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Abstract

The 15-minute city (15MC) model has gained increasing attention as a framework for promoting
sustainable urban living by ensuring that essential services and infrastructures, including urban
green spaces (UGS), are accessible within short walking or cycling distances. UGS play a vital role in
public health, social interaction, and environmental resilience, yet questions remain about how
equitably they are distributed and accessed in cities. This study assesses proximity and accessibility
to UGS in Porto, Portugal, through the lens of the 15MC. The methodology combined a GIS-based
spatial analysis of walking and cycling catchments with a questionnaire survey to capture user
perceptions and travel behaviors. Results show that while 84% and 100% of residents live within a
15-minute walking and cycling distance of a UGS, respectively, accessibility remains uneven. Large
peripheral parks contribute significantly to provision but remain less accessible to central
neighborhoods, and cycling to UGS is marginal due to fragmented and insufficient infrastructure,
and residual cycling use. Subjective findings mirrored the spatial analysis, highlighting
dissatisfaction with cycling conditions and only moderate satisfaction with pedestrian environments.
The study emphasizes the need for integrated planning that improves local connectivity,
infrastructure quality, and spatial equity to fully realize the 15MC vision.

Keywords: active mobility; sustainable urban planning; urban greening; urban mobility

1. Introduction

The 15-minute city (15MC) has emerged as a transformative model for sustainable and equitable
urban development, emphasizing accessibility to essential services within a short timeframe through
active transportation modes such as walking and cycling [1,2]. Proposed by Carlos Moreno in 2016
[3], the concept builds upon earlier planning paradigms, namely the: i) Clarence Perry’s
neighborhood unit (1929), which defined compact residential neighborhoods where the proximity
between services and homes fostered a sense of community belonging [4]; and ii) Ebenezer Howard's
garden city model (1898), which aimed to create livable, mixed-use communities that merged the
urbanism of the city with the greenery of the countryside [5,6]. The 15MC relies on principles of urban
proximity, densification, diversification, and digitalization, achieved through the spatial
redistribution of six key urban functions: living, working, commerce, healthcare, education, and
entertainment [3,7]. In recent years, this concept has garnered significant attention as a model for
sustainable and equitable urban development, addressing two major global challenges: climate
change and the COVID-19 pandemic [1,2].

Walking and cycling are the primary travel modes that define the 15MC [8]. Both are free of
carbon emissions, do not produce air pollutants or noise, and require minimal consumption of non-
renewable resources, with limited spatial and infrastructural impact. In addition, they are active
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modes of transportation that offer significant health benefits by mitigating the effects of sedentary
lifestyles [9,10]. The popularity of the 15MC increased substantially during the COVID-19 pandemic,
which dramatically altered travel habits [11]. Fear of contagion, lockdowns, and mobility restrictions
led to a marked shift toward private and active modes of transport, while demand for public
transportation declined sharply [12]. In response, governments worldwide implemented measures
to support active travel, such as pedestrianizing streets and expanding cycle lanes [13] thereby
accelerating interest in the 15MC as urban planners sought to create self-sufficient neighborhoods
where residents could meet their daily needs locally through active travel [1,14]. Cities including
Barcelona, Paris, Utrecht, Montreal, Shanghai, and Melbourne, among many others, have actively
pursued implementation of the 15MC model [1,2].

Urban green spaces (UGS) are considered essential amenities within the 15MC concept [15].
Their provision is part of two key urban functions (living and entertainment) and represents an
ecological dimension of the 15MC that enhances urban sustainability and quality of life [3,14,16]. UGS
offer a wide range of environmental, social, and economic benefits, making them vital for the
development of sustainable cities [17]. Environmentally, they help regulate urban climate by
mitigating the heat island effect through shade and evapotranspiration, thereby moderating
temperatures and contributing to energy savings [18]. They also play a crucial role in carbon
sequestration, air purification, and noise reduction, while supporting biodiversity and ecosystem
services such as flood and erosion control [17,19]. Socially, UGS foster interactions and strengthen
community ties by providing recreational and aesthetic value [12,16]. They also promote physical
and mental well-being by encouraging exercise and reducing stress, benefits that, alongside
improved environmental quality, support healthier lifestyles and overall public health [20,21]. For
instance, a recent study on the role of UGS during the COVID-19 pandemic demonstrated their
importance in promoting mental and physical well-being, reducing stress, and enhancing urban
resilience [22]. Economically, UGS can increase property values and generate indirect savings in
healthcare and energy costs [23]. These combined benefits underscore the need for equitable access
to UGS, in line with the 15MC principle of ensuring active travel access to essential services, including
green areas, within a short distance of residences. Ensuring such equitable and convenient access is
therefore crucial for reducing social disparities and strengthening cities” preparedness for future
public health crises [22].

