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Abstract

Introduction: Insufficient physical activity is a worldwide public health problem, and environmental
factors can have an influence. This paper studied the availability and accessibility of physical activity
facilities in the Lisbon Metropolitan Area. The focus lies on Lisbon because of its high level of physical
inactivity compared to other countries within the European Union, with 57% of residents being
physically inactive. This study aimed to see if the availability and accessibility of physical activity
facilities could influence the activity levels of the residents.

Method: Geospatial data from OpenStreetMap were used in ArcGIS Pro and Excel to analyse the
availability and accessibility of the facilities. A statistical and geospatial analysis was conducted to
count and measure the available facilities and their distance from residential areas. The analysed
facilities were bicycle rentals, sports centres, swimming pools, and parks. These facilities were chosen
since residents would use them for physical activity, according to literature.

Results: The analysis showed that most facilities are located in the Lisbon centre, with 52.9% of the
facilities, such as bicycle rentals, sports centres, and swimming pools, having a 1000 m distance from
residential areas and 37.4% of residents living more than 300 m away from parks.

Conclusion: This study concludes that having fewer facilities or having facilities at greater distances
from residential areas could affect residents’ physical activity levels. However, more research is needed
to find a correlation between low levels of physical inactivity and the availability and accessibility of
facilities.
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Introduction

Physical inactivity is a worldwide public health problem. Globally, one in four adults and more than
three-quarters of adolescents are physically inactive [1, 2]. Physical inactivity increases the risk of non-
communicable diseases such as cardiovascular diseases, diabetes, and cognitive decline. It also leads to
an increased risk of certain cancers, such as breast, lung, and colorectal cancer [1, 3, 4]. Furthermore,
being physically inactive can contribute to weight gain and obesity [5]. Therefore, it is vital for people
to be physically active to reduce the risk of chronic diseases and all-cause mortality. Physical activity
(PA) is defined by the World Health Organization (WHO) as “any bodily movement produced by
skeletal muscles that requires energy expenditure” [6]. Moreover, physical inactivity is defined by the
WHO as insufficient PA that does not meet the recommended WHO guidelines of physical activity and
sedentary behaviour [6]. Therefore, to prevent the effects of physical inactivity, the WHO recommends
that adults be physically active for 150-300 minutes per week of moderate intensity or 75—100 minutes
of vigorous intensity. In addition, adults should undertake muscle-strengthening activities at least twice
a week. Lastly, since physical inactivity increases the risk of non-communicable diseases in the
population, this also increases the burden and costs of healthcare [7, 8].

Portugal, a European Union (EU) country, has one of Europe’s highest percentages of physical
inactivity and sedentary lifestyles. According to the WHO, 60% of men and 70% of women in Portugal
are not meeting the recommended PA guidelines [9]. Moreover, according to the latest data from the
WHO, 84.3% of Portuguese adolescents between the ages of 11 and 17 are physically inactive. 78.1%
of male and 90.7% of female adolescents did not meet the recommended PA guidelines in Portugal in
2016 [10]. Therefore, a national plan was introduced in 2016 to increase PA rates [9]. The plan aimed
to improve overall knowledge and awareness about physical activity, foster a stronger belief in its
benefits, encourage more people to participate in physical activity, and equip health professionals with
the necessary knowledge and tools. In addition, the national plan encourages changes to the physical
environment that facilitate physical activity, create environments that promote physical activity,
monitor physical activity, and identify best practices [9]. Despite this, the prevalence of PA in Portugal
is still low. For example, according to Louro et al., circa 57% of families living in the Lisbon
Metropolitan Area are physically inactive [11]. This percentage is above the national expectation of the
national plan [9, 11]. Additionally, Lisbon has a high mortality rate of diabetes [12], with overweight
and obesity becoming a public health concern [13]. Therefore, one must examine the factors influencing
PA to understand why residents are physically inactive.

