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A B S T R A C T   

Walkability and equity in transport are crucial aspects of sustainable mobility and social well-being. The x- 
minute city concept emphasizes the importance of walkability, by fostering the design of a city where people can 
easily access their daily needs aiming to reduce reliance on private cars. However, such approaches, which 
generally rely on the idea of an “average resident” can ignore inequalities amongst people and fail to achieve the 
goal of building urban environments where everyone can participate in city life regardless of their socio- 
economic characteristics and vulnerability. In this study we propose an approach to assess the equity of the x- 
minute city, highlighting the limitations of the current application of the concept. The approach includes the 
computation of x-minute thresholds based on the walkability of pedestrian paths and considering different users’ 
needs. Home to school trips and social trips are taken as a reference; equity metrics such as the Lorenz Curve and 
Gini Index are used to assess how the x-minute city concurs with the transport equity of a city. The results of the 
assessment can help identify potential disparities in access to key destinations among different user groups, and 
support evidence-based policy recommendations to promote equitable transportation options. The case study of 
Bari, Italy, is used to illustrate the application of the method; however, the proposed approach can be replicated 
in different contexts, contributing to the ongoing discourse on walkability and equity in transport.   

Introduction 

As concerns over environmental sustainability and public health 
continue to grow worldwide, decision-makers and planners are fostering 
new policies to promote active transport habits. Walking and cycling 
have emerged as effective alternatives to private transport offering 
numerous benefits from reducing carbon emissions and traffic conges-
tion to improving physical fitness and mental well-being. In this context, 
Moreno [1] developed the 15-minute city concept, highlighting how 
urban planning can be used to build more sustainable cities; the idea is 
that all essential services, such as grocery stores, schools, healthcare 
facilities and entertainment venues should be reachable within a 
15-minute walk or bike ride from one’s home. This would reduce the 
reliance on private cars for daily needs thus reducing negative exter-
nalities (such as greenhouse gas emissions, accidents and fuel costs), 
while increasing physical activity. Starting from the concept developed 
by Moreno, several cities have implemented measures to improve the 
walkability of their neighbourhoods, using different time thresholds (e. 
g. 20-minute, 30-minute), hence the more general term x-minute city. 
However, despite the validity of the simple concept that citizens should 

be “able to meet most of their needs within a short walk from their 
homes” [2], the advantages of walking are not equally accessible to 
everyone. Adopting the x-minute city model requires a holistic approach 
that considers not only mobility but also housing affordability and 
supply, as well as social and economic diversity. Aside from the fact that 
the choice of more extended x-thresholds has poor justification by 
adopters, using them to measure opportunities means that the benefits 
to residents who exceed the thresholds are ignored, generating the 
so-called edge effect [3]. Moreover, systemic issues such as unsafe 
pedestrian infrastructure, lack of sidewalks and crosswalks, and long 
distances between origins and destinations in certain areas can create 
significant barriers to the walkability of urban environments. On the 
other hand, it is important to note the significant advancements spurred 
by the COVID-19 pandemic, particularly in major European cities, 
where active mobility measures were swiftly implemented to adapt to 
changing travel patterns and meet social distancing requirements [4–6]; 
the development of such improved infrastructure may indeed enhance 
the walkability experience. Hence, accessibility related to active 
mobility plays a crucial role in enabling the realization of the x-minute 
city model and walking-friendly cities in general; however, there are 
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several challenges in measuring the actual accessibility experienced by 
pedestrians, due to both the quality of the pedestrian environment and 
their own physical abilities, and decision-makers cannot rely exclusively 
on a generalized threshold that uses the city centre as the average origin 
of all trips and considers the average pedestrian accessibility on the 
network. Furthermore, a comprehensive examination of the equity of 
the x-minute city should encompass access to all services essential to the 
population, including recreational and shopping facilities; in the era of 
e-commerce and online purchasing, a holistic approach should not 
overlook the significance of access to urban delivery services, including 
active mobility options (see e.g. [7,8]). This puts into question the whole 
concept of the x-minute city and its effectiveness. 

On the basis of this premise, in this paper we propose an approach to 
the assessment of the equity of the x-minute city, in order to explore the 
differences of an x-minute city approach for different trip purposes and 
different social categories. The assessment entails a set of scenarios ac-
counting for different walkability conditions, diverse users’ categories 
and their related variety of needs, in order to explore the equity impli-
cations. This will provide insights into how the x-minute approach 
performs in terms of connecting users to key destinations, and whether it 
promotes accessibility and inclusivity for all users. The final aim is to 
provide insights for policymakers and practitioners to inform decisions 
related to the interaction between transportation planning and the x- 
minute city approach, with the ultimate goal of promoting equitable 
accessibility for all users. The proposed approach is applied to the case 
study of Bari, a medium-sized city located in the South of Italy, to 
demonstrate its applicability in a real-world urban context, and provide 
understanding into the walkability and equity of transport in the city. 

