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Abstract: Data obtained through Volunteered Geographical Information (VGI) have gradually been
used to monitor and support planning mainly in urban contexts. Regarding recreational activities in
peri-urban green and natural areas, VGI has been used to map, measure use intensity, profile users,
and evaluate their preferences and motivations. Given their extensive use, it is now worthwhile to
assess the value of VGI data to (1) compare recreational uses, profile users and map recreational
activities in different contexts (metropolitan vs. rural areas), and (2) evaluate outdoor and adventure
tourist products such as Grand Routes (GR). Data from former GPSies (AllTrails nowadays), one of
the most popular web-share services, were used to assess recreational uses in Lisbon Metropolitan
Area (LMA) and southwest Portugal (SWPT). A set of 22,031 tracks of “on foot” and “on wheels”
activities, submitted by 3297 national and foreign users, covering 12 years, was analysed within a
GIS modelling environment. Results indicate that, although there are many more submissions in the
LMA, the influence of foreigners in the SWPT is higher (11% vs. 19%). The existing GR in SWPT
concentrates the foreign use for hiking (71% of foreign vs. 28% of national users), demonstrating
its attractiveness. For the favourite activity in both areas—Mountain biking—results show a higher
spatial dispersion, yet part of the activity in SWPT still conforms to the GR (16% of foreign and 20%
of national use). This study proves other applications for VGI, showing its usefulness for assessing
recreational uses in both metropolitan and rural areas. Spatial knowledge about recreational uses
is a valuable tool to evaluate and monitor such activities, and to know what users like to do, and
where, and is also useful information when designing recreational products considering their tourist
potential, thus adding value to these offers.

Keywords: outdoor activities; volunteered geographical information; GIS; grand routes

1. Introduction

In recent decades, outdoor recreation and leisure activities have dramatically increased
in green and natural areas, contributing to people’s quality of life, sense of place, and physi-
cal wellbeing [1–5]. Numerous indicators have shown the increase in the use of the territory
as the favourite scenario for the practice of outdoor activities, whether they are carried out
by the residents, the local population, or tourists. In this context, tracking people’s move-
ments can provide useful information for improved sustainable management of outdoor
activities [6]. Simultaneously, the emergence of high-speed internet and affordable mobile
data, smartphones, and social media has changed the way people express their leisure
habits, producing a myriad of new data on outdoor uses, behaviours, and preferences.

Outdoor mobility is currently a good source of user-generated geo-located information,
known as Volunteered Geographical Information (VGI). VGI is a phenomenon first identi-
fied by Goodchild in 2007 that describes information with geographic content provided
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voluntarily by individuals [7]. VGI is closely connected with the availability of GPS enabled
mobile devices and mobile data, at a relatively low cost, which allows people to interact
directly and immediately with large communities that share common interests, namely
through social media and web-share services. Therefore, thanks to these technological
advances, mapping people’s behaviour during leisure time is now easier, making it possible
to identify patterns of different activities across geographical and time dimensions.

Applications and web-share services such as GPSies (AllTrails nowadays), Wikiloc,
Garmin Adventures, and Strava, among others, produce millions of tracks and track points
of recreational activities made available to their public, either open or shared only among
friends. Along with geotag data (i.e., lat/long coordinates), users also share secondary
information about specific locations (e.g., type of terrain, level of difficulty, points of
interest, etc.). Routes can then be downloaded, thus motivating followers to explore new
destinations. However, this increased use of the land can produce negative (ecological) and
positive (economic) impacts. Soil erosion and compaction, loss of biomass and biodiversity
can occur within situations of intensive or informal/illegal use [8,9]. On the other hand,
within well-structured recreational or tourism regions, significant economic benefits can be
generated [10,11].

VGI data and Geographic Information Systems (GIS) analysis can be used to support
land management policies in these territories, promoting local development while still
meeting users’ expectations. Assessing how people use and perceive the territory through
social media content is a novel way of studying these activities, allowing the identification
of what attracts people, estimating trends, and using that information to help land managers
provide better recreational spaces.

Although VGI relies on volunteer-generated data, it does not mean that it is of low
quality. Many authors have studied the quality of citizen derived data for mapping [12–19],
concluding that VGI is becoming a reliable source to validate and improve relevant spatial
information [20]. In fact, while some sites require no expertise (e.g., disaster mapping
sites like GEOCAN), others apply different levels of quality control (e.g., OpenStreetMap
includes peer review). Furthermore, data quality is an issue when there are few instances,
but with the advance of the era of big data, this becomes a less relevant constraint [15,21].