UGS is a component of green infrastructure that encompasses various types of spaces differing
in size, structure, and use, including both formal and informal areas such as street greenery, private
and public gardens, urban parks, sports grounds, cemeteries, burial sites, urban forests, road verges,
and horticultural areas, among others [17,24,25]. This study focuses on public UGS, as they are free
of charge, accessible to all citizens, and used for a wide range of purposes. Public UGS are defined as
openly accessible areas that may include individual trees, small designed sites, or larger nature-like
settings connected to built-up areas [26]. They are typically classified by size into: small green spaces,
including pocket parks with less than 2 hectares (ha); medium-sized green spaces (2-10 ha); and large
green spaces (>10 ha), which may be further categorized into district parks (up to 20 ha) and regional
parks (>60 ha) [27,28]. While there is no universal consensus in the literature regarding the optimal
size of UGS [29], the generally accepted Western standard suggests that city residents should have
access to UGS of at least 2 ha located within the buffered urban built-up area [30,31]. Larger UGS (>2
ha) are particularly important due to their enhanced environmental, social, and health benefits, and
are often regarded as the smallest size that people are regularly willing to visit [32,33]. There is also
evidence of a positive association between UGS size and levels of physical activity [34-36]. For
example, Schipperijn et al. [34] reported that green spaces between 5 and 10 ha significantly increase
the likelihood of being physically active compared to smaller UGS (<1 ha). Environmentally, studies
have shown that UGS under 2 ha generally lack cooling effects and may even be warmer than
surrounding areas [37].

Distance to UGS is another critical parameter influencing their accessibility [38]. Research has
consistently shown that shorter distances to UGS are associated with greater levels of physical
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activity and higher visitation frequency [30,39]. These findings align with international
recommendations from the World Health Organization (WHO) [40] and the European Environment
Agency, which suggest that residents should have access to UGS within a 15-minute walk,
approximately 900-1,000 m [41]. Such guidelines are consistent with the principles of the 15MC,
which emphasize ensuring that UGS are accessible within a short walk or cycle for all citizens, thereby
promoting spatial equity, health and well-being [11]. For example, Cardinali et al. [39] found that
green spaces and green corridors within 800-1,000 m were significantly associated with higher
physical activity and indirect health benefits, while Stahle [42] also proposed 1,000 m as a reasonable
walking distance threshold. Proximity strongly influences visitation rates too. For instance, Grahn
and Stigsdotter [38] observed that UGS within 300 m were visited an average of 2.7 times per week,
whereas those at 1,000 m were visited only once weekly. Nonetheless, a recent study in three
European cities reported that people often travel beyond these recommended distances, with median
travel distances ranging from 1.4 to 1.9 km [34]. Several guidelines consider both size and
accessibility: the WHO recommends that small UGS (0.5-1 ha) be located within 300 m of all
residences, equivalent to about a 5-minute walk [43]; in Berlin, planning guidelines specify 500 m (5-
10 minutes on foot) to UGS of at least 0.5 ha, and 1-1.5 km to larger UGS [44]. It should be noted,
however, that optimal distances can vary depending on multiple UGS characteristics, including size,
tree coverage, and available facilities.

Despite the growing interest in the 15MC as a planning model, several research gaps persist. First,
the number of 15MC initiatives is continuously increasing, which makes existing overview studies quickly
outdated. Consequently, there remains a significant lack of clarity about the complex global landscape of
how the 15MC is defined and implemented in practice, including its strategies, tools, policy applications,
and the emerging research and innovation challenges associated with its development [45]. This gap is
particularly evident in Portugal, where scientific research on the 15MC remains scarce and fragmented,
largely due to a delayed adoption of the concept, driven by the absence of national strategic guidelines
[7]. Further, it is recognized that policymakers, urban planners, and communities must focus on concrete
actions to effectively implement the 15MC model [46]. This is especially relevant for promoting urban
green equity and sustainable urban development, given the persistent inequities in access to green spaces
within the 15MC framework [1,47]. Furthermore, applying the 15MC as a planning tool requires
considering the quality of active mobility infrastructure, often overlooked in proximity analyses, as well
as local preferences, since people have diverse priorities and needs. Individuals do not perceive the built
environment identically, but the role of these preferences and perceptions in the context of the 15MC has
yet to be disentangled [48]. Finally, in the case of Porto, the applicability of the 15MC model remains
largely underexplored [49].

To address these research gaps, this study assesses the availability and accessibility of UGS in
Porto, Portugal, for both walking and cycling, through the lens of the 15MC model. Methodologically,
it adopts a mixed approach that integrates objective and subjective components. The objective
component consists of a Geographic Information Systems (GIS) analysis using the road network to
delineate service areas around each UGS within a 15-minute travel time. The subjective component
involves a questionnaire distributed to residents and commuters to capture perceptions of green
space availability and the adequacy of walking and cycling conditions for accessing these spaces in
the city. By combining these perspectives, the study not only addresses key gaps in the literature but
also offers a practical tool to guide the implementation of the 15MC concept in Porto, identifying
priority areas for improving UGS access through active travel.

2. Materials and Methods

This study adopts a mixed-methods approach to assess the availability of UGS larger than 2 ha
in the city of Porto, as well as their proximity, and accessibility by walking and cycling, in line with
the 15MC concept. This section describes the methodological steps undertaken in both the objective
and subjective components to achieve these aims.
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2.1. The Case of Porto

With 231,800 residents [50], Porto is the largest city of the North of Portugal. Its historic core,
classified as a UNESCO World Heritage site, features narrow, winding streets and dense urban fabric.
The city’s hilly topography and temperate Atlantic climate shape not only walking and cycling
conditions, but also urban greenery. Over the last century, various studies have documented a
substantial decrease (about 60%) in the city’s green areas, which have also become increasingly
fragmented due to urbanization [51,52].