Several known factors, such as individual and environmental factors, influence the PA level. Individual
factors are, for example, genetics, motivation, and beliefs about participating in PA. Environmental
factors can be seen as the environment’s infrastructure where individuals reside, including the
neighbourhood’s walkability, public transport, health/ sporting facilities, and green areas [14].
According to Tcymbal et al., improving the infrastructure, for example, by creating more parks, can
promote an increase in PA [15]. However, Louro et al. argue that it is also vital to know the specific
infrastructure locations [11]. In the context of this article, knowing the location and accessibility of the
facilities, green space, or park is crucial. This would give an image of what is accessible at a certain
distance for an individual in the Lisbon Metropolitan Area. Accessibility in this context is seen as the
potential for an individual to reach opportunities [16, 17], such as parks and other facilities, where they
can practice or participate in PA. This is because research shows that if an individual resides in an area
with various facilities promoting PA, it increases the PA level and promotes a healthier lifestyle [18].
Furthermore, several studies also recognised the importance of increasing PA levels in communities to
create healthy communities [19-21]. However, for this to occur, there would need to be a change in the
environment and urban design [15].



On the contrary, fewer facilities at a greater distance would reduce the number of individuals to be
physically active [22]. This is also true for open and green spaces [23]. For example, a study by Toftager
et al. concluded that residents who live in 300 m proximity to a park or green space reported that an
important reason for them to go to a park is for exercise or recreational activities. However, those who
live more than 1 km from a green area or park reported that they do not see PA as a fundamental reason
to visit a park [24]. Thus, understanding where and when people are physically active or inactive is
crucial. This leads to a more specific view of where changes must occur to promote PA [25]. The studies
mentioned provide insights into what is vital to accessibility [23, 24]. Therefore, if the distance to a
facility or infrastructure is short, the individual is more likely to use it for PA. For example, according
to Louro et al., families who live further away from Lisbon city centre were 5 to 8% more active than
families who reside in the centre and the ones who live close to the centre [11]. The difference in activity
level was clarified, with the families living further away from the centre having more access to green
areas and forest spaces. This encourages families to pursue outdoor activities such as hiking and cycling
[11]. However, there is also a need to know if any individual factors are influencing the residents not to
be active.

In a study by Guedes-Estevez et al. [26], who researched individual factors of PA in the Portuguese
population, they concluded that the population had sufficient knowledge and awareness about the
benefits of PA. However, some groups lacking PA resources saw it as a barrier to participate in PA.
The authors also suggested increasing environmental green areas to promote PA [26]. Louro et al. also
concluded that less urbanised areas in the Lisbon Metropolitan Area with more access to green spaces
increased the PA level of residents [11]. Therefore, a more in-depth look at the availability and
accessibility of the Lisbon Metropolitan Area infrastructure is needed to understand if a lack of access
to facilities contributes to the low PA levels. As a result, the main question is: What types of physical
activity or green facilities and infrastructure are currently available in the Lisbon Metropolitan Area,
and how accessible are they to the residents?

The sub-questions to help answer the research question are:

e What physical activity facilities are available in the Lisbon Metropolitan Area?

o How accessible are the available physical activity facilities to the residents?

e How could the accessibility of physical activity facilities contribute to the physical activity level
of the residents in Lisbon?



Method
Study design

This paper is meant to study what type of infrastructure is available and accessible to residents living
in the Lisbon Metropolitan Area. Therefore, the design of this study can be seen as observational since
the availability of infrastructure was researched at a specific time.

Setting

This study focused on the Lisbon Metropolitan Area. However, as the Lisbon Metropolitan Area
consists of 18 municipalities, this poses the risk of being too broad to analyse. Since the highest rates
of physical inactivity are more prevalent in the city centre and regions close to the city centre, a ring
system classification was used. This ring system classification from Louro et al. classified the centre as
the beginning and the 15 km distance from the centre as the first ring, which can be seen in Figure 1
[11]. Due to the high physical inactivity rate in the city centre and the first ring, only these two regions
were analysed in this paper. To see a close-up of the analysed regions, look at Figure 2 in Appendix A.

z

25 Km

- Ry, e 15Km

¥ ﬁ 10 Km

0 0 HKm
ey

LMA Rings
B cenire
1st ring
2nd ring
3rd ring
Surveyed parishes

Figure 1. The ring system classification of Louro et al. [11] captures the allocation of the different municipalities
in the Lisbon Metropolitan Area.

