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ARTICLE INFO ABSTRACT

Keywords: Pedestrianization has become a widespread practice in cities promoting active mobility to achieve
Pedestrianization environmental and social goals. Some voices have, however, raised concerns around potential
Gentrification

gentrification effects. This research tries to determine if pedestrianizations in Barcelona from
2012 to 2020 have set off gentrification-like sociodemographic changes. Mapping pedestrianized
streets and using longitudinal sociodemographic data, we isolate the effect of pedestrianization
on sociodemographic change at a small scale through adjusted Difference-in-Differences and
Mixed Models. Results show that pedestrianized areas have experienced a higher-than-expected
increase in residents migrating from the Global North and highly educated, and a higher-than-
expected decrease in older residents. These changes align with literature’s definition of gentri-
fication, positioning pedestrianization schemes as relevant, though not singular, drivers of
gentrification. This study advances existing literature by examining the role of pedestrianization
in fueling population change and gentrification processes. It examines an understudied trigger of
population change and addresses the inadvertent consequences of pedestrianization schemes
while contributing to the debate on the social impacts of active mobility policies.

Sociodemographic change

1. Introduction

Pedestrianized areas have become a staple of modern urban centers and have recently gained importance as tools for urban
renovation and fighting against climate change. Pedestrianization schemes refer to the transformation of streets to prioritize pedes-
trians, restricting or banning access to motorized vehicles (Hussein, 2018). This process usually involves a significant physical change
of the streetscape. However, the nature and significance of pedestrianized areas has changed over time. While during the later part of
20th century, pedestrianized areas were mainly conceived as means to valorize the historical heritage of city centers and as a catalyzer
of economic activity in main commercial axes (Chiquetto, 1997; Martinez-Gutiérrez, 1991; Vialard and Ozbil Torun, 2019), in recent
times they are used as part of a broader policy toolbox alongside other measures that aim to transform the built environment in order to
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attain sustainability goals, mainly through travel behavior change and public space. Their goal is no longer the mise en valeur of the
city’s heritage or increasing economic activity but facilitating and stressing the importance of active travel as a transport mode in our
cities to achieve emissions, health-related objectives, and even social equity (Bertolini, 2020; De Nazelle et al., 2011; United Nations,
2017). This shift has also altered the scope of pedestrianized areas, which now extend beyond historic and commercial zones, reaching
other parts of the city to ensure more equitable access to the benefits of pedestrianization. This approach also aims to mitigate the
negative effects of over-centralizing services and public space quality in specific areas (Ajuntament de Barcelona, 2021; Tato-Camino,
2021; Ville de Paris, n.d.).

Despite becoming a widespread practice in urban design and mobility policy, pedestrianization has faced criticism from social
movements and figures in the media and political spheres. Concerns have been raised about the potential for such interventions, aimed
at improving public spaces, to contribute to gentrification (Elldér, 2024; Marquet et al., 2024a; Nello-Deakin, 2024; Roberts, 2019a,
2019b). By increasing the desirability of an area, pedestrianization could drive demand-side dynamics, such as attracting wealthier
residents, and supply-side effects, such as rising property values, fueling gentrification processes.

Gentrification refers to the influx of middle-class residents in working class neighborhoods, displacing previous residents and
changing the character of the neighborhood (Glass, 1964). Since the appearance of this concept in the 1960s it has been broadly
studied across various fields, regions, and time periods. This has resulted in numerous definitions of gentrification, often leading to
conceptual confusion and geographical differences in its interpretation. For example, scholars in the U.S. often emphasize the role of
race in gentrification, with white newcomers displacing racialized working-class communities (Barton, 2016; Finio, 2022; Hwang and
Sampson, 2014; Johnson et al, 2021), while in Southern Europe, studies have highlighted the presence of skilled immigrants from the
Global North as a potential factor driving neighborhood gentrification (Anguelovski et al., 2017; Cocola-Gant and Lopez-Gay, 2020;
Lopez-Gay et al., 2021; Mazorra-Rodriguez and Lopez-Gay, 2024). Despite these contextual differences, most scholars agree on
defining gentrification as 1) the entry of wealthier residents and 2) the displacement of more vulnerable previous residents until 3) the
character of the neighborhood has changed (Finio, 2022; Grifith, 1996; Hammel, 2009; Hwang and Lin, 2016; Kennedy and Leonard,
2001; Lees et al, 2013; Smith, 1996).

With the turn of the century, gentrification was analyzed no longer as a sporadic, exceptional and local phenomenon; but rather as a
generalized and planned strategy in neo-liberal urbanism implemented in many cities across the globe (both in the North and global
South) in what Smith (2002) and other scholars called the third wave of gentrification. According to Smith, these gentrification strategies
would be the result of a partnership between local public authorities and private global capital investments (Hackworth and Smith,
2001) and would spill over from the city center into other parts of the city (Smith, 2002). Public administrations would open new
markets by including certain areas in regeneration plans and attracting investments seeking plusvalues with the expectation that that
land would revalorize shortly (Dinio-Lopez, 2023). But in this new wave, this public—private partnership would not only produce new
housing, but also new places of production, consumption and recreation (Smith, 2002). This way, the city itself —or at least some
neighborhoods that are perceived as desirable (Wyly and Hammel, 1999)- is turned into a merchandise; a product that has the capacity
to create value and that is sold through a recognizable brand (Bonakdar and Audirac, 2019; Dinio-Lopez, 2023; Vives-Miro, 2011).
Urban spaces would be then seen as commodities available for global financial markets to use as assets, driving gentrification in the
city.

