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ABSTRACT - Over the last decade, Airbnb has emerged as the most important actor
in the short-term rental business worldwide. The spatial distribution of Airbnb accommoda-
tions in a city is highly sensitive to the location of different spatial, socioeconomic, demo-
graphic, and cultural factors, and therefore has the potential to increase existing and create
spatial inequalities in host cities. Drawing from the data from the Inside Airbnb website, the
2011 census of population and housing, the municipal registers, and Open Street Maps, this
article first measures and analyses the degree of penetration and spatial clustering (with
LISA statistics) of Airbnb listings in Barcelona and Lisbon. Then, it explores the spatial,
socioeconomic, demographic, and cultural determinants of the spatial clustering of accom-
modations offered on Airbnb in both cities. Finally, it examines the impact of the COVID-19
pandemic on the spread of Airbnb in both cities. Results show that Airbnb has penetrated
deeply into the central residential areas and around major tourist attractions, and it is dee-
pening spatial inequalities by benefitting mainly the upper income group of homeowners in
these neighbourhoods. Lastly, the recent COVID-19 pandemics has curtailed the spread
and changed the typology of accommodation offered on Airbnb.
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RESUMO - GEOGRAFIA DA AIRBNB EM BARCELONA E LISBOA: UM ESTUDO
COMPARATIVO. Ao longo da tltima década, a Airbnb emergiu como o ator mais impor-
tante no negoécio do alojamento local em todo o mundo. A distribuigio espacial dos aloja-
mentos da Airbnb numa cidade é altamente sensivel a localizagdo de diferentes fatores espa-
ciais, socioecondmicos, demograficos e culturais, tendo, por isso, potencial para aumentar e
criar desigualdades espaciais nas cidades anfitrids. Com base nos dados da pagina online
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Inside Airbnb, dos censos da populagdo e da habita¢ao de 2011, dos registos municipais e do
Open Street Maps, este artigo comega por medir e analisar o grau de penetragdo e de asso-
ciagdo espacial das listagens da Airbnb em Barcelona e Lisboa (com estatisticas LISA).
Depois, explora os determinantes espaciais, socioecondmicos, demograficos e culturais da
associagdo espacial dos alojamentos oferecidos na Airbnb em ambas as cidades. Por fim,
examina o impacto da pandemia da COVID-19 na propaga¢do da Airbnb em Barcelona e
Lisboa. Os resultados mostram que a Airbnb penetrou profundamente nas areas residen-
ciais centrais e em torno das principais atragdes turisticas, e acentuando as desigualdades
espaciais, beneficiando principalmente o grupo dos proprietarios de rendimento mais ele-
vado nestes bairros. Por fim, a recente pandemia da COVID-19 reduziu a propagagio e
alterou a tipologia de alojamentos oferecidos na Airbnb.

Palavras-chave: Airbnb; analise espacial; desigualdade urbana; cidades turisticas;
COVID-19.

RESUME - GEOGRAPHIE DE LAIRBNB A BARCELONE ET LISBONNE: UNE
ETUDE COMPARATIVE. Au cours de la derniére décennie, Airbnb est devenu lacteur le
plus important du secteur de la location & court terme dans le monde. La répartition spatiale
des logements Airbnb dans une ville est trés sensible a la localisation des différents facteurs
spatiaux, socio-économiques, démographiques et culturels, et a doncle potentiel daugmenter
les inégalités spatiales existantes et de créer des inégalités spatiales dans les villes d’accueil.
En sappuyant sur les données du site web Inside Airbnb, du recensement de la population et
du logement de 2011, des registres municipaux et des Open Street Maps, cet article mesure
et analyse tout d'abord le degré de pénétration et le regroupement spatial (avec les statisti-
ques LISA) des inscriptions Airbnb a Barcelone et Lisbonne. Ensuite, il explore les détermi-
nants spatiaux, socio-économiques, démographiques et culturels du regroupement spatial
des logements proposés sur Airbnb dans les deux villes. Enfin, il examine I'impact de la
pandémie COVID-19 sur la propagation de ' Airbnb dans les deux villes. Les résultats mon-
trent que ' Airbnb a pénétré profondément dans les zones résidentielles centrales et autour
des principales attractions touristiques, accentuant les inégalités spatiales en profitant prin-
cipalement au groupe de propriétaires a revenu élevé dans ces quartiers. Enfin, la récente
pandémie COVID-19 a freiné la propagation et modifié la typologie des hébergements pro-
posés sur Airbnb.

Mots-clés: Airbnb; analyse spatiale; inégalité urbaine; villes touristiques; COVID-19.