Materials

Open data were gathered from OpenStreetMap (OSM) to analyse the spatial data of Lisbon. The data
from OSM were downloaded in 2023, and Table 1 shows the data source. The downloaded data sets for
Lisbon included points of interest (POI), land use, and residential areas. Furthermore, ArcGIS Pro
version 3.1.0 and Microsoft 365 Excel version 2303 were used to analyse the data. ArcGIS is a
geographic information system (GIS) software that can analyse and visualise (geospatial) data [27].

Table 1. Data source

Source Year URL
OpenStreetMap 2023 https://download.geofabrik.de/europe/portugal.html



https://download.geofabrik.de/europe/portugal.html

Data Analysis

Points of Interest

To analyse the first sub-question, “what physical activity facilities are available in the Lisbon
Metropolitan Area?” The POI data from OSM were uploaded to ArcGIS on a topographic map of
Lisbon. To simplify the analysis of the POI, since it has all known available facilities in Lisbon only
four specific types of facilities were selected from the data: sports centres, swimming pools, parks, and
bicycle rentals. These facilities were chosen since Louro et al. stated that these are the facilities residents
would use to practice PA in the Lisbon Metropolitan Area [11]. These four facilities were selected from
the POI data set, placed into a separate data set, and uploaded to the map. A statistical summary was
conducted to count and quantify each type of facility. Afterwards, to count each facility's total
individually in the centre and metropolitan area, the facilities were selected separately by their locations
and exported to Excel. Using the COUNTIF formula, the total of each type of facility was calculated.
A Kernel Density Estimate was used to create a surface area that highlighted the density of where most
facilities are located. Finally, a table of the facilities and a map of the Kernel Density were made in
ArcGIS to visualise the data.

Land use

The land use and residential data from OSM were uploaded in ArcGIS to analyse the parks, green areas,
and residential areas. As for the POI, a separate data set was made to simplify the analysis, with only
parks and nature reserves from the land use data set. Furthermore, for clarity, this paper uses nature
reserves and green areas interchangeably, and green facilities refer to parks and nature reserves. The
data set containing only the green facilities was uploaded on the map next to the residential data.
Afterwards, a statistical summary was conducted to count the available green facilities and residential
areas. Moreover, the total surface area of the green facilities and residential areas was calculated by
converting the data from polygon to raster. After the data were converted to raster, a Summarise Within
analysis was conducted. The Summarise Within analysis summarised tables of the square area of the
green facilities and residential area. Afterwards, the tables were exported to Excel, and the SUMIF
formula was used to calculate the total square area of the green facilities and the SUM formula for the
residential areas. To further count the available green facilities between the centre and metropolitan
area, the green facilities close to the centre and metropolitan area were selected separately in ArcGIS
and exported and counted in Excel with the COUNTIF formula. Lastly, a cartographic map was made
in ArcGIS of Lisbon’s green facilities and residential areas to visualise the data. Finally, a table was
made with the total square area of the green facilities and residential areas.

Accessibility

Lastly, to analyse the accessibility of the facilities, a Multiple-Ring Buffer analysis was conducted to
calculate the distance between the facilities and residential areas. The facility data and residential data
were uploaded to the map. The raster data of the residential areas were used to calculate the distance
accurately. Four distances were chosen when calculating the Multiple-Ring Buffer. These distance areas
were 100, 300, 500, and 1000 m. These were chosen since individuals can walk to a facility within these
distances [28]. After applying the Multiple-Ring Buffer to the facilities, a Zonal Statistics analysis was
conducted to calculate the total distances of the facilities in each distance area to residential areas.
Afterwards, the percentage of facilities in each distance area was calculated. For the accessibility
analysis between the green facilities and residential areas, a Near Tool Table analysis was conducted.
After the analysis, the table was exported to Excel. First, the distances with a value of 0 were removed
from the Excel table since 0 m between a green facility and a residential area is not possible, and
distances greater than and equal to 0.50 m were kept. Next, the COUNTIF formula was used in Excel
to calculate the total distance of residential areas within less than 300 m. The same formula was used
for distances greater than 1000 m in residential areas. Furthermore, the COUNTIFS formula calculated
the residential distance as greater than or equal to 300 m but less than 1000 m. When analysing the
distances of the facilities, this could give an idea of how accessibility can contribute to the PA level of