The mapping of leisure activities in natural and protected areas through VGI is in-
creasing. Traditionally, this mapping process was produced through surveys or automatic
counters, which could be costly, time-consuming, limited in coverage, and difficult to repli-
cate regularly. With the popularization of social media and the huge amount of data pro-
vided through VGI, data collection in situ can now be complemented with VGI [6,19,22,23].
Although spread across several platforms according to trends, popularity, and users’ pref-
erences, VGI has proved to be a good indicator to map most popular activities such as
cycling [24,25], mountain biking [26,27], running, and walking [28,29]. VGI was also used
to model spatial interactions between different users [6], to profile users according to
difficulty criteria (distance, accumulate altimetry) or level of activity and efficiency of sub-
mitted tracks [30,31], and preferred landscapes from geotagged photos or tweets [32–35].
Other applications of VGI include testing management models using public participation
GIS (PPGIS) mapping [36–38], supporting smart mobility planning [39–41] and tourist
activities [42], examining the spatial variation of the socio-economic and land-use factors as-
sociated with bike activity [43] or modelling population distribution [44–46]. Other studies
compare recreational uses in protected areas in two different countries [47] or the contents
of distinct popular sharing sites for the same area [28,48,49], showing the broad amplitude
of these datasets besides the bias and uproar inherent to volunteer data. Profiling users
can include, among other things, their preferences, countries of origin [50], or seasonal
routine [51,52]. A recent study also explored the use of VGI from web-share services to
look back in time [53], showing that datasets collected today can also reflect past changes in
trail use. This fact demonstrates its usefulness as historical datasets, which are particularly
difficult to access in recreational ecological studies.
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However, the use of these data has been limited mainly to the geographic analysis
within the studied areas, and other important aspects for the management of recreational
uses have been less explored [53]. An example is a comparison of outdoor activities
in different contexts (e.g., urban vs. rural areas), exploring users’ displacement, or the
evaluation of tourist products such as Grand Routes. These generally cover long distances
within low-density regions and are difficult to evaluate, which is crucial, especially when
designing new routes.

Given the high volume of data, as well as their application and importance—either to
map use, profile users or perform temporal analysis—can VGI on recreational activities
be used to produce more information? Can VGI serve to compare different territories
or to evaluate structured tourist products such as Grand Routes (GR)? Based on this
expectation, the aim of this work is: (1) to evaluate the relevance of VGI to monitor and
compare recreational activities in a broader territorial context (metropolitan vs. rural); (2) to
profile users according to their provenience; (3) to assess recreational spatial patterns from
VGI data; and (4) to estimate the attractiveness of outdoor and adventure offers, such as
Grand Routes, regarding recreational activities, thus assessing if VGI is a valid data source
to evaluate and monitor these products. Furthermore, and since these data sources are
traditionally used only at the local level, we intend to test their applicability at a regional
level and see if they can be used to support policies for the development of tourist activities.

In the following sections, we first describe the two study areas that represent a
metropolitan and a rural territory (Section 2.1), the geographic dataset compiled from
VGI (Section 2.2), and the methodological design (Section 2.3). The results of the pro-
posed methodology are presented (Section 3) and discussed (Section 4). The final section
(Section 5) presents some concluding remarks about the usefulness of VGI for evaluating
recreational activities in distinct territorial contexts, pointing out further research topics.

2. Materials and Methods
2.1. Study Areas

Two study areas were selected to evaluate the utility of VGI from recreational activities—
the Lisbon Metropolitan Area (LMA), and the Southwest region of Portugal, which includes
the Atlantic coastline of Alentejo and the Costa Vicentina in Algarve (SWPT) and the Grand
Route Rota Vicentina (Figure 1). Booth areas are similar in extent—LMA is 3002 km2 and
SWPT is 3699 km2—but very different regarding all other socio-economic indicators.

LMA is centred in the city of Lisbon, the capital of Portugal, which has 2,821,732 in-
habitants [54]. It is divided into two different contexts, with the northern bank of Tagus
River being more densely occupied compared to the southern bank. The Lisbon region
has become one of the most desired destinations for short city breaks and represents 30%
of the 20.7 M guests in the country in 2017, attracting 35% of the total foreign guests [55].
It holds two natural parks (Sintra-Cascais Natural Park—PNSC—and Arrábida Natural
Park—PNArr) along with a large urban park (Monsanto Forest Park—PFM) and several
green areas, with evidence of intense use regarding recreational activities [26]. Although
there is a high demand for outdoor recreation, from both tourists and residents, there is no
structured offering regarding recreational activities such as hiking and cycling routes that
could work as a local or regional brand, such as in SWPT.

SWPT is a rural territory with few and small urban centres, and low population
density, totalling 112,244 inhabitants [54]. Compared to LMA, regarding tourism indicators,
the entire area of Alentejo (31,605 km2) holds 1 M guests (i.e., 5% of the total demand of
Portugal in 2017 [56]. Tourism in SWPT still has a strong seasonal effect, unlike LMA. This
study area includes the Southwest Alentejo and Costa Vicentina Natural Park (PNSACV),
with a high diversity of landscapes, from elevated cliffs to pocket beaches, large agricultural
areas and small urban centres that are popular destinations during the summer season. Like
in other low-density regions, SWPT has less recreational use compared to LMA. However, it
is crossed by a Grand Route known as Rota Vicentina, totalling approximately 450 km. This
tourist product comprises the Historical Way (230 km of mainly rural trails inland designed
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for hikers and mountain bikers), the Fishermen’s Trail (125 km that follow traditional paths
used by locals to access small beaches and fishing spots along the coastline, designed for
hikers with only a small section suitable for Mountain biking) and, more recently, several
Circular Routes.
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2.2. Conceptual Framework