RESUMEN - GEOGRAFIA DE AIRBNB EN BARCELONA Y LISBOA: UN ESTUDIO
COMPARATIVO. En la tltima década, Airbnb ha surgido como el actor mas importante en
el negocio de alquileres a corto plazo en todo el mundo. La distribucién espacial de los alo-
jamientos de Airbnb en una ciudad es muy altamente sensible a la localizacion de diferentes
factores espaciales, socioecondmicos, demograficos y culturales, y por lo tanto tiene el
potencial de aumentar las desigualdades espaciales existentes y crearlas en las ciudades de
acogida. A partir de los datos del sitio web Inside Airbnb, el censo de poblacién y vivienda de
2011, los registros municipales y Open Street Maps, este articulo mide y analiza primero el
grado de penetracion y la agrupacion espacial (con estadisticas LISA) de los listados de
Airbnb en Barcelona y Lisboa. A continuacion, explora los determinantes espaciales, socioe-
conomicos, demograficos y culturales de la agrupacion espacial de los alojamientos ofreci-
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dos en Airbnb en ambas ciudades. Por dltimo, se examina el impacto de la pandemia
COVID-19 en la difusién de Airbnb en Barcelona y Lisboa. Los resultados muestran que
Airbnb ha penetrado profundamente en las zonas residenciales centrales y en los alrededo-
res de las principales atracciones turisticas, profundizando las desigualdades espaciales al
beneficiar principalmente al grupo de propietarios con ingresos altos en estos barrios. Por
ultimo, la reciente pandemia de COVID-19 ha frenado la difusion y ha cambiado la tipolo-
gia de los alojamientos ofrecidos en Airbnb.

Palabras clave: Airbnb; andlisis espacial; desigualdad urbana; ciudades turisticas;
COVID-19.

I. INTRODUCTION

Airbnb is a hospitality service that allows people to rent their unused rooms or
entire apartments through computer-mediated transactions. It was originated in 2008
in the United States and since then it has expanded to 100 000 cities in 191 countries
and regions worldwide. According to October 2019 data, it has more than 7 million
listings worldwide and on average over 2 million people stay on Airbnb per night (Air-
bnb, 2020). It is not the only short-term rental service in the market; however, it is
certainly the largest service that has approximately twice as many listings as its nearby
competitors (for example, Homeaway, Holidu and Housetrip). It generates more annual
revenue (around $38 billion) than the most famous hotel chains, such as Hilton and
Marriot International (Molla, 2019). Initially, it began with the idea of renting spare
rooms in private homes as a way to generate extra income, however, now it has become
an actual alternative to the traditional accommodations (Larpin et al., 2019). Airbnb
describes its mission as

to create a world where people can belong through healthy travel that is local, authen-
tic, diverse, inclusive and sustainable (...) to economically empower millions of people
around the world to unlock and monetize their spaces, passions and talents and become
hospitality entrepreneurs. (Airbnb, 2020)

However, who is the real beneficiary of this platform is still a matter of debate (Quat-
trone et al., 2016). During the last decade, Barcelona and Lisbon have witnessed an
unprecedented growth of Airbnb. The unrestrained expansion of Airbnb in the residential
areas of some specific neighbourhoods has disrupted the housing market and increased
spatial inequalities in both cities. Recently, the COVID-19 pandemics has slowed the
expansion of Airbnb in both cities by reducing the movement of people from one place to
another.

Previous research has focused on the impact of Airbnb on tourism (Fuentes & Navar-
rete, 2016; Ioannides et al., 2018; Kadi et al., 2019), housing market (Cocola-Gant &
Gago, 2019; Garcia-Lopez, 2020; Horn & Merante, 2017; Lee, 2016), local businesses
(Blazquez-Salom, 2019), hotel industry (Dogru et al., 2018; Heo et al., 2019; Oskam &
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Boswijk, 2016), gentrification (Cocola-Gant, 2016, 2021; Gravari-Barbas & Guinand,
2017; Lees, 2003), and urban land use regulation (Dalir et al., 2020). In terms of spatial
distribution, some researchers have demonstrated that the concentration of Airbnb lis-
tings in some specific neighbourhoods creates spatial inequalities and over-crowdedness
in big tourist cities, that often have large disparity among the rich and the poor, and over
utilised public services (Adamiak et al., 2019; Eugenio-Martin et al., 2019; Quattrone et
al., 2016). Recently, some studies have focused on the spatial distribution of Airbnb in
selected cities (Lagonigro ef al., 2020; Lestegas et al., 2019), but still no attempt has been
made to study the extent and determinants of the spatial penetration of Airbnb at the
territorial unit level in different neighbourhoods of Barcelona and Lisbon. This article
responds to this question and allows us to understand the geographical logic behind the
distribution of Airbnb accommodations and its impact on spatial inequalities in both
cities. It also scrutinizes the claims made by the proponents of Airbnb that it contributes
to the improvement of the most deprived neighbourhoods by bringing tourism related
business activities. Ultimately, it also provides valuable information to policy makers
concerned with the regulation of short-term rentals. With a clear picture of the extent
and determinants of the spatial penetration of Airbnb accommodations, policy makers
can frame a better policy to protect the rights of the native population and the long-term
rental market in different neighbourhoods of both cities.

Using data from the Inside Airbnb (2020), 2011 Census of population and housing,
municipal registers (2011-2019), and Open Street Maps, this article first measures and
analyses the degree of penetration and spatial clustering (with LISA statistics) of Airbnb
listings in Barcelona and Lisbon; second, it explores the spatial, socioeconomic, demo-
graphic and cultural determinants of the spatial clustering of accommodations offered on
Airbnb in both cities; and finally, it examines the impact of COVID-19 pandemics on the
spread of Airbnb in both cities.