According to the Municipal Master Plan, and as shown in Figure 1, the city’s existing ecological
system comprises: (i) publicly accessible UGS, including major parks such as Parque da Cidade (the
largest in the country), riverside promenades, and smaller pocket parks dispersed across
neighborhoods. The city currently has 91 publicly accessible UGS [53], totaling 233 ha.
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Figure 1. Green ecological infrastructure of Porto. Source: Municipal Master Plan of Porto [54].

However, when including proposed and currently parks in requalification, this figure increases to
379 ha; and ii) other green areas of ecological value (191 ha), including private properties and green spaces
within public facilities (e.g., hospitals and schools). Therefore, the existing city’s ecological system sums
424 ha, corresponding to approximately 10% of the urban area. Of the 91 publicly accessible UGS, the 18
shown in Figure 1 are larger than 2 ha and were included in this study's analysis.

The infrastructure dedicated to active mobility in Porto is shown in Figure 2. It comprises the
street network, which includes arterial and collector roads, as well as local access streets, and the
network of bike lanes. As pedestrians and cyclists are not permitted to use arterial and collector roads,
these were excluded from the analysis. Local access streets were included, as they allow pedestrian
movement via sidewalks and bicycle use in traffic lanes. In recent years, the city has created bike
lanes to enhance cyclist safety and comfort, connecting specific facilities, including UGS such as
Parque da Cidade. However, these lanes do not yet form an integrated cycling network. Their current
total length (32 km) remains significantly shorter than the length of local access roads in the city (665
km). For commuting, Porto’s population primarily relies on private motorized vehicles (55%),
followed by public transport (22%). Among active modes, 22% of commuters walk, while only about
1% cycle [50]. Given this minimal cycling modal share and the current extent of infrastructure, Porto
can be classified as a “starter cycling city” [10].
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Figure 2. Street network and cycling infrastructure in Porto. Source: Municipal Master Plan of Porto [54].

In terms of transport policies, Porto has been promoting active modes of travel to reduce the
impact of motorized traffic, particularly in the city center. Through initiatives such as “Zonas XXI,"
the city aims to enhance public spaces and encourage multimodal transport in key areas. Measures
include widening sidewalks, often by removing car parking in high-footfall locations, creating
pedestrian-only or shared streets in the city center, and restricting car access in certain zones. New
bike lanes are being constructed to connect residential areas with major hubs, and bicycle parking
facilities are being expanded.

Porto currently lacks a formal plan to adopt the 15MC framework, although the concept is
already being pursued in other Portuguese cities, such as Lisbon through the project “There’s Life in
My Neighbourhood” [45]. Nevertheless, this study illustrates how 15MC principles can provide a
valuable analytical lens for assessing and guiding improvements in the proximity and accessibility
of UGS by active modes in Porto, where comparable goals are being pursued through different
planning approaches.

2.2. Objective Approach

The objective component of this study involved spatial and geostatistical analyses using GIS,
specifically ArcGIS 10.5. Most geographic data were sourced from Porto’s open geodata portals
(https://opendata.porto.digital, https://mapas.cm-porto.pt/). UGS were digitized as polygons by
georeferencing the Porto Municipal Ecological Map against high-resolution online satellite imagery.
Only publicly accessible UGS larger than 2 ha were considered, given their greater environmental,
social, and health benefits. These UGS were then visited in the field to record the coordinates of all

formal access points (entrances/exits). In the absence of formal entries, as in the case of open spaces,
the polygon centroid was used as the trip origin.

Proximity and accessibility to UGS were assessed using the network distance method. As noted
by Papadopoulos et al. [55], network analysis is the most widely used approach for evaluating
accessibility within the 15MC framework, as it produces more realistic and accurate results than
straight-line methods. Because mobility follows the street network rather than direct paths, network
distance better reflects the actual distances people must walk or cycle to reach their destinations [56].
As previously mentioned, street network data, including walking and cycling infrastructure, were
obtained from Porto’s open geodata portals. These data underwent topological validation and repair
to ensure the geometry was free from errors, such as duplicate lines or segments that do not properly
connect, which can lead to incomplete or inaccurate network analyses. All corrections were
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performed using ArcGIS’s Topology tool. Next, UGS access points and centroids were set as trip
origins in ArcGIS Network Analyst. Service areas were generated using network distances to identify
all locations reachable within a 15-minute walk or bike ride from each UGS. These service areas were
further classified into three travel-time bands: under 5 minutes, 5-10 minutes, and 10-15 minutes.
Following previous studies, travel times were calculated using average speeds of 4.5 km/h for
walking [57,58] and 15 km/h for cycling [59,60]. For the street network, it was assumed that
pedestrians and cyclists could use all streets except where access is explicitly prohibited, such as
highways, expressways, and their associated ramps, such as the A20/VCI and its accesses.

The population living within 15-minute walking and cycling service areas was estimated using
the most detailed and recent Census data (statistical tract level, 2021) [50]. In ArcGIS, service-area
polygons were overlaid on statistical tracts using the “Select by Location” tool to identify those
intersecting each service area. The populations of these tracts were then summed to determine the
number of residents living within a 15-minute walk or bike ride of a UGS. Based on these totals, we
calculated the city’s overall service-to-population ratio.

2.3. Subjective Approach

The subjective component complements the objective analysis by capturing citizens’ perceptions
of green space availability and the quality of walking and cycling routes to UGS in Porto. To this end,
a questionnaire was administered, an approach widely recognized as effective for assessing
pedestrians’ and cyclists’ experiences with active mobility infrastructure [61]. Participation was open
to individuals aged 15 and older who either reside in or commute to Porto.