VGI about outdoor activities constitutes a unique data source for evaluating different
territories and, through GIS analysis, to profile users and their preferences regarding
recreational uses. Based on this premise, recreational volunteer data collected from a web-
share service were used to profile users, including their preferences and spatial behaviour.
The dataset was used: (1) to evaluate outdoor activities in two distinct territories, (2) to
profile users regarding their provenience, (3) to map recreational use, and (4) to evaluate
the attractiveness of an outdoor and adventure product like a Grand Route in a rural area.
Six recreational activities are investigated: Hiking, Running, Walking, Cycling, Mountain
biking and Racing bike. The proposed conceptual framework of this paper is presented in
Figure 2.

2.3. Geographical Data Collection

Data collection was performed in the former GPSies (presently Altrails), one of the
oldest free web-share services (online since 2006), with recognized popularity among
recreational users. The information submitted is free and easily accessible to anyone.
Activities are grouped into six categories, of which “on foot” and “on wheel” activities
represent 75% of the total submitted kilometres by users.
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To use GPSies as a valid data source for this study, it was assumed that tracks submitted
represent an indication of the spatial use of each activity and that there is a positive
correlation between tracks existence and real use, as verified by [24,57] using Strava and
manual and automated counting data.

A search was applied to virtually obtain all tracks submitted as suitable for Hiking,
Walking, Running (“on foot”) and Cycling (i.e., Cyclotourism), Mountain biking and
Racing bike (“on wheels”). For each activity, and study area, following a methodology
proposed by [26], all available tracks (submitted from September 2006 to April 2018), were
systematically downloaded in gpx and kml format.

All data were structured in a Geographical Information System (GIS). The datasets for
each activity/study area were generated from both data formats:

• Gpx files were used to extract vector data and kml files (having information such
as track name, username, track length and suitable activity) were used to retrieve
metadata to populate the attributes table.

• Information regarding the submission date for each track, country of origin/residence
for all identified users, and favourite activity was also retrieved from the web service
and added to the final dataset.

• Although track length could be obtained from the primary data, it was re-calculated
within a GIS environment to ensure the best accuracy of this indicator.

• To guarantee minimal disturbance among the volunteer data used in this study, only
routes indicated as suitable for one activity, and with an identified user, were selected
for the final datasets.
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To comply with privacy issues, username served only as a primary key identifier and
no other connections or relations were made.

Along with the VGI dataset, we also used the location of the Grand Route to test
its usage by GPSies users. Rota Vicentina tracks in gpx format were retrieved from the
official website (pt.rotavicentina.com accessed on 1 September 2018) and later converted
to shapefiles.

2.4. Data Analyses

Following the framework identified in Figure 2, four analyses were conducted:

1. Comparing outdoor activities in metropolitan vs. rural areas
2. Each track submission date was used to produce a temporal evaluation of recreational

uses in each study area.
3. Profiling recreational users
4. Users were profiled based on their provenience (nationals vs. foreigners) and prefer-

ences considering the two study areas. For each activity a track length analysis was
performed to explore data average, homogeneity, and dispersion, all considered an
indication of practitioners’ preferences. To avoid misinterpretations due to extreme
values, either due to GPS or user errors, this analysis was only performed with the
length of the track under Percentile 95, as proposed by [53].

5. Mapping recreational spatial distribution.
6. To map the recreational use, the spatial information associated with each dataset

was analysed within a GIS environment. Line density [58] was applied to calcu-
late the magnitude per unit area from each dataset that was within a 100 m radius
around each 25 m cell grid. The result was a raster image where one can identify the
favourites and most popular places for each activity, i.e., hot spots, and their general
spatial distribution.

7. Evaluating the attractiveness of outdoor and adventure products.

To evaluate the attractiveness of a tourist product, the GR Rota Vicentina, in SWPT,
was selected. A compliance analysis was performed in a raster format by overlaying each
dataset to a 100 m cell grid resulting in a file where each cell unit stands for the number of
tracks that crossed it, following [27]. This resolution produced accurate results, and at the
same time was large enough to accommodate positional errors that commonly go up to
10~30 m with handheld GPS and assisted GPS smartphones.

This process made it possible to assign a score value for each activity obtained by
weighting the number of cells used per the number of tracks that cross it (Equation (1)). The
methodology scored each activity independently from the others since it acknowledged
the cells used by each activity as being part of the available recreational network for that
activity in the study area.

Scoreact =
i=Max

∑
i=1

Ni × i (1)

where: i = number of tracks that crossed each cell; N = number of cells.
The same overlay was applied to Rota Vicentina to allow the same geographical

reference. The compliance was then measured by subtracting the cells of Rota Vicentina
from the original raster of each activity. The new score value was then compared with
the original one, showing the GR attractiveness for each activity (Equation (2)). This was
applied to the entire dataset as well as for both national and foreign users.

