www.strava.com) with
four publications, while 2bulu (www.2bulu.com) was
used in three publications. Seven out of twelve plat-
forms were used for the first time after 2022. MapMyFit-
ness, was used exclusively in Australia, and 2bulu
exclusively in China. Only 40% of the publications

Table 4. Data sources used in the publications.
Data Sources
AllTrails

References

Nogueira Mendes et al. (2012); Nogueira Mendes et al.
(2014); Campelo and Nogueira Mendes (2016); Santos
et al. (2016); Norman and Pickering (2017)**; Norman
and Pickering (2018); Roque et al. (2018); Santos et al.
(2022); Ciesielski et al. (2022); Horst et al. (2023);
Nogueira Mendes et al. (2023); (Schirck-Matthews et al.,
2023).

Campelo and Nogueira Mendes (2016); Norman and
Pickering (2017)**; Norman and Pickering (2018); Rota,
et al. (2019); Barros et al. (2020); Norman et al. (2019)**;
Monteiro and Cabral (2022); (18) Chai-Allah et al. (2023);
Monteiro and Cabral (2023); Smith et al. (2023)**;
(Schirck-Matthews et al., 2023).

Norman and Pickering (2017)**; Norman and Pickering
(2018); Norman and Pickering (2019); Norman et al.
(2019)**; Schirck-Matthews et al. (2023).

Korpilo et al. (2017); Norman and Pickering (2018);
Norman et al. (2019)**; Venter et al. (2021)**.

Korpilo et al. (2017).

Wikiloc

MapMyFitness

Strava

Sports Tracker

Endomondo Ciesielski et al. (2022).
MapMyRide Ciesielski et al. (2022).
2bulu Dong et al. (2023); Zhao and Wang (2023); Che et al.

(2023).
Dong et al. (2023).
Horst et al. (2023)**.
Horst et al. (2023);
Trailforks Smith et al. (2023)**.
Not specified *  Korpilo et al. (2017); Korpilo et al. (2018).

* Korpilo et al. (2017) and Korpilo et al. (2018) utilised data submitted by the
public from MFAs but did not disclose all the source platforms. ** Studies
that correlated the results with field counts.

foooooot.com
Outdooractive
Komoot

drew data from multiple sources. From 2012 to 2015, All-
Trails was the only platform used; between 2016 and
2019, some 60% of the publications used multiple data
sources. After 2020, the number of publications using
multiple data sources decreased to 31%.

What methods were used?

Twelve studies did not indicate their data collection
process, while four studies used web scraping tech-
niques, and four reported that the download of the
data was done manually (Table 5). Three studies indi-
cated that the data was collected automatically
without specifying what techniques were employed,
and two publications utilised online surveys that
allowed users to submit routes done using MFAs to
acquire the data. Venter et al. (2021) collected the data
automatically using the Strava Metro platform, which
returned the number of routes per OpenStreetMap
segment.

The most frequently retrieved type of information
was GPS routes, which were used in 22 studies. Nine
studies collected metadata (e.g. activity realised, user
nationality) associated with the routes, while two gath-
ered data on the number of routes within each pro-
tected area. Venter et al. (2021) specifically gathered
data on the number of routes per OpenStreetMap
segment. Additionally, three studies collected infor-
mation about users: Roque et al. (2018) identified the
Wikiloc users’ nationality through an analysis of their
Wikiloc profiles. Korpilo et al. (2017) and Korpilo et al.
(2018) complemented the GPS routes with socio-demo-
graphic data using a survey.

Five out of twenty-five studies (Table 6) analysed the
correlation between mobile application data and on-site
visitor data in protected areas (Horst et al., 2023; Norman
et al,, 2019; Norman & Pickering, 2017; Smith et al., 2023;
Venter et al., 2021). Four of them used Pearson correlation
to compare GPS tracking data with automatic counters
data, while Horst et al. (2023) applied Spearman’s corre-
lation test. Three of the five studies that validated GPS
tracking data from MFAs were conducted in Australia.