Studies about gentrification have used a variety of qualitative and quantitative methods to measure it. Focusing on quantitative
analysis, researchers have used multiple demographic, geographic, housing, and public space variables with the aim to quantify the
potential or the degree to which an area has been gentrified. Some studies use certain variables first to determine if the area is at risk of
being gentrified (Bunten et al., 2023; Ding et al., 2016; Freeman, 2005; Hammel and Wyly, 1996; Johnson et al., 2021), while others
skip this step and directly try to quantify if it is being gentrified (Anguelovski et al, 2022; Lopez-Gay et al, 2021; Mujahid et al., 2019).
Most analysis are conducted using census data at the census area scale (Mujahid et al 2019; Bostic and Martin, 2003). Some common
gentrification criteria include i) demographic data (age, origin, education, ethnicity, household composition), ii) socioeconomic status
(employment rate, employment category, income, Gini coefficient) and iii) housing supply data (rent prices, selling prices, rate of
touristic rentals). Finio (2022) offers an exhaustive review of most used variables to measure gentrification and suggests a classification
of the literature in two main groups: studies trying to explain gentrification from the demand side (sociodemographic characteristics of
the influx of newcomers), and studying gentrification from the supply side (the economic and housing conditions that make a
neighborhood potentially gentrifiable).

1.1. Pathways between pedestrianization and gentrification

Even if the issue is starting to raise in the public debate, to date, not a lot of research has been devoted to understanding the
consequences of pedestrianization on the social composition of the city. The few available studies seem to suggest three causal
pathways by which pedestrianization could lead to gentrification.

First, a growing literature on commercial gentrification (Kirmizi, 2021, 2022; Liu and Bardaka, 2023; Ozdemir and Selcuk, 2017;
Wang et al, 2024) suggests that since pedestrianized areas attract a larger number of pedestrians (Robertson, 1994), and pedestrian
footfall is a crucial determinant of retail turnover (Timmermans and Van der Waerden, 1992), pedestrianizations are likely to benefit
commercial activities in the area (Hass-Klau, 1993; Soni and Soni, 2016). Sandahl and Lindh (1995) analyzed early Swedish pedes-
trianization schemes founding that they had improved the attractivity of the area and led to a slight increase in retail turnover and rent.
Yim-Yiu (2011) found rent’s increases in Hong Kong’s pedestrianized street, while Yoshimura et al. (2022) have also found in Spanish
cities that the pedestrianization of areas with high density of bars and restaurants are likely to increase their turnover. These changes
could lead to some businesses suffering from raising rents and being replaced by international chains and a monoculture of restaurants
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and bars (Ozdemir and Selcuk, 2017), changing the character of the area’s commerce (as in Glass’ definition of sociodemographic
gentrification).

Second, pedestrianizations could be linked to supply-side gentrification through higher housing prices. While consistent literature
shows that walkability and pedestrian accessibility to amenities are linked to higher prices (Kato and Takizawa, 2021; Kim and Kim,
2020; Roper et al, 2021; Tong et al., 2023; Triches Lucchesi et al., 2022; Yang et al, 2023; Yang et al, 2018), little has been studied
around the impact of pedestrianization itself. This would be, however, theoretically possible and in line with literature proving that the
built environment is an important factor determining housing prices (Kauko 2006; Li et al, 2021; Qiu et al, 2022): since pedestrianized
areas offer a better quality of life, more residents would like to live nearby, with higher demand pushing prices up.

Finally, in recent times green gentrification literature have studied demand-side aspects related to analyzing the effects of new
green infrastructure on sociodemographic composition (Anguelovski et al, 2022; Assaad and Jezzini, 2024; Droste and Gianoli, 2024;
Kiani et al, 2023; Quinton and Nesbitt, 2024; Shokry et al, 2021; Triguero-Mas et al, 2022). These studies have explored how green
amenities in vulnerable neighborhoods that could be conceived as a public policy to improve their residents’ quality of life end up
fueling the area’s desirability and attracting a specific sociodemographic type of residents, raising issues of environmental justice
(Anguelovski et al, 2017; Galiana-Martin, 2023; Gould and Lewis, 2016; Kim and Wu, 2021). Extending their arguments, pedestria-
nization could be acting in a similar fashion to green infrastructure development, inadvertently boosting the attractivity of an area and
the associated demand.

While all these findings lead to think that pedestrianizations could involve both demand and supply side gentrification dynamics,
little research has tried to isolate the impact of this kind of interventions to determine its effect on the city’s sociodemographic
composition.

1.2. Aim of the study

To fill this gap, this study sets to understand whether pedestrianizations can trigger sociodemographic changes that could be
interpreted as gentrification using Barcelona as a study setting. Our main hypothesis expects that census areas in Barcelona that have
received pedestrianization will have experienced a different sociodemographic evolution than those that had received no pedestria-
nization. Using a detailed log of all pedestrianizations undertaken in the city between 2012 and 2020 and combining it with fine-
grained sociodemographic data from the city’s municipal register of inhabitants, we follow a quasi-experimental logic to isolate the
effect of pedestrianization on sociodemographic evolution at the census area level.