GR atractiveness act = 1−
(

Scoreact {Without GR}
Scoreact

)
(2)

This proposed approach for testing the GR attractiveness is an adaptation of [27], which
is often used to analyse spatial distribution of VGI tracks (data lines) [6,59]. Kernel density
tools were not used at this stage as one needed a method that could measure the weight of
the GR.

pt.rotavicentina.com
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3. Results
3.1. Outdoor Activities in Metropolitan vs. Rural Areas

The dataset collected from GPSies (presently Altrails), for both study areas, included a
total of 22,031 tracks submitted by 3297 identified users (Table 1), corresponding to a total
of 1,578,017 Km.

Table 1. The number of tracks and users retrieved from the two study areas on GPSies. * The total
number of users does not reflect the sum of users for each activity since some users have submitted
tracks for more than one of the six studied activities.

Study Area LMA SWPT
Activity Tracks Km Users Tracks Km Users

Hiking 1049 (5%) 35,483 376 178 (6%) 11,283 86
Running 1296 (7%) 18,568 376 38 (1%) 1225 24
Walking 693 (4%) 9604 243 69 (2%) 1151 33
Cycling 2845 (15%) 329,990 755 466 (17%) 56,455 181

Mountain biking 9407 (49%) 508,035 1637 1535 (55%) 118,392 417
Racing bike 3927 (20%) 422,110 777 528 (19%) 65,722 199

Total 19,217 (100%) 1,323,789 2842 * 2814 (100%) 254,227 798 *

LMA has 19,217 tracks submitted by 2842 users (86% of the total users in the dataset).
“On wheels” activities have more submissions than “on foot”. Activity ranking for the
capital region is led by Mountain biking with 9407 tracks and closes with Walking, which
has 693 tracks.

For SWPT the total number of tracks gathered was 2814, submitted by 798 different
users (14% of the total users in the dataset). Among all activities, Mountain biking keeps
first place regarding tracks submissions and Running falls to the last position.

Seasonality of tracks submission along the year shows different patterns when compar-
ing national with foreign users (Figure 3). National users in LMA presented a more regular
behaviour regarding tracks submission, reaching values from 1329, in August, to 1750, in
January. For foreign users, submission peaks occur during spring and autumn (i.e., March
to May and September to November). For the SWPT region, there are three submission
peaks for both nationals and foreign users (late spring, mid summer, and early autumn).

3.2. Profiling Recreational Users

Regarding users’ nationalities, it was found that 87% are nationals, while 13% are
foreigners. Table 2 summarizes the differences among study areas and activities according
to users’ nationality. National users in LMA represent 89% of the total users of this region,
and Mountain biking is their favourite activity. The proportion of foreign users for each
activity ranges between 3% for Mountain biking and 18% for Cycling. For SWPT, the
percentage of national users drops to 79%, and Mountain biking keeps first place regarding
the number of practitioners. The percentage of foreign users increases in all activities,
ranging from 6% in Mountain biking to 51% in Hiking.

Based on the tracks’ lengths, which were recalculated within the GIS project, each
activity shows similar patterns for both study areas (Figure 4). Cycling and Racing bike
show the higher length dispersion followed by Mountain biking. Detailed information
is presented in Figures A1 and A2 (Appendix A). “On foot” activities have also similar
behaviours although Hiking in SWPT has larger dispersion and higher average length
when compared to LMA. Running in SWPT has a higher average length, which falls outside
of the 3rd quartile, contrary to what happens to all other activities in both study areas
(Table 3).
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Table 2. The number of national and foreign users retrieved from the two study areas on GPSies.
* The total number of users does not reflect the sum of users for each activity since some users have
submitted tracks for more than one of the six studied activities.

Study Area LMA SWPT
Activity Nationals Foreigners Totals Nationals Foreigners Totals

Hiking 323 (86%) 53 (14%) 376 42 (49%) 44 (51%) 86
Running 336 (89%) 40 (11%) 376 14 (58%) 10 (42%) 24
Walking 227 (93%) 16 (7%) 243 29 (88%) 4 (12%) 33
Cycling 617 (82%) 138 (18%) 755 123 (68%) 58 (32%) 181

Mountain biking 1588 (97%) 49 (3%) 1637 392 (94%) 25 (6%) 417
Racing bike 745 (96%) 32 (4%) 777 166 (83%) 33 (17%) 199

Total 2537 (89%) * 305 (11%) * 2842 * 632 (79%) * 166 (21%) * 798 *

Table 3. Descriptive statistics for the track length were retrieved from the two study areas on GPSies.
* refers to the number of tracks, and all the other statistics refer to distance measured in Km.