II. BACKGROUND

Over the last decade, the sharing economy has witnessed a remarkable growth, espe-
cially in the transportation (BlaBlaCar, Glovo, and Uber) and tourist accommodation
(Airbnb, Homeaway, and Houset) sectors (Forno & Garibaldi, 2015; Fraiberger & Sunda-
rarajan, 2015). Among short-term rentals, Airbnb has captured a large share of business
worldwide and emerged as the biggest supplier of accommodations for short-term users.
As the demand for Airbnb accommodations depends upon the location of different points
of interest (tourist attractions, business centres, areas with cultural and political interests)
in the host cities, most of the Airbnb listings tend to concentrate in some central parts of
the host cities. This tendency to concentrate in the residential areas of some specific nei-
ghbourhoods has potential to create new and increase existing spatial inequalities in the
host cities. Furthermore, the rapid conversion of the long-term rentals in the working-
-class neighbourhoods into commercial tourist apartments through Airbnb exacerbates
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the shortage of long-term rentals, which eventually displace poor native people from
their traditional neighbourhoods (Barata-Salgueiro et al., 2017; Cocola-Gant & Gago,
2019; Lopez-Gay et al., 2021).

Recently, COVID-19 pandemics has severely disrupted the Airbnb activity around
the world (Bugalski, 2020; Dolnicar & Zare, 2020). The business model of Airbnb depends
on the short-time movement of people for work or tourism. The lockdowns imposed in
different countries following the COVID-19 pandemics caused a considerable decline in
tourism and work-related public gatherings (conferences, business fairs and expositions),
which reduced the demand for short term rentals all over the world.

Previous studies on the spatial distribution of Airbnb listings have analysed their
location at different scales and its relationship with other elements, such as tourism
resources, socio-demographic profile of the resident population, housing market, cul-
tural aspects, and the hotel offerings. Some researchers have studied the spread of Air-
bnb at the national level (Cesarini & Nechita, 2017; Strommen-Bakhtiar & Vinogradov,
2019), while others focused at the municipal or city level (Adamiak, 2018; Boros et al.,
2018). In their study of eight US cities, Quattrone et al. (2018) found that Airbnb lis-
tings tend to cluster in central neighbourhoods and in areas occupied by creative clas-
ses. Dudas et al. (2017) showed the concentration of Airbnb offerings based on the
population’s age, the available housing stock, and the closeness of tourism resources in
New York City.

In the European context, Airbnb listings have tended to concentrate in neighbou-
rhoods that have undergone processes of commercial and tourist gentrification (Roelof-
sen, 2018). In their study of the spatial penetration of Airbnb in London, Quattrone et al.
(2016) found that the growth of Airbnb started in central areas as expected by tourist
demand, but then extended to the socio-economically deprived peripheral areas of the
city. Domenech et al. (2019) showed the importance of the location of ski resorts and
second homes in determining the spatial distribution of Airbnb in Switzerland.

In Spain, Adamiak et al. (2019) studied the spatial distribution of Airbnb listings at
national level. In Barcelona, Gutiérrez et al. (2017) showed a centre-periphery pattern of
Airbnb distribution, in which in the centre Airbnb competes with other tourist accommo-
dations, but in the periphery, it complements the supply of short-term rentals. Similarly,
Arias Sans and Quaglieri Dominguez (2016) showed a positive correlation between the
presence of hotels and the Airbnb penetration in different parts of Barcelona. Yrigoy
(2019), found that the concentration of Airbnb listings is determined by the cultural heri-
tage of the historic centre of Palma de Mallorca city.

In Portugal, Cocola-Gant and Gago (2019) followed the changes in a central street of
one of the most traditional neighbourhoods in Lisbon, Alfama, and found a massive shift
towards urban requalification and short-term rental. Lestegas et al. (2019) explored the
relationship between the spatial concentration of short-term rentals in Lisbon’s historic
centre and the phenomena of uneven development and tourism gentrification. Franco et
al. (2019) showed that the increase in housing prices as a function of Airbnb concentra-
tion is higher in the historical centres and touristic areas in the cities of Lisbon and Porto.
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Barcelona is the financial capital and the second most populous city of Spain. It was
one of the first cities in Spain where Airbnb started its business in 2009. According to
Statista’ (2018), it receives approximately 9 million annual tourists, which makes it a per-
fect market for Airbnb. In 2019, Barcelona had the highest number of Airbnb listings in
Spain, i.e., 20 404 active listings in September 2019. Similarly, Lisbon, which is the capital
and one of the main tourist cities in Portugal, had the highest number of Airbnb listings
in Portugal, i.e., 18 277 in September 2019 (table I). The number of Airbnb listings in both
cities have increased sharply during the last decade due to the economic crisis (2008-
2013) and the austerity measures adopted by the central governments in both countries.
Although Barcelona has more than three times the population in Lisbon, the number of
Airbnb listings are very close in both cities.

Table I - Key facts on population and Airbnb activity in Barcelona and Lisbon.

Quadro I - Fatos-chave sobre a populagdo e a actividade do Airbnb em Barcelona e Lisboa.

Barcelona Lisbon
Population (in 2018) 1620343 507 220
Total Spatial Units 1068 3623
Airbnb Listings in 2019 20 404 18 277
Average listings per spatial unit 19 5
Maximum listings in a Spatial unit 303 86
Spatial Units without Airbnb listings (%) 5.43 38.45

Source: Inside Airbnb (2019); Municipal registers (2018)

In this article, we explore the extent of spatial penetration of Airbnb at territorial unit
level in different neighbourhoods of Barcelona and Lisbon and its main determinants in
both cities. Additionally, we analyse the impact of COVID-19 pandemics on the number
and spread of Airbnb listings and the typology of the accommodations offered on Airbnb
in both cities.