The remainder of the paper is structured as follows. Section 2 pro-
vides a literature review on the topic of the x-minute city, showcasing 
studies that elucidate its feasibility and potential impact on urban 
mobility and liveability. In Section 3, we introduce the novel approach 
developed by the authors, which aims to incorporate the influence of 
diverse social categories on the efficacy of the x-minute city model. 
Building upon this framework, Section 4 presents the application of our 
approach to the case study of Bari, focusing in particular on the case of 
the 15-minute city. Finally, in Section 5, we synthesize the findings and 
draw conclusions regarding the implications of our research for 
policymakers. 

Literature review 

Although it is not actually a recent concept [9], the x-minute city 
approach since its comeback has awakened the interest of several ad-
ministrations and researchers who explored the potential benefits and 
challenges in its implementation. Travel time threshold accessibility is, 
indeed, the main and most intuitive approach used in the evaluation of 
the accessibility of the x-minute city. The main concern expressed by 
scholars is regarding the type of amenities that should be reachable 
within the threshold and the distribution of such amenities within the 
territory, aiming at analysing the “horizontal equity” of the x-minute 
city approach. In their main position paper, Moreno et al. [10] 
emphasized the need for six urban functions in the 15-minute city: 
living, working, healthcare, education, commerce/groceries and enter-
tainment. Previously, Grodach et al. [11] evaluated the amenities of the 
20-minute neighbourhood infrastructure, a concept similar to the 
x-minute city, highlighting the need for green spaces, education and 
religious institutions, sports facilities, local shops, post offices and 
health facilities. They analysed the case study of Mambourin in 
Australia; the results from their study show the lack of public spaces and 
facilities for public engagement, highlighting the varied interests and 
needs of the different individuals and households in the territory. Weng 
et al. [12] and Capasso Da Silva et al. [13] selected the amenities 
respectively for the case of the 15-minute and the 20-minute city, based 
on inputs from city resident surveys, assigning different weights to the 
facilities according to the importance assigned by the local dwellers. 

Weng et al. [12], analysed the case of Shanghai (China) and assessed the 
current impact of 15-minute walkable city, analysing its spatial distri-
bution and the impact to different social categories. In order to assess 
weighted walking times, they used a modified Walk Score approach 
[14], providing different weights for the pedestrian infrastructure ac-
cording to the presence of amenities that could satisfy the needs of the 
different social categories. Their results show that the most walkable 
communities are mainly located in the central area of the megacity; 
moreover, children-concentrated communities are more likely to have 
lower walkability, highlighting a greater need from the most vulnerable 
groups. 

Capasso Da Silva et al. [13] presented the case of Tempe (Arizona, 
USA), a classical suburban city with wide roads; they evaluate 20-min-
ute service areas by cycling, walking and transit, focusing on 
non-commute travel. Their results show that walking performs worst in 
terms of accessibility, in particular when considering the sidewalk 
network as exclusive infrastructure where pedestrians are allowed to 
walk. O’Gorman & Dillon-Robinson [15] developed a baseline for the 
20-minute neighbourhood in Scotland and identified five dimensions: 
stewardship, including local community groups and resident associa-
tion; civic, considering cultural and heritage assets, but also security 
infrastructure (e.g. street lighting); movement, mainly referred to public 
transport, active travel, traffic calming and parking; resources, including 
several type of opportunities, such as groceries shops, health facilities, 
job opportunities and restaurants; spaces for play and recreation and 
parks. Similarly, Olsen et al. [16] identified ten domains related to 
health, transport, education, social and recreational for a national wide 
equity-assessment of the Scottish context for the 20-minute neighbour-
hoods. Their study shows that a quarter of rural locations had access to 
zero domains and almost half to less than 3. Moreover, they showed that 
extending the 20 min definition to a 30 min gives a 95 % increase in 
residential locations that have access to all domains; this shows the 
variability of the concept if one does not consider the capabilities of 
individuals in traveling the design threshold distances. Graells-Garrido 
et al. [17] proposed the use of big data coming from mobile phone, 
census, and volunteered geographical information to measure the 
spatial variations in the relationship between origin-destination flows 
and local urban accessibility in the 15-minute threshold for the city of 
Barcelona; their study shows that people tend to visit other neighbor-
hoods with better access to education and retail amenities than their 
own, while they travel less to other neighborhoods with better accessi-
bility to professional and health amenities. Moreover, unequal access to 
food retailers emerges, probably due to a large concentration of food 
amenities in the center of the city. Wu et al. [18], analysed the 15-min-
ute community life circle strategy promoted by the city of Shanghai, 
using the 2018 AutoNavi POI (Point of Interests), OSM (OpenStreetMap) 
road network data and LandScan population data set. They adopted 
kernel density estimation, service area analysis and other statistical 
models to analyse the coverage of points of interests based on the current 
network; the results show that although some of the basics services are 
covered, 15-minute access to facilities in Shanghai still needs to be 
optimized through functional replacement or urban renewal design, 
above all to respond to the needs of the population residing in the 
various areas. In 2022, Logan et al. [2] compared approaches to measure 
the x-minute city, assessed different urban areas in USA and New Zeland 
according to the concept and presented interactive visualizations. The 
results suggest that, instead of setting arbitrary “x” targets, policymakers 
should seek to minimise X by improving accessibility. Finally, Calafiore 
et al. [19] selected the relevant amenities according to the existing 
literature and focus their study of the 20-minute city on 
non-work-related amenities; they analysed the case of Liverpool City 
Region and explored the relationship between car ownership and 
accessibility; they found that people living in less walkable neighbor-
hoods in general have low car ownership and low accessibility, while 
they also have to deal with higher transport costs, suffering a great 
transport inequality condition. 
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Table 1 provides an overview of the reviewed studies, summarizing 
key findings and highlighting their contributions to the discourse, based 
on key criteria, including the selected time threshold (e.g., 15-minute or 
20-minute), transportation modes considered, and the methodologies 
employed. 