Since we observe this evolution over a brief period of time, we do not expect to perceive changes that fit perfectly into the definition
of gentrification, but rather detect slight and growing changes that could be the sign of the beginning of future gentrification processes.
A review of the variables most employed in literature and their interpretation let us to expect the following changes if gentrification
was taking process: an increase in the proportion of residents with superior education and a decrease in those with lower education
—both because of cultural capital and as a proxy for economic status— (Anguelovski et al., 2017; Freeman, 2005; Johnson et al., 2021),
an increase in the proportion of immigrants from the Global North and a decrease of those with Spanish nationality or from other
countries —as a sign of transnational gentrification— (Anguelovski et al., 2017; Cocola-Gant and Lopez-Gay, 2020; Lopez-Gay et al.,
2021; Mazorra-Rodriguez and Lopez-Gay, 2024), a decrease in household size ~because of newcomers’ change in lifestyle- (Lopez-Gay
et al., 2021; Meligrana and Skaburskis, 2005) and a decrease of older residents in favor of young adults — driven by the emergence of
commerce and services catering to younger populations, leading to symbolic displacement among the elderly- (Bostic and Martin,
2003; Ding et al., 2016; Johnson et al., 2021; Santos et al., 2024).

Table 1
Sociodemographic evolution in Barcelona.
2009 2023
Education
Low 39.0 % 18.1 %
Medium 43.2% 50.6 %
High 17.8 % 31.3%
Nationality
Spanish 84.4 % 78.6 %
European / USA 4.9 % 8.9 %
Other 10.7 % 12.5%
Household size 2.54 2.53
Age groups
Under 18 15.8 % 15.6 %
19 to 30 15.1 % 13.6 %
31 to 64 49.6 % 49.4 %
65 and above 19.5 % 21.4 %

Self-elaborated from Barcelona’s register of inhabitants.
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2. Methodology
2.1. Area of study

Barcelona is a Spanish city located by the Mediterranean Sea. With around 1,7 million people within the municipal term (IDESCAT,
n.d), Barcelona is Spain’s second most populated city, and the 5,8 million residents in its metropolitan region rank it as third in the
European Union (EUROSTAT, 2024). Table 1 summarizes the sociodemographic composition of the city and its evolution from 2009 to
2023. The city’s urban design is characterized by proximity and mix of uses (Ferrer-Ortiz et al., 2022; Vich et al., 2023) as well as its
high population density. All of this results in a compact urban area with a high modal share of pedestrian trips (Observatori de la
Mobilitat de Catalunya, 2023; Marquet and Miralles-Guasch, 2014, 2015).

The history of pedestrianization in contemporary Barcelona begins in the 1950 s and 1960 s, when a ban on cars was introduced in
the historical center in the surroundings of the cathedral, the market, and other commercial areas (Santamaria-Hernandez, 2017).
Many parts of the historical center were further pedestrianized during the 1970 s and 1980 s, marked by the ban on cars on the iconic
commercial axis of Portal de Z’Angel in 1973 (Miro, 2023). During the 1980 s, efforts to reduce car space in important transit axes spread
outside the city center, with some peripherical streets noticeably reformed to give more space to pedestrians, such as Avinguda Gaudi,
Via Jillia or Rambla de Prim. In the years 2000 s, the city center model was exported to other historical parts of the city, such as the Vila
de Gracia neighborhood, restricting car use without eliminating it (Ollés, 2006).

In 2016 the first pilot project of Superblocks (an urban design strategy aiming at creating new public spaces by enforcing a per-
imetral closure for traffic around certain blocks) starts in Poblenou neighborhood as a form of tactical urbanism, later exported to Sant
Antoni neighborhood (Anguelovski et al., 2023; Orrego-Onate et al., 2024). In the 2020s Superblocks evolved into Green Axis that are
planned to cross the Eixample centric district (Ajuntament de Barcelona, 2021).

Sanchez-Aguilera and Gonzalez-Pérez (2021) offer a thorough review of gentrification literature in Barcelona. Gentrification in
Barcelona is usually linked to the change of paradigm in the city model with the Olympic Games of 1992, with a tighter partnership
between the city council and the private sector to regenerate degraded parts of the city through large-scale projects and promote the
international image of Barcelona as a global tourist destination and an advanced services economy (Casellas, 2006). These actions
would be, then, an example of state-led gentrification mainly focused on the historical city and the littoral (Arbaci and Tapada-Berteli,
2012). Lopez-Gay et al. (2021) depict the substitution processes that have taken place during the 2010 s in the city center and the
historical area that were increasingly spilling onto adjacent neighborhoods. Lopez-Gay et al. (2022) and Solana-Solana et al. (2020) dig
further in in these substitution processes in the Sant Antoni neighborhood (where a Superblock was implemented in 2019), testifying
vulnerable resident’s moves to other parts of the city and an influx of new young, educated, and foreign-born residents.