I1I. DATA SOURCES AND METHODOLOGY

1. Data sources

Airbnb data was obtained from Murray Cox’s website Inside Airbnb", which is an
independent initiative and not associated with or endorsed by Airbnb or any of their
competitors. The website periodically performs web-scraping of the official Airbnb web-
site and publishes snapshots of Airbnb listings in all main cities around the world. For this
article, data of all Airbnb listings in Barcelona and Lisbon cities have been downloaded in
September 2019 and December 2020. A procedure of data validation was performed by
selecting random listings in each city and double checking both their presence on the
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original Airbnb platform, and the accuracy of their locations. Each listing provides a large
amount of information including: host and room identification (a unique number iden-
tifies each host and accommodation); location of accommodation (neighbourhood and
neighbourhood groups); type of room (entire homes; private rooms and shared rooms);
geographic location (latitude and longitude coordinates); details of the accommodation
(number of bedrooms; bathrooms and maximum number of guests); availability (the
number of days available); price (nightly/weekly or monthly price); and number of
reviews (posted by the users on the website).

In order to explain the varying spatial penetration of Airbnb in selected cities, four
different sets of variables were used: spatial, demographic, structural and cultural (table II).
The variables were obtained from the 2011 Spanish and Portuguese censuses, Spanish
continuous population register, Portuguese resident population estimates and other open
sources. The first three sources provide population and socio-economic data at census
tract (Barcelona) and sub-section (Lisbon) level, which is the smallest territorial unit of
analysis available in Spain and Portugal.

Table II - Explanatory variables used in the data analysis.

Quadro II - Varidveis explicativas utilizadas na andlise dos dados.

Category Acronym Metric Source Description
Airbnb abnb Airbnb listings Airbnb Website All listings registered in a given city.
. . Distance between the centre of a territorial unit
dist Distance to centre Google maps .
to the centre of the city.
Spatial poi Points of interests Trip Advisor Number of points of interest in a territorial unit.
hotel Hotels Trip Advisor Number of hotels in a territorial unit.
trans Transport access Open street map ~ Number of bus and metro stops in a territorial unit.
popden Population density Municipal Register Population density in a territorial unit.
Proportion of people aged between 20 and 34 years
. young Age structure Municipal Register P o P p 8 ¥
Demographic in a territorial unit.
Proportion of single-person households in a
singlephh Household structure Census p i i giep
territorial unit.
. Active population . . - .
unemployment Unemployment ratio Proportion of unemployed in a territorial unit.
survey
Proportion of residential buildings constructed
housecon Condition of buildings Census P . o N
before 1990 in a territorial unit.
S | houserent Average house rent INCASOL/Idealista Average house rent in a territorial unit.
tructural
. . Proportion of apartments below 60 square meters
housesize Size of apartments Census . o .
in a territorial unit.
housevac Unoccupied apartments  Census Proportion of vacant houses in a territorial unit.
. Proportion of owner-occupied residences in a
owner Tenancy regime Census S )
territorial unit.
. . . L . Proportion of residents born in the same
native Native populatlon Mun1c1pa1 Register p‘ o
municipality.
Cultural Proportion of people with university education i
roportion of people with university education in
education Level of education Census P peop Y

a territorial unit.

In the spatial variables, distance to city centre (dist), points of interest (poi), number
of hotels available in a territorial unit (hotel) and access to transport services, i.e., bus or
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metro stops (trans) are included as explanatory variables. In previous studies, distance to
the city centre is considered as one of the most important determinants of the presence
of Airbnb in an area (Quattrone et al., 2016). The places closer to the city centre are likely
to have a higher number of Airbnb listings and vice-versa. For simplicity and homoge-
neity, the TripAdvisor website is used to identify the central points of the two cities, which
are: Plaga de Catalonia in Barcelona and Praga Dom Pedro IV in Lisbon. For each city, it
is the shortest distance in meters between the central point and the centre of the territo-
rial unit under study. The presence of points of interest (geographic features that might be
of interest for tourists or short-term visitors, such as historical monuments, restaurants,
town halls, post offices, cinemas, adventure parks, stadiums, etc.) in an area is expected
to increase its tourist appeal and the number of Airbnb offerings. Open Street Map data is
used to count the number and find the location of points of interest in all territorial units.
The latitude/longitude coordinates for all points of interest that fall under the following
categories: accommodation, attractions, eating and drinking, retail and sports, and enter-
tainment for each selected city are extracted. The availability of hotels in an area is consi-
dered an indicator of the potential tourism attraction of that area. The data about the
number and geographical location (latitude/longitude) of hotels in all cities was down-
loaded following the categories: hotel, bread and breakfast, motels, and pensions from the
Open Street Maps. Finally, in the spatial variables, easy access to public transport is also
considered to increase the number of Airbnb listings in each area. Normally, tourists or
other short-term visitors prefer to stay in areas that are well connected with public trans-
port to save some money and time. It concentrates the Airbnb listings around the metro
lines or bus stops. The Open Street Maps was used to count the number and geographical
location of metro and bus stops available in each territorial unit of the selected cities.

