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In the pursuit of more environmentally sustainable urban areas, the 15-minute city model promotes
active mobility by ensuring that essential services are reachable within a short walk or bike ride from
home. Yet, its actual effectiveness in reducing car use and related carbon emissions remains debated.
This study presents a large-scale data-driven analysis to evaluate the impact of service proximity to
homes on CO, emissions. Examining nearly 400 cities worldwide, we find that, within the same city,
areas where services are located closer to residents produce less CO, emissions per capita from
transportation. We establish a relationship between the proximity of services and CO, emissions for
each city. We then estimate potential emission reductions for 30 cities by optimising service locations
to achieve more uniform accessibility and stronger adherence to the 15-minute paradigm. Our findings
indicate that improving the proximity of services can substantially reduce transport-related urban

emissions.

Many countries worldwide have pledged to achieve carbon neutrality by
2050". In a world where most people live in cities and the urban population is
rising’, building more sustainable urban environments is crucial to
achieving this goal'.

Urban mobility is a key aspect to address in this effort, as how people
move within cities significantly contributes to environmental challenges.
The transport sector is responsible for 21% of the CO, emissions of the
World'. Road transport, in particular, is the source of 16% of the CO,
emitted worldwide', of 28% of the CO, emitted in the European Union’, and
of 31% of that emitted in the U.S.". Mobility in cities accounts for around
40% of these emissions and is responsible for up to 70% of other transport-
related pollutantss. Cars, in particular, are estimated to emit around 3 billion
tons of carbon dioxide per year globally, which corresponds to 8% of total
CO, emissions and to over one-third of emissions for transport'.

One promising solution to promote sustainable mobility over car-
based systems in urban environments is the 15-minute city model. This
approach aims to design cities where residents can access their daily needs,
such as work, shopping, healthcare, and leisure, within a 15-minute walk or
bike ride from their homes®”.

Cities in which services are more easily accessible on foot are indeed
found to be correlated with lower greenhouse gas emissions’. This evidence
should not surprise, since by promoting dense, mixed-use development and
prioritising non-motorised modes of transportation, 15-minute cities are

designed to reduce car dependency’ ™.

However, only sometimes distributing services more uniformly over
the areas of cities resulted in lowering greenhouse gas emissions. A case
study on Beijing between 2000 and 2009" found that switching to a more
decentralised urban form led to increased commuting distance and car
usage, resulting in higher CO, emissions. Even building infrastructures for
active mobility can be ineffective: a case study in three UK municipalities'*
found that newly built walking and cycling infrastructures increased phy-
sical activity but did not significantly reduce CO, emissions from motorised
travel. Neither living near one of the infrastructures nor using it predicted
changes in CO, emissions from motorised travel. Thus, the impact of dif-
ferent urban planning strategies on CO, emissions from transport still needs
to be understood entirely.

Some of the key characteristics of the 15-minute city have a positive
impact on reducing emissions: in particular, high density, both in terms of
population and Points Of Interest (POIs), and land-use mixing contribute to
developing sustainable urban environments'>'. There is, in general, robust
evidence that denser urban areas are associated with lower transport
emissions'” . Residential density, together with transit accessibility and
intersection density, is positively related to active transportation and
negatively associated with motorised transportation”. Similarly, shorter
journeys are observed in cities with a higher density of POIs*, and recent
studies have found that residents of 15-minute areas tend to reach closer
destinations™. Trip lengths are generally shorter in locations with higher
densities, or feature mixed land use®**. This holds for both the home end
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(i.e., residential neighbourhoods) and the non-home end (ie., activity
centres) of trips”. Local density and land-use patterns also affect mode
choice. Public transport use depends primarily on local densities and sec-
ondarily on the degree of land-use mixing™. Walking depends as much on
the degree of land-use mixing as on local densities™. In general, any drop in
automobile trips with greater accessibility, density, or mix is roughly mat-
ched by a rise in transit or walking-biking trips”. A case study on Quebec
City (Canada)** showed that residential density and land-use mixing sig-
nificantly lower greenhouse gas emissions for transport and motorisation
rates, promoting active mobility. Also, a case study on the Seoul metropo-
litan area highlights the same positive impact of land-use mixing on active
mobility"”. They explain this finding by noting that in highly mixed-use
areas, people can carry out various activities without having to travel far, as a
wide range of facilities are typically located nearby. Thus, mixed-use
development is a reasonably effective way to encourage sustainable
transportation'”. Switching to active mobility contributes significantly to
reducing greenhouse gas emissions: analysing data from seven European
cities, Brand et al.” found that an average person who “shifted travel modes”
from car to bike decreased their life cycle CO, emissions by 3.2 kg/day.