2.2. Pedestrianization data

This study focuses on streets pedestrianized during the period 2012-2020. The data were obtained from a self-elaborated database
from information of two different websites of the Barcelona City Council: i) Planol BCN (Ajuntament de Barcelona, n.d.-a), an online
viewer with spatial and transportation data, and ii) Superilles (Ajuntament de Barcelona, n.d.-b), a website with information regarding
the Superblock project interventions. We considered a street as pedestrianized if it was classified in the Planol BCN as a Street with
pedestrian priority or a Street without motorized vehicles, or if it was part of a Superblock intervention. Afterwards, we confirmed the
street was indeed pedestrianized through visual observation via Google Street View (GSV). Given that GSV storages street imagery
from different years, we were able to manually assign to each street the year it had been pedestrianized. The use of GSV was the main
factor in defining the lower bound of the 2012-2020 period, as street imagery is scarce for the years before 2012 and it did not allow to
associate a specific year to each pedestrianization project. We did not analyze interventions undertaken after 2020 as there is not yet
enough perspective to observe sociodemographic changes. Additionally, many different phenomena could have taken place in the city
over 9 years, so to better isolate the effect of pedestrianization we decided to split the observations in two periods of analysis:
2012-2015 and 2016-2020. This way, we could ensure a sufficient number of observations in each period while focusing on more
specific years. Table 2 summarizes the inclusion criteria followed during the database elaboration.

Once all pedestrianized streets were geolocated, these data were aggregated at the census area level (the smallest statistical unit in
Spain, with Barcelona being divided in 1068 census areas). To do so, the total streets length within each census area was measured in
ArcGIS Pro 3.2, as well as the pedestrianized streets length. Hence, the percentage of intervened street length was calculated for each
census area. Moreover, each census area was assigned the period of the interventions that fell within it. In the case that one census area
contained pedestrianizations belonging to two different periods, we chose to classify it according to the time on which the majority of
the intervention had taken place.

Fig. 1 shows the distribution of pedestrianized streets across the city. The old city (district 1, Ciutat Vella) hosts several in-
terventions, mainly carried out during the first period and in very turistified areas. The districts of Sants-Montjuic (3) and Gracia (6)
received many pedestrianizations in both periods, mainly in historic parts of the district. Eixample (2) and Sant Marti (10) concentrate
almost exclusively interventions of the second period and are home to the two Superblock tactical interventions (Superilla de Sant
Antoni and Superilla de Sant Marti). All the remaining five districts of Barcelona have received at least one pedestrianization, even if
they are scarcer. While the possibility of selection bias in the implementation of these schemes cannot be overlooked, pedestrianization
efforts appear to be distributed across streets with diverse locations, designs, historical contexts, and levels of tourist activity.
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Table 2
Inclusion criteria for pedestrianized streets.

Inclusion criteria:

1. Being classified as a street with pedestrian priority, a street without motorized vehicles or a Superblock project

2. Being pedestrianized between the years 2012 and 2020, both included

3. Having a minimum length of 3 blocks, or 2 blocks if it intersects with another pedestrianized street with a length of at least 2 blocks too

4. Representing a significant intervention; that is, reducing physical space for cars in the street layout or changing the construction materials of the street.

Significant interventions were classified in 4 types of pedestrianizations:
: : N Type 1. Tactical urbanism. Small-scale, short-term interventions

meant to inspire long-term change (Lydon and Garcia, 2015). In our

case, they correspond with the pedestrianizations done under the

Superblock program: interventions carried out with paint, plants and

urban furniture.

Type 2. Levelled roads and sidewalks so that, even if construction
materials still allow to difference them, they are at the same level and
form a continuum.

(continued on next page)
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Table 2 (continued)

Type 3. Unique platform streets, where there is no differentiation
between roads and sidewalks and different transport modes coexist.

R oS R

}

N

Type 4. Other types of pedestrian streets, such as those that have
become green areas or that have substituted traffic lanes by vegetation.

- Before |
=g

Self-elaborated.
2.3. Sociodemographic data

Sociodemographic data at the census area level were obtained from the city’s register of inhabitants, updated yearly and available
at the Statistical Department of the Barcelona City Council website. Using data from official registers may rend difficult to differentiate
between population displacement and neighborhood upscaling but is a common practice in gentrification studies and the most reliable
source of objective sociodemographic change. To account for the sociodemographic situation before and after the intervention, data
were obtained for the years 3-year-prior to the intervention period and 3-year-post, allowing enough time to observe changes and
tendencies and reduce distortions from atypical years (i.e.: 2020 and the COVID pandemic). Hence, four different years were selected:
2009, 2013, 2018 and 2023 (Fig. 2). This is a short timespan to observe sociodemographic changes, but it is a widespread practice in
literature (Finio, 2022) and it is the largest timespan possible, since data before 2009 was collected differently and incomparable. After
reviewing the literature, all the relevant sociodemographic data (see section 1.2) available at the census area level for those four years
were selected: age groups, education levels, household size and nationality. Lacking more disaggregated nationality data, we divided it
in three categories: Spanish nationality, European (non-Spanish) or USA nationality (i.e.: Global North immigrants) and other na-
tionality (i.e.: Global South immigrants). Definitions of sociodemographic variables can be found in Supplementary Material 1.

