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Abstract

The concept of quality of life in urban settings is increasingly associated to the accessi-
bility of amenities within a short walking distance for residents. However, this narrative
still requires thorough empirical investigation to evaluate the practical implications, ben-
efits, and challenges. In this work, we propose a novel methodology for evaluating urban
accessibility to services, with an application to the city of Florence, Italy. Our approach
involves identifying the accessibility of essential services from residential buildings within
a 10-minute walking distance, employing a rigorous spatial analysis process and open-
source geospatial data. As a second contribution, we extend the concept of 10-minute
accessibility within a network theory framework and apply a clustering algorithm to iden-
tify urban communities based on shared access to essential services. Finally, we explore
the dimension of functional redundancy. Our proposed metrics represent a step forward
towards an accurate assessment of the adherence to the 10-minute city model and offer
a valuable tool for place-based policies aimed at addressing spatial disparities in urban
development.

Keywords: well-being, chrono urbanism, community detection, urban resilience, local
amenities
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1 Introduction

Designing cities to improve residents’ quality of life is on the agenda of policymakers
and institutions worldwide. This is evidenced by the establishment of guidelines to
help urban planners prioritize quality of life in city design (OECD and European Com-
mission, 2020) and the efforts in assessing well-being outcomes across cities (OECD,
2024). But what does quality of life actually mean in urban contexts? In the eco-
nomic field, it is traditionally understood as the direct utility a citizen gains from local
consumption amenities, or, equivalently, as the appeal of a specific area as a place to
live, independent of expected wages and cost-of-living factors (Roback, 1982). Indeed,
amenities play a key role in people’s choice of where to live and cities’ population den-
sity is positively associated with higher quality of life, i.e with the utility derived from
local consumption amenities (Rappaport, 2008). Amenities are important also because
they help explain what is observed in reality within cities, such as social stratification
and varying degrees of social mix across neighborhoods. To better understand where
people choose to live, models should go beyond just costs and income and include other
factors like housing quality, neighbors, and local amenities. Considering these factors
helps explain why urban areas often show social sorting, as highlighted in Epple and
Zelenitz (1981), Epple and Platt (1998), and Bayer and McMillan (2012).

Current debates on this topic, informed by interdisciplinary perspectives, increasingly
highlight the importance of spatial accessibility. This focus translates into a con-
crete emphasis on ensuring that essential services and amenities are within easy reach,
whether by foot or public transport. This approach claims for a shift in urban design
towards developing urban areas with autonomous and self-sufficient neighborhoods,
moving away from the idea of a single city center as the focal point for all activities.
This model gained significant attention, especially during the COVID-19 pandemic,
which has reduced the value of city centers (Rosenthal et al., 2022) and underscored
the vulnerability of areas with poor access to services. A work in particular has con-
tributed the most to popularizing the theme of spatial accessibility: in 2021 Moreno
et al. (2021)’s introduced the concept of the 15-minute city, which advocates for a ur-
ban environment where citizens can reach key services, such as healthcare, education,
and shopping, within a 15-minute walk or bike ride.

In this study, we propose a novel methodology for evaluating urban accessibility to
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services, with an application to the city of Florence, Italy. We assume that a citizen
does have access to a specific service if the latter is within a 10-minute walking distance
from its home. The analysis identifies accessible destinations from residential buildings,
spanning six service macro-categories: Schools, Healthcare, Food Retail, Green Areas,
Leisure, and Primary Services. We accordingly define a 10-minute city Index, which,
as may have been noticed, lowers the time threshold required to consider a service ac-
cessible compared to the benchmark set by the popular 15-minute city concept. The
choice is driven by the methodological innovations introduced in our approach: the use
of buildings as the unit of analysis. This allows for precise and realistic representation
of pedestrian route origins and enhances the granularity of urban accessibility measures
to unprecedented levels.

Indeed, a plethora of studies have sought to operationalize Moreno et al. (2021)’s
concept of a 15-minute city. However, there is no consensus on a unified approach
and existing methodologies often show limitations. Previous studies utilizing mapping
platform tools for travel distance calculations rely on starting points that only roughly
approximate the actual spatial origin of individuals’ daily commutes. To mention few of
them, Olivari et al. (2023) and Murgante et al. (2024) use road intersections, Staricco
(2022) and Abbiasov et al. (2024) adopt census tract centroids, while Akrami et al.
(2024) and Bruno et al. (2024) rely on grid centroids. By using buildings as the basis
for isochrone calculations, our methodology achieves a higher spatial resolution that
better reflects real-world conditions, providing a robust framework for assessing pedes-
trian accessibility in urban areas.