In the demographic variables, population density (popden), proportion of young
people between 20-34 years (young), proportion of single person households in a given
area of the selected cities (singleph) are used. The density is calculated by dividing the
number of people living in a territorial unit by its surface area. In previous studies, high
population density is considered to have a crucial impact on the spread of sharing eco-
nomy services (Fraiberger & Sundararajan, 2015; Quattrone et al., 2016). The variable
young, which shows the age structure of the resident population in different neighbou-
rhoods, is expected to have a significant impact on the penetration of Airbnb due to the
higher use of modern technology among the younger population (Florida, 2002); the
neighbourhoods with high proportion of young population are more likely to have higher
number of Airbnb listings compared to other neighbourhoods with high share of old
population. Lastly, the variable singleph is also expected to facilitate the spread of Airbnb,
since, it is more feasible for a single person to share spare rooms of his/her apartment, as
for a family household can be a difficult choice.

In the structural variables, the proportion of unemployed people (unemployment),
the average age of housing stock (housecon), average house-rent (houserent), average
house-size (housesize), the proportion of vacant apartments (vachouse) and the tenancy
regime (owner) are included as explanatory variables. In previous studies, the neighbou-
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rhoods with a high proportion of unemployed population are expected to have a high
number of Airbnb listings (Quattrone et al., 2016). Similarly, the areas with high average
house-rents are expected to have more Airbnb listings, as normally these areas are more
attractive to tourists and have better access to other public services (Quattrone et al.,
2016). The high proportion of small apartments (less than 60m?) in a neighbourhood can
decrease the number of rooms offered on Airbnb, since small apartments have no spare
rooms to rent, however, it can increase the number of full apartments available for rent in
Airbnb. The high proportion of vacant apartments is considered to have a positive impact
on the penetration of Airbnb, by increasing the supply of accommodations that can be
rented in Airbnb. Lastly, the high proportion of rented apartments in an area shows its
potential as a good market for rental accommodations, which suits Airbnb business
model. In addition, the people who have rented an apartment for a long stay are more
likely to share their apartment with short-term visitors, compared to the house-owners,
who use them as their principal residence (Quattrone et al., 2016).

In the cultural variables, the proportion of residents born in the municipality (native)
and the proportion of people with university degrees (education) are included in the
study. These variables are used as a proxy to examine the access of population to modern
technology, social media sites and sharing economy in different parts of the selected cities
(Quattrone et al., 2018). The variable native has tended to have a significant influence on
the socio-economic configuration of the specific neighbourhoods, which in turn affects
the number of listings in these neighbourhoods. In previous studies, the areas with a high
proportion of native population have stated to have a small number of Airbnb listings
(Quattrone et al., 2016). Similarly, the high proportion of more educated people is expec-
ted to positively affect the penetration of Airbnb in selected cities, and vice-versa (Quat-
trone et al., 2018).

2. Methodology

The methodological approach was designed in three steps. First, in order to measure
the level of spatial penetration of Airbnb (clustering) in the selected cities, the Local Indi-
cator of Spatial Association (LISA) index, which can be seen as the local equivalent of
Moran’s I (Anselin, 1995) is applied. It is used to identify whether there are observed
similar or alien values agglomerated in a local area. It can be used to measure the degree
of correlation between area i and other areas. Since the data is available at the territorial
unit level, the variable number of Airbnb listings in territorial units’ is used to perform
this analysis. The local value of a LISA is computed as:

ligcar = (ZLS—ZZ)Z Wij(Zi - 2)
J#i
where w;; is the weight matrix of proximity space which indicates the proximity rela-
tionship between different spaces, z; and z; represent the attribute values of spatial units i
and j, respectively, Z = %Z’f:l z; is the average number of listings, and §* = % Yi(zi—2)?
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is the variance in the number of listings in different territorial units. A local Moran’s I
greater than 0 indicates that a high value is surrounded by high values or a low value is
surrounded by low values. A value smaller than 0 indicates that a low value is surrounded
by high values or a high value is surrounded by low values.

Following the first law of geography, “everything is related to everything else, but
near things are more related than distant things” (Tobler, 1970, p. 236), it is hypothesi-
zed that territorial units with higher or lower number of Airbnb listings will be cluste-
red in certain areas of selected cities. The parameter for conceptualizing spatial rela-
tionships between territorial units was “queen contiguity”, which ensures that all the
entities have a maximum number of neighbours possible in all directions. For each
location, LISA values allow for the computation of its similarity with its neighbours
and to test its significance. Five scenarios may emerge: first, locations with high values
of Airbnb with similar neighbours (high-high), also known as hot spots; second, loca-
tions with low values with similar neighbours (low-low), also known as cold spots;
third, locations with high values with low-value neighbours (high-low), potential spa-
tial outliers; fourth, locations with low values with high-value neighbours (low-high),
potential spatial outliers; and fifth, locations with no significant local autocorrelation.
These specific configurations can be first identified from a Moran scatterplot showing
observed values against the averaged value of their neighbours. Once a significance
level is set, values can also be plotted on a map to display the specific locations of hots-
pots and potential outliers.