Norman and Pickering (2017) validated their MapMy-
Fitness results concerning visitors in Australian pro-
tected areas. The linear regression analysis results
returned statistically significant R values ranging from
0.588 for walking to 0.864 for running, implying
different levels of predictive accuracy depending on
which activity is selected to analyse the park’s popular-
ity. In a subsequent study, Norman et al. (2019) found
that running exhibited the highest R value, while moun-
tain biking had the lowest. Only the analysis for running
was statistically significant. Venter et al. (2021) found


http://www.alltrails.com
http://www.wikiloc.com
http://www.mapmyfitness.com
http://www.mapmyfitness.com
http://www.strava.com
http://www.2bulu.com
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Table 5. Types of information retrieved, download and validation methods employed in the reviewed studies.

Reference Data download Sample size Information retrieved Validation method
Nogueira Mendes et al. (2012) Not specified 338 tracks GPS routes None

Nogueira Mendes et al. (2014) Not specified 2432 tracks GPS routes None

Campelo and Nogueira Mendes (2016) Not specified 631 tracks GPS routes None

Santos et al. (2016) Not specified 342 tracks GPS routes None

Norman and Pickering (2017) Manual 1398 tracks GPS routes Pearson correlation
Korpilo et al. (2017) Survey 55 tracks GPS routes; Users’ information None

Norman and Pickering (2018) Not specified >8500 tracks GPS routes None

Korpilo et al. (2018) Survey 139 tracks GPS routes; Users’ information None

Roque et al. (2018) Not specified 32787 tracks GPS routes; Users’ information None

Rota, et al. (2019) Web Scrapping 5323 tracks GPS routes; Route metadata None

Norman and Pickering (2019) Manual 948 tracks Route no. per Protected Area None

Norman et al. (2019) Not specified 457176 tracks GPS routes; Route metadata Pearson correlation
C. Barros et al. (2020) Manual 5064 tracks GPS routes None

Venter et al. (2021) Automated Not specified Route no. per OSM segment; Route metadata Pearson correlation
Santos et al. (2022) Not specified 22031 tracks GPS routes; Route metadata None

Monteiro and Cabral (2022) Web Scrapping 2195 tracks GPS routes; Route metadata None

Ciesielski et al. (2022) Not specified 15220 tracks GPS routes None

Chai-Allah et al. (2023) Automated 782 tracks GPS routes None

Dong et al. (2023) Not specified 482 tracks GPS routes None

Nogueira Mendes et al. (2023) Not specified 9523 tracks GPS routes; Route metadata None

Monteiro and Cabral (2023) Web Scrapping 2495 tracks GPS routes None

Smith et al. (2023) Manual 97768 tracks Route no. per Protected Area Pearson correlation
Schirck-Matthews et al. (2023) Automated 18 248 GPS routes starting point None

Horst et al. (2023) Automated 1742 tracks GPS routes; Route metadata Spearman correlation
Zhao and Wang (2023) Web Scrapping 3363 tracks GPS routes; Route metadata None

Che et al. (2023) Not specified 1554 tracks GPS routes; Route metadata None

that Strava data showed higher correlations when com-
paring the number of visitors by month and week, but
lower correlations when comparing daily visitor
numbers.

Smith et al. (2023) used data from Trailforks and
Wikiloc to validate the number of visitors in Australian
protected areas, focusing on data from mountain
biking and walking activities. The mountain biking
data (collected from Trailforks) had an R* of 0.31 and
the walking data (collected from Wikiloc) showed an R?
of 0.45. In this case, both analyses demonstrated statisti-
cal significance. Horst et al. (2023) validated the walking
data from AllTrails and Outdooractive using Spearman’s
correlation. In this study, the results from the AllTrails

data revealed a significant correlation, while the Out-
dooractive data did not. Overall, GPS tracking data
from MFAs provided significant and accurate results
for running activities, while mountain biking data gener-
ally showed weaker correlations.

Discussion

Our analysis of the MFAs-protected area literature
reveals the emerging state of this research topic, charac-
terised by limited interconnections between institutions
and countries and an increase in scientific production
and collaborative efforts. The increase in scientific pro-
duction appears to be closely associated with the

Table 6. Results from the validations made in the reviewed studies.