The precision achieved through the use of buildings as unit of analysis is pivotal
as this index operates at a detailed spatial scale and is sensitive to marginal spatial
variations. In this regard, this work adds to recent contributions in spatial analysis
using buildings to detect human activities (see De Bellefon et al. (2021) using build-
ing density to identify urban areas or Billings and Johnson (2016) using plant density
to identify industrial agglomerations within urban areas). These methodologies using
building-level data generate continuous measures that help overcome the well-known
modifiable areal unit problem (MAUP), which arises when different ways of aggregating
spatial data, by altering the shape or scale of regions, can significantly impact analytical
results (Coombes and Openshaw, 1982).
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This work is also related to urban studies on the compact city paradigm, discussing
its advantages and drawbacks (Glaeser and Kahn, 2004). Indeed, the compact city
closely parallels the 15-minute city model. Generally speaking, a compact city is char-
acterized by a high residential density that is continuous throughout the urban area and
is often presented as a sustainable alternative to urban sprawl. The latter is instead
defined by the European Environment Agency (EEA) as the low-density expansion of
large urban areas at the expense of agricultural land, characterized by mixed land use
and suburban development (European Environment Agency, 2006). Urban sprawl has
been criticized for its environmental impact, as it fragments the city into scarcely pop-
ulated and disconnected areas that lack internal diversity, leading to increased car use
and higher public service costs (OECD, 2012). Indeed, compact and dense urban areas
have been proved to produce lower levels of CO2 (Glaeser and Kahn, 2010), contribut-
ing positively to the environment.

After presenting the 10-minute Index, we illustrate an application to the city of
Florence. We expect Florence to exhibit a good level of accessibility due to its compact
urban layout and the relatively uniform distribution of its population. This pattern is
indeed reflected in the data, with the 10-minute Index showing a heavily skewed right
tail. Most residential buildings exhibit high accessibility values, mainly clustering in
the upper quantiles of the distribution. Conversely, a review of the sub-indices shows
that only a small portion of people have optimal access to green spaces and leisure ser-
vices like sports and cultural activities. Notably, our index is designed to be universally
applicable across urban contexts and facilitates comparisons between cities, providing
valuable insights into the validity and potential perspectives of this urban living concept.
Indeed, it can be a valuable tool for place-based policies aimed at correcting patterns
of uneven spatial development, particularly in the design of redistributive interventions
to improve access to essential services. As a second contribution, we perform a network
theory exercise to model urban interactions within the city. In particular, we translate
accessibility relationships between buildings and services into a weighted and directional
network and apply a clustering algorithm to identify urban communities wined together
by sharing the same services. Identifying service-based communities enables the analy-
sis of phenomena such as urban segregation using endogenously generated communities
rather than administrative boundaries. Finally, we propose a functional redundancy in-
dicator to assess the resilience of the previously calculated 10-minute accessibility index.
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The rest of the paper is organized as follows. Section 2 introduces the data used in
the analysis. Section 3 illustrates the 10-minute Index and shows an application to the
case of Florence. Section 4 presents the network theory application, while Section 5 is
dedicated to the redundancy issue. Finally, Section 6 provides concluding remarks.

2 Data

To construct the indicator, we need the map of residential buildings, as units of analysis,
and the set of points of interest (POIs), representing the locations of essential services.

We retrieve the complete map of Florence’s buildings from Open Street Maps (OSM)
and exclude buildings that are certainly not intended for residential use. We refine
the building sample using OSM’s building classification tags, which indicate for each
building its purpose. We then exclude educational and university facilities, hospitals,
institutional buildings hosting public authorities, barracks, churches, convents, and pris-
ons. Additionally, we remove buildings located in industrial areas, which are distinctly
marked on the OSM map. To conclude, we drop buildings with an area below 28 m2,
the minimum size required by Italian habitability standards for a studio apartment
intended for a single person1. We end up with a sample of 37,950 residential buildings.

We select the points of interest by focusing on a set of essential services for daily
lives of citizens. We consider 25 typologies of services which we group into six categories
as follows:

• Schools. This category includes the following types of services: nurseries, kinder-
gartens, primary schools, and secondary schools.

• Healthcare. This includes the following types of services: emergency rooms,
medical clinics, and general practitioners’ offices.

• Primary services. This includes the following types of services: tobacco shops,
universal postal services, banks, and drugstores.

• Green Areas: accessible public green areas.
1This is established by the Ministerial Decree of July 5, 1975, No. 75. Ministero dei Lavori

Pubblici. Decreto Ministeriale 5 luglio 1975, n. 75, Norme per l’edilizia abitativa, Gazzetta Ufficiale
della Repubblica Italiana, n. 235, 16 agosto 1975.
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• Leisure. This includes four subcategories: associative activities including the
following types of services: Italian cultural and recreational clubs and places of
worship; cultural activities including the following types of services: theaters,
cinemas, museums and libraries; sport activities including the following types of
services: sport centers, school gyms and equipped sport areas; children activities
including the following types of services: community play centers and equipped
playgrounds.

• Food retail. This includes the following types of services: supermarkets and
open-air markets.

While OSM is a commonly used source for collecting data points on urban ameni-
ties, we choose not to rely on it since OSM operates as a user-contributed platform that
shows inconsistencies and gaps in data points coverage. As a result, the completeness
and reliability of its information may vary significantly across different locations, mak-
ing it less suitable for our purposes. We retrieve the geographical location of services,
up to a total of 2,206 destinations, either in the form of geographic coordinates or postal
addresses, from multiple official sources, such as institutional websites, offering com-
plete lists of facilities for the city of Florence (see Table 1 for a detailed list of sources
of geographic information by typology of service). The data collection is completed by
georeferencing postal addresses with the Google Map API.
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Table 1: Sources of geographical data for services

Services Data Sources Geocoding

Schools, Museums, Green Areas,
Drugstores, Playgrounds https://opendata.comune.fi.it/ No