The questionnaire combined single-choice, multiple-choice, ranking, and open-ended questions,
structured into four main sections. The first section collected demographic information, including
gender, age, education level, and place of residence. The second section asked respondents to identify
the green spaces they visit in Porto, their frequency of visits, reasons for visiting, and modes of
transportation used. Non-regular visitors were also invited to suggest measures that could encourage
more frequent use in the future. The third and fourth sections focused on evaluating walking and
cycling conditions to UGS, respectively. Participants rated these conditions on a five-point Likert
scale (1 = “very bad,” 2 = “bad,” 3 = “neither bad nor good,” 4 = “good,” and 5 = “very good”). The
evaluation covered attributes known to influence safety and comfort, such as infrastructure quality,
traffic safety, personal security, environmental conditions, and other relevant factors [9,10].

Prior to administering the questionnaire, a pilot test was conducted with a small group to
identify confusing or ambiguous wording, comprehension issues, and unclear instructions. Feedback
from these participants was used to refine and improve the instrument before full deployment. The
stated-preference data were then collected through an online and in-person survey administered
between May 13 and August 12, 2024.

Data collection was carried out in two stages. In the first stage, the online questionnaire was
disseminated via social media, university mailing lists (University of Minho and University of Porto),
and QR codes displayed at UGS entrances. This format offered several advantages, including broad
accessibility, the convenience for respondents to complete it at their own pace, and the potential to
engage participants with strong opinions on the topic. However, older individuals are often harder
to reach through online surveys [62]. To address this limitation and ensure adequate representation
of older age groups, the second stage involved in-person surveys conducted in areas adjacent to UGS.
In total, 18 paper surveys were collected, complementing 119 valid online responses, for a total of 137
valid questionnaires.
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3. Results

3.1. Objective Evaluation

This section presents the results of the objective ArcGIS-based evaluation, assessing the
accessibility of Porto’s UGS within a 15-minute walking or cycling distance and estimating the
population residing within these service areas.

3.1.1. Pedestrian Accessibility to Urban Green Spaces

Pedestrian accessibility to the 18 UGS measuring > 2 ha was evaluated using the Service Area tool
in ArcGIS Network Analyst. Isochrone maps were generated with each UGS serving as an origin point,
calculating the travel “cost” for each segment of the pedestrian network. Three benchmark travel times
(5, 10, and 15 minutes) were used to delineate catchment areas. Accordingly, each network-based
service area represents the portions of the street network reachable within a 5, 10, or 15-minute walk
from the respective UGS. The resulting accessibility patterns are presented in Figure 3.
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Figure 3. 15-minute walking accessibility to urban green spaces in Porto.

The results show that 74% of the urban area lies within a 15-minute walking distance of a UGS larger
than 2 ha. However, as illustrated in Figure 3, accessibility varies notably across the city. In particular,
some residential areas, especially in the northern sectors such as Paranhos, Bonfim, and Ramalde, as well
as parts of the downtown, are located beyond a 15-minute walking distance from the nearest UGS.

To estimate the number of residents living within this range, a new spatial analysis was carried
out by overlaying the pedestrian service areas with the 2021 Census blocks. The results of this analysis
are shown in Table 1. The results indicate that 84% of Porto’s population lives within a 15-minute
walking distance of a UGS larger than 2 ha. However, the breakdown across the three time intervals
reveals significant variation. Only 14.1% of residents are within a 5-minute walk, indicating that
immediate proximity to UGS is limited for most of the population. The largest share (42.4%) lives
within 10-15 minutes, suggesting that access for many requires a longer walk, while 27.2% reside
within 5-10 minutes, reflecting moderate accessibility. Notably, 16.3% of residents (represented by
the white sectors in Figure 3) live outside the 15-minute walking service areas, a considerable
proportion of the population. These findings highlight spatial inequalities in pedestrian access to
UGS and underscore the need for targeted planning interventions, particularly in underserved
residential areas such as Paranhos, Bonfim, and Ramalde.
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Table 1. Percentage of residents living within 15-minute walking and cycling distance of UGS.
. Walking Cycling
Time Interval
tme ftervats Total Inhabitants % of Total Population Total Inhabitants % of Total Population
<5 min 32774 14.1 180745 78.0
5-10 min 63038 27.2 49886 21.5
10-15 min 98230 424 1169 0.5
Total 194042 83.7 231800 100.0

3.1.2. Cycling Accessibility to Urban Green Spaces

Cycling accessibility to the 18 UGS was assessed using ArcGIS Network Analyst, considering
travel times of 5, 10, and 15 minutes along the general street network. The resulting isochrone map,
illustrating areas reachable by bicycle within these timeframes, is presented in Figure 4.

— Bike lanes

[ <5 min ) E
55, T Street network 0 1000 2000 m

[0>10-<15min [ Urban boundary _

Figure 4. 15-minute cycling accessibility to urban green spaces in Porto.

The analysis reveals that the entire city lies within a 15-minute cycling distance of a UGS larger
than 2 ha. Notably, 76% of the urban area can access a UGS within just 5 minutes by bicycle, while
only 1.7%, primarily in neighborhoods such as Paranhos, Bonfim, and Ramalde, require between 10
and 15 minutes. Compared with pedestrian access, cycling access shows markedly fewer spatial
inequalities. However, these service areas were calculated using the general street network rather
than dedicated cycling infrastructure. As shown in Figure 2, Porto’s bike lane network is fragmented,
with only a few disconnected segments totaling 32 km, and just five UGS connected to them. Thus, it
was not feasible to compute service areas based solely on dedicated cycling infrastructure. While
urban areas fall within a 15-minute cycling distance of a UGS, cyclists must rely on the general road
network, raising concerns about safety and comfort.