Focusing directly on the impact of the 15-minute city, a case study in
the Lisbon Metropolitan Area™ showed that this urban planning strategy
increases non-motorised travel among its residents, promoting sustainable
mobility, especially if coupled with high density. Nonetheless, a systematic,
large-scale, empirical evaluation of the impact of implementing the 15-
minute concept on mobility, and therefore on road transport emissions, is
still lacking.

In this paper, we aim to address the gap between the proximity of
services and transport emissions and investigate, through a data-driven
study on a large number of cities, whether zones of cities that are more
adherent to the 15-minute ideal emit less CO, from transport than zones
with less proximity of services inside the same city. We also quantify the
expected variation in transport emissions of cities if services were distributed
in an efficient way to boost local accessibility”’.

We find that, in several cities worldwide, zones with services more in
proximity, i.e., more adherent to the 15-minute paradigm, emit less CO, for
transport. We also find that most cities, if they underwent a relocation of
services to better adhere to the 15-minute paradigm, would lower their
transport emissions. The predicted change in CO, emissions for cities
undergoing this idealised relocation of services sheds light on the effec-
tiveness of an actual implementation of the 15-minute paradigm in reducing
transport emissions.

Methods

Data collection and preprocessing

To assess how pedestrian-friendly urban designs contribute to sustainable
mobility, we examine 396 cities in various countries. For all the cities, we
have the population distribution, the boundaries of urban areas, and per
capita CO, emissions from transport.

Population distribution data in cities were obtained from WorldPop™.
The boundaries of urban areas were sourced from shapefiles provided by the
Organisation for Economic Co-operation and Development (OECD)”,
focusing on the defined core city. In instances where OECD data were
unavailable, we used the core city boundaries from the Global Human
Settlement files™.

The per capita CO, emissions from the road transport sector in 2021
were derived from the Emission Database for Global Atmospheric Research
(EDGAR)’"*, from the EU Joint Research Centre. This dataset provides a
gridded estimation of air pollutant emissions worldwide, categorised by
sector and year, covering the period from 1970 to 2021. Emissions are
measured in terms of the mass of pollutants emitted per unit of time and
area. The estimates in the EDGAR dataset are based on fuel combustion
data™ and include corrections for land use, land-use change, and forestry, as
well as adjustments for reduction factors due to installed abatement systems.
Importantly, this analysis does not account for CO, emissions resulting
from biomass or biofuel combustion (short-cycle carbon). The EDGAR

dataset relies on the International Energy Agency (IEA) data for CO,
emissions from fossil fuel combustion®, which provides estimates from
1970 to 2019, broken down by country and sector. These emissions esti-
mates are subsequently extended using a Fast Track approach, informed by
British Petroleum statistics for 2020 and 2021*”. The spatial resolution of the
dataset is 0.1° of latitude times 0.1° of longitude. Therefore, on latitude, the
resolution is constant in length, being the spacing between datapoints in that
direction 11 km; conversely, in longitude, it ranges, among the cities studied,
from 4.6 km at 65.55° north in Oulu, Finland, to 10 km at 21.25° north in
Honoluly, in the US.