Then, regression analysis has been carried out to identify the main determinants of
the spatial penetration of Airbnb listings in the selected cities. Because of the Poisson
distribution of the dependent variable, i.e., the number of Airbnb listings by territorial
unit in all selected cities, Count Data Models (CDMs) have been applied (fig. 1). These
models are especially useful when the analysed events are recorded at a highly disaggre-
gated territorial level and a significant number of spatial units have zero occurrence of
dependent variable, a situation known as “zero problem” However, the existence of terri-
torial units with zero listings is relevant for our study as it allows us to identify the inde-
pendent variables that can explain the absence of Airbnb listings in certain areas of the
selected cities. In our study, the number of territorial units in each selected city is large
and in some territorial units zero Airbnb listings are reported, which justifies the use of
CDMs. The performed spatial analysis (LISA indicator) has shown that there is a high
spatial clustering of Airbnb listings in specific areas of selected cities. Hence, to solve the
problem of over dispersion and zero-inflation, a negative binomial regression model
(NBM) has been applied. Additionally, the choice of model has been supported by the
results from Akaike’s Information Criteria (AIC) and Bayesian Information Criteria
(BIC). With a view to the general features of this estimation procedure, NBM assumes
between-subject heterogeneity and that the process is the same for both zero and non-
-zero counts (Domeénech et al., 2019).
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Fig. 1 - Density of the dependent variable (Airbnb listings) for Barcelona and Lisbon.

Fig. 1 - Densidade da varigvel dependente (listagens Airbnb) para Barcelona e Lisboa.
Source: Inside Airbnb (2019), extracted from Count Data Models

Taking the territorial unit as a statistical unit and the number of Airbnb listings per
territorial unit as dependent variable, two general non-linear NBM have been applied
(McCullagh & Nelder, 1989). All the variables shown in table II have been included as
explanatory variables. Correlation among them has been checked (fig. 2) and multicolli-
nearity (Cameron & Trivedi, 2005) has also been controlled with satisfactorily low values
of the variance inflation factors (VIF). Following the previous studies, the threshold for
VIF was set at 3 (Pan & Jackson, 2008; Rogerson, 2001). Some explanatory variables have
shown high correlation.

Barcelona Lisbon

housecon . housecon .
popden Pearson . Oz popden Pearson - 02
housesize Correlation Moo housesize Correlation Wowon
unemployment S008: 100, 0810 .0.47 0.13-004 unemployment 10 05 00 05 10 .0.41 0.13-0.04
houserent W osr017.002001 houserent Wosr017.002001
young .0.47011 0250.15 0.1 young -0.470 110.250.15 0.1

hotel [l o 057005006016 0 hotel [l o 057005005016 o
singleph o1 021027.001022008 005 singleph 014 031 027.001022008 005
vachouse Wlocso12019015012011000005 vachouse Wlloos012019015.012011009005
trans Wloor-003025 002 0.180.11.0.07/0 41 0.08 trans 007003025 0020.18-0.11.0.070 410 08
poi [lo640.14 005047031 035.00500103200 poi [Blos: 0.1 009 047031 035.005001032008
ovmer [ 025000954 0 250311051047 027 0.020.07-0.00 ovner [l 0290055540 25031@4)470 27002007-009
dist  [[lloss.02¢00101203303 035019.015005 dist  [[llos8-020001.0120320370868 035 0.19.0.150.05
native [Jfo.18 022-0.17001-008024026084 0.09[05 105 0:27.0.14 native [Jflo18022:017001-0080. 24028'009@-0 27014

& r O @@ > 2SS R I K IS ST

S FE FFFE S S &P & FE W S o S Q& &

N o @ TS PSS F N o é\é\(\% € F S S
8 LS s & TES T
<
< S

Fig. 2 - Correlation among explanatory variables for Barcelona and Lisbon.
Colour figure available online.
Fig. 2 - Correlagdo entre as varidveis explicativas para Barcelona e Lisboa.
Figura a cores disponivel online.
Source: Inside Airbnb (2019); Municipal registers (2018); Census 2011; Open Street Maps (2019)
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Two regression analyses have been implemented for both cities to solve the problem
of multicollinearity. In the first model, all variables are included; in the second model,
one of the explanatory variables (in the pair of highly correlated variables) has been
excluded. It ensures that we correctly capture the effect of each independent variable on
the dependent variable. It also allows us to see which model presents better goodness of
fit indicators. The regression models are formulated as:

log(E(Y)) =By + B... Y:NB(u(2),k)
where E(Y|z) = u(z) and V(Y|z) = u(z) + ku(z)?

Here B, is the intercept and B, is the regression coefficient vector of all covariates at
the territorial units level.
IV. SPATIAL PENETRATION OF AIRBNB IN BARCELONA AND LISBON

1. Spatial clustering of Airbnb

The big red spots (high-high cluster) on both maps and high values of the LISA indica-
tor show the spatial clustering of Airbnb accommodations in the central neighbourhoods of
Barcelona and Lisbon (fig. 3).
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Fig. 3 - Local Moran’s spatial autocorrelation indicator with the variable Airbnb listings per territorial
unit in Barcelona (A) and Lisbon (B). Colour figure available online.