To estimate the population living within a 15-minute cycling distance of UGS, the cycling service
areas were overlaid with the 2021 Census blocks. The results show that 78% of residents are within a 5-
minute cycling distance of a UGS, 21.5% live within 5-10 minutes, and only 0.5% are between 10 and
15 minutes away (Table 1). Overall, cycling accessibility performs better than walking accessibility,
largely due to higher travel speeds. However, as noted in subsection 2.1 and confirmed by the subjective
assessment described below, cycling maintains only a marginal modal share in the city.

3.2. Subjective Evaluation

To complement the objective analysis, this section presents the results of the questionnaire
survey, which was designed to capture citizens’ views on green space provision and the conditions
for accessing these spaces on foot or by bicycle in Porto.
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3.2.1. Sample Description

Table 2 presents the demographic profile of the participants. In total, 137 individuals participated
in the questionnaire. This sample yields a confidence level of approximately 95% with a margin of error
of +8.5%, which is considered acceptable for exploratory research [61]. Most respondents were women,
aged either 15-24 or 25-64 years, and were employed or studying in the city.

Table 2. Socio-demographic characteristics of respondents.

Variables Attributes Total Percentage
Female 103 75.2
Gender Male 34 24.8
15-24 63 46.0
Age 25-64 55 40.1
65 or more 19 13.9
Employed 66 48.2
Activity Student 52 37.9
Retirees 16 11.7
Unemployed 3 2.2

3.2.2. Usage of Urban Green Spaces and Preferences

Based on the questionnaire results, this section examines the frequency of visits to UGS, the main
reasons for these visits, the most frequently visited spaces, and participants’ suggestions for
encouraging greater future use.

When asked about visit frequency, the largest share of respondents (41.6%) reported visiting UGS
weekly. Smaller proportions reported visiting daily (10.9%), every two weeks (14.6%), monthly (16.8%),
or more rarely (16.1%). These figures suggest that most participants engage with UGS on a regular basis.

As shown in Table 3, walking emerged as the most frequently reported reason for visiting UGS
(27%), followed by resting or relaxing (19%), spending time with friends or family (17%), and
enjoying the view (13%), among others. These findings highlight the importance of UGS as spaces for
physical activity, leisure, and social interaction, underscoring their multifaceted role in urban life.

Table 3. Reasons for visiting green spaces and actions to increase more regular use.

Reasons % Actions %
Walking 27.0 Increased proximity 27.1
Resting/Relaxing 18.6 More events 17.8
Spending time with friends 17.1 Additional facilities 14.8
Enjoying the view 12.5 Improved maintenance 144
Being with nature 11.0 Improved access 13.6
Exercising 5.9 Increased safety 12.3
Walking a dog 4.6
Using the children’s playground 2.8
Other 0.5

According to the questionnaire, the three most frequently visited UGS in Porto are Parque da
Cidade, Palacio de Cristal, and Rotunda da Boavista, which together account for 50% of all responses.
These are followed by Jardim da Cordoaria, Parque do Covelo, Parque de Serralves, and Jardim
Botanico, each mentioned by 5-10% of respondents. The remaining green spaces were cited by fewer
than 4%, suggesting more occasional or localized use. This concentration of visits in a small number
of sites points to potential disparities in proximity, accessibility, or overall attractiveness across the
UGS network.

Respondents who do not visit UGS regularly (i.e., less than weekly) were also asked to identify
measures that could encourage more frequent use. As shown in Table 3, the most frequently cited
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factor was improved proximity to green spaces (23.6%), underscoring the importance of spatial
distribution and its alignment with the 15MC concept. Other commonly mentioned measures
included organizing more events (16.8%) and adding facilities (14.0%), reflecting the influence of
functional and social enhancements in attracting users.

3.2.3. Travel Experiences and Perceptions

This section examines the modes of transport used to reach UGS, perceived travel times, and
respondents’ evaluation of walking and cycling conditions.

When considering transport modes, walking emerged as the most frequently reported option
(42.3%), followed by private cars (30.0%) and public transport (20.5%). Other modes, such as cycling
(2.9%), combined modes (3.6%), and alternatives like e-scooters, were reported by only a small share
of respondents. Although the objective analysis showed that all residents can access a UGS within 15
minutes by bicycle, the questionnaire confirmed that cycling remains among the least used options.
In contrast, walking stands out as the most common choice, even though not all areas of the city
provide access to UGS within a 15-minute walk.

Regarding perceived travel times, the majority of respondents (57.7%) indicated that they can
reach a UGS within 15 minutes, which aligns with the core principle of the 15MC. However, a
substantial share (42.3%) reported longer travel times, highlighting challenges to the 15MC goal of
equitable access to green spaces. Among respondents who walk to a UGS, 67% reported travel times
of up to 15 minutes, while all those who cycle indicated travel times between 5 and 10 minutes.