For each cell of a hexagonal grid with a lateral size of I = 200 m,
superimposed on the urban areas under study, we also estimated the
proximity to services. The proximity of services to residential areas in cities
has been measured in various studies”** . In this work, we use the
proximity time defined by Bruno et al. in ref. 27. Denoted as s, it is a metric of
pedestrian accessibility, which measures the average time a person needs to
walk from a specific starting point to meet daily needs in the city”. A low
proximity time in a particular city’s area indicates that residents can access
services quickly, ensuring good accessibility. In more detail, for each
hexagon in each grid, we compute the average walking time (in minutes)
from its centroid to reach one of the 20 closest Points of Interest (POIs) that
satisfy a given daily need. These needs are assumed to be: education,
healthcare, dining, supplies, public transportation, cultural activities, phy-
sical exercise and other services. For each category of services, we then have a
time to access that kind of service on foot. The proximity time s is the average
of these category-specific times, measuring therefore the average time a
resident would need to walk to access everyday services on foot.

The locations and categories of the POIs are derived from Open-
StreetMap (OSM) (www.openstreetmap.org). OSM is a collaborative plat-
form where private contributors can map the geography of places they reside
in, have travelled to, or have studied remotely using satellite images. The
quality of these crowd-sourced data can be assessed along multiple
dimensions”, one of which is completeness, quantifying how many of the
POlIs in a region have been mapped onto the platform. Although the posi-
tional and thematic accuracies of OSM datasets are generally comparable to
those of official reference data', completeness varies across different study
areas®'. For this reason, our analysis included only cities located in countries
classified as high-income by the World Bank®, where the completeness of
OSM data is sufficiently high* to allow accurate measurement of proximity
time”. There is indeed an observed decline in the coverage of the OSM
mapping of POIs in regions with lower economic status™. The completeness
of OSM data is particularly low in lower-income countries, especially in
informal settlements®. Additionally, lower-income countries tend to have
lower motorisation rates'’. This suggests that the ability to afford a car plays a
more significant role in transportation choices in those countries than it does
in high-income countries. As a result, the correlation between emissions and
service proximity is weaker in lower-income countries’.

Our datasets consist, therefore, of two types of grids: a coarser rec-
tangular grid derived from the EDGAR dataset for emissions and a finer
hexagonal grid for measuring proximity time. For each element of the
emission grid, we computed the population-weighted average of the
proximity time values s from the hexagons whose centroids are located
within the corresponding rectangular element. We included in the study
only emission grid elements that contained at least five hexagons from the
accessibility grid. We further filtered the data, retaining only those cities for
which we had at least nine mapped emission grid elements. Our initial
dataset with proximity time values encompassed 699 cities; after these two
rounds of filtering, we ended up with a sample of 396 cities. These cities are
listed in the Supplementary Information (SI). From this point onward, all
analyses we conduct are at the emission grid level.

Statistical analysis of proximity time vs emissions

For each city, we computed the Pearson correlation coefficient between the
logarithms of proximity time s and road traffic emissions per capita C,,
using one data point per cell.
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Fig. 1| Correlation between proximity and CO, emissions within cities. a, b show,
for Tokyo and Madrid, the relationship between population-weighted proximity
time s and per capita CO, emissions from road transport (C,.) in 2021. Each dot
represents a 0.1° x 0. 1° grid cell; maps on the right display the same grid coloured by
proximity time and emissions. Orange lines are power-law fits (Eq. (2)). ¢ shows the
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distribution (H,) of correlation coefficients between log C,, and log s across all cities,
compared to a population-controlled randomisation (H,, grey). d shows the dis-
tribution of power-law exponents y, with the mean (solid) and 68% confidence
interval (dashed).

We then computed the p-value for the correlation between emissions
and proximity time at the intra-city level. To calculate it, we generated a null
scenario by shuffling the data grid 1000 times within the same city, con-
trolling for population. At each shuffling iteration, the emissions the element
i of the grid are assigned to an element j with probability

1
L —
PP =Py’

p O

where P; represents the population residing in element i of the grid and P; the
population residing in element j.