the residents. Afterwards, the percentage of each distance was calculated and put into a table. Finally,
to calculate the minimum, maximum, and average distance between the green facilities and residential
areas, the MIN, MAX, and AVERAGE formulas were used in Excel.

Results

Availability of facilities

As a first step, the availability of the facilities was calculated. Table 2 shows the quantity of each facility,
with bicycle rental being the most common facility (n = 161) and park the least (n = 8) from the POI
data. Figure 3 shows the Kernel Density Estimate of the facilities in the Lisbon centre. As shown in
Figure 3, the highest density of facilities is located in the centre of Lisbon. In addition, these data show
that most of the PA facilities are located in and around the Lisbon city centre compared to the
metropolitan area, with bicycle rental being the facility with the most quantity (n = 160) in the city
centre. To further see all the available facilities in the Lisbon Metropolitan Area on a map, see Figure
4 in Appendix B. Figure 3 was used since the Kernel Density Estimate was only concentrated and
visible in the Lisbon centre, not the surrounding area.

Table 2. Quantity of the available facilities in the Lisbon centre and metropolitan Area.

Facilities Quantity of facilities in Quantity of facilities in the Total
the Lisbon centre Lisbon Metropolitan Area
Bicycle rental 160 1 161
Sports centre 27 21 48
Swimming pool 6 4 10
Park 1 7 8
=) = o @ 8,
e Aeroport Moscayii@
e % L) = . & o y
= @ %
. Amadora o K. ‘08 ':'- o U . J \
i v .. L r y e . [ ]
- Reboleira Benf : Y )
e we® [1p7]
L AL ™
1 L :..
N117| -
ot
@ o b
[~36] o
hda-a-Velha = 0
Q 2
® < ]
. ® [ ] [ ] z
: LI e Br¥s\ :
¥ Esri, Intermap, NASA;NGA, USGS, |nstituto Geografice Macional, Esri; HERE,
Garmin, Foursquare, GeoTechnologies, Inc, METI/NASA, LISGS -
Legend Kernel Density
Facltes o Lisbon Portugal
@ Bicycle rental
@ Park [ |
©  Sports centre = 0 25 5 Kilometers
@ Swimming pool L ] |
Bl High

Figure 3. The Kernel Density Estimate of the available facilities in the Lisbon centre.



When looking at land use in the Lisbon Metropolitan Area, Table 3 shows that the most common green
facilities are parks (n = 829) compared to nature reserves (n = 36). Furthermore, parks are more
commonly located in the city centre than the metropolitan area, with the metropolitan area having fewer
green facilities than the centre. This can be seen in Table 4. Moreover, with parks being the most
common green facility, they have a smaller total area of 13.6 km? compared to nature reserves, which
have a total area of 46.8 km? (Table 3). Lastly, a map of Lisbon's green facilities and residential areas
and where the green facilities are located can be seen in Figures 5.1 and 5.2. Figure 5.1 shows that most
parks (n = 528) are located in and around the city centre, compared to Figure 5.2, which shows the
Lisbon Metropolitan Area with fewer parks (n = 301). This shows that parks and nature reserves are
less prevalent in the metropolitan area compared to the centre of Lisbon.

Table 3. Total quantity and total square area of the green facilities and residential areas in the Lisbon
Metropolitan Area.

Green facilities and residential area Quantity Total area (km?)
Park 829 13.6
Nature reserve 36 46.8
Residential area 12530 90.35

Table 4. Quantity of the green facilities in the Lisbon centre and Lisbon Metropolitan Area.

Park (n) Nature reserve (n)
Lisbon centre 528 17
Lisbon Metropolitan Area 301 19
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Figure 5.1. The green facilities and residential areas in the Lisbon centre.
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Figure 5.2. The green facilities and residential areas in the Lisbon Metropolitan Area.