Since tourism is a well-documented driver of gentrification in Barcelona (Cocola-Gant and Lopez-Gay, 2020; Sanchez-Aguilera and
Gonzalez-Pérez, 2021), it was important to include it as a variable in our study to better isolate the effect of pedestrianization. To
account for touristic pressure, unequally distributed throughout the city, an indicator of Tourism Intensity calculated by Barcelona
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Fig. 1. Map of pedestrianized streets in Barcelona during 2012 — 2020. .
Source: self-elaboration
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Fig. 2. Pedestrianization periods and pre-intervention and post-intervention time points. .
Source: self-elaboration

Regional (Ajuntament de Barcelona, 2020) was obtained from Barcelona’s Open Data portal. This indicator gathers three different
levels of tourism intensity (low, medium and high), depending on the number of touristic accommodations (hotels, hostels or Airbnb
listings), food and beverage establishments, clothing stores, souvenir shops and touristic attractions. For each census area, we calcu-
lated the percentage of its area that experienced medium or high tourism intensity (Fig. 3).

Finally, two long-format databases (one for each period) were created with Barcelona’s census areas as observations adding
pedestrianization-related and sociodemographic-related variables. The treatment is a dichotomic variable (0/1) indicating whether
the census area has received some pedestrianization (hence, in Period 1 database, census areas pedestrianized during Period 2 are not
considered treated yet).

2.4. Methods

Since sociodemographic changes are complex to capture and the physical changes of the city difficult to isolate as a causal factor,
two similar but different methods are combined: the Difference-in-Differences (DiD) approach and the Mixed Models. The comple-
mentary use of both techniques enriches the analysis, the first offering robustness and the second paying more attention to nuances. If
DiD results shared significancy and were consistent in direction with those derived from the Mixed Models, it would strengthen their
validity and reliability. Furthermore, Mixed Models could uncover significant insights that might remain undetected by the DiD
approach.

Adjusted DiD is a statistical technique that attempts to simulate an experimental research design using observational longitudinal
data. The idea is to divide observations into two groups: treatment group (the one that has received the effect of some type of
intervention, in this case pedestrianization) and control group (the one that has not received the effect). It assumes that, without this
intervention, the difference between both groups would stay constant over time. This way, DiD allows to estimate the treatment effect
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Fig. 3. Pedestrianized census areas and areas with high and medium tourism intensity. .
Source: self-elaboration

on a certain outcome (in this case, the sociodemographic variables) for the treated group, removing selection biases. Several authors
have successfully used DiD with similar purposes (Marquet et al., 2024b; Wang et al., 2024; Yeganeh et al., 2024; Yoshimura et al.,
2022). In this case, adjusted DiD will allow us to distinguish the effect of pedestrianization on the evolution of certain sociodemo-
graphic variables, while controlling touristic intensity (measured as the percentage of the census area that falls in a medium or high
intensity area). We performed the adjusted DiD analysis to each one of the periods and each one of the outcomes separately, comparing
the sociodemographic data three years before and three years after the interventions. We calculated the adjusted DiD with R’s package
did (Callaway and Sant’Anna, 2021) with the following formula, with Treatment marking pedestrianization (0/1) and Post indicating
pre (0) and post (1) treatment.

Y = p, + p, Treatment + f, Post + f; TourismIntensity + 3, Treatment * Post + €

The other technique employed was Mixed Models, a form of lineal regression models, to analyze observations that are not inde-
pendent, such as longitudinal data or nested data. They combine both fixed and random effects and are hence indicated for obser-
vations that are independent (such as the different census areas) but also related (the different time points for one census area). Mixed
Models are a common technique in longitudinal studies (Molenberghs and Verbeke, 2001). In this study, the independent variable is
the interaction term between the Treatment (0/1) and the Year (the four time points: 2009, 2013, 2018 and 2023), with the dependent
variable being each one of the sociodemographic variables. We have included Tourism Intensity as a control variable, but also the base
values (year 2009) for all the sociodemographic variables, to take into consideration that these variables are not independent from
each other but that they rather depict a census area when combined all together. A Mixed Model was run in Stata for each outcome (Y)
and each period, with the following formula (for census area j in year i):

Yy = By + p, Treatment;; + B, Yeary + f5; Tourismintensity;; + ,Loweducation2009; + s Higheducation2009; + ... + $,065y.0.2009;
+ p11 Treatment;* Year; + u; + €;

Two additional approaches of Mixed Models were computed. First, one for tourism intensity, grouping the two periods and dividing
the data by the level of tourism intensity (low vs. medium-high), in an attempt to compare if the effects of pedestrianization are the
same in touristified and non-touristified areas of the city. Secondly, another for different pedestrianization types, grouping the two
periods and creating two datasets: i) one comparing Type 2 pedestrianizations with non-intervened areas and ii) another comparing
Type 3 pedestrianizations with non-intervened areas. The goal was to analyze if different types of pedestrianizations could affect
differently the sociodemographic composition. Interventions of Type 1 and 4 had to be excluded because the sample was too small to
provide statistical meaning.
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3. Results
3.1. Adjusted DiD

We run one adjusted DiD model for each sociodemographic outcome and for each period of interventions. In Period 1 (2012 —
2015), only two outcomes had a significantly different evolution in treatment and control groups: the percentage of people with
European or USA nationality and the percentage of people between 31 and 64 years old. No outcome had a significantly different
evolution in Period 2 (2016 — 2020). Fig. 4 shows the different evolution over the years of these two outcomes for Period 1, with
Counterfactual being the expected evolution of intervened census areas if they had not been intervened. As visible, in 2009 the
percentage of people coming from European countries (other than Spain) and the USA was already higher in areas that would lately be
intervened that in the rest of the city (control group). However, even if an increase in this percentage was notable by 2018 across all
census areas, it was much more pronounced in the census areas intervened during 2012 — 2015 (as noted by the difference between the
treatment and counterfactual lines), with these areas widening their pre-existing gap. At the same time, while Barcelona as a whole
experienced a slight decline of people aged 31 - 64 y.o. between 2009 and 2018, census areas with pedestrianizations experienced a
notable increase in the percentage of inhabitants of this age group.