We collected in a histogram the Pearson correlation coefficients
between the logarithms of proximity time s and CO, emissions C,,. at the
emission grid level for all 1000 realisations of the shuffling. This distribution
provides the null-case scenario of no correlation. We then collected the
actual correlation coefficients in a histogram with the same binning, coming
from real data points. We chose bins of variable length to have at least five
cities in each of them in the null-case distribution. To assess if the correlation
between s and C,,. inside cities is statistically significant, we finally computed

Subsequently, we performed a linear least-squares regression
between the logarithms of proximity time s and emissions Cp,
separately for each city. We then computed the following normalised
residual A of each point log (C,.,) = y; respect to the linear regression
prediction ¥;

/\i: |yi_yi|7

o

_,/zlwf‘ﬂf
o= n—2 '

with j running over all the n fitted data points. Data points having A; > 4
(4.9% of the points) have been considered outliers, and therefore excluded.
Logarithms of CO, emissions C,,c have then been linearly fitted again versus
logarithms of proximity time s for each city. Linearly fitting the logarithms of

with

the y'® of the frequencies registered for each histogram bin with respect to  C,,c and s is equivalent to fitting to data a power law of the form"

the probabilities of falling in each bin in the random scenario, estimated by

an appropriate normalisation of the former histogram described. We Cpe = A, )
obtained a value of ¥ = 10 112, with 30 degrees of freedom.
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Fig. 2 | Optimising walking accessibility and its expected impact on transport

emissions in Boston. a, b show Boston maps with colour gradients indicating,
respectively, the percentage change in proximity time and in expected transport-
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related CO, emissions after optimisation. ¢ compares current (circles) and optimised
(squares) grid elements, linked by arrows; the orange line is a power-law fit of
emissions versus proximity time.

where A and y are fitting parameters. The SI includes the plots of these
fittings, as well as maps showing the spatial location of the grid elements
corresponding to the data points. The distribution of the exponents y of Eq.
(2) obtained from such fittings, one for each city, is not Gaussian at 95% C.L.
(KS test). For this reason, we computed the confidence interval of the
estimation of the general exponent y across cities by integrating the histo-
gram of all city-specific exponents y around the mean value until a 68%
confidence interval is obtained.

Relocation of services

To model optimised scenarios for 15-minute cities, Bruno et al.” have
introduced a framework for the relocation of services to equalise accessi-
bility, simulating this relocation in various cities worldwide. They relocate
services to obtain an equal number of services per capita in each 15-minute
radius in the city, implementing the philosophy of proximity by moving
services where more residents need them.

The algorithm first calculates, for each cell in a city grid, the number of
residents who can reach that area within 15 minutes of walking. It also
determines the capacity of a service, which is defined as the total resident
population of the city divided by the number of services of a specific type
available (for example, if there are 100 restaurants in a city with a population
of 10,000, then each restaurant has a capacity of serving 100 people). The
algorithm then iteratively allocates a point of interest (POI) in the area that is
accessible by the largest number of residents. It reduces the demand for
service in that 15-minute area by the service’s capacity. By repeating this
process multiple times until all services in the city have been addressed, the
algorithm produces an optimal distribution where the number of services
per capita remains roughly constant across each 15-minute area.

The steps of the relocation procedure are as follows:

¢ Create a grid of the city where each cell has a resident population.

» Compute for each cell the 15-minute neighbourhood as the set of cells
that can be reached in 15 minutes walking;

» Compute the average capacity of a POI as the resident population
divided by the number of POIs in the city.Then, iteratively, for all POIs
of each category of services to be relocated:

o Identify the cell with the highest population in its 15-minute
neighbourhood.

* Allocate one POI within the selected 15-minute neighbourhood, with a
probability proportional to the resident population of each cell in the
neighbourhood;

¢ Subtract an amount of “satisfied demand" population from the cells in
the 15-minute neighbourhood, summing up to the average capacity of
the POI and proportionally to the population resident in the cells.

The reader can find a more detailed version in the original paper”.

Estimation of optimised emissions

For each city i considered, the emissions Cgffij = Cp (s;pt) ofa grid element j
when optimised for proximity to have proximity time siojp‘, is estimated as
follows. Assuming that Eq. (2) holds, a naive estimator would be

CrR(s™) = A; - (7). 3

We build from this and define the following quantity, which quantifies how
much the real emissions of a zone j differ from the ones expected by Eq. (2),
or equivalently Eq. (3), based on its proximity time:

Coei = Cpc (55

py =L @

GE ()

where s;; is the real value, non-optimised, of proximity time of the grid
element j of city i. We finally estimate the emissions of the element j of city i
after the relocation as

Copt

e = (1+4) CEP(s9PY). (5)

pe \ij

Results

Emissions inside a city

Figure 1 a and b show proximity time s and per capita CO, emissions from
road transport C, for Tokyo and Madrid at the emission grid scale. The two
quantities are positively correlated, and peripheral areas are the ones
emitting the most per capita, with the same areas also having worse
accessibility (marked by higher proximity time). In SI, analogous plots are
collected for all the 396 cities considered. Together with data points, in the
planes C,, vs s, are also shown the fitting power laws, of the form of Eq. (2).