Reference Data source Activity Validation method Result P-value Dataset size
Norman and Pickering MapMyFitness  All data Person correlation R?=0.803 P =0.006 1080 tracks
(2017) Running Person correlation R?=0.864 P=0.002 483 tracks
Walking Person correlation R?=0.588 P=0.044 597 tracks
Norman et al. (2019) MapMyFitness  All data Person correlation R?=0.681 P <0.001 948 tracks
Running Person correlation R?=0.836 P <0.001 226 tracks
Walking Person correlation R%=0.457 P=0.032 254 tracks
Mountain Person correlation R?=0.284 P=0.091 468 tracks
biking
Venter et al. (2021) All data Person correlation R?=0.8* R = 0.67** R’ = Not provided  Not provided
0.14%**
Smith et al. (2023) Mountain Person correlation R?=0.31 P=0.001 ~25000 tracks
biking
Hiking Person correlation R?=0.45 P <0.001 ~850 tracks
Horst et al. (2023) Hiking Spearman p=0.633* P=0.037 402 tracks
correlation
Outdooractive  Hiking Spearman p=0.261 P=0.438 250 tracks
correlation

* Monthly time series; ** Weekly time series; *** Daily time series.
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advent of new platforms providing GPS tracking data,
such as 2bulo, Outdooractive, and Komoot. The avail-
ability of data also appears to be a significant driver
behind the high number of publications originating
from Portugal and Spain. These countries benefit from
a substantial volume of data available from platforms
like Wikiloc, which host approximately 50% of the 54
million routes on the lberian Peninsula (www.wikiloc.
com).

From a global perspective, the accessibility and abun-
dance of data from MFAs appear to substantially
influence the geographical distribution of studies and
the affiliations of the researchers involved. Although
the geographical distribution of studies is restricted to
a low number of countries and regions, the studies
have good global coverage and at the very least
provide a solid base for future research. Furthermore,
at a more local level, the country specific studies
provide valuable insights that can address country or
region-specific conservation issues. The geographical
concentration of studies also highlights where knowl-
edge gaps exist. This creates opportunities for future
research to explore and address the unique challenges
and conservation needs in under-represented regions
such as Africa and South America. The global expansion
of MFA-based monitoring is currently underway, as evi-
denced by the appearance of recent studies from
China and North America. However, it still needs to be
expanded into under-represented regions. As global
efforts to achieve the UN Sustainable Development
Goals increasingly emphasise the importance of biodi-
versity, global conservation strategies, such as the
Kunming-Montreal Global Biodiversity Framework,
have emerged to guide conservation priorities (GBF,
2024; UNEP-WCMC & IUCN, 2024). Given the significance
of such strategies, emerging monitoring methods are
essential to ensure that the growing number of pro-
tected areas are effectively managed. In particular,
MFA-based monitoring has the potential to support
the effective management of protected areas by
offering detailed insights into visitors’ spatiotemporal
behaviour.

Overall, data accessibility plays a significant role in
knowledge production and influences where knowledge
is created and applied. It also appears to influence the
number of studies published. Most platforms do not
offer APIs (Application Programming Interface) or an
alternative method for collecting all the data simul-
taneously, thereby requiring researchers to possess
advanced programming skills to automate data collec-
tion or to manually download the required data (a
process that is exceedingly time-consuming). Given
this impact, social media and MFAs data should be

reconsidered as a free public good and efforts should
also be made to facilitate data access (Ghermandi
et al., 2022).