3.2. Mixed Models

A Mixed Model was run for each outcome and each period (full results can be found in Supplementary Material 2). Period 1 (Fig. 6)
showed more significant differences and with a stronger effect, while Period 2 (Fig. 7) showed minor changes. Fig. 5 summarizes the
significant effects of treatment in the outcome variables. The main effects of pedestrianization over sociodemographic change are
among education level and nationality. Our models found that in both studied periods a significant increase in the education level
appeared in pedestrianized areas. While both the treatment and control groups presented a similar share (23 %) in 2009, by 2023 a 2-
point gap had opened, with pedestrianized areas having more highly educated residents (Figs. 6 and 7). At the same time, pedes-
trianized areas also received a stronger than expected lowering in the number of low-educated people (Fig. 6).

Looking at nationality changes, these are only noticeable in Period 1 (Fig. 6), but highly significant. The percentage of foreigners
from European countries (other than Spain) and the USA increased across the city, but this dynamic was even stronger in areas that had
received a pedestrianization. While on average, the share of foreigners from European or USA origin in a census area in Barcelona had
increased by 50 %, that number was of 81 % in areas that had received a pedestrianization. The share of foreigners from other countries
also increased in pedestrianized areas after the interventions (6 % increase), but this increase was smaller than the city average (18 %).

Finally, changes in age groups are minor and only partially significant, although still relevant. Period 2 interventions (Fig. 7)
opened small gaps in the youngest age groups, with pedestrianized areas seemingly attracting a higher share of residents aged 18 years
old or under and a lower share of those between 19 and 30 years old. The percentage of residents between 31 and 64 years old
increased in the treatment group both after first and second period interventions, while the percentage of those aged 65 years or above
decreased in the treatment group.

The consistency of results for key variables (such as the share of Europeans and Americans and residents aged 31-64 y.o0.) across
both adjusted DiD and Mixed Models underscores robust trends and reassures confidence in the validity of these findings. The subtler
effects revealed by Mixed Models (such as for education groups and residents with other nationality) still provide valuable and valid
insights into the potential broader effects of pedestrianization, even if they require more cautious interpretation.

Even if Fig. 1 showed that pedestrianization schemes were somehow evenly distributed across the city, the potential selection bias
of these policies’ location could influence these outcomes. To ensure the validity of our results and verify that the observed outcomes
were not merely a reflection of pre-existing differences between treatment and control groups, we conducted a logistic binary model to
assess whether baseline sociodemographic characteristics could predict pedestrianization (see Supplementary Material 3). The
analysis revealed that census areas with smaller households and a younger population (ages 19-30 and 31-64) were more likely to
undergo pedestrianization. All other variables remained statistically insignificant.

Finally, even if Tourism Intensity did not cancel out the effect of pedestrianization, it was indeed a significant control variable in
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many of the Mixed Models in the expected direction: touristic intensity had a positive impact in the presence of the higher educated,
foreigners (from Europe/USA and other countries) and those aged 31-64, and a negative impact on those aged 65 or older. However,
the attempt to calculate models differentiating census areas not only by treatment but also tourism intensity yielded no significant
results. At the same time, we ran some Mixed Models trying to compare treatment and control groups depending on the type of
pedestrianization. Most of the results summarized in Fig. 8 are not surprising and agree with previous models, except for two dif-
ferences. First, pedestrianizations of Type 2 seem to have no impact on the share of European and USA foreigners, in contrast with
those of Type 3 and the general models that showed a clear effect. Second, Type 2 interventions seem to arise slight effects that are not
visible in the general models nor in Type 3 models: levelling roads and sidewalks seems to mildly increase the share of residents with
Spanish nationality and the size of the households.
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4. Discussion

Results from our analysis seem to confirm our hypothesis that pedestrianized census areas have experienced a sociodemographic
evolution distinctive from those that have not received pedestrianization. As shown in Fig. 5, most of the sociodemographic variables
presented the evolution we had expected after delving into literature: i) a decrease of the share of low-education residents and an
increment of those with higher education, ii) an increase in migrants from the Global North and a decrease in those from the Global
South, and iii) an increase in the share of 31-64 y.o. adults and a decrease of the elder. These trends are similar to the ones that the city
experienced as a whole (as shown in Fig. 1), but they were significantly stronger in pedestrianized areas. However, some of the ex-
pected significant variables where not found to be significant at all, such as the share of residents with Spanish nationality or the
average household size (both expected to decrease in pedestrianized areas). Age groups also behaved slightly different than expected,
with residents < 18 y.o. slightly increasing in the latter studied period and the younger adults (19-30 y.o.) slightly decreasing.

The results of the treatment-prediction model (Supplementary Material 3) support the validity of the pedestrianization effect on
education and nationality groups while also introducing nuances regarding age groups. Since pedestrianization was more likely to
occur in areas with a higher share of residents aged 31-64, the increase in this age group within the treatment areas may partly reflect
pre-existing demographic patterns rather than being solely attributable to pedestrianization. However, the decline in older adults
cannot be explained by pedestrianization occurring less frequently in already aging areas, suggesting that this change is a direct
consequence of the intervention.