The histogram labelled H; in Fig. l1c shows the distribution of the
correlation coefficients between the logarithms of proximity time s and road
emissions C,, across cities. The histogram labelled H, shows the expected
distribution of correlation coefficients across cities in the case of no corre-
lation between the proximity of services and road emissions. The compar-
ison of these two distributions allows us to conclude at a p-value p = 0.00 that
proximity time s and road emissions C,, inside a city correlate.

The histogram in Fig. 1d shows the distribution of the fitted values of
the exponent y of the power law in Eq. (2) across cities. From such dis-
tribution, we can estimate the average exponent of the power law linking
proximity time s and CO, emissions per capita for road transport C, inside
a city as

y=12%0.5. (6)
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Fig. 3 | Emissions of accessibility-optimised cities. a shows the trajectories of cities in the log-log plane of per capita transport CO, emissions versus proximity time, before
and after service relocation. b shows the expected change in cumulative transport CO, emissions for the cities included in the optimisation process.

This exponent differs from zero, and the difference is statistically significant.
This evidence reveals a trend linking areas with shorter proximity times to
lower carbon emissions from transport. A shorter proximity time reflects a
higher degree of service proximity, which represents the core principle of the
15-minute city paradigm.

Expected emissions’ variation after accessibility optimisation

In Fig. 2a, we depict the effect of the POIs relocation for optimising service
proximity for the city of Boston, US. The colour scheme encodes the per-
centage variation in proximity time after the relocation. In Fig. 2b, we show
the expected outcome of the service relocation in terms of emissions: the
colour scheme encodes the percentage variation in CO, emissions for
transport per capita.

This expected emission variation is also shown in Fig. 2¢c, where dots
encode proximity times and emissions of Boston grid elements before the
relocation step and squares after it.

In the SI, we show analogous figures for all 30 cities for which we
computed the optimised scenario.

Figure 3 a shows the expected trajectories of cities traced in the C,. vs s
plane while they undergo the proximity optimisation process. We can see a
tendency for the arrows to be directed towards the bottom left of the plane,
decreasing both their proximity time and, consequently, their emissions.
While the translation from right to left of the coordinates describing cities
has to be expected as an intended consequence of the relocation algorithm,
the tendency of going towards lower values of CO, per capita is due to the
link between higher proximity of services and lower emissions for transport,
which is present in most of the cities under study. The shift towards lower
emissions under proximity optimisation of cities provides insight into the
potential effectiveness of implementing the 15-minute paradigm in foster-
ing more sustainable urban mobility.

Finally, Fig. 3b shows the variation in total CO, yearly emitted by each
city for road transport, denoted C. Twenty-seven out of thirty cities
experience a reduction in emissions under proximity optimisation. Table 1
reports proximity time and transport emissions before and after accessibility
optimisation, the percentage variation of CO, emissions, and the coefficient
y of the power law linking CO, emissions and proximity time within each
city (Eq. (2)). Cities are listed in the same order as in Fig. 3b to facilitate
comparison. In cities where per-capita CO, does not decrease, accessibility
and emissions are anti-correlated. This may occur when external factors

outweigh the city’s internal structure and functionality. For instance, in
Rotterdam, the presence of the port could significantly influence transport-
related emissions. Additional cases are discussed in the SI.

Discussion

The 15-minute city concept offers a new approach to optimising resource
allocation within urban areas. It emphasises bringing activities closer to
neighbourhoods instead of requiring people to travel to centralised loca-
tions. This shift in perspective liberates residents from the necessity of
quickly reaching a downtown area, which is typically seen as the sole hub of
city life.