The literature review shows that in general, the x-minute city design 
approaches are considered positively, since they promote the enhance-
ment of active travel; however, several studies show how the socio- 
demographic conditions and the quality of the infrastructure can have 
a significant impact in the assessment of the threshold accessibility, 
particularly in the case where only walking is considered as a transport 
option. In particular, most of the studies are not able to assess the actual 
impact of the 15-minute cities on the different social categories, 
adopting a generic population, flat walkability conditions (hence, a 
generic walking time) and considering several urban functions as es-
sentials for everybody; this does not reflect the variety of different road 
users and available infrastructure within the territory. Equity assess-
ment, indeed, should include consideration based on both the need to 
evaluate whether all the population has the same accessibility to the 
services - i.e. the so-called horizontal equity - and the different level of 
needs due to socio-economic conditions - the vertical equity [20]. 

Starting from these concepts, in this paper we explore the different 
equity impacts of an x-minute city design for different trip purposes and 
social categories. The aim is to offer the following contributions to the 
discourse on the x-minute city topic: firstly, to advance the assessment 
beyond the traditional ’flat minute’ concept currently used in literature, 
which relies on abilities and needs of an average individual; secondly, to 
introduce an approach capable of considering the multiplicity of social 
contexts and targeted opportunities/amenities, thereby enhancing the 
understanding of urban accessibility and equity. 

In particular, in order to assess equity impacts, we will use the Lorenz 
curve [21] and Gini Index, which are economic measures commonly 
applied to evaluate the distribution of a particular attribute within a 
population. These measures have been successfully used to assess 
transport equity in previous studies, e.g. in the context of public trans-
port services and shared mobility [20,22–24]. 

Method 

This paper proposes an equity assessment which enables the explo-
ration of the impact of the x-minute city in different scenarios. Threshold 
accessibility measures are computed for different scenarios involving 
users with different needs and scopes. The approach is based on the 
following steps:  

- Spatial zoning, which can be conducted with different levels of 
detail.  

- Modelling the characteristics of the road network, in order to 
compute the shortest path among origins and destinations.  

- Scenario definition: different scenarios considering different trip 
purposes and users categories should be considered, in order to 
consider their own characteristics and behaviours.  

- Walkability assessment: this is conducted considering the spatial 
characteristics of each link in the road network, according to a 
Walkability Index (W) previously developed [25]  

- Threshold accessibility analysis: isochrones will be used to assess 
accessibility in the different scenarios; they are polygons that 
represent areas that can be reached within a specified travel time (e. 
g., x-minutes) from a given origin, on a transportation network; 
isochrones are evaluated considering the underlying walkability 
constraints and pedestrian walking speed.  

- Equity assessment: using the Lorenz Curve and Gini Index, the equity 
of the distribution of opportunities across isochrones will be assessed 
to identify disparities or inequities in access. 

The approach is summarized in Fig. 1. In the following sections more 

Table 1 
Overview of reviewed studies on the x-minute city approach.  

References X minutes Mode Method/ 
Approach 

Highlights 

Grodach 
et al. 
[11] 

20 min cycling, 
walking 
and 
transit 

network buffer 
method to derive 
the catchment 
sizes 

Dimensions: 
green spaces, 
education and 
religious 
institutions, 
sports facilities, 
local shops, post 
offices and health 
facilities 

Weng et al. 
[12] 

15 min walking modified Walk 
Score approach 

Different 
behavior 
characteristics of 
pedestrian groups 
and facility 
attributes 

Capasso Da 
Silva 
et al. 
[13] 

20 min cycling, 
walking 
and 
transit  

focusing on non- 
commute travel 

Moreno 
et al. 
[10] 

15 min walking, 
cycling 

Position paper on 
the concept 

urban functions: 
living, working, 
healthcare, 
education, 
commerce and 
entertainment 

O’Gorman 
& Dillon- 
Robinson 
[15] 

20 min walking physical assets 
within an 800 m 
zone 

dimensions: 
stewardship 
(local 
community), civic 
(cultural assets), 
movement 
(public transport, 
active travel, 
traffic calming 
and parking), 
resources 
(opportunities), 
spaces (recreation 
and parks). 