Hiking Running Walking Cycling Mountain
Biking

Racing
Bike

LMA
(P95)

Count * 996 1231 658 2702 8919 3731
Average 22.16 11.43 9.93 87.16 45.39 94.57
StDev 19.33 6.02 6.43 63.87 22.94 39.74
Max. 92.14 30.91 31.87 322.25 124.48 191.50
Q3 31.35 14.24 12.91 115.09 56.72 120.14

Median 15.43 10.23 8.77 77.90 41.39 97.88
Q1 8.27 7.86 5.28 39.80 29.92 66.85

Min. 0.32 0.30 0.27 0.86 0.26 0.25

SWPT
(P95)

Count 169 36 65 442 1458 501
Average 42.98 17.83 13.82 101.07 61.79 113.97
StDev 54.60 38.15 5.71 63.82 36.45 49.13
Max. 256.01 232.28 24.79 295.60 225.58 212.91
Q3 46.10 14.17 17.89 134.24 75.28 147.85

Median 20.15 9.63 14.64 85.47 53.49 108.89
Q1 10.05 6.49 9.10 52.82 38.20 77.69

Min. 0.50 0.70 1.74 1.75 1.87 1.01

An overview of users’ engagement by activities is presented in Table 4. Despite
Mountain biking being the activity with more tracks and users in both study areas, looking
at the average tracks per user regarding the total number of tracks that these identified users
have submitted to GPSies, it does not stand out. Cycling and Racing bike are the activities
that have more tracks per user, reaching an average of 50 and 40 tracks, respectively. Within
this indicator, Mountain biking is in line with “on foot” activities being slightly below the
total average of tracks submitted per user. Users that stated as a favourite activity one of
the other 26 options available represent only 1.6% of the total users of this dataset and have
submitted merely 1.1% of total tracks. Users that chose not to state their favourite activity
in their page profile submitted on average only seven tracks per user.

3.3. Mapping Recreational Spatial Distribution

The spatial distribution of all activities in the two study areas is presented in
Figures 5 and 6. In both study areas, distinct spatial patterns are shown in all activities.
“On wheels” activities spread across each territory, whereas “on foot” activities showed a
more concentrated pattern.
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Table 4. Users’ engagement by activities in GPSies.

Activities Users’ (Stated)
Favourite Activity

Tracks Upload to GPSies
from These Users

Average Tracks
per User

Hiking 256 6974 27.24
Running 176 4013 22.80
Walking 110 2293 20.85
Cycling 446 22,361 50.14

Mountain biking 1236 29,400 23.79
Racing bike 464 18,955 40.85

None 556 3956 7.12
Others 53 952 17.96

Total 3297 88,904 26.97

On LMA, Hiking and Mountain biking occur on off-road trails and paths and con-
centrate more on green areas such as the two natural parks (Sintra-Cascais and Arrábida
Natural Parks) and the city’s major urban park (Monsanto Forest Park). Running occurs
along the main urban “axes” and Walking is concentrated mainly within historical city
centres, as can be seen in Lisbon and Sintra on the northern side of LMA, and within
the heart of Arrábida Natural Park on the south side of this study area. Racing bike is
concentrated more on main road “axes” while Cycling, although spreading all around
LMA, does not use off-road, like with Mountain biking. Among all activities, the one that
resembles the main road network the most, disregarding the regions’ highways, is Cycling.

Within SWPT, Hiking and Mountain biking still use more trails and off-roads than all
other activities, with the second reaching virtually all study area roads, paths, and trails.
Walking and Running, with fewer submissions, seem nevertheless to follow the coastal line,
with the first one occurring also near the main urban centres as in LMA. Contrary to what
happens with Cycling and Racing bike in LMA, in SWPT Cycling concentrates more on the
coast and Racing bike spreads also to the inland of the study area, following the main road
“axes” of the region.

3.4. Evaluating the Attractiveness of Outdoor and Adventure Products

Results of the compliance analysis between recreational activities and the GR Rota
Vicentina, in the SWPT, are presented in Table 5 and Figure 7. As already depicted in
Figure 6, Hiking and Walking have greater adherence to GR Rota Vicentina, with values of
45% and 51%, respectively, when the entire activity dataset for SWPT is used. These scores
drop to lower values for “on wheels” activities, although it still reaches 19% for Mountain
biking. Running tracks are too few to corroborate the compliance result.

Table 5. Conformity of activities in the SWPT with the Grand Route Rota Vicentina measured by
score use (number of pixels weighted by the number of tracks that crosses each spatial unit).

Hiking Running Walking Cycling Mountain
Biking

Racing
Bike Total

Total Score
with GR 86,035 7310 12,622 380,028 1,062,444 468,650 2,017,089

without GR 47,576 5387 6238 352,898 855,894 452,639 1,720,632
GR weight 45% 26% 51% 7% 19% 3% 15%

National
Score

with GR 52,054 2479 9344 262,042 995,417 404,482 1,725,818
without GR 37,738 1178 4661 247,156 799,493 391,513 1,481,739
GR weight 28% 52% 50% 6% 20% 3% 14%

Foreign
Score

with GR 33,981 4831 3278 117,986 67,027 64,168 291,271
without GR 9838 4209 1577 105,742 56,401 61,126 238,893
GR weight 71% 13% 52% 10% 16% 5% 18%



ISPRS Int. J. Geo-Inf. 2022, 11, 144 11 of 22

ISPRS Int. J. Geo-Inf. 2022, 11, x FOR PEER REVIEW 11 of 22 
 

 

 
Figure 5. Use intensity, produced from line density analysis of “on foot” and “on wheels” recrea-
tional activities within LMA. 