MFAs as surrogate for visit counts

Although numerous studies used GPS tracking data from
MFAs to analyse visitors' use of protected areas, only five
have compared this data with on-site visitor counters
(Horst et al., 2023; Norman et al., 2019; Norman & Picker-
ing, 2017; Smith et al., 2023; Venter et al.,, 2021). Of these,
three were conducted in Australia; one took place in
Germany and another in Sweden. Overall, the studies
found that GPS tracking data is correlated with on-site
counts (Norman et al., 2019; Norman & Pickering,
2017), that monthly and weekly time series produced
better correlation results than daily time series (Venter
et al., 2021), and that the correlation results vary across
different activities (Norman et al., 2019; Norman & Pick-
ering, 2017; Smith et al., 2023). Such findings imply that
MFA data may reliably complement traditional on-site
counters, particularly for activities such as running and
walking. It was observed that stronger correlations
existed for running and walking, whereas mountain
biking data often did not align well with on-site counts
(Norman et al,, 2019; Norman & Pickering, 2017; Smith
et al.,, 2023). The difference in correlation strength can
be related to the overall visitation of protected areas.
For instance, if an area is more popular for hiking/
running, the data from those activities may have a stron-
ger correlation with on-site counts. Additionally, Norman
and Pickering (2017) suggested that on-site counters do
not provide comprehensive data on mountain biking
activities because technical issues with automatic coun-
ters can result in missing data (Andersen et al., 2014;
D’Antonio et al.,, 2010; Smith et al, 2023; Tenkanen
et al,, 2017), and the counters struggle to measure use
for different activities, complicating the analysis of
specific visitation patterns (Job et al., 2021; Smith et al,,
2023).

MFAs data more effectively capture unauthorised
activities than conventional methods, as visitors are
not fully aware of the monitoring and don’t change
their behaviour (Cessford & Muhar, 2003; Heikinheimo
et al,, 2017; Norman et al., 2019). This enhanced capa-
bility not only demonstrates the theoretical potential
of crowdsourced data to refine existing monitoring
frameworks but also underscores its practical application
for improving the management of protected areas.
While current studies highlight the benefits and limit-
ations of both GPS tracking data from mobile apps and
on-site visitor counters, there is a clear need for more
integrated approaches. Conventional monitoring


http://www.wikiloc.com
http://www.wikiloc.com

approaches can be used to collect information that
cannot be achieved using MFAs and to fine-tune the
insights provided by GPS tracking data. For example,
the detailed spatial patterns obtained from MFA data
could be utilised to improve the placement of auto-
mated counters. This can also enhance existing monitor-
ing frameworks, such as the Optimal Visitor Monitoring
System, a comprehensive method for monitoring visitors
to Protected Areas based on an optimised use of auto-
matic counters (Farias-Torbidoni et al., 2022). Identifying
the predominant spatial patterns of visitors accessing
the protected area through each park entrance
enables the evaluation of specific locations where visita-
tion pressure is likely to be most intense. On the other
hand, MFA-based monitoring can be used to expand
the information about the visitors’ spatiotemporal
behaviour to the whole area of the park, reducing the
monitoring cost, and to understand unauthorised activi-
ties. By combining these methods, researchers and park
managers can gain a more comprehensive understand-
ing of trail use, leading to better-informed decisions
for park management and conservation efforts.

Evaluating benefits and limitations

The benefits (Figure 6) and limitations of GPS tracking
data from MFAs have been considered in the analysed
studies. The benefits suggest that data is low-cost, up-
to-date, and can be sourced and processed rapidly
(Campelo & Nogueira Mendes, 2016; Ciesielski et al.,
2022; Korpilo et al., 2018; Norman & Pickering, 2017;
Norman & Pickering, 2018; Santos et al., 2022). Further-
more, the amount of data that can be collected under-
scores another significant advantage by providing a
broader base for analytical insights (Ciesielski et al.,
2022; Santos et al., 2022). MFAs data is also capable of
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reflecting temporal differences in the protected areas’
use and popularity. For example, it can highlight
changes to permitted activities or the closure of
popular tracks, offering invaluable feedback on visitor
behaviour (Smith et al, 2023). Additionally, with the
growing accessibility and popularity of such data
sources, there is potential to conduct visitors' spatiotem-
poral behaviour analysis within smaller regions, enabling
researchers and stakeholders to analyse and report on it
more quickly (Horst et al., 2023). GPS tracking data also
provides results with high spatial and temporal resol-
ution that have shown potential to support land man-
agement policies, decision-making processes, and a
deeper understanding of the impacts of recreational
activities on nature protection and restauration (C.
Barros et al., 2020; Korpilo et al.,, 2017; Norman et al,,
2019; Santos et al., 2022; Venter et al., 2021).