Graells- 
Garrido 
et al. 
[17] 

15 min walking Gravity model 
and 
Geographically 
Weighted 
Regression 

unequal access to 
food retailers 

Wu et al. 
[18] 

15-minute 
community  

kernel density 
estimation, 
service area 
analysis 

although some of 
the basics services 
are covered, 15- 
minute access to 
facilities in 
Shanghai still 
needs to be 
optimized 
through 
functional 
replacement or 
urban renewal 
design 

Olsen et al. 
[16] 

20/30 min 
(20-min 
return trip) 

walking physical assets 
within an 800 m 
zone 

ten domains 
related to health, 
transport, 
education, social 
and recreational 

Logan et al. 
[2] 

10, 15, 20- 
minutes 

walking Comparison of 
different 
methods 

instead of setting 
arbitrary “x” 
targets, 
policymakers 
should seek to 
minimise X by 
improving 
accessibility 

Calafiore 
et al. 
[19] 

20 min (20- 
min return 
trip) 

walking spatial clusters 
and equity 
analysis through 

Focus on non- 
work-related 
amenities people 

(continued on next page) 
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details for each step are provided. 

Zoning and modelling of the road network 

Territorial zoning consists of dividing the study area into different 
zones based on relevant criteria such as geographic boundaries, 
administrative units, or socio-demographic characteristics, which can be 
achieved with various levels of detail. As depicted in Fig. 1, ZONING 
allows to get disaggregated information on USERS (such as travel speeds 
and behaviours, based on socio-demographic characteristics) and OD 
(main origin-destination trips). Within the scope of this study, we have 
employed two distinct zoning approaches, namely a more detailed 
zoning based on population data, and a census-based zoning which in-
corporates finer-grained socio-demographic data. In relation to the 
modelling of the road network, given that we are dealing with pedes-
trian trips, it is important to refer to a detailed network that enables one 
to identify as many routes as possible (including those using paths 
reserved for pedestrians, such as stairs) and the characteristics of the 
surrounding environment. As shown in Fig. 1, ROAD NETWORK 
MODELLING allows to evaluate shortest paths and get detailed infor-
mation on geometric and functional characteristics of the infrastructure; 
a sufficient level of detail is also needed to calculate a more accurate 
WALKABILITY INDEX W, as shown in Sections 3.2 and 4.2. Detailed 
information on the data used for the case study are reported in Section 
4.1. 

Walkability assessment 

In this work, we focused on walkable accessibility, since it can be 
considered the most cost-effective mode of transport in terms of health 
impacts and economic return; moreover, it is often taken into consid-
eration by public administrations in the case of scarce resources since 
they can assign priority of interventions for the improvement of 
pedestrian infrastructure [26]. However, defining an actual walkable 

distance in the 15-minute assessment is not straightforward. For 
example, the Scottish Government uses 800 metres as the walkable 
distance taking accessibility for all (i.e. those without mobility chal-
lenges) into account [15], considering that they can be walked in about 
10 min; this disregards the needs of those who might not be able to walk 
at the required speed and does not consider the differences in infra-
structure quality. 

In order to overcome these issues, in this paper a walkability 
assessment of the road network is performed considering a Walkability 
index (W, previously developed in [25]) as a constraint to a fluid 
pedestrian flow. The aim is to determine the extent to which the road 
network design supports safe and convenient pedestrian mobility. 

The walkability index is based on a set of metrics that capture 
different aspects of the pedestrian environment. These metrics include 
the presence of signalized crossings (if available), navigation for people 
with visual impairment, presence of footpaths, presence of public 
seating, green spaces, and bus stop facilities (if present). The walkability 
index serves as a quantitative measure of the quality of the pedestrian 
infrastructure, providing insights into the extent to which the built 
environment supports and encourages walking as a mode of 
transportation. 

The presence of signalized crossings (c) is an important factor in 
assessing walkability, as it indicates the presence of safe and designated 
areas for pedestrians to cross the road. Navigation for people with visual 
impairment (t), such as tactile paving and audible signals, can enhance 
the accessibility of the pedestrian environment for individuals with vi-
sual impairments, ensuring that they can safely navigate the city. The 
presence of footpaths (fs), or sidewalks (s), is a critical component of 
walkability, as it provides dedicated spaces for pedestrians to walk 
separated from vehicular traffic. Public seating (ps) can contribute to the 
comfort and convenience of pedestrians, providing resting areas and 
promoting walkability as a mode of transportation. Green spaces, such 
as parks and urban green areas (g), can enhance the aesthetic appeal and 
liveability of the pedestrian environment, making it more attractive for 
walking. Lastly, the presence of bus stop and related equipment (bs) can 
improve the accessibility and convenience of public transportation, 
which can complement walking trips. 

The walkability index is computed as a combination of the afore-
mentioned parameters, and it is estimated for each zone i; each of the 
parameters can be weighted according to the importance assigned by the 
decision-makers, as shown in Eq. (1): 

Wi =
wcci + wtti + wfsfsi + wssi + wpspsi + wggi + wbsbsi

nm
∀i ∈ I (1)  

Where wmc, wt, wfs, ws, wps, wg and wbs are the weights assigned to each 
parameter by decision-makers and i ∈ I the set of links of the modelled 
network. 

The walkability index aggregates the metrics into a composite 
measure that reflects the overall quality of the pedestrian environment. 