When services are located close to home, there is less need to use the
fastest means of transport to reach them, at least for everyday needs. As a
result, cars can be replaced with active transportation methods for nearby
activities. This study aims to determine whether the necessity for car usage is
indeed reduced in 15-minute neighbourhoods. Given that only about 3% of
cars worldwide are electric””*, we interpret the observed variations in CO,
road emissions as indicators of changes in car usage. Our findings show a
reduction in road transport emissions in areas with nearby services, sug-
gesting that the 15-minute city model leads to either reduced car use or
shorter trips, ultimately decreasing emissions. This evidence is consistent
with previous research linking accessibility to changes in mobility
behaviour™.

In ref. 8, it was found that CO, emissions per capita for transport at the
level of the whole city scale linearly with proximity time, i.e., Eq. (2) is valid
among cities, with y = 1.01 + 0.06. Here, we add that Eq. (2) is also valid
inside cities, among different zones of the same urban area, with y=1.2 £ 0.5,
which is compatible with linearity at 1o. Unlike®, our analysis excludes
emissions from rail transport to prevent biases at the small scale considered.
Our findings indicate that the lack of proximity to services contributes to the
higher transport emissions generated in the suburbs compared to city
centres, aligning with the results found in ref. 49 for US cities. Most of the
cities examined exhibit a core-periphery structure in their proximity time
distribution, with downtown areas showing lower proximity times than
peripheral regions.

In the second part of the study, we predicted the impact on emissions of
optimal implementation of the 15-minute paradigm in cities, following the
framework proposed in ref. 27. As the authors note, applying this strategy in
practice is not always straightforward. In sprawling, car-dependent cities,
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Table 1| City values for the proximity time and the transport emissions per capita before and after the POls relocation procedure,
with the power law exponent of the fit between the two quantities

City Power-law exponent Prox. time (min:s) Prox. time, optimised (min:s) CO; p.c. (t) CO;, p.c., optimised (t) CO,, variation
Oslo 1.1 9:52 7:10 0.14 0.11 —20%
Lisbon 2 9:44 6:26 0.27 0.16 —42%
Edinburgh 2.1 8:17 5:55 0.71 0.35 -50%
Helsinki 1.6 12:58 9:26 0.33 0.21 —36%
Milan 1.3 6:42 4:55 0.32 0.15 -53%
Prague -0.3 11:11 8:07 0.41 0.45 +10%
Budapest 0.1 11:12 7:20 0.33 0.33 —2%
Auckland -0.5 14:01 9:44 0.52 0.61 +18%
Munich 0.8 7:46 5:38 0.39 0.31 —-21%
Vienna 0.5 8:31 5:34 0.35 0.28 —-18%
Sapporo 1.5 14:59 11:07 0.38 0.24 —36%
Barcelona 1.8 9:02 5:49 0.25 0.13 —48%
Warsaw -0.2 10:04 6:25 0.48 0.52 +8%
Montreal 0.8 13:10 8:10 0.48 0.4 -16%
Rotterdam 0 37:20 21:35 0.84 0.84 +0.4%
Athens 0.7 11:06 9:02 0.34 0.29 —-14%
Fukuoka 1.8 18:38 13:41 0.52 0.31 —40%
Milwaukee 0.8 17:10 10:35 1.41 0.97 —31%
Amsterdam 0.6 18:37 12:40 0.89 0.73 —-18%
Berlin 1.4 8:25 5:44 0.41 0.24 —40%
Rome 1.4 13:34 8:52 0.63 0.37 —41%
Madrid 1 11:16 7:40 0.45 0.32 —29%
Paris 0.4 7:56 6:03 0.32 0.29 -10%
Atlanta 0.3 50:25 42:13 1.36 1.31 —4%
Minneapolis 1 26:45 19:51 2.43 1.91 -21%
Osaka 1.5 12:20 8:58 0.39 0.26 —-33%
Boston 1 23:11 19:42 1.8 1.61 -11%
Tokyo 1.4 12:17 9:13 0.29 0.21 —25%
Seoul 0.7 14:59 11:13 0.47 0.39 —-16%
Dallas 0.4 36:26 25:50 1.7 1.52 —-10%

such as many located in the United States or Australia, low population
density and rigid land-use planning present significant challenges. Zoning
laws often enforce functional separation, leading to structural lock-in ref. 50.
In contrast, European cities typically have more adaptable infrastructure to
the 15-minute model’”**, Interest in applying this concept is also growing in
the Global South, which is experiencing increasing urbanization’"*. How-
ever, the implementation of the 15-minute city paradigm in these regions
faces obstacles such as informal settlements, economic disparities, and
insufficient infrastructure™.