Low-High Outlier

I Low-Low Cluster

Fig. 3 - Indicador de autocorrelagdo espacial local de Moran com a varidvel Airbnb listagens por
subsecgdo em Barcelona (A) e Lisboa (B). Figura a cores disponivel online.
Source: based on Inside Airbnb (2019)

It confirms our assumption that the spatial penetration of Airbnb is highly uneven in
both cities. Barcelona has a high value of Moran’s I, i.e., 0.79, which shows the existence of
different high-high or low-low clusters of Airbnb listings in different neighbourhoods of the
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city. In Barcelona, the Airbnb listings were concentrated in the historical down-town areas.
These areas are already known for their tourist attractions, businesses, and cultural heritage
(Lopez-Gay et al., 2021). In 2019, 58.7% of the total listings in Barcelona were concentrated
in the central neighbourhoods of la Dreta de I'Eixample (10.2%), el Raval (8.7%), el Barri
Gotic (6.7%), Sant Pere, Santa Caterina i la Ribera (6.1%), el Poble Sec (5.5%), I'Antiga
Esquerra de 'Eixample (5.5%), la Sagrada Familia (5.4%), la Vila de Gracia (5.4%), and Sant
Antoni (5%). All these neighbourhoods form a very big high-high cluster in the historical
centre and coastal areas of the city. These neighbourhoods have a large number of historical
monuments, religious places, business houses, and government offices that attract annually
a large number of short-term visitors. At the same time, the peripheral neighbourhoods of
Baro de Viver (0.01%), Can Peguera (0.01%), Canyelles (0.02%), Torre Baro (0.02%), Ciutat
Meridiana (0.03%), la Trinitat Nova (0.05%), and la Vall d'Hebron (0.05%) had below 0.1%
of the total Airbnb listings in Barcelona. These neighbourhoods form a low-low cluster in
the northwest of the city.

Similarly, Lisbon with the Moran’s I value of 0.55 also shows spatial clustering of Air-
bnb listings in the central historic parts of the city. In 2019, 77.9% of the total Airbnb lis-
tings were concentrated in the central parishes of Santa Maria Maior (20.9%), Misericor-
dia (17%), Arroios (12.9%), Santo Antdnio (8.2%), Sdo Vicente (8%), Estrela (6.1%) and
Avenidas Novas (4.2%). These parishes form the historical and the business centres of
Lisbon and are known for their cultural heritage and tourist attractions (Lestegas et al.,
2019). At the same time, the outer parishes of Santa Clara (0.1%), Carnide (0.3%), Ben-
fica (0.5%), Marvila (0.5%), Beato (0.6%) and Sdo Domingos de Benfica (0.96%) had less
than one percent of the total listings in Lisbon.

2. The main determinants of spatial clustering of the Airbnb listings

The first model for Barcelona and Lisbon shows that in the spatial determinants, the
distance to the centre of the city had a highly significant negative impact on the penetra-
tion of Airbnb in both cities; however, the impact was stronger in Barcelona than in Lis-
bon. It means as one moves far from the centre of the city the number of Airbnb listings
decreases. It was expected as short-term visitors prefer to stay close to the centre of the
city, which are often well equipped to serve their needs. The presence of the points of
interest for tourists and other short-term visitors had a positive impact on the penetra-
tion of Airbnb in both cities, which is easy to understand as these tourist spots attract
thousands of tourists annually, who are the main clients for short-term rentals. The pre-
sence of hotels has a less significant negative impact on the penetration of Airbnb in
Barcelona. However, it has no impact on the spread of Airbnb listings in Lisbon. Finally,
the easy access to the public transport services facilitates the spread of Airbnb in Lisbon,
but in Barcelona its impact is statistically insignificant.

In the demographic determinants, the high population density had a highly significant
negative impact on the penetration of Airbnb in Barcelona and a highly significant positive
impact in Lisbon. It means in Barcelona, the territorial units with high population density
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had a smaller number of Airbnb listings and, on the contrary, in Lisbon subsections with
high population density had a large number of listings. The concentration of young people
had shown no statistically significant impact on the penetration of Airbnb in Barcelona, but
it had a statistically significant negative impact on Airbnb listings in Lisbon. Since the areas
with high concentration of young people could theoretically explain a high number of lis-
tings in Lisbon this effect can be the result of neoliberal housing policies and housing finan-
cialization (Mendes et al., 2019) that overlooked the young people. Lastly, both cities had
shown a highly significant positive impact of the concentration of single person households
on the penetration of Airbnb. However, in Lisbon its impact was stronger and highly statis-
tically significant than Barcelona, which can be justified by the (mis)matches between an
aged population and an oversupply of large houses (Garha & Azevedo, 2021).

In the structural determinants, the proportion of unemployed people had a statisti-
cally significant negative impact on the penetration of Airbnb in Lisbon. On the contrary,
its impact in Barcelona was statistically insignificant. Every increase in the average house-
-rent had a positive impact on the supply of Airbnb accommodations in Barcelona, which
means neighbourhoods with high average monthly rents have high penetration of Air-
bnb. On the contrary, it had a statistically insignificant impact on the spread of Airbnb in
Lisbon. The high proportion of small apartments had a highly significant positive impact
on the penetration of Airbnb in Barcelona and a negative impact in Lisbon. The high
proportion of old housing stock had a negative impact on the spread of Airbnb, while it
has no impact in Lisbon. The high proportion of vacant apartments had a statistically
significant positive impact on Airbnb in Lisbon. However, its impact was statistically
insignificant in Barcelona. Lastly, the high proportion of people who own the house
where they live (owners) had a statistically significant negative impact on the penetration
of Airbnb in Lisbon. In Barcelona its impact was statistically insignificant.