Another key objective of the questionnaire was to evaluate the conditions experienced by
pedestrians and cyclists when traveling to UGS. Respondents rated various attributes affecting the
comfort and safety of walking and cycling using a 5-point Likert scale. To aid interpretation, a
weighted average was calculated for each parameter. The assessed attributes, along with their
corresponding average scores and variability, are presented in Table 4.

Overall, participants rated the walking conditions to UGS positively, with most attributes
scoring slightly above 3 on a 5-point scale. Notably, environmental quality, which includes factors
such as noise, fumes, and air pollution at sidewalk level, was the only attribute with an average score
below 3, indicating a common concern among respondents. In contrast, traffic safety and sidewalk
continuity received the highest ratings, both exceeding 3.3. Although all attributes were rated across
the full 1-5 scale, the relatively low standard deviations suggest a moderate consistency in
participants’ perceptions.

Table 4. Evaluation of walking and cycling accessibility to urban green spaces.

Transport Walking Attributes Average Max. Score Min. Score SD
Mode Evaluation

Sidewalk width and layout 3.23 5 1 1.17

Sidewalk surface quality 3.04 5 1 1.08

Sidewalk continuity 3.31 5 1 1.19

. Connectivity with public transport 3.26 5 1 1.15

Walking Street trees and shade 3.19 5 1 1.15

Traffic safety 3.37 5 1 1.04

Personal security 3.20 5 1 1.08

Environmental quality 2.93 5 1 1.03

Availability of cycle lanes 2.12 5 1 1.09

Quality of cycle lanes 2.21 5 1 1.07

Cvelin Continuity of cycle lanes 2.01 5 1 1.00

yeung Bicycle parking 2.50 5 1 1.14

Traffic safety 2.20 5 1 0.98

Environmental quality 2.56 5 1 1.06
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Regarding cycling conditions, participants rated them significantly lower than walking
conditions. All cycling attributes received average scores below 3, highlighting notable limitations in
the city’s cycling infrastructure and overall conditions. The lowest-rated attribute was the continuity
of cycle lanes, closely followed by the availability and quality of the lanes themselves, indicating that
fragmentation and inadequate infrastructure are perceived as key barriers to cycling. Bicycle parking
and environmental quality received relatively higher, though still modest, ratings. Despite some
variability in responses, standard deviations were relatively low, suggesting consistent perceptions
among participants, particularly regarding traffic safety and cycle lane continuity.

4. Discussion

This section presents a comprehensive discussion of the findings, focusing on the results
obtained with the objective and subjective evaluations and on the relationship between them along
with extent to which Porto is a 15MC.

4.1. Objective Evaluation

The results from the GIS spatial analysis reveal interesting insights. Firstly, the analysis reveals
that around 10% of the city surface (424 ha) is covered by green areas. Although the amount of green
space in Porto has decreased by about 60% over the last century due to urbanization [51], the current
figure corresponds to a ratio of 18.3 m? of green space per capita. This is well above the World Health
Organization’s minimum target of 9 m? per inhabitant, yet still far from the ideal value of 50 m? per
capita [63,64]. However, the ratio found in Porto is higher than the typically low values reported in
southern European cities [41], exceeding those observed in other 15MC cities such as Paris, Milan,
and Berlin, and comparable to values in Barcelona and Amsterdam [63,64], which are renowned for
their urban livability and green infrastructure.

While the overall provision of green space in Porto appears quantitatively adequate by international
standards, this metric alone does not capture how equitably or effectively these spaces are distributed or
accessed within the city [65]. Therefore, the pedestrian and cycling accessibility analysis conducted in this
study provides a more detailed perspective on whether the provision of UGS truly supports the principles
of spatial equity and proximity, which are central to the 15MC concept. The pedestrian catchment areas
revealed that 84% of residents live within a 15-minute walking distance of a UGS, a figure that aligns
reasonably well with the 15MC goal. However, a substantial share (16.3%) remains outside the 15-minute
threshold, particularly in the residential neighborhoods of Paranhos, Bonfim, and Ramalde. Moreover,
only 14.1% of residents live within a 5-minute walk, equivalent to approximately 300 m. Some authors
recommend that all residents should live within 300 m of a UGS > 2 ha [66], and other studies indicate that
people living within this distance visit UGS nearly three times more often than those living farther away
[56]. Furthermore, as noted by Hwang et al. [67], the 15MC defines walking time limits based on people
with normal mobility. However, the maximum walking distance for elderly individuals and people with
disabilities tends to be shorter, leading some authors to propose the concepts of 5-minute and 10-minute
cities. Notably, the 5-minute city concept has been applied in studies focusing on elderly urban residents
and their accessibility to green spaces. This approach is particularly relevant in aging societies such as
Portugal, which, with 23.4% of its population over 65 [50], is the second most aged country in the EU.
Although Porto provides a per capita green space coverage similar to or exceeding some northern
European cities, the travel distance to these spaces is relatively greater. For instance, in Berlin,
approximately 59% of residents live within 300 m of a green space and 82% within 500 m [41], while in
Barcelona a survey indicated that 62% of residents live within 300 m of a UGS [68]. The performance of
Porto can be attributed to the presence of large UGS with peripheral locations, such as Parque da Cidade
(80 ha) and Parque Oriental (20 ha), which are difficult to access on foot from the city center or most
residential neighborhoods due to the distances involved. Although studies in other European cities have
shown that people are willing to travel well beyond 300-500 m to reach UGS, this often leads to the use of
motorized transport [69]. These findings highlight spatial inequalities in pedestrian access to UGS across
the city, emphasizing the need for strategic planning interventions to improve coverage, particularly in
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residential areas like Paranhos, Bonfim, and Ramalde. Reducing these inequalities should be a priority, in
line with SDG 11.7, which calls for universal access to safe, inclusive, and accessible green and public
spaces in urban areas by 2030. Despite Porto’s compact and dense urban structure, creating new UGS and
expanding existing ones, especially in residential areas currently outside catchment zones, combined with
improved pedestrian infrastructure, could play a crucial role in promoting more equitable and inclusive
access to green spaces.