Accessibility of facilities

When analysing the accessibility of the facilities, it turned out that 52.9% of the residential areas are
located at a distance of 1000 m from the facilities. In comparison, only 3.8% of the facilities are located
at a distance of 100 m from residential areas, as seen in Table 5. This data show that most residents live
1000 m away from the facilities. Furthermore, for the accessibility between residential areas and green
facilities, 62.5% of residential areas are located less than 300 m away from a green facility. On the other
hand, only 0.16% of residential areas are located at a distance greater than 1000 m, as seen in Table 6.
This then suggests that most residents are located close to a green facility. Finally, the average distance
between residential areas and green facilities is 272 m, with a minimum distance of 0.50 m and a
maximum distance of 2210 m.

Table 5. Distances of the facilities to residential areas.

Distance (m) Facilities (n = 3559) Percentage

100 134 3.8
300 769 21.6
500 772 21.7
1000 1884 52.9

Table 6. Distances from the residential areas to the green facilities.

Distance (m) Residential area (n = 12260) Percentage
<300 7657 62.5

>300 <1000 4583 37.4
>1000 20 0.16

The results show that most facilities are located in and around the Lisbon city centre rather than in the
surrounding metropolitan area. Furthermore, the results also show that 37.4% of the residential area are
located more than 300 m away from the green facilities, and 52.9% of facilities, such as sports centres,
swimming pools, and bicycle rentals, are located at a 1000 m away from residential areas.



Discussion

This study reveals that most PA facilities, such as bicycle rentals, sports centres, swimming pools, and
parks, are available in the Lisbon Metropolitan Area. Most of these facilities are located in or nearby
the Lisbon city centre, with bicycle rentals being the facility with the highest availability. Furthermore,
most of the facilities, except for parks, are located at a distance of 1000 m from residential areas. This
can lead to a low contribution for residents to use them to participate in PA. Moreover, for green
facilities, parks are more common in the centre of Lisbon than in the surrounding metropolitan area.
Lastly, with parks being more common in the centre, there is also a high percentage of residential areas
located near a green facility.

Relevant findings

One interesting finding from this study was that bicycle rentals are the most common PA facilities in
the Lisbon centre, as there is only one bicycle rental outside the city centre or in the studied metropolitan
area. This finding is intriguing since Lisbon is still considered a starter cycling city and has some
political and social resistance towards cycling. However, due to the COVID-19 pandemic, bicycle
rentals became more prevalent in Lisbon since residents were worried about using public transport
during the pandemic. Furthermore, the introduction of bicycle rentals is also meant to encourage
residents and tourists to be more active [29]. However, since it was recently introduced right before the
pandemic, there is insufficient information about its usage among residents and tourists. This also leads
to the fact that bicycle rentals were used mainly by residents for commuting reasons and secondarily
for exercise purposes during the pandemic. Nevertheless, Teixeira et al. concluded that there was an
increase in cycling, especially in the female population in Lisbon [29]. However, since the pandemic
has ended, there has yet to be a definitive answer as to whether the residents will keep cycling for PA
purposes.

A second interesting finding relates to the first, since bicycle rentals and other facilities were most
common in the Lisbon centre. This could be seen as inequality for people to reach or use those PA
facilities. Moreover, having more facilities or facilities with the most availability may not affect
residents’ ability to be active. For example, most bicycle or (sports) facilities are usually made for young
white males. This can limit the use of people of different genders and sizes [29, 30]. Additionally,
people with (physical) disabilities or visual impairments cannot always access and use PA facilities
without issues [31, 32]. Therefore, the green facilities, sports centres, and swimming pools have a
chance of not being accessible to every resident. This can also hinder the individual and influence a
family to participate in PA together. However, other facilities, such as public fitness equipment or open
gyms [33, 34], are becoming more common in the Lisbon Metropolitan Area. See Figure 6 in Appendix
C for an example of fitness equipment in a public park. Nonetheless, it is difficult to analyse the
availability and accessibility since no data is currently available in OSM.