Lastly, in the cultural determinants, the concentration of native population in some
traditional neighbourhoods had a negative impact on the penetration of Airbnb in both
cities, with stronger impact in Barcelona than Lisbon. The high proportion of people with
university education had a statistically significant positive impact on the penetration of
Airbnb in Lisbon. However, in Barcelona, its impact was not statistically significant.

As we have seen in the correlation plots (fig. 2), there are some independent variables
that are highly correlated. To avoid the problem of multicollinearity, we have calculated
the VIF for each independent variable used in the first models for all selected cities. The
highly correlated pair of variables (with VIF value more than 3) are identified in each first
model and one of the variables from the highly correlated pairs is dropped to run the
second model. In Barcelona, high correlation is found between the variables native and
young (VIF of >3). Therefore, in the second model, the variable native was dropped. It
increased the significance of the variables young and unemployment, as determinant fac-
tors that positively affect the penetration of Airbunb. In Lisbon, high correlation is found
between the variables singleph and dist (VIF of >3), therefore, in the second model, the
variable singleph is dropped. It decreases the significance of the variable young, which was
significant in the first model. In addition, it increases the significance of housecon and
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houserent as determining factors that positively affect the penetration of Airbnb in the
city. The AIC, BIC, and the Log-Likelihood values of both models show a significant
improvement in the goodness of fit of the second model, which justifies the dropping of
one variable from the couples of highly correlated independent variables (table III).

Table III - Results of negative binomial models.

Quadro III - Resultados dos modelos binomiais negativos.

Barcelona Lisbon

Coefficients

1**Model VIF 2" Model 1**Model VIF 2" Model
(Intercept) 5574271  *™** 2.552272 1.673402 * 6.357391  ***
Spatial
dist -0.000530  ***  3.19 -0.000540  ***  -0.000240 ***  3.34 -0.000390  ***
poi 0.005836  ** 251 0.006291  **  0.052529 *** 133 0.063567  ***
hotel -0.031780 * 1.62 -0.009170 0.019920 1.14 0.051711
trans 0.009827 2.11 0.019139 * 0.152037 ** 1.28 0.132028  ***
Demographic
popden -0.001040  **  1.58 -0.000850  ***  0.003267 ***  1.12 0.002780  ***
young 0.010904 3.36 0.042510  ***  -0.022740 * 2.26 -0.013140
singleph 0.004829 * 1.23 0.005148 * 0.082052 *** 3,14
Structural
unemployment -0.009390 2.61 0.071984 *-0.004700 * 1.72 -0.006330  ***
houserent 0.049314 *™*  2.26 0.051509 ***  -0.000130 1.32 -0.000450 *
housesize 0.005060 ***  1.89 0.008035 ** -0.008160 *** 149 -0.006980  ***
housecon -0.007030  ***  1.09 -0.005310 ot 0.000279 1.67 0.002103 e
vachouse 0.002705 1.55 0.003217 0.004173 e 1.35 0.005437  ***
owner 0.001820 2.43 0.000416 -0.006830  ***  1.79 -0.007570  ***
Cultural
native -0.033480 *** 3,52 -0.023730  *** 2.58 -0.035460  ***
education -0.001260 2.74 -0.003840 0.022842 **  1.24 0.030219  ***
Goodness of fit indicators
AIC 6725.4 6777.8 15431.3 15636.8
BIC 6809.8 6857.3 15536.7 15735.9
Log-Likelihood -3345.7 -3381.4 -7698.7 -7802.4
DF 17 16 17 16

Note: Significance codes: 0 *** 0.001 *** 0.01 **0.05 7 0.1’ 1

V. IMPACT OF COVID-19 PANDEMICS ON AIRBNB LISTINGS

The recent COVID-19 pandemics has a very significant impact on the spread and
penetration of Airbnb in Barcelona and Lisbon. Airbnb’s business model depends on the
short-term movements of people from one city to another for work or tourism. The
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recent pandemics has significantly curtailed the movement of people around the world.
It resulted in a considerable fall in the demand for short-term accommodations. This fall
in demand forced people to withdraw their apartments from the Airbnb website. In Bar-
celona and Lisbon, the number of total listings has reduced from 20 404 and 18 277 in
September 2019, when the COVID-19 pandemics began to spread around the world, to
19 641 and 14 332 in December 2020, respectively (fig. 4). In Barcelona, the reduction in
the number of Airbnb Listings was 3.7%, while in Lisbon it was 21.6%. This decline was
spatially concentrated in the central neighbourhoods of both cities. In Barcelona, the
neighbourhood of Raval (13.3%), Poble Sec (13.3%), la Vila de Gracia (9.1%) and Sant
Antoni (8.3%) have recorded the highest loss of Airbnb Listings. Similarly, in Lisbon the
parishes of Misericordia (22.3%), Arroios (25.1%), Santa Maria Maior (14.1%), Santo
Anténio (20.3%) and Estrela (24.9%) have registered even higher loses in comparison
with neighbourhoods of Barcelona. In Lisbon, not a single parish has witnessed an
increase in the number of Airbnb listings, while in Barcelona, the neighbourhoods of la
Dreta de 'Eixample (5.1%), Sant Gervasi-Galvany (23.1%) and el Barri Gotic (4.2%) have
recorded an increase in the number of Airbub listings.
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Fig. 4 - Impact of COVID-19 on the number of Airbnb listings in (A) Barcelona and (B) Lisbon.