Open-air markets, Libraries,
Sport activities, Community play centers https://www.comune.fi.it/ Yes

Medical clinics https://www.misericordia.firenze.it/ &
https://www.uslcentro.toscana.it/

Yes

Emergency rooms,
General practitioners’ offices https://www.uslcentro.toscana.it/ Yes

Tobacco Shops https://acciseonline8.adm.gov.it Yes

Post Offices https://www.poste.it/ Yes

Banks https://www.comuni-italiani.it/048/017/banche/ Yes

Supermarkets, Places of worship,
Cinemas, Theaters https://www.openstreetmap.org/ No

ARCI Clubs2 https://www.arci.it/ Yes

3 The 10-minute Index

The 10-minute Index measures how easily people in a city can reach essential services
within a 10-minute walk. With respect to the traditional concept of 15-minute city,
we introduce an adjustment to the travel time threshold by bringing it down to 10
minutes. This change is made for a major reason. From a methodological perspective,
our approach introduces an unprecedented level of precision in defining starting points
of pedestrian routes. Unlike other methodologies that often rely on administrative area
centroids, we directly refer to the buildings where people live. This permits minimizing
errors in determining the actual starting point of a journey and enables us to adopt a
stricter travel-time threshold. According to our definition, accessibility to a service for
a citizen exists when the service is within a 10-minute walking distance from their home.

We develop the 10-minute Index using a rigorous spatial analysis process enabled by
Geographic Information Systems (GIS) and open-source geospatial data. Our method-
ology consists of the following steps:

6

https://opendata.comune.fi.it/
https://www.comune.fi.it/
https://www.misericordia.firenze.it/
https://www.uslcentro.toscana.it/
https://www.uslcentro.toscana.it/
https://acciseonline8.adm.gov.it
https://www.poste.it/
https://www.comuni-italiani.it/048/017/banche/
https://www.openstreetmap.org/
https://www.arci.it/


a) Find buildings’ centroids. After identifying the residential buildings, as detailed in
Section 2, we mark the centroid of each building, which serves as the starting point for
accessibility calculations.

b) Generate buildings’ isochrones. We generate the 10-minute walk isochrone for each
building’s centroid using the OpenRouteService (ORS) API. The latter is a routing
tool that relies on street network data of OpenStreetMap3. An isochrone is the poly-
gon delineated by all points accessible within a 10-minute walk from a given building
according to ORS, which assumes a walking speed of 5 km/h. Figure 1a illustrates an
example of what an isochrone4 looks like.

c) Overlap isochrones and points of interest. For each isochrone, we identify the inter-
secting POIs, which represent the essential services reachable within a 10-minute walk
from a given building. This step is illustrated in the example in Figure 1b, where the
blue points represent essential services and the red area is the isochrone of a randomly
selected building on the map. The blue points within the isochrone are considered ac-
cessible from the building around which the isochrone is generated.

3The OSM platform collects and provides geospatial information contributed by a global community
and has now reached a high level of coverage and reliability. Note that Barrington-Leigh and Millard-
Ball (2017) find an approximately 80% completeness of OSM road data and that completeness has a
U-shaped relationship with population density, meaning that sparsely populated areas and dense cities
are the best mapped.

4Note that we exclude isochrones when the corresponding building centroid falls outside the perime-
ter. This happens when the building is located off a walkable route (e.g., in isolated rural areas). In
these cases, OSM repositions the starting point to the nearest walkable route, which may, in some
instances, fall outside the isochrone.
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Figure 1: Delineating building-centered isochrones

Esri, HERE, Garmin, INCREMENT P, USGS

(a) Generating a building’s isochrone (b) Overlapping the isochrone with POIs

Notes: This figure illustrates the process of identifying an isochrone and the intersecting POIs for a real building
on the map of Florence. The same process is applied to all residential buildings in our sample. The building in
question is located in the Quaracchi suburb, on the western outskirts of Florence, and is administratively part of the
Rifredi district (Quartiere 5). Panel a) shows the selected building, with its centroid (the red point) and isochrone
(the red-highlighted area), generated using ORS. Panel b) shows the overlap between the isochrone and the POIs
(represented by blue points): once the isochrone is identified, essential services, including green areas (depicted as
green polygons), are projected onto it, and only those that fall within the isochrone are considered accessible from
the building.

d) Calculate type-specific accessibility. Accessibility is evaluated separately for each
type of service. If at least one POI of a specific type intersects the isochrone, the build-
ing is considered to have access to that specific service. Green areas require a separate
discussion. In this case, accessibility is evaluated on a scale from 0 to 1, depending on
the portion of public green space intersected by the isochrone.

e) Aggregate into category-specific score. As seen in the previous section, service types
are organized into categories, and in some cases, first into subcategories before being
grouped into categories. For clarity, we now outline how the score for each of the six
categories is calculated for each building:

• In the case of School, Healthcare, Primary Services, and Food Retail, the score
consists of the ratio of accessible service types within the category to the total
number of service types in the category. If no service type in the category is
accessible, the score for that category is 0. If at least one service of every type is
accessible, the score is 1.
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• In the case of Leisure, a sub-score is calculated for each subcategory using the
same method as above. The overall Leisure score is the average of these sub-scores.
Thus, sub-scores range from 0 (no accessible service types) to 1 (all service types
accessible).