Table 1 (continued ) 

References X minutes Mode Method/ 
Approach 

Highlights 

OLS and 
Geographically 
Weighted 
Regression 

living in less 
walkable 
neighborhoods 
have low car 
ownership and 
low accessibility, 
while they have 
higher transport 
costs, suffering a 
great transport 
inequality 
condition  

Fig. 1. Overview of the equity assessment approach for x-minute city scenarios.  
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By quantitatively assessing these different aspects of walkability, the 
index will provide a holistic evaluation of the pedestrian environment 
and inform decision-making efforts aimed at improving the walkability 
of the city. In our work, we will use the walkability index to provide a 
realistic differentiation of the quality of the road network, influencing 
the walking speeds of each link; as illustrated in Fig. 1, WALKABILITY 
INDEX is used to perform THRESHOLD ANALYSIS of the different 
scenarios. 

Scenario definition 

As depicted in the framework in Fig. 1, outputs of ZONING allow for 
SCENARIO DEFINITION: different scenarios are developed to account 
for varying trip purposes and user classes, ensuring that the unique 
preferences, needs, and behaviours of different population groups are 
taken into consideration. By delineating distinct scenarios, such as 
commuting, recreational activities, and shopping, as well as considering 
diverse user classes based on factors like age, mobility limitations, and 
socioeconomic status, one could capture the full spectrum of urban 
mobility demands and experiences. This allows for a more nuanced 
analysis of the equity implications of the x-minute city model, as it en-
ables researchers to evaluate the accessibility and inclusivity of urban 
environments from multiple perspectives. Furthermore, by considering 
the specific characteristics and behaviours associated with each scenario 
and user category, policymakers and planners can better tailor in-
terventions and infrastructure improvements to meet the diverse needs 
of urban residents and promote equitable access to essential services and 
amenities. 

Threshold analysis 

As part of the proposed approach, isochrones are computed to 
analyse trips. Isochrones are geographic representations that depict 
areas that can be reached from a specific location within a given x-time 
threshold using a particular mode of transportation (in our case 
walking). The computation of isochrones is performed within a 
geographic information system (GIS) using the QGIS software (version 
3.28.3) and the modelled road network adopting the reduced speeds due 
to the walkability assessment. This provides a spatial representation of 
the areas that can be reached within a certain time frame on foot from 
each zone. Moreover, although cycling is typically included in the x- 
minute cities threshold evaluation, we will only consider the walking 
option for this study to evaluate the worst-case scenarios (i.e. with lower 
trips speeds), to stay on the safety side. However, the approach can be 
reproduced introducing cycling as a further option. The computation of 
isochrones for home to school trips and social trips, provides a first 
insight into the spatial distribution of opportunities for different user 
groups to identify potential disparities in access to key destinations. 
Fig. 1 shows that the output of THRESHOLD ANALYSIS is then used to 
perform the final EQUITY assessment, as described in Section 3.5. 

Equity assessment 

The assessment of equity aided by the computed isochrones is con-
ducted using the Lorenz Curve and Gini Index approaches, which pro-
vide quantitative measures that can help assess the extent to which the 
benefits and burdens of transportation accessibility are distributed 
among different user groups. 

The Lorenz Curve is a graphical representation of the cumulative 
distribution of a quantity (in our case the threshold accessibility) across 
different user groups. We use it to plot the cumulative percentage of 
accessible opportunities against the cumulative proportion of the pop-
ulation. A perfectly equitable distribution of accessibility would result in 
a diagonal line, indicating that each proportion of the population has an 
equal share of accessibility. The relationship between the Lorenz Curve 
and the straight line of equal distribution is called Gini Index and it 

considers the area (A) between the Lorenz Curve and the line of perfect 
equality (the diagonal line) or the area below the Lorenz curve (B). 
which are calculated using integration or numerical methods (as illus-
trated in Fig. 2). 

When the entire Lorenz curve is not known, and only values at 
certain intervals k are given, the curve can be approximated on each 
interval as a line between consecutive points; then the area B can be 
approximated with trapezoids. Xk is the generic interval of the cumu-
lative percentage of the population variable and Yk is the corresponding 
interval of the quantity cumulative percentage (in our case the threshold 
accessibility), for k = 1, …, n intervals with known values; the Gini Index 
(G) can be mathematically calculated using the following formula: 

G = 1 −
∑n

k=1
(Xk − Xk− 1)(Yk +Yk− 1) (2) 

The Gini Index provides a concise measure that summarizes the 
inequality depicted by the Lorenz Curve; it ranges from 0 to 1, with 
0 indicating perfect equity and 1 indicating complete inequality. 

Results from the application 

Case study 

The proposed approach is applied to the case study of the city of Bari 
in Italy, taking into consideration its territorial framework. The city of 
Bari is located in the southern region of Italy and has a population of 
approximately 320,000 people. The city is known for its historic centre 
with narrow streets and limited road infrastructure, which includes a 
medieval castle and numerous churches. In recent years, the city has also 
invested in improving its walkability infrastructures to encourage more 
active modes of transportation and reduced reliance on cars. The deci-
sion to close the main central street of Bari (via Sparano) for the first 
time was taken in 1973 by the municipal administration, and since then, 
the city has implemented various measures to improve walkability. The 
recent Sustainable Urban Mobility Plan (SUMP) [27] also provides for 
the increase in the closures to traffic of some roads and central areas, in 
order to limit air pollution and improve the local economy. However, 
the current modal share of walking and cycling in the city is still rela-
tively low. 