A third interesting finding was that 62.5% of the residential areas are located less than 300 m from a
green facility. This challenges the notion that residents’ proximity to a green facility does not equal
constant use for PA. There might be different factors that are of influence. However, according to
Nielsen et al., residents have a steep decline in using parks or recreational facilities when the facilities
are at a distance of approximately 300 m and above [35]. Therefore, 37.4% of residents who live more
than 300 m from a green facility might not use or frequent a green facility. Additionally, a percentage
of the 62.5% who live near 300 m might also not frequent a green facility. Furthermore, they might also
use public transport or an automobile to get to a green facility, reducing their PA level [36].
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Strengths & Limitations

A major strength of this paper is that it builds upon existing studies about PA facilities and PA levels
in the Lisbon Metropolitan Area. It adds data on the accessibility and availability of PA facilities in
Lisbon's centre and metropolitan area. Nonetheless, this study also has limitations. The first limitation
concerns the possibility that some data from OSM might be missing or incomplete. This is seen as the
POI data set only recognised 8 parks when being analysed, but when analysing the land use data set,
829 parks were recognised. This makes data interpretation not entirely accurate since the data sets are
incomplete or the data is also in another form, for example, points or polygons. To minimise this, land
use data were used to look at the green facilities specifically, and data sets from OSM with the most
complete data were used. The second limitation concerns the accessibility and expense of the facilities.
This paper did not look at the real-life situation of residents commuting to a facility or the price of using
the facilities. For example, roads or sidewalks might not be pedestrian or bicycle friendly (see Figures
7 and 8 in Appendix D), and the facilities, such as bicycle rentals, sports centres, or swimming pools,
might be too costly for residents. The last limitation concerns the activity level of residents, since this
paper only looked at the availability and accessibility of facilities in the Lisbon Metropolitan Area and
not how active the residents are when using the facilities. For example, when visiting a sports centre or
swimming pool, an individual might practice light, moderate, or vigorous PA, which is not possible to
analyse with spatial data. The same can be said for green facilities, as people might visit a park only to
sit or have a picnic.

Practical implication

This study's findings suggest that having few PA and green facilities in a metropolitan area could
contribute to low PA levels among residents. Therefore, it is crucial, for example, for policymakers to
look at where changes can occur in areas with few PA facilities to increase PA levels among residents.

Future research

It is crucial to look at all the available PA facilities and infrastructure in an area for future studies. For
example, Ana Louro, a researcher in Lisbon, gave information through personal communication that
they are seeing a rise in fitness equipment around the metropolitan area to encourage residents to be
active. Thus, more types of PA facilities are being made for residents. In addition, a future study could
examine why some facilities are distributed only in certain areas, such as bicycle rentals in the city
centre. A final idea for a future study is to survey and ask residents what type of PA facility they want
in their vicinity and why. This can create an image of what PA facilities residents want to use to stay
physically active.

Conclusion

As physical inactivity is a global public health problem, it is essential to understand what factors are
causing the inactivity levels in a country. Therefore, this paper studied the availability and accessibility
of PA facilities in the Lisbon Metropolitan Area to see if these factors could influence the residents to
be physically inactive. This study found that 52.9% of the PA facilities are located at a distance of 1000
m from residential areas in Lisbon, and most of the green facilities are located in the city centre
compared to the metropolitan area. As a result, the lack of facilities around the metropolitan area and
the great distance to facilities could contribute to the low PA levels of Lisbon’s residents. Therefore, it
is crucial for further studies to research the correlation between the accessibility and availability of PA
facilities and PA levels among residents.
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Figure 2. The rings represent the regions that were analysed in this paper.
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Appendix C

Figure 6. Fitness equipment in a public park in Lisbon. Picture is from Google Open Street Map taken by
Rowena Rowley in 2022.
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Appendix D

N =

Figure 7. Different locations in Lisbon showing narrow streets and sideways. Pictures are taken from Santos et
al. [19].

Figure 8. A person trying to rent a bicycle in the Lisbon city centre. Picture is taken from Google Open Street
Map.
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