• In the case of Green Areas, we look at the intersection between each isochrone and
green spaces. If the intersection exceeds a predefined threshold, the score is set
to 1, the maximum value. If it falls below the threshold, the score is determined
by dividing the intersection area by the threshold, yielding a value between 0
and 1. To set this threshold, we reviewed the recommendations of the World
Health Organization (WHO) and guidelines adopted by several major European
cities. According to the WHO publication Urban green spaces: a brief for action
(WHO, 2017), it is recommended that urban residents have access to at least 0.5–1
hectare of public green space within 300 meters of their home which corresponds
to a 4-minute walk. Many cities have adopted and adapted the recommendations5.
These guidelines are based on linear distances, but we adapt them to our context,
where geographic areas are examined. Specifically, we follow the criteria provided
by Natural England, the UK government agency responsible for protecting and
conserving the natural environment6, calculating the equivalent for areas defined
by our isochrones. We eventually set the threshold at 8 hectares, above which the
maximum accessibility score of 1 is assigned.

f) Aggregate into the 10-minute Index. Each building receives an overall score, i.e. the
10-minute Index, given by the average of the six type-specific scores. This final indica-
tor reflects the degree of accessibility across all considered categories.

Our methodology is specifically designed to provide an independent evaluation of each
building. Each building is assigned a value based on its own features, which does not
depend on the performance registered in other areas of the city, ensuring an absolute

5In the 2020 document Provision of Residential Nearby Public Green Spaces, the Senate Department
for Urban Development and Housing outlines a guideline for the city of Berlin: residents should have
access to green spaces within 500 meters to spaces of at least 0.5 hectares, and 1–1.5 kilometers to
larger green spaces of at least 10 hectares. The city of Barcelona follows a policy, formalized in the
Green Infrastructure and Biodiversity Plan, that aims to ensure all its residents have access to green
space within 10 minutes of walking.

6The Accessible Natural Greenspace Standard (ANGSt), established by Natural England, recom-
mends that people should have access to at least 2 hectares of green space within 300 meters of their
home (full document available here). These guidelines are then incorporated into the urban planning
of cities across England.
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measure of accessibility. This approach is preferred as it makes results easier to under-
stand and interpret without accounting for the varying conditions or performance of
other buildings. Additionally, it allows planners and decision-makers to identify spe-
cific areas where buildings may need improvement, regardless of how other buildings
perform.

3.1 An application to the city of Florence

In this subsection, we introduce the 10-minute Index for the city of Florence. To
provide context, we first highlight key aspects of Florence’s demographics and urban
morphology. Furthermore, examining specific characteristics of the city helps support
our proposed new lower threshold of 10 minutes.

The city of Florence exhibits features that classify it as a compact city. The term
compact refers to an urban form characterized by high-density and proximate devel-
opment, where land is efficiently utilized, and urban areas are well-integrated (OECD,
2012). These attributes are beneficial because higher density reduces dependence on
automobiles, while mixed land use ensures diversity in service supply, allowing most
residents to access essential services on foot or via soft transport options.

Density is one of the key factor in defining a city as compact. As of 2011, the
municipality of Florence covers an area of 102,31 Km2. With a population density
of about 3,535 people per square kilometer, Florence has a moderately high density
compared to other major Italian cities. It ranks 50th among all Italian municipalities7.
Moreover, the metropolitan city of Florence, which is part of the 21 Italian local systems
identified as main urban areas by ISTAT (2017)8 is covered for a 11.8% by inhabited
areas, which is a significantly higher share with respect to the national average of 6.7%
(ISTAT, 2017).

7For perspective, its density is lower than cities like Naples (7,745 people/km²) and Milan (7,537
people/km²) but higher than Rome (2,134 people/km²) and Genoa (2,357 people/km²).

8These 21 main urban areas are identified according to the following criteria: being in a metropolitan
city, a local system population of over 500,000, or a main municipality population over 200,000. Based
on these, the selected local systems are: Turin, Busto Arsizio, Como, Milan, Bergamo, Verona, Venice,
Padua, Trieste, Genoa, Bologna, Florence, Rome, Naples, Bari, Taranto, Reggio Calabria, Palermo,
Messina, Catania, and Cagliari.
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Figure 2: Sub-city areas of Florence

Notes: The picture above illustrates the map of Florence from OSM divided into the 72 elementary areas defined by
ISTAT, each labeled with its corresponding designation. Elementary areas are sub-municipal units at an intermediate
level between census tracts and administrative subdivisions.