Figure 5. Use intensity, produced from line density analysis of “on foot” and “on wheels” recreational
activities within LMA.



ISPRS Int. J. Geo-Inf. 2022, 11, 144 12 of 22

ISPRS Int. J. Geo-Inf. 2022, 11, x FOR PEER REVIEW 12 of 22 
 

 

 
Figure 6. Use intensity, produced from line density analysis of “on foot” and “on wheels” recrea-
tional activities within SWPT. 

  

Figure 6. Use intensity, produced from line density analysis of “on foot” and “on wheels” recreational
activities within SWPT.



ISPRS Int. J. Geo-Inf. 2022, 11, 144 13 of 22

ISPRS Int. J. Geo-Inf. 2022, 11, x FOR PEER REVIEW 13 of 22 
 

 

3.4. Evaluating the Attractiveness of Outdoor and Adventure Products  
Results of the compliance analysis between recreational activities and the GR Rota 

Vicentina, in the SWPT, are presented in Table 5 and Figure 7. As already depicted in 
Figure 6, Hiking and Walking have greater adherence to GR Rota Vicentina, with values 
of 45% and 51%, respectively, when the entire activity dataset for SWPT is used. These 
scores drop to lower values for “on wheels” activities, although it still reaches 19% for 
Mountain biking. Running tracks are too few to corroborate the compliance result. 

Table 5. Conformity of activities in the SWPT with the Grand Route Rota Vicentina measured by 
score use (number of pixels weighted by the number of tracks that crosses each spatial unit). 

  Hiking Running Walking Cycling Mountain Biking Racing Bike Total 

Total Score 
with GR 86,035 7310 12,622 380,028 1,062,444 468,650 2,017,089 

without GR 47,576 5387 6238 352,898 855,894 452,639 1,720,632 
GR weight 45% 26% 51% 7% 19% 3% 15% 

National 
Score 

with GR 52,054 2479 9344 262,042 995,417 404,482 1,725,818 
without GR 37,738 1178 4661 247,156 799,493 391,513 1,481,739 
GR weight 28% 52% 50% 6% 20% 3% 14% 

Foreign 
Score 

with GR 33,981 4831 3278 117,986 67,027 64,168 291,271 
without GR 9838 4209 1577 105,742 56,401 61,126 238,893 
GR weight 71% 13% 52% 10% 16% 5% 18% 

 
Figure 7. Track compliance with Grand Routes in SWPT. Details are presented for the most popular 
segments of Rota Vicentina: (a) Fisherman’s trail “Almograve » Zambujeira do Mar”; (b) Historical 
way “Odemira » S. Teotónio”. 

Figure 7. Track compliance with Grand Routes in SWPT. Details are presented for the most popular
segments of Rota Vicentina: (a) Fisherman’s trail “Almograve » Zambujeira do Mar”; (b) Historical
way “Odemira » S. Teotónio”.

Compliance results on the use of GR when comparing national vs. foreign users of
GPSies in SWPT show higher scores for foreigners within all activities, reaching 71% on
Hiking and 52% on Walking. The two exceptions are Mountain biking and Running, which
hold the highest and lowest numbers of tracks in the dataset, respectively.

4. Discussion
4.1. VGI to Evaluate Recreational Uses in Different Contexts

As expected, the number of tracks submitted in LMA is much higher than in SWPT
(19,217 vs. 2814). This fact is explained by the demographic context: the residents in the
rural area represent only 4% of the total number of residents in the metropolitan area.
Nevertheless, the number of tracks retrieved for SWPT is 15% of those of the Lisbon area.
There are two possible explanations for this fact: SWPT users could be more committed
to using GPSies, and/or what could be a more reasonable explanation—this region is a
tourism destination for both nationals and foreigners.
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Mountain biking is the most representative activity in both study areas, with 50%
(10,942) of the tracks gathered from GPSies, followed by other cyclists; “On foot” activi-
ties are much less represented, with only 15% of tracks. These differences between “on
wheels” and “on foot” can be explained by the fact that GPSies was one of the first popu-
lar applications among mountain bikers in Portugal, replacing the blogs and discussion
forums that were previously used to share and discuss common interests. The popularity
of GPSies was also due to its availability in the form of a Web GIS platform, with editing
tools and high-resolution imagery, which favoured the positive spread by word-of-mouth
within a community of highly engaged bikers. Mountain biking was also, at the same time,
one of the recreational activities with the greatest expression and popularity, following
trends of healthy lifestyles common to other outdoor activities within the “return to nature”
trends [60–62].

Hiking and Walking are also popular activities, but making regular records of progress
achievements, including real-time stats, average speed, distance, or total climb, is less
relevant compared to cyclists. Therefore, sharing tracks was not as common as with more
sporty activities. Smartwatches and fitness trackers have changed this situation over
the last few years. Regarding Running and Trail running, two more recent phenomena
in Portugal [63], keeping personal records is mandatory, but platforms such as Strava
(launched in 2009) are more popular.