That being said, the post-pedestrianization demographic shifts align with the profile of gentrifier depicted by literature: a young or
middle-aged adult —an age group combining higher income levels and greater residential mobility (Instituto Nacional de Estadistica, n.
d.-a; n.d.b)- with higher education (both because of cultural capital and as a proxy for economic status) migrating from the Global
North. The decline in the share of residents over 65 y.o. has largely been depicted as a sign of gentrification by literature, as they move
out of the neighborhood out of feelings of dispossession and nonbelonging (Atkinson, 2000; Henig, 1981; Lopez et al., 2022). In our
case, pedestrianization could act as a catalyzer of these feelings, as the elderly have the most negative feelings about pedestrianizing
schemes in Barcelona, feeling that they create excessive street life and racket (Nello-Deakin et al., 2024).

As shown in the results, pedestrianizations carried out during the first period have triggered more profound sociodemographic
processes than those of the second period. This is not due to the fact that we have more time perspective, since these differences are
already obvious looking at the years 3-years-post-intervention (2018 and 2023, respectively). Pedestrianizations undertaken during
2012 - 2015 have yielded more significant and bigger population changes than those from the period 2016 — 2020. This could be due to
three reasons: i) the consequences of the COVID pandemic in 2020, that could limit the arrival of newcomers (particularly foreigners)
in the following years, curbing sociodemographic change; ii) a concentration of Period 1 schemes in the historical city, a neighborhood
already highly pressured by tourism and gentrification (Cocola-Gant and Lopez-Gay, 2020; Sanchez-Ledesma et al., 2020); and iii)
more profound differences in the nature of the pedestrianization schemes from the two periods (which also correspond to two different
political parties governing at Barcelona’s city council, see Marquet et al. (2024b)).

The aim of this paper was not to analyze gentrification processes in Barcelona, but rather to isolate the causal effect of pedes-
trianizations on them. Coming back to our research question, pedestrianization does seem to trigger a series of sociodemographic
changes in the short-term that, if sustained in time, could fall within the gentrification definition. According to literature (see section
2.1), gentrification dynamics have been present in the city before the implementation of the pedestrianization schemes here analyzed,
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and authors have pointed out multiple influential causes: overtourism, high-skilled international immigration, the Olympic Games, or
the opening of new parks. Our models showed that tourism intensity was positively related to gentrification in Barcelona; however, it
did not cancel out the effect of pedestrianization, which stood as a relevant factor contributing to gentrification on its own. We do not
pretend to affirm that pedestrianization schemes are uniquely and directly responsible for gentrification. Gentrification was already
present before our pedestrianization projects were undertaken and it is also present in non-pedestrianized areas. Nevertheless,
pedestrianization seems to be, in the case of Barcelona, a relevant factor that, among others, can at least reinforce previously ongoing
gentrification processes. It appears as an intervention in the built environment relevant enough to drive sociodemographic change,
similarly to what green gentrification literature has found around the effects of opening new green spaces (Anguelovski et al., 2017;
Droste and Gianoli, 2024; Triguero-Mas et al., 2022).

In a context of intercity competition to attract international investments and high-skilled workers, Barcelona has become a brand
that tries to sell a product (Belloso, 2011; Ulldemolins, 2014). The city has tried to brand itself as a coastal, cultural and relaxed
lifestyle city that allows for a work-life balance and an overall good quality of life, with architectural heritage and public space ac-
tivities playing an important role in it (Balibrea, 2005; Barcelona International Welcome, 2024; Barcelona Turisme, 2009;0sacar-
Marzal, 2020). Indeed, quality of life and lifestyle appear as some of the main reasons why skilled migrants choose to move to Bar-
celona (Cocola-Gant and Lopez-Gay, 2020; Pareja-Eastamay et al., 2009). Pedestrianization programs could reinforce this image of the
city (even if it was not the original intention of the public policy or policymakers), differentiating Barcelona from other global cities
(Harvey, 2001). Indeed, one of the main objectives of pedestrianization schemes was ameliorating quality of life by improving health
(less emissions and noise and more active transport) and creating new public spaces for activities and social interaction (Ajuntament de
Barcelona, 2021, 2022). Thus, pedestrianization could act as a tool of improvement of some areas, creating new spaces of living,
production, consumption and recreation (Smith, 2002) that would contribute to the uniqueness of the Barcelona brand and become
more desirable to wealthier newcomers. In fact, recent pedestrianization schemes in the city drew attention internationally, with one
project being ranked by the media as one of the “coolest streets in the world” (Beard, 2024).

As previously commented, pedestrianization schemes, much like green infrastructure developments (Anguelovski et al., 2018),
represent significant public investments in public space that enhance the desirability of the areas where they are implemented
(Loughran, 2014). Within the framework of third-wave gentrification, which perceives urban spaces as being commodified by financial
markets, such state-led interventions (intentionally or inadvertently) contribute to increasing their value as assets (Garcia-Lamarca
etal., 2022), ultimately driving gentrification. This phenomenon is not driven by the specific policy itself but by the broader economic
and institutional framework in which it is embedded—one that positions the state as a market-opener, using public investments to
make certain areas more appealing to private investors (Mezaros et al., 2025). In cities like Barcelona, tourism amplifies these dy-
namics by increasing demand for short-term rentals, international investments, and high-value property markets. However, even in
cities with lower tourism levels, pedestrianization schemes could trigger similar gentrification patterns if implemented within
frameworks that encourage speculative real estate investments or lack robust housing protections. While the specifics may vary, with
less international migration and more local middle-class presence, the impact on vulnerable residents remains significant. This un-
derscores the need to understand how pedestrianization interacts with broader urban policies and economic structures, ensuring such
initiatives prioritize inclusion and social equity rather than exacerbating existing inequalities.