One more aspect is how this density is distributed within the municipality. If ur-
banization is continuous, with high-density areas spread evenly across the city, then
the city might be considered compact. Conversely, if there are sparsely inhabited areas
interrupting this continuity, it challenges the city’s compactness. To do this, we analyze
the population density of the 72 elementary areas as defined by ISTAT and reported
in Figure 2. At the core of the city lies the elementary area Centro, as shown in Fig-
ure 2, which is surrounded, in a ring-like pattern, by the elementary areas making up
Florence’s historic center. The elementary areas with the highest population density in
Florence are Leopoldo (22,593 inhabitants per km2), followed by Puccini - Ponte alle
Mosse (19,878), Novoli - Baracca Est (18,485), Viesseux (17,852), and Rifredi (16,638).
Other highly populated areas include Calatafimi (15,287), S. Spirito (15,162), Legnaia
(14,979), and Oberdan (14,247). While some of these areas are centrally located, others
are situated in more peripheral parts of the city (see Novoli - Baracca Est, Rifredi and
Calatafimi in Figure 2). At the lower end of the ranking, we find the least densely pop-
ulated elementary areas in Florence. Cascine del Riccio - Cinque Vie (507 inhabitants
per square kilometer) is the most densely populated among them, followed by Mon-
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teripaldi (469), Torre del Gallo (420), Settignano (413), and Trespiano (289). Further
down the list are Serpiolle (286), Arcetri (253), Bagnese - Fiume Greve (226), Massoni
(109), and finally Aeroporto (69), which has the lowest population density. Notably, the
least populated areas are concentrated along the city’s outer edges, rather than being
scattered among densely populated zones, and as a result, there are no major gaps in
urban population density. This characteristic further support Florence’s classification
as a compact city.

These observations are significant as they indicate that Florence is likely to achieve
good service accessibility. Now, let us analyze how the 10-minute Index is distributed
across the city. Figure 3 presents the values obtained for Florence.

Figure 3: The 10-minute index in Florence
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Notes: This map displays the buildings in Florence, where each building is color-coded according to its 10-minute
index value. The colors range from blue, indicating the lowest values, to yellow, representing the highest values.

Three larger zones stand out where the index remains consistently high. The first is
centrally located, covering the areas of Pignone, S. Frediano, and S. Spirito. The other
two are outside the city center: one to the southwest, encompassing Bandino/Bellariva,
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and another to the northwest, spanning Affrico/Coverciano. Additionally, there are
smaller high-performing areas, as indicated by the small yellow patches, such as those
in the south near Galluzzo and in the northeast around Novoli. The areas with the
lowest performance are the least populated ones, where housing is more scattered due
to the natural layout of the territory. However, while low residential density is clearly
associated with very low index values, it is important to note that a higher population
density does not necessarily correspond to the highest possible index values.

Figure 4 shows the score assigned to residential buildings by service category. We
observe that half of the observation units have access to all categories of primary ser-
vices, food retail, and schools. Half of the buildings have access to at least two types
within the healthcare category. 25% of the buildings have access to an optimal amount
of green space. Only 5% have access to all types of leisure services.

Figure 4: Category-specific scores

0,0
00

 -

0,1
00

0,1
01

 -

0,2
00

0,2
01

 -

0,3
00

0,3
01

 -

0,4
00

0,4
01

 -

0,5
00

0,5
01

 -

0,6
00

0,6
01

 -

0,7
000,7

01
 -

0,8
00

0,8
01

 -

0,9
00

0,9
01

 -

1,0
00

(a) Food Retail
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(b) Green Areas
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(c) Healthcare
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(d) Leisure
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(e) Primary Services
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(f) Schools

Notes: Each map displays the buildings in Florence, where each building is color-coded according to its category-
specific score. The colors range from blue, indicating the lowest values, to yellow, representing the highest values.
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4 Community of services

In this section, we propose a methodology to identify spatial clusters of services in
urban areas.

Urban interactions can be effectively modeled using network representations, here,
we aim to explore the relationships between different services in terms of 10-minute
walk accessibility. Specifically, we focus on identifying services that are shared by the
same group of beneficiaries. By beneficiaries, we mean individuals residing in buildings
whose isochrones encompass these services. To achieve this, we model the services as
the nodes of a weighted and directed network. The directional and weighted edges
represent the population that, as potential beneficiaries of the originating service, are
also potential beneficiaries of the destination service. Additionally, we account for the
category of each service, assuming that beneficiaries of a service do not require access
to other services of the same category. Formally, we have that the set of nodes in
the network is represented by the set of services S = {s1, . . . , sN}. We must therefore
construct the adjacency matrix of the weighted and directed network, which will be an
N × N matrix where the value wij, in entry (i, j), represents the weight of the edge
starting from service si and ending in service sj. Each service si ∈ S is associated with
a specific typology. The set of typologies is given by T = {t1, . . . , tm}. Let Γ be a
function that maps the services to their corresponding typology:

Γ : S → T

The weight of each edge wij is determined by the sum of contributions from buildings
that provide access to both services si and sj. Let bα, with α ∈ [1, B], be a building
with population Pα and Sα be the subset of services that are contained in the isochrone
of building bα. Then, the contribution of building bα to the weight wij is:

wα
ij =


0 if Γ(Si) = Γ(Sj)

0 if Si /∈ Sα or Sj /∈ Sα

Pα/nα(Γ(sj)) otherwise
(1)

Where nα(Γ(sj)) is the number of services in Sα with the same typology of the service
sj:

nα(Γ(sj)) = |{s ∈ Sα : Γ(s) = Γ(sj)}|
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We then obtain the weight of each edge as:

wij =
B∑
i=1

wα
ij

The adjacency matrix construction process is shown in Figure 5.