As expected, most GPSies users are nationals. However, the percentage of foreigners
in the SWPT almost doubles the number of users in the Lisbon region (21% vs. 11%).
Although Lisbon is recognized as a more touristic destination, the absence of a proper
tourist product organized around outdoor activities leads to less use among foreign visitors.
On the contrary, the presence of a GR, which can take up to 2 weeks to complete over its
long-distance, attracts a higher percentage of recreational tourists to SWPT. These results
are in line with those presented in [50], which found that 38% of “on foot” GPSies users for
Madeira Island (the third Portuguese tourist destination) were also foreigners.

Track length for each activity confirmed that “on wheels” activities cover larger
distances on average than “on foot” activities, thus validating these data and data sources.
In LMA, average rides for Mountain bikers take half a day, with distances of around 45 km
(in line with values found for PNSC and PNArr [25,26,48]. Cyclists and Racing bikers
present similar results in terms of distances covered on their rides, but the first group has a
higher percentage of long distances compared to all the others. This could be related to the
fact that Cyclists spend more time, and ride in a contemplative mood, taking over a day’s
ride to cover wider distances. Racing bikers ride half a day like Mountain bikers, but at
higher average speeds, which requires better quality asphalt roads.

In SWPT, all activities have higher average lengths, which can be attributed to the fact
that this is a tourism destination—i.e., visitors on holidays have more available time for
leisure activities. With fewer submissions in SWPT, no major conclusions should be drawn
for Walking and Running. Nevertheless, one can assess that Walking is mainly carried out
by residents—in comparison with all other activities, both in LMA and also in SWPT.

Previous recreational studies in tempered regions, such as Portugal, have shown that
outdoor activities follow yearly patterns with two peaks [27,51], with higher uses during
the spring and autumn seasons. This pattern was verified among Mountain bikers in PNArr
using automatic counters [27] and among Geocachers also in PNArr [64]. This happens to
foreigners’ tracks submitted in both study areas, but with national submissions, it is less
evident in LMA. The reason for this might rely on the fact that national users (mainly from
“on wheels” activities) are more motivated, gadget engaged, and more regular practitioners.
For SWPT, a third peak occurs in July and August, confirming that this study area is a
summer destination.

The spatial distribution of each activity in LMA and SWPT, presented in Figures 5 and 6,
validates once more these web-share services as data sources for recreational uses. Moun-
tain biking, designed to be used mainly off-road, makes full use of dirt trails and paths.
Being practised mainly by residents, the main pavement streets of both study areas are still
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used, but only to get to final destinations. This can be seen in LMA, where PFM, PNSC,
and PNArr concentrate higher use for this activity. For Cyclists, while they concentrate
more on asphalted roads, “off-road” paths are also used, as can be seen in SWPT, along
some tourist coastline trails of Rota Vicentina. In order to cover larger distances on good
asphalt roads, Racing bikers tend to avoid urban centres, with a similar behaviour between
big urban centres and rural areas.

Regarding the three “on foot” activities, they also have distinct objectives and occur
in different contexts. Hiking usually occurs in natural environments and natural trails,
while Walking occurs more in urban contexts. Hiking, as with other outdoor activities,
promotes nature contact and a sense of well-being [65,66]. Walking has recently become
a way of overcoming a sedentary lifestyle and those who walk for fitness do it regularly.
Consequently, walkers walk near home, from urban areas to suburbs, city parks or roads.
A detail that can produce a high impact on data analysis is the definition of hiking and
walking in Portuguese, since both words can be used as synonyms. It is common to say that
a visit on foot to a natural area is a walk, while in other languages this would be considered
a hike. This can explain why Walking occurs in PNArr, in LMA.

As expressed, runners and trail runners are keener to use other App or services.
Although the number of running tracks retrieved from GPSies is almost 1300 in LMA, the
authors foresee that the spatial distribution of the activity is underrepresented in both
study areas. As can be seen in the Strava heat map [67], running occurs within urban
areas, while “on wheels” spreads outside these areas. Considering the low number of
GPSies users that state that running is their favourite activity, it is natural to conclude
that the spatial distribution of running in these datasets does not represent the most
committed practitioners.

4.2. Assessing the Attractiveness of Outdoor and Adventure Products

Several authors have pointed out that recreational activities generally occur around
users’ residence areas or regions, according to the territorial potential and social
trends [32,63,68,69]. All results of this study support these findings and provide a valid
indication to explain the higher proportion of foreigners that use the GR (71% for hikers),
compared with nationals. Although Rota Vicentina trails are still available for local users,
linear routes (as it happens with most Rota Vicentina sections) are less attractive for resi-
dents. For a local user, to hike a linear section of 18 km (up to 4 walking hours) requires the
availability to get back (either time and fitness or a lift back). Tourists, on the other hand,
have more available time and the aim is to hike longer distances. GRs are mainly designed
to attract visitors and tourists, and it is not uncommon for guest houses or local operators
to organize services of carrying luggage or providing food and snacks along the trails. Such
services are not generally used by locals. Nevertheless, there is a strong adherence to the
Rota Vicentina territory, i.e., the coastal area that goes from the Historical way up to the
coastline, for all activities.