It is important to note that the implementation of the 15-minute city
must consider potential issues such as socio-economic segregation™.
Additionally, the idea of complete self-sufficiency within every neighbour-
hood implies a level of decentralisation that may be impractical, particularly
for higher-order services like hospitals or universities”’. However, a more
moderate form of decentralisation, focused on essential daily needs, is fea-
sible. Accessibility to higher-order services should be addressed through
public transport, which is fundamental to addressing also specific mobility
needs, such as those of older adults or people with disabilities™. The
implementation of the 15-minute city should also ensure the quality and
value of nearby services™””. Social mixing and inclusion are key goals of the
15-minute city, which aims to achieve these objectives by providing
opportunities to underserved neighbourhoods and incorporating a variety
of housing types within the same area. This approach seeks to attract

residents with different income levels to live together'. Still, it can poten-
tially generate social threats such as gentrification and social tensions,
particularly when it is underpinned by a pathologisation of poverty™.
Moreover, the novelty of the 15-minute paradigm is often overstated, as it
builds on long-standing urban planning principles” .

We identify two major limitations of our work. Firstly, our analysis
focuses exclusively on cities located in high-income countries. As previously
mentioned, this choice is motivated by the lower quality of available data in
lower-income countries and by the more pronounced influence of private
vehicle affordability on mobility behaviours in those countries, which tends
to weaken the relationship between urban form and sustainable travel
choices. The second limitation we acknowledge concerns the resolution of
the emissions dataset, which is based on a relatively coarse-grained grid.
Each grid cell likely includes multiple neighbourhoods with varying levels of
proximity. Nevertheless, cells that include neighbourhoods with higher
average proximity times tend to exhibit higher emissions. We therefore
believe that this limitation does not compromise the ability of our metho-
dology to reveal the relationship between service proximity and transport-
related emissions.

Conclusions
This study explores the impact of the proximity of services, central in the 15-
minute city model, on urban emissions. By analysing nearly 400 cities in
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high-income countries, we find that disparities in the proximity of services
within cities are significantly linked to mobility-related carbon emissions,
with areas designed around the 15-minute city concept, therefore featuring a
higher degree of service proximity, demonstrating lower transportation
emissions. Thus, mobility tends to be more sustainable in zones that adhere
closely to this framework.

Additionally, our analysis of 30 cities in the second part of the study
indicates that most would see a reduction in transport emissions if they
adopted the proposed implementation of the 15-minute city, as outlined in
ref. 27. This approach aims to relocate services closer to residents
throughout the city, thereby reducing inequalities in access to essential
services, providing an idealised scenario of increased adherence to the 15-
minute paradigm for each city. While the practical application of the 15-
minute city model must be tailored to the unique context of each city, and
further work will be needed to identify the densification and land-use
objectives required to achieve such a model, our findings suggest that it can
effectively decrease transportation emissions and promote more sustainable
mobility.

Data availability

The population distribution data used can be downloaded from WorldPop
(https://worldpop.org). The boundaries of urban areas can be sourced from
OECD  (https://www.oecd.org/en/data/datasets/oecd-definition-of-cities-
and-functional-urban-areas.html), and, in instances where OECD data
are unavailable, from the Global Human Settlement files (https://data.jrc.ec.
europa.eu/dataset/53473144-b88c-44bc-b4a3-4583ed1{547¢). The EDGAR
dataset is also publicly available’’. To compute proximity times, POIs data
are publicly available on OpenStreetMap (www.openstreetmap.org), while
travel times were calculated using the Open Source Routing Machine
(OSRM)™.

Code availability
The code used for the analysis and visualisations is available from the cor-
responding author upon reasonable request.
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