Figure 5: Building the adjacency matrix

Notes: The picture above consists of three sequential panels, each depicting a step in the process of constructing
the matrix used for applying the community detection algorithm. Consider a fictional city with two buildings: one
housing two individuals (blue house) and the other three (red house). The city includes a total of four services of
three typologies: two playgrounds (s1 and s2), a cinema (s3), and a kindergarten (s4), as shown in the first panel.
In the second panel, the blue building has access to s1, s2, and s3, as these services fall within its isochrone (the
blue-shaded area). Meanwhile, the red building has access to s2, s3, and s4, as they are covered by its isochrone
(the red-shaded area). We assume that residents move from one service to another within their isochrone, using the
services according to the rules defined by equation 1. To illustrate this, we refer to the blue building in the second
panel as an example. Its residents can reach two playgrounds and a cinema within a 10-minute walk. Based on
equation 1, we make the following assumptions: i) residents do not use the same type of service more than once, so
they will not visit s1 after visiting s2 and viceversa. Instead, there will be movement between services of different
types, as shown by the double arrows between s1 and s3, and s2 and s3; ii) when there are multiple services of the
same type, residents will evenly distribute between them. Therefore, the movement from service s3 to s1 and s2,
which are of the same type, involve only one of the two residents of the blue building; iii) when there is a unique
service, like s3, residents will share it. The third panel displays the 4×4 service matrix, where each entry represents
the total population that utilizes two services together, physically traveling from one to the other.

As already seen in geographic analysis contributions, we employ a community detection
algorithm to uncover urban clusters of services. For this purpose, we chose InfoMap
(Rosvall and Bergstrom, 2008), a method that is well suited for weighted and directed
networks, it has been shown to outperform other algorithms according to Lancichinetti
and Fortunato (2009) and offers a conceptual approach particularly suited to our con-
text. InfoMap stands out due to its use of random walks as the basis for identifying
communities, which provides an intuitive framework for analyzing networks of urban
services where spatial and functional relationships are essential. In what follows, we
provide a concise explanation of the algorithm’s functioning and explain why we prefer
it over alternative community detection techniques. InfoMap’s distinctive feature lies
in its framing of the community detection problem as an issue of data compression.
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Specifically, it borrows principles from information theory to model the network as a
series of movements by a random walker. The algorithm identifies communities by seek-
ing partitions that minimize the length of the encoded description of these movements.
In other words, it discovers groupings of nodes that allow for the most compact rep-
resentation of a random walk, thereby revealing structures where transitions between
nodes are concentrated within communities and less frequent across them. This focus
on compressing random walks aligns well with our goal of identifying service clusters
that reflect localized interactions and shared accessibility.

In our analysis, we offer an interpretation of the algorithm’s functioning that makes
it particularly well-suited to our case. Rather than imagining an agent moving ran-
domly across the network, we interpret the transition from one node to another as an
individual moving from one service to the next. At the second service, this individual
encounters another person who subsequently moves on to a different service, creating a
chain of interactions. A cluster, as defined by the algorithm, is a group of nodes where
a random walk, once it enters, tends to remain for an extended period. Under our in-
terpretation, a cluster represents a set of services whose usage is shared by individuals
who predominantly interact within the cluster.

The next step in cluster analysis is moving from the service level to the building
level, requiring the assignment of buildings to service communities. If a building’s
isochrone contains services from only one community, the assignment is easily done.
However, if the isochrone includes services from multiple communities, the assignment
is determined by evaluating the building’s contribution to the internal links of each
involved community. For every service community within the isochrone that includes
at least two services, a score is calculated. Let Sα,k be the set of services contained
in the isochrone of building bα and belonging to community k ∈ [1, K]. Let Sα,k

ch
,

with h ∈ [1,m] be the subset of Sα,k made of services with category ch. The score of
community k for building bα is:

scoreα,k =
m∑

h=1

|Sα,k| − |Sα,k
ch

| (2)

Finally building bα is associated to the community with maximal score9.
9Out of 37950 buildings, 55 are contested, i.e., two or more communities achieve the same highest

score, and are thus unassigned; 1308 lack access to at least two different types of services and cannot
be assigned to any community.
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Figure 6: Allocating border buildings to local communities

(a)

Sources: Esri, Airbus DS, USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, OS, NMA, Geodatastyrelsen, Rijkswaterstaat, GSA, Geoland, FEMA, Intermap and the GIS user community

(b)

Notes: The figure above illustrates how buildings are assigned to communities in cases where they are located along
the boundaries between two or more service communities. In panel (a), we zoom in on a section of the Florence
map, focusing on buildings situated exactly at the border between two service communities, represented by red and
blue points. In such cases, it is not immediately clear which community a building should belong to, as border
buildings may have access to services from multiple neighboring communities. Panel (b) demonstrates how building
assignments are determined after applying Equation 2. The allocation favors communities with greater service
density and heterogeneity. As a result, we observe cases like the one in panel (b), where buildings assigned to one
community (the blue one) are surrounded by services from an adjacent community (the green one).