The analysis also showed that the entire city is within a 15-minute cycling distance of a UGS,
which aligns well with the principles of the 15MC. However, data from the most recent Census [50]
indicate that cycling accounts for only 1% of commuting trips in Porto, confirming that bicycle use in
the city remains very limited. Like many Portuguese cities, Porto can be classified as a “starter’ cycling
city [10] or a city with low cycling maturity [70]. Unlike walking, cycling is not universally adopted,
and uptake varies significantly across age and gender groups. For instance, studies show that women
are less likely to cycle due to socio-cultural and safety concerns [71]. The generally low uptake in
Porto likely results from a combination of interrelated factors, including fragmented cycling
infrastructure, safety concerns, steep topography, and a historically car-oriented urban culture
typical of southern European cities, coupled with political skepticism about cycling as a viable mode
of transport [72]. As shown in Figure 2, the existing cycling infrastructure in Porto is limited both in
total length and spatial coverage. The lanes along the Douro River and the Atlantic front on the
western side are primarily recreational, while the central and eastern parts of the city largely lack
cycling infrastructure. The absence of continuous lanes and the associated risk of sharing roads with
motorized traffic are key deterrents, as highlighted in other studies in Portugal [70]. Additionally, the
hilly terrain, particularly in the central and eastern areas, further reduces cycling’s attractiveness [73].
Nonetheless, Porto has significant potential to expand cycling, thanks to its compact urban form, high
population density, mixed land use, and planned infrastructure, which could serve a larger share of
residents [74]. To make cycling a viable mode for accessing UGS, Porto must implement a substantial
shift in both culture and policy. This includes educational and communication initiatives to raise
awareness and encourage behavioral change, as well as financial incentives to promote bicycle use
[15]. On the infrastructure side, the municipality needs a clear and decisive commitment to
prioritizing cycling, particularly by expanding the network in the central, eastern, and northern areas
and providing adequate support facilities, such as secure bicycle parking near UGS and key transport
nodes. These infrastructural changes should be developed in close articulation with communities,
ensuring that policies are perceived as supportive rather than restrictive. This is particularly relevant
given recent misinterpretations of the 15MC model, which in some public debates has been portrayed
as anti-car or limiting personal freedom [75]. In reality, the 15MC framework is intended to expand
opportunities for residents by integrating multiple transport modes and improving local accessibility,
thereby promoting inclusive and sustainable mobility.

4.2. Subjective Evaluation

The subjective evaluation based on the questionnaire also provided valuable insights.
Participants reported that they regularly visit UGS, with 42% indicating weekly visits. This visitation
rate is comparable to previous studies conducted in Porto, which range from 37% to 56% [76,77], but
remains lower than rates observed in Lisbon [77] or in northern European cities [78,79]. Differences
in visitation frequency may be partly explained by the proximity of green spaces. For instance, in
countries such as Denmark and Germany, 67% [79] and 74% [20] of residents, respectively, live within
300 meters of a UGS. Evidence suggests that individuals living within 50 meters of a UGS tend to
visit it 3—4 times per week, those residing 300 meters away visit approximately 2.7 times weekly, and
visits drop to just once per week at a distance of 1,000 meters [38,80].

Overall, participants value UGS for physical activity, social interaction, and contact with the
surrounding landscape. Consistent with previous studies [20,80],. walking was the main reason for
visiting UGS. Other frequent motives, such as relaxing, socializing, and enjoying the view, also match
the literature on key drivers for using these spaces [81,82]. With few exceptions (Jardim da Cordoaria
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and Rotunda da Boavista), participants preferred UGS > 4 ha, which tend to offer more activities,
amenities, and opportunities for events. This is consistent with literature indicating that larger green
spaces are positively correlated with higher frequencies of walking, exercising, and relaxing [83].

Distance was the most frequently reported barrier to regularly visiting UGS, a challenge partly
rooted in the city’s compact urban structure, which limits the availability of large green spaces.
Creating a network of community or pocket parks could help provide more accessible, nearby
options while also mitigating potential gentrification issues associated with large-scale parks [25,27].
Other barriers, such as the lack of events and facilities, highlight the importance of functional and
social enhancements in attracting visitors. Overall, these findings underscore the need to address
spatial equity, programming, and qualitative improvements in the city’s UGS.

Regarding travel experiences and perceptions, 42% of participants accessed UGS on foot. Although
walking was the most preferred mode, this share is lower than reported in other studies in Portugal
and abroad. For example, in Lisbon, Viebrantz and Fernandes-Jesus [81] found that at least 60% of
participants usually reached parks on foot, while only 11% used a car. In Spain, 79% accessed UGS by
walking [84], and in Bucharest, the figure was 50% [85]. In Porto, however, reliance on cars is higher
(30%), likely due to factors such as the uneven distribution of green spaces (particularly larger ones),
the persistently high use of private vehicles for daily mobility, and individual preferences. Cycling
accounted for just 2.9% of access modes, slightly above local commuting averages, but remains a
marginal option, far below the levels reported in other European cities [86,87].