GPS tracking data also presents challenges and limit-
ations that must be considered. Firstly, the activities
posted on various platforms represent only a fraction
of actual recreational use, potentially leading to
skewed interpretations of data (Horst et al., 2023;
Norman & Pickering, 2017). The accessibility of such
data also varies significantly across different platforms,
complicating its acquisition for research and manage-
ment purposes (Ciesielski et al., 2022; Norman & Picker-
ing, 2018; Smith et al.,, 2023; Venter et al, 2021). The
quality of the data is hard to measure, and the strength
of the GPS signal could potentially compromise the
accuracy of GPS-based tracking (Horst et al, 2023;
Korpilo et al., 2018). Data availability is subject to unpre-
dictable platform policy changes, which can restrict or
change access over time (Ciesielski et al., 2022). The
popularity of web sharing platforms and social media
changes over time, impacting the consistency and
reliability of the data (C. Barros et al., 2020; Norman &
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Pickering, 2018; Norman & Pickering, 2019; Smith et al.,
2023). There are also notable differences in the type
and volume of data provided by each platform
(Norman & Pickering, 2017; Norman & Pickering, 2018;
Smith et al, 2023). Regarding user-related factors, the
data may be affected due to the overrepresentation of
user groups (C. Barros et al.,, 2020; Norman & Pickering,
2017, 2019; Norman & Pickering, 2018; Venter et al,
2021). Additionally, there are important privacy concerns
that should be considered when using data from online
platforms, as the availability of data on public platforms
does not automatically imply that users give their
consent for its use in research (Ciesielski et al., 2022;
Horst et al, 2023; Norman & Pickering, 2018). To
address such privacy concerns, researchers and stake-
holders should critically examine ethical implications
related to user content, review the privacy policies pro-
vided by the MFAs, ensure that data is completely anon-
ymised before analysis and, where feasible, obtain
informed consent from MFAs users. Also, researchers
and stakeholders must be aware of the regulatory policies
and data ownership, as it can change among platforms
and can restrict the way MFA data is retrieved and shared.

Research impact in protected areas management

GPS tracking data from MFAs may assist tourism man-
agement due to the large amount of reliable visitor
data (Figure 6). Other methods of collecting GPS data
(e.g. D’Antonio et al., 2010; Orellana et al., 2012) often
result in visitors being aware their movement is being
recorded, which may lead to altered behaviour, particu-
larly when engaging in activities they perceive as inap-
propriate (Norman & Pickering, 2017). The absence of
such bias in MFAs data makes it an excellent tool for
visitor monitoring. It can be used to analyse visitors’
spatial patterns (Campelo & Nogueira Mendes, 2016;
Jurado Rota et al,, 2019; Korpilo et al, 2017; Korpilo
et al,, 2018; Norman & Pickering, 2019; C. Barros et al.,
2020; Che et al., 2023; Ciesielski et al., 2022; Dong
et al., 2023; Horst et al., 2023; Monteiro & Cabral, 2022;
Monteiro & Cabral, 2023; Nogueira Mendes et al., 2023;
Santos et al,, 2022; Venter et al., 2021; Zhao & Wang,
2023). It can also identify visitors’ temporal patterns at
different timescales (Norman et al, 2019; C. Barros
et al., 2020; Ciesielski et al., 2022; Dong et al., 2023; Mon-
teiro & Cabral, 2023; Nogueira Mendes et al., 2023; Zhao
& Wang, 2023). The capacity to evaluate visitor temporal
patterns and identify areas of increased activity within a
park has several practical implications, including the
optimisation of staff allocation and the development
of essential infrastructure. Furthermore, it can evaluate
protected areas’ popularity (Chai-Allah et al, 2023;