The analysis will consider the specific road network constraints and 
walkability challenges in Bari, such as the presence of historic areas and 
limited pedestrian infrastructure, which may affect the accessibility and 
mobility of different user groups. In particular, for this case study, we 
decided to focus on the 15-minute city approach (x = 15) due to its 
prevalence and frequent utilization in existing literature. 

Zoning and modelling of the road network of the city 

In relation to population data, we relied on two different sources, in 

Fig. 2. Example of generic Lorenz curve with A and B areas depicted.  

N. Giuffrida et al.                                                                                                                                                                                                                               



Transportation Engineering 16 (2024) 100244

6

order to be able to take advantage of the most up-to-date information. 
Specifically, we used the Italian Statistic Institute data [28] in the sce-
narios regarding home to school trips. We decided to opt for this source 
in these cases, since we wanted detailed information on the age of the 
population and their current occupation status and the information 
provided by ISTAT, even if referring to the year 2011, is the most 
comprehensive. In the case of sociality score scenarios, we preferred to 
select a more up-to-date and detailed source; in particular, we utilised 
the WorldPop Open Population Repository [29] which enables the 
download of gridded data on the number of people per pixel in Geotiff 
format at a resolution of 3 arc (approximately 100 m at the equator) and 
projected in GCS WGS84 [30]. 

Fig. 3 shows that from both databases one can see that the most 
densely populated area is that of the historic center of the city, and the 
residences extend southwards along the axis that goes from the Viale 
dell’Unità street to Viale della Costituzione street. Other populated areas 
are the neighbourhood of San Girolamo in the northwest, and the 
neighbourhood of San Paolo in the west of the city. 

Schools data and locations have been retrieved from a free web- 
service [31], which provides the name and the address of the facility. 
Addresses have been geocoded using HQGIS, a python-based plugin for 
QGIS that offers access to the HERE API and allows to geocode multiple 
addresses on the basis of an address field within a CSV database. Results 
from the geocoding is displayed in Fig. 4, which shows that locations of 
schools are quite in line with density of population. Finally, the road 
network was retrieved by Open Street Map (OSM) using the QGIS plugin 
QuickOSM. 

Walkability Index in Bari 

The methodology involves the computation of the W index, con-
ducting a detailed assessment of the road network in Bari. The 
compatibility of each road network link with pedestrian trips is evalu-
ated taking into account the existing infrastructure with the related 
parameters as presented in Section 3.3. The OSM road network and the 
other spatial data used for the W have been retrieved using the QGIS 
plugin QuickOSM; a summary of the metrics based on OSM data with 
related key and attributes in OSM and the simplified scores are reported 
in Table 2. 

W was then computed for each link of the road network according to 
Eq. (1). In this study, for the sake of simplicity, it was decided to apply an 
equal value of 1 to all the weights. A mapping of the index is reported in 
Fig. 5 and shows that most of the pedestrian-friendly infrastructure is 
located in the central neighbourhoods of the city, while the most pe-
ripheral areas are disregarded. 

Scenarios definition 

In this study, two different trip purposes are analysed:  

- Social trips. This first set of trips can be considered equally valid for 
the entire population of the reference area. In particular, in this study 
we will refer to the accessibility index of the Sociality Score devel-
oped by Biazzo et al. [32]. Sociality score is a concept which quan-
tifies the number of people one can meet from a specific area. The 
relevance of this metric is associated with the fact that densified 
cities promote social capital and social cohesion, thus guaranteeing 
community resilience [33]. This is particularly important in the case 
of walkability analysis, since pedestrian-oriented neighborhoods 
have proven to improve the quality of life of vulnerable users and 
cities sustainably [34,35]  

- Home to school trips. We decided to explore this trip purpose since 
children can be considered among the most vulnerable road users, 
due to their age and the fact that they generally do not have access to 
private transport, aside from being a passenger. Moreover, school 
trips (more specifically, school drop-offs) are proven to be among the 
main causes of vehicular traffic during peak hours. In fact, many 
administrations are adopting school-streets requalification and 
organizing walking-buses initiatives, precisely with the aim of 
reducing the impacts of such trips [36]. 

Furthermore, each trip purpose is analysed according to different 
walkability conditions, considering different quality values for each link 

Fig. 3. Left: Population data by WORP [30]; Right: Population data by ISTAT [28].  

Fig. 4. Schools locations in Bari.  
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of the road network, overcoming approaches that provide for a unique 
speed for the entire pedestrian network. Furthermore, we design two 
scenarios for each of the two trip purposes: one considering the sociality 
score evaluated with speeds at each link adjusted by W; the speeds range 
from 3 km/h for the links with the lowest walkability conditions (hence, 
the lowest W) to 4 km/h (for the highest W). For a comparison with a 
flat-speed approach, we considered a second scenario with a value of 
speed of 4 km/h at each link. The chosen scenarios aim to assess the 
distribution of accessibility within the 15-minute city, analyse the ef-
fects of varying levels of walkability, and examine their correlation with 
the categories most affected by such accessibility. This enables a sub-
sequent evaluation of vertical equity, aiding in reflecting the social 
needs of specific user categories. 