As in other studies [33], even with small datasets, as is the case of Hiking and Walking
in SWPT, relevant information can still be retrieved from VGI data to support monitoring
actions, land management policies and decision making, even in areas with sparse data
coverage. In this study, from the 178 tracks submitted by hikers in SWPT, it was possi-
ble to observe where hiking occurs in the region, thus providing important information
about this recreational activity. With larger datasets, other details can be depicted, as was
demonstrated in LMA.

Despite the limitations of this type of analysis inherent to the very nature of VGI, it can
be concluded that properly structured recreational products (such as the Rota Vicentina)
contribute to the tourist attractiveness of peripheral territories, promoting local develop-
ment and creating alternatives to the seasonality of classic tourist products such as Sun
and Beach.



ISPRS Int. J. Geo-Inf. 2022, 11, 144 16 of 22

5. Conclusions

This study aimed to test the potential of VGI data regarding recreational activities
in urban and rural areas and evaluate the attractiveness of outdoor and adventure offers
such as Grand Routes. The results show that it is possible to do this with volunteer data
uploaded by users to web-share services, outdoor/sports apps, and social media. These
data sets are always a sample of a larger population. As with other digital and social media
apps and platforms, VGI follows fashions and trends [19] and sometimes can be biased
depending on different motivations or behaviours. Nevertheless, this virtual expression
of outdoor recreational use is extremely large, both concerning intensive sports (e.g., trail
running) and soft leisure activities (e.g., light hiking). On the other hand, visitor surveys
involving interviews with users on site have demonstrated the wide use of these apps for
recreational outdoor activities [50,59] and other studies also show a positive correlation
between tracks and actual users [19,24,57]. Therefore, it is reasonable to assume that these
data sources are a reliable representation of the spatial use of outdoor activities.

Services like GPSies (presently Altrails) or Strava, among many others, are part of
the current lifestyle, enabling popular activities such as Hiking, Running, Trail Running,
Walking, Cycling, Mountain biking and Racing bike, to be monitored in different contexts.
The findings show that recreational activities in a metropolitan area and a rural coastal area
have similarities and variances that can be explained by territorial context, users’ profiles,
and activity characteristics.

In both regions, “on foot” activities tend to happen close to users’ residences (main ur-
ban areas), while trails and roads used in all studied activities occur in the same pavements
and road types. Differences are generally related to the tracks’ length, being slightly longer
in SWPT (the rural coastal area) compared to LMA. This may be because the southern
study area is a tourist destination for both national and foreign visitors, usually with more
available time for outdoor activities. The seasonality of submission of tracks to GPSies
(i.e., recreational activities) supports this hypothesis.

VGI collected for this study had Mountain biking as the most representative activity,
as in other studies that used this data source in Portugal [6,26,27,68]. Looking into users’
engagement and the percentage of foreigners found in this dataset, it is expected that
Cycling and Racing bike stand out within this web-share service. GPSies (presently Altrails)
is a service that was created to share “tracks for vagabonds”, a mood more suitable for
cyclists and long-distance hikers.

The methodology proved to be adequate, namely the use of line-density analysis
which was quite efficient at regional levels and with the amount of data used (with a
total of 22,031 tracks submitted by 3297 identified users, corresponding to 1,578,017 km).
Furthermore, while heatmaps (such as Strava heatmap) are very useful tools to identify
patterns of use, they present a “smooth” observation of the territory, and local/or fewer
common uses are left out of the map. Moreover, heatmaps are based on track points, losing
all vector attributes of the tracks and disregarding users’ profiles. For example, many
track points can indicate places where people walk/ride slower and not more users. Also,
activities are grouped into few categories (riding, run, on water, winter activities), losing
the richness of the original data. The approach proposed by the authors goes a step forward
and takes into consideration all public dimensions when analysing recreational activities.

VGI data proved to be a valid contribution to monitor and evaluate recreational uses
within the territory, being able to produce good indicators to support land management
policies and decision making. Given that the data is 100% volunteer, the limitations of
these analyses should be acknowledged. VGI does not replace surveys, field counts and
other traditional methods. Nevertheless, it can and should be used as a complementary
data source [41,70–72] due to its large volume, fast processing—raw data from recreational
uses is already in geospatial format—and having the advantage of being provided by those
directly involved in these activities. Spatial knowledge about recreational activities could
be a valuable tool to evaluate and monitor such activities giving important clues on where
to collect surveys or install counters, for example. Knowing what the users like to do could
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also be used to design recreational products considering their tourist potential—adding
value to these outdoor and adventure products.

Regarding future work on recreational activities and VGI, there are still dimensions
of these datasets that can be further explored. For example, mobility of recreational
users, with special attention to privacy issues, could be investigated with free access data
from platforms where users identify themselves, and tracks or POIs are freely available.
Nowadays, most popular apps make data available through API. However, some apps,
not only due to privacy issues but also due to their business model, only release processed
data, limiting this type of analysis.

Nevertheless, in the modern world, it is fair to acknowledge that VGI from recreational
activities can provide a virtual expression of the territories.
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