By applying the procedures previously explained for creating service communities
and subsequently building communities, it is possible for some services within one com-
munity to be surrounded by buildings belonging to another community. As shown in
Figure 6b, this can occur in border areas between two communities. A preliminary
explanation for this phenomenon lies in the fact that a service located inside a building
has the same weight, in the procedures used to assign the building to a community, as
a service located 10 minutes away on foot. Using concentric isochrones, i.e., calculating
multiple isochrones for each building based on varying travel distances, would allow
services to be weighted differently based on travel time, not just 10-minute accessibil-
ity. However, such a modification would not completely eliminate this outcome, which
is partly desirable. Buildings are assigned to a community when the services within
the isochrones of that community are relatively denser and more diverse than those
of other communities, as indicated by Equation (2). As a result, denser communities
with greater service variability tend to attract buildings located within the convex hull
of service communities from other areas. Another important point to note is that the
convex hulls of neighboring communities may overlap, leading to outcomes not achiev-
able through purely spatial clustering strategies (see Figure 6a). During the community
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generation phase, in border areas, nearby services may be assigned to different commu-
nities based on the number of same-type services present in each community. If a service
near the border is overrepresented in one community, it will form stronger links with
services from the other community, as derived from the definition of wij in Equation (1).

Figure 7 presents an application of the building community identification to the city
of Florence.

Figure 7: Communities of services

Notes: The map above shows what the procedure of communities identification yields in the case of Florence. Colors
uniquely identify communities.

5 Functional redundancy

This section expands the previous analysis by incorporating an additional dimension.
A building is considered to have access to a service type if at least one POI of that
type falls within its isochrone. We do not distinguish between cases with multiple
services of the same type and those with only one. We then introduce the concept of
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functional redundancy, which refers to the presence of multiple entities within a system
performing similar functions, ensuring that the system maintains functionality even if
one entity fails or is lost. This concept is well-established in ecological literature on
ecosystem sustainability (Mori et al., 2013; Ricotta et al., 2016), as well as in studies of
urban evolution. In fact, functional redundancy is considered a key dimension of urban
resilience, defined as the capacity of cities to absorb, adapt to, and recover from various
shocks and stresses while maintaining essential functions, structures, and improving
sustainability and quality of life for residents (Ahern, 2011; Elmqvist et al., 2019).

From an operational perspective, we aim to calculate a functional redundancy index
for each building. We assume that every service, regardless of type, has a positive
probability of closing or relocating. Our indicator measures the number of closures
needed for a building to lose access to a service type, leading to a reduction in the 10-
min index. We note that this analysis considers only Points of Interest, excluding green
areas. To determine the contribution of each service type to the 10-minute accessibility
indicator, mathematical notation must be introduced. The services are divided into
n categories, each of which is further partitioned into a finite number of subsets, pj,
referred to as subcategories. Note that pj may be equal to one. Each subcategory, in
turn, is divided into a finite number of sets, mj,h, representing different service types.
Thus, every individual service belongs to a specific type, which is part of a subcategory,
which in turn belongs to a broader category. Formally, the entire structure can be
expressed using nested set relations. The set S is defined as the union of all categories,
i.e.,

S =
n⋃

j=1

Cj

where each category Cj is further decomposed into subcategories as follows:

Cj =

pj⋃
h=1

SCj,h

Each subcategory SCj,h is then partitioned into different service types:

SCj,h =

mj,h⋃
i=1

Tj,h,i

Where Tj,h,i is the set of services of type ti, belonging to subcategory SCj,h, and category
Cj. Thus, the contribution of each service type to the 10-minute accessibility indicator
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is:
Kj,h =

1

n · pj ·mj,h

For each building bα, we identify the services Sα located within its isochrone. Let Tα
j,h,i

be the intersection between Tj,h,i and Sα. Thus, the contribution of service type ti to
the indicator obtained from building bα is:

Kα
j,h,i =

Kj,h/I
α if Tα

j,h,i ̸= ∅

0 if Tα
j,h,i = ∅

The functional redundancy indicator for a building is obtained using the following
formula:

Rα =
n∑

j=1

pj∑
h=1

mj,h∑
i=1

Kα
j,h,i

|Tα
j,h,i|

Low Rα values indicate low sensitivity to service closure or relocation, implying high
functional redundancy. Conversely, high Rα means that even a few service closures
or relocations strongly impact the accessibility indicator, Iα, indicating low functional
redundancy.
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5.1 An application to Florence

Figure 8: Exclusive services by typology
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Notes: The figure above shows the distribution of exclusive services across the city of Florence. Here, exclusive
refers to services accessed by individuals without competition from alternative providers. Different colors indicate
distinct service types, while the size of each point corresponds to the number of people served exclusively by that
service. Larger points represent a greater population served exclusively by that service, whereas smaller points
suggest the opposite. Small points may result from a higher local concentration of similar services, offering multiple
substitutes to residents, or from a low number of people being served. The size scale ranges from services reaching
as few as 0–500 individuals to those serving between 17,294 and 17,851 people.

In this section, we apply the previously explained methodology to the city of Florence.
We begin by presenting evidence of the significance of functional redundancy and,
finally, calculate the Rα index for each building.

As illustrated in Figure 8, we identified the population for which each service is the
only provider of its type within a 10-minute walking distance. Larger points represent a
greater population served exclusively by that service. Conversely, the presence of many
smaller points may indicate that services of the same type coexist within the same
isochrones. In such cases, a service shutdown would have a marginal impact on the
index value, since the affected population would still have access to at least one other
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service of the same type. In contrast, the shutdown of a service with a large exclusive
user base would significantly affect the index. As shown in Figure 8, the historic center
of Florence hosts multiple services of the same type, as highlighted by the presence of
many small-sized points.