A summary of the designed scenarios is reported in the table 
(Table 3). 

Threshold analysis 

The threshold accessibility was computed considering a 15- minute 
time interval for each of the four scenarios shown in Section 4.4. The 

threshold within the road network has been computed for each zone 
using the Service Area tool in QGIS. More in detail, for the sociality score 
we computed the threshold for the 11.629 zones deriving from the 
WorldPop zoning, while for the Schools’ Accessibility threshold we 
computed it for the 1501 ISTAT zones. Maps of the threshold accessi-
bility at each zone for the 6 scenarios are shown in Figs. 6 and 7. A first 
look at the maps shows how, as expected, a reduction in speed due to a 
worse quality of the pedestrian infrastructure leads to a reduction in 
accessibility, especially in areas where it already assumes low values, i.e. 
in the suburbs. 

Descriptive statistics analysis was performed for the four scenarios 
and results are shown in Table 4. The results confirm that the scenarios 
with W = 1 are those which allow to reach higher (Max) and average 
(Mean) values of accessibility; furthermore, even if the standard devia-
tion values (σ) differ slightly among the couple of scenarios, the coef-
ficient of variation (Cv) demonstrates greater variability for the 
scenarios in which the speed is adjusted by the W, proving the impor-
tance of considering different walkability conditions. 

Equity assessment 

The Lorenz Curve and Gini Index are computed for a systematic 
assessment of equity in the different isochrones for home to school trips 
and social trips in Bari. Figs. 8 and 9 depicts the Lorenz curve for the 
Sociality score scenarios and the Schools’ Accessibility Threshold sce-
narios respectively. 

For a vertical assessment of the equity of the accessibility measure, in 
the scenarios related to home to school trips, we computed Lorenz Curve 
using as reference the school – age population residing in each area of 
origin according to ISTAT [28], as shown in Fig. 10. Table 5 shows the 
Gini index for all scenarios. 

Discussion 

Some considerations arise from these analyses:  

- In the two scenarios of the sociality scores, the Lorenz Curve and Gini 
Index depicts a situation of almost perfect equity; a small difference 
can be appreciated within the two scenarios, with the “W = 1″ sce-
nario performing slightly better than the other.  

- The Schools’ Accessibility Threshold findings offer totally different 
insights, with values that differ widely from the equity line; as ex-
pected, the scenarios in which the speeds adjusted by W values are 
considered to perform worse. Moreover, when considering the 
school-age population, the graph indicates that almost 20 % of stu-
dents have no access to educational facilities in the 15-minute city, 
while around the 70 % experience accessibility of less than half of the 
highest value. 

Table 2 
OSM metrics, key, feature, attributes and scores.  

Name Description OSM key Feature OSM attribute Score      
1 0 

mc presence of signalized crossing (if at crossing) Highway 
Footway 
Railway 

Point 
Lines 
Point 

Crossing 
Crossing 
Crossing 

If present If not present 

mt Navigation for people with visual impairment crossing Point, Lines tactile If present If not present 
mfs Presence of footway footway Lines Surface paved unpaved 
ms highway 

footway 
Lines 
Lines 

Footway, pedestrian, steps, path 
Sidewalk 

If present If not present 

mps Presence of public seating amenity Points bench If present If not present 
mg Green spaces Leisure 

natural 
Areas 
Points 
Lines 

Park 
Tree 
Tree_row 

If present If not present 

msl Presence of streetlamp highway Points street_lamp If present If not present 
mbs Bus stop equipment (if present) Public_transport Areas, Points All keys If equipped If not equipped  

Fig. 5. Walkability index.  

Table 3 
The 6 explored scenarios.  

Scenario name Description 

Sociality score (W) Sociality score with speeds adjusted by W 
Sociality score (W = 1) Sociality score with speed = 4 km/h 
School accessibility (W) Schools accessibility with speeds adjusted by W 
School accessibility (W = 1) Schools accessibility with speed = 4 km/h  
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- These results are corroborated by the Gini Index evaluation in 
Table 5: while indices for the sociality score are close to 0, all the 
Schools’ Accessibility Threshold scenarios assume higher values, 
with the ones related to school-age population assuming the highest 
ones. This is in line with the findings by Weng et al. [12]. 

The results show that the walkability of the infrastructure influences 
the x-minute city performance, highlighting the need for policymakers 
and urban planners to prioritize investment in pedestrian infrastructure 
in underserved communities and to create walkable environments that 

Fig. 6. Left: Sociality score with reduced speeds according to WI; Right: Sociality score with WI = 1.  

Fig. 7. Left: School Accessibility with reduced speeds according to WI; Right: Sociality score with WI = 1.  

Table 4 
Basic statistics for the four scenarios.  