Norman et al.,, 2019; Norman & Pickering, 2019; Smith
et al,, 2023; Zhao & Wang, 2023). One of the most signifi-
cant contributions is their application in assessing
environmental impacts, including differentiating
between formal and informal trail usage and evaluating
landscape fragmentation (Jurado Rota et al, 2019;
Korpilo et al., 2017; Korpilo et al, 2018; Monteiro &
Cabral, 2022; Monteiro & Cabral, 2023; Norman & Picker-
ing, 2017). In this context, MFAs can be employed to
identify precise locations where visitors deviate from
designated paths, facilitating targeted interventions to
mitigate these behaviours, such as installing warning
signs or blocking access. For instance, MFA data were
utilised to identify the use of informal paths within Hel-
sinki Central Park, which encompasses the Haltialan-
metsa Nature Reserve. The specific issues identified in
this study were subsequently addressed in the Central
Park nature management plan (Korpilo et al., 2018). It
can also be used to support facility development and
staff allocation (C. Barros et al., 2020), to compare
users’ behaviour and identify potential conflicts
(Korpilo et al.,, 2018; Santos et al., 2022; Zhao & Wang,
2023). More recently, it showed potential to access visi-
tation changes after the COVID-19 outbreak (Smith
et al., 2023; Venter et al., 2021). As previously discussed
by Teles da Mota & Pickering (2019), social media and
MFAs data can be collected retrospectively and
address emerging issues in real time, making it highly
valuable in analysing unexpected events that affect
tourism in protected areas.

In comparison with other platforms (e.g. Instagram,
Twitter), MFAs data is not capable of supporting
studies about visitors’ perceptions and sentiment analy-
sis. But some platforms (e.g. Wikiloc, AllTrails) provide
high amounts of photography data that can be used
to analyse passive tourism, estimate economic values,
and explore implications for ecosystem management
(Teles da Mota, 2019). In addition to offering insights
into visitor behaviours and movement patterns, MFAs
data complements other forms of visitor monitoring.
Overall, this research illustrates that employing this
novel approach significantly enhances both theoretical
understanding and practical management of visitors in
protected areas. It demonstrates that MFAs is a visitation
proxy that can support visitor monitoring and uncover
detailed insights into visitor behaviour and environ-
mental risks. Practically, the data provides essential infor-
mation that helps protected area managers,
stakeholders, and policymakers make well-informed
decisions (Newsome et al., 2012), thereby enhancing
visitor experiences, promoting sustainable tourism prac-
tices, and improving overall management strategies
(Dong et al., 2023; Stamberger et al., 2018).



Future studies

Exploring methodological approaches is an exciting
research field, and findings from this literature review
suggest that more studies will be published on this topic
in the coming years. Future studies should keep the focus
on the validation of GPS tracking data as a reliable visitation
proxy. Although five of the studies already compared GPS
tracking data against values from on-site counters (Horst
et al, 2023; Norman et al., 2019; Norman & Pickering, 2017;
Smith et al, 2023; Venter et al, 2021), additional studies
are still needed to ensure the global viability of GPS tracking
data. Specifically, future research focusing on the validation
of GPS tracking data should aim to: (1) evaluate MFAs data as
a surrogate for on-site count sources in different areas of the
world; (2) verify the capacity of MFAs as a proxy for visitation
at smaller spatial and temporal scales; and (3) test the effec-
tiveness between using multiple data sources versus individ-
ual data sources. While it is logical to assume that multiple
sources would be more representative of the overall popu-
lation, none of the reviewed studies tested whether using
multiple data sources provided better results in terms of cor-
relation with on-site counts.

A further important topic that should be explored is
the potential of GPS tracking data to assess visitors’
pressure within protected areas, to act as a dynamic indi-
cator of carrying capacity (Barros et al., 2022), and their
impact on nature protection. Nature and protected
areas are an asset that needs to be expanded and effec-
tively managed (Crofts et al., 2020; European Commis-
sion, 2021); this approach should not only be used to
support policymakers, conservationists, and other stake-
holders in managing and supporting informed within
established protected areas. Additionally, it supports
establishing new ones, promotes nature restoration
and sustainable tourism, and ensures the conservation
of key biodiversity and geodiversity areas.
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