Still, not all pedestrianization schemes are equal in form or goal, and not all of them have the same effects. Some pedestrianized
streets in the historic center are part of greater beautification plans, some others attempt to create new public spaces, while others
represent greening efforts to accompany new housing developments. In this paper, we did not focus on the goals of the schemes but
rather on their implemented design. We found that streets where roads and sidewalks were leveled but still maintained distinct spaces
for pedestrians and vehicles did not attract a higher proportion of Global North immigrants. In contrast, streets transformed into a
single platform, along with all schemes considered together, showed the opposite trend. This could point to subtler pedestrianization
projects also leading to subtler sociodemographic change, though further research needs to be done on this matter.

Finally, it is important to explore why certain variables, such as Spanish nationality and household size, were not found to change
significantly after pedestrianization. The proportion of Global North immigrants increased in pedestrianized areas, seemingly at the
expense of Global South immigrants, but not of those with Spanish nationality. This apparent stability in the Spanish population may
be due to stronger community ties or housing tenure structures that resist gentrification pressures, though this requires further study.
Household size, often expected to decrease in gentrification processes, also remained unchanged. This could be due to the study’s short
timeframe, cultural preferences for multigenerational living in Southern Europe, or rising housing costs that limit young individuals’
ability to live independently.

5. Conclusions

This paper has aimed to determine if pedestrianization schemes could set off sociodemographic changes that fall within the
definition of gentrification, in an effort to further understand the social outcomes of policies trying to improve pedestrian mobility. To
do so, we have used two complementary methods (adjusted Difference-in-Differences and Mixed Models) attempting to isolate at the
micro-level the effect of pedestrianization on sociodemographic changes in Barcelona. Our models showed that pedestrianized areas
experienced a sociodemographic evolution proper of gentrification dynamics, incrementing more than the city average their pro-
portion of residents migrating from the Global North and those with higher educational level and decreasing more than the city
average the share of older adults. Thus, pedestrianization seems to be an intervention on public space relevant enough to spark or at
least reinforce previous gentrification processes.

The present research represents one of the first attempts to analyze the impact of real pedestrianization projects on
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sociodemographic gentrification, opening the door to considering new variables in the relationship between transport policies and
gentrification. The main strength of the paper relies on its micro approach: we did not intend to explore the big picture of gentrification
in the city, but rather to look for slight sociodemographic changes in small spatial units during a brief period of time triggered by small-
scale interventions. This analytical approach allows to better correspond specific population change patterns with specific physical
transformations in the urban layout, making it easier to attribute the effect (sociodemographic change) to the treatment (pedestria-
nization). The results of this short-term approach are of relevance for policymakers, as they place nuances on the social effects of
pedestrianization schemes and raise the issue of social justice in the outcomes of transport policies favoring active mobility. The issue is
not to put pedestrianization policies to an end, but to further reflect on how they could interact with other policies and the broader
development model of the city to foresee and prevent unwanted social consequences of their implementation. When implementing
these schemes in areas experiencing gentrification or at risk of gentrification, it might be necessary to complement them with stronger
policies, such as rent controls, investments in public housing or stricter business regulations, to effectively prevent displacement and
protect vulnerable populations.

This study, however, is not without limitations. Measuring sociodemographic change at the microlevel is challenging in part
because of lack of fine-grained data consistent through large periods of time. This limitation has prevented us from further assessing
the parallel trends assumption for the DiD models, as well as incorporating income levels and housing prices in our analysis. Better
quality data could allow for the use of more complex statistical models that could yield more robust results. Moreover, we have worked
with stock data (which depicts the sociodemographic situation of a certain census area at a given time) and not with flow data (which
depicts the characteristics of those who leave or move into a certain census area), rendering it difficult to quantify displacement (see
Easton et al., 2020 on that matter). Our results could reflect a combination of residential mobility (population entries and exits) and
changes within the in-situ population (such as residents aging or graduating). However, by controlling the baseline sociodemographic
structure in our Mixed Models, we partially address this limitation. This approach helps us to isolate the observed sociodemographic
changes and attribute them, at least in part, to residential movements. Additionally, relying on the city’s register of inhabitants un-
derestimates sociodemographic change by not considering unregistered residents, particularly in the case of migrants and temporal
residents.

This study lays the groundwork for future research on the relationship between pedestrianization and gentrification, but many
questions remain to be answered on the nature and implications of this relationship. Future studies should analyze larger periods of
time to provide a stronger foundation for establishing causal relationships and to confirm that these short-term tendencies can become
clear gentrification processes sustained in time. Furthermore, more research needs to be done addressing the variability in pedes-
trianization schemes, comparing different policy goals, contexts, and designs to verify if sociodemographic change is an unavoidable
outcome of pedestrianization or if it is only present under certain policy designs.
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