In this study, 58% of participants reported being able to access a UGS within 15 minutes. This
aligns with the objective analysis, which indicates that most residents live within a 15-minute walking
or cycling distance of such spaces. Notably, this proportion is higher than in Lisbon, where only 35%
of participants reported the same [81]. The difference may be explained by Porto’s smaller size and
more compact urban structure.

Finally, the evaluation of pedestrian and cycling conditions for accessing UGS revealed a
substantially lower perception of cycling conditions, with an average score of 2.27 on the 5-point
Likert scale. Availability and continuity of cycling lanes, along with traffic safety, received the lowest
ratings. This perception aligns with the objective GIS analysis, which showed the cycle lane network
to be both limited in extent and discontinuous. Previous research indicates that such deficiencies not
only deter cycling in general —by forcing riders onto streets, which can be intimidating [10,86], but
also specifically discourage cycling to UGS [85]. The perceived lack of safety and overall poor quality
of Porto’s cycling infrastructure may help explain the minimal share of cycling trips to UGS. These
findings highlight the need for substantial investment in cycling infrastructure, particularly by
connecting UGS to key urban hubs and residential areas. Evidence shows that cyclists prefer routes
near green spaces, offering attractive landscapes and reduced exposure to pollution and noise [85].
Respondents expressed slightly higher satisfaction with pedestrian access conditions (average score
of 3.19), indicating a basic adequacy for walking. However, there remains room for improvement,
especially regarding sidewalk surface quality, street trees, shaded pathways, and overall
environmental conditions—factors crucial for pedestrian safety and comfort [88]. These perceptions
align with Madureira et al. [77], who found moderate satisfaction levels with the quantity and quality
of green spaces in Porto.

4.3. Future Research and Limitations

This study provided a comprehensive assessment of access to UGS in Porto by walking and
cycling within the framework of the 15MC, combining spatial analysis with a user questionnaire.
Despite its contributions, some limitations highlight opportunities for future research.

First, the objective analysis did not account for the quality of UGS, such as available facilities, which
can strongly influence use and visitation frequency. Similarly, the attributes influencing the safety and
comfort of walking and cycling, such as slope and surface conditions, were not evaluated. Future research
could integrate these qualitative factors to provide a more nuanced understanding of accessibility.
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Second, the subjective evaluation relied on a relatively modest sample (137 responses), which
may not fully represent the city’s population. Expanding the sample size and ensuring a balanced
distribution by age, gender, and other relevant factors would enhance representativeness and the
generalizability of results. Additionally, the questionnaire was conducted in spring and summer,
meaning participants’ perceptions may reflect seasonal conditions rather than year-round
experiences. Longitudinal studies covering different seasons and times of day would help capture
temporal variations in UGS access. Further, self-reported data inherently carries the risk of biases
related to individual interpretations and recall errors.

Finally, this study focused exclusively on Porto. While the methodology is reproducible,
applying it in other urban contexts would allow for cross-city comparisons, identification of best
practices, and insights into structural patterns that facilitate equitable and active access to UGS under
the 15MC framework.

5. Conclusions

Ensuring environmental quality and urban livability requires that all residents have close and
equitable access to UGS. As one of the key infrastructures that support public health, social
interaction, and environmental resilience, UGS are a fundamental element of the 15MC model. This
study examined proximity and accessibility to UGS in Porto through the lens of the 15MC, integrating
objective spatial analysis with subjective user perceptions. The findings highlight both opportunities
and challenges in achieving equitable access to UGS. While the city has relatively good spatial
provision of green areas, accessibility is uneven. Large peripheral parks such as Parque da Cidade
and Parque Oriental contribute significantly to overall provision but remain difficult to reach on foot
from central and residential neighborhoods, reinforcing spatial inequalities. While a significant
proportion of the population (84%) resides within a 15-minute walking distance of UGS, and the
entire city resides within a 15-minute cycling range, these positive results are counterbalanced by
notable gaps in infrastructure and spatial equity. Cycling in particular and despite the city’s compact
urban structure, remains marginal due to fragmented infrastructure, safety concerns, and steep
topography. Subjective perceptions mirrored the objective analysis, underscoring dissatisfaction with
cycling conditions and only moderate satisfaction with pedestrian environments. These findings
have important implications for urban planning in the city. Local planning instruments, such as the
Municipal Master Plan, should integrate the core principles of the 15MC as part of broader spatial
planning strategies aligned with sustainable development objectives. It is vital to ensure that these
principles (proximity along with diversity, density, and digitalization) are implemented in a way that
avoids spatially selective benefits and genuinely helps to reduce existing inequalities in access to UGS
through active modes of transport. To achieve this, policy and planning efforts should focus on
enhancing local connectivity, expanding existing UGS, creating new green spaces in underserved
neighborhoods, and investing in safe, continuous cycling and walking green corridors that link UGS
across the city. Achieving this vision requires moving beyond quantitative provision of green space
towards a more holistic approach that considers spatial equity, infrastructure quality, and user
perceptions. Strengthening these dimensions could ensure that UGS contribute more effectively to
urban livability, inclusivity, and sustainability, in line with the goals of SDG 11.7.
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