Trip Purpose Scenario Max Mean σ Cv 

Sociality score W = 1 46,151.522 6749.141 9604.152 1.423 
W 41,808.817 5242.732 8065.179 1.538 

School Threshold 
Accessibility 

W = 1 58 16.136 13.176 0.817 
W 51 13.062 11.116 0.851  

Fig. 8. Lorenz curve for the two different scenarios of the Sociality Score.  
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address the needs of diverse populations. Moreover, vulnerable cate-
gories such has children do not achieve equal access to school facilities: 
almost 20 % of students have no access to educational facilities in the 15- 
minute city, while around the 70 % experiences of less than the half of 
the highest accessibility condition, highlighting evident disparities in 
access to their core destinations. This is further exacerbated by the fact 
that this study does not consider that not all the educational services are 
equal [37], i.e. schools are generally identified as a key public amenity, 
disregarding the quality of the school in question and the maximum 
number of students that can be accommodated. As a further limitation, 
this study considered generic starting speed values for all users. 

However, the constraints arising from the mobility abilities of users 
might play a pivotal role in shaping the speed at which isochrones are 
calculated. The velocity used in these calculations is contingent upon a 
range of factors, including but not limited to the specific characteristics 
of the users under consideration, such as travel preferences and de-
mographic information. 

The results corroborate the imperative for decision makers to 
enhance the quality of paths for active mobility to schools. Students, 
indeed, face different challenges when commuting to school, mainly due 
to the fact that parents frequently opt to drive them to the educational 
facilities, contributing to increased traffic volumes and associated ex-
ternalities, such as air pollution and safety hazards, near school en-
trances. By promoting active mobility options such as walking and 
cycling, improving the quality of paths and infrastructure (hence the 
walkability), and guaranteeing equity among the different city areas, 
policymakers might play a role not only alleviating traffic congestion 
and reduce emissions but also fostering healthier and more environ-
mentally friendly school journeys. 

Conclusion 

In recent years, the x-minute city approach emerged as a solution to 

Fig. 9. Lorenz curve for the four different scenarios of the Schools’ Accessibility Threshold.  

Fig. 10. Lorenz curve for the school – age population in the two different scenarios of the Schools’ Accessibility Threshold.  

Table 5 
Gini Index for the six scenarios.  

Scenario Gini Index 

Sociality W = 1 0.079 
Sociality W 0.045 
School W = 1 0.386 
School W 0.404 
School (age) W = 1 0.395 
School (age) W 0.445  
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foster sustainable mobility and improve the quality of life of our cities. 
However, for the sake of simplicity, city administrators often rely on 
very general approaches for the design of this concept, considering a 
generic population, a flat walking time and seeing several urban func-
tions as essentials for the whole population, often disregarding the need 
of the vulnerable categories. In this paper we presented an approach to 
explore the equity impact of the x-minute city in urban areas, applied a 
set of scenarios accounting with different social categories and needs. 
The approach considers different walkability conditions, based on the 
current quality of the infrastructure and uses Lorenz Curve and Gini 
Index as assessment tools to enhance the understanding of equity in 
accessibility within the context of the computed isochrones. The case 
study of the city of Bari is used to validate the suitability of the approach. 
The findings underscore the significant impact of infrastructure walk-
ability on the effectiveness of the x-minute city concept, emphasizing the 
imperative for policymakers and urban planners to prioritize in-
vestments in pedestrian infrastructure, particularly in underserved 
communities. Additionally, creating walkable environments tailored to 
the diverse needs of various population groups is crucial to enhancing 
the overall success and inclusivity of urban mobility initiatives. 

While the proposed approach offers a comprehensive framework for 
assessing the equity implications of the x-minute city concept, it is 
important to acknowledge some limitations in our application. Firstly, it 
was limited to school and social trips, thereby not fully capturing the 
range of trip purposes that individuals undertake in urban environ-
ments. We assumed uniform walking speeds for all students, overlooking 
potential variations in travel modes and speeds based on age and indi-
vidual preferences. For example, students may opt for alternative active 
modes of transportation (such as cycling), potentially resulting in faster 
travel times. Furthermore, different trip purposes may entail varying 
degrees of flexibility or specific needs, which were not explicitly 
accounted for in our analysis. These limitations highlight the need to 
explore a wider range of trip purposes and consider individual-level 
factors to provide a more nuanced understanding of the equity impli-
cations of x-minute city initiatives. Future research might consider other 
age groups (e.g. elderly people) and trip purposes or users’ needs (e.g. 
facility to receive online products) as determinants that influence the 
computation of isochrones thus generating different analysis scenarios. 
It is clear that the x-minute city concept should be linked to the citizens’ 
actual needs and capacities, regardless of their socio-economic back-
ground, and avoiding the gentrification processes; conversely cities 
should prioritize local accessibility to promote economic benefits by 
boosting small businesses located within residential communities, since 
people’s daily needs can all be met easily. 

In summary, the proposed approach can support evidence-based 
decision-making and policy recommendations to promote equitable 
transportation options and help to ensure that all users, regardless of 
their socio-economic background, have fair and equal access to impor-
tant destinations within the city. 
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