Figure 9: 10-min accessibility index vs number of accessible services

Notes: The figure above reports, for each building, the value of the 10-min Index on the vertical axis, and the
total number of services located within its isochrone on the horizontal axis. Points in blue and orange represent
buildings belonging to the most central communities identified in Section 4 (as usefully indicated in the map in the
bottom-left portion of the graph), whereas points in green represent all the other buildings.

The uniqueness of the historic center is also emphasized in Figure 9, where each point
on the scatterplot represents a building bα, measuring the number of services within the
isochrone, |Sα|, on the horizontal axis and the 10-minute accessibility indicator, Iα, on
the vertical axis. As can be seen for the buildings in the two communities of the historic
center, in blue and orange, the positive relationship between the number of accessible
services and the indicator value is lost. The functional redundancy indicator, Rα, for
the city of Florence is shown in Figure 10.
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Figure 10: Functional redundancy
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Notes: The image above illustrates the spatial distribution of the functional redundancy index across Florence.
Lower values indicate higher redundancy, while higher values reflect lower redundancy.

Functional redundancy is high in the historic center, as shown in Figures 8 and
9. Additionally, some peripheral areas in hilly, low-density urban contexts also exhibit
high functional redundancy. These areas generally have low Iα values, explained by
the presence of multiple services of the same or a few types, making the low Iα value
resistant to service closures or relocations.

6 Discussion and Conclusions

In this paper, we introduce a new methodology for quantifying the 10-minute city and
present an application to the city of Florence, Italy. The methodological advancements
over previous studies lie in the use of residential buildings as the analysis unit and the
incorporation of isochrones. Consequently, for each building, we can map the services
included within the isochrone centered on that building. Using buildings as the unit of
analysis allows for a more granular indicator compared to census tracts or a grid-based
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approach. Isochrones enable for an accurate consideration of the road network and
geographical barriers. Additionally, using building centroids as isochrone origins mini-
mizes the dependency of results on the choice of walking route starting points, which
is a major limitation when using census tracts or a grid-based approach. To construct
the index, we consider a given type of service as accessible from a building if at least
one facility of that type falls within its isochrone. Service types are then grouped into
six categories, each with a corresponding accessibility sub-index. The overall 10-minute
accessibility index is calculated as the average of the six sub-indices. Finally, we create
an interactive map10 that enables users to customize the overall index by adjusting the
weights assigned to each category according to their preferences. As a second contribu-
tion, we propose a novel methodology to translate accessibility relationships between
buildings and services into a weighted and directional network. By applying the In-
foMap algorithm, we can identify building communities that share predominant access
to the same services. Identifying service-based communities enables the analysis of phe-
nomena such as urban segregation using endogenously generated communities rather
than administrative boundaries. Finally, we propose a functional redundancy indicator
to assess the resilience of the previously calculated 10-minute accessibility index. This
indicator is also calculated at the building level.

The proposed methodology, based on the use of isochrones originating from residen-
tial buildings, is easily scalable and replicable. Moreover, by using the smallest unit of
analysis, i.e. buildings, we avoid comparability issues that may arise when using ad-
ministrative units or a grid-based approach, which can vary in size and characteristics
depending on the context. However, accurately identifying services, and thus points
of interest, is a critical step in ensuring the replicability of the methodology. Incom-
plete data and geolocation inaccuracies heavily affect the results of our calculations, as
accessibility measures, given their high spatial resolution, are highly sensitive to even
minor spatial variations or missing data. In the absence of comprehensive open-source
service maps, we prioritize using data sources that offer full coverage.

Some recurring challenges shape the future development of research on 15-minute (or
10-minute) cities. While widely discussed in urban planning debates, this approach
remains largely unsupported by robust empirical evidence. Questions have been raised

10Here is the web address for the interactive map: https://eugeniovicario.github.io/map_10m
in/.

24

https://eugeniovicario.github.io/map_10min/
https://eugeniovicario.github.io/map_10min/


regarding several aspects, including the challenge of connecting proximity to actual ser-
vice utilization due to individual preferences and consumption patterns. According to
Su (2022), quantifying accessibility of amenities involves two critical issues: the varying
relevance of different amenities to consumers and the fact that some amenities, even
when geographically distant, can still offer benefits to consumers. The latter limitation
creates the need of demonstrating a clear time-use relationship in consumer behavior.
Moreover, concerns persist about potential adverse effects, such as urban segregation,
and the model’s applicability beyond the European context (Birkenfeld et al., 2023).
Thus, further research is needed to determine, on the one hand, the actual accessibility
of services and, on the other, the extent to which these services are essential. One
promising method to tackle these issues is the use of mobility datasets to assess the
actual utilization of services. For example, Abbiasov et al. (2024) finds correlation be-
tween use and time accessibility by leveraging phone mobility data, providing empirical
evidence that add a building block to the 15-min theory. Other examples of interest-
ing use of mobility data on related topics are Nilforoshan et al. (2023) and Xu et al.
(2025). Administering surveys to gather insights into citizens’ perceived accessibility
and mobility behaviors offers another valuable avenue for extending this research.

This methodology can be used to study the evolution of an urban context over time,
evaluating the impact of urban planning changes and the reallocation of essential ser-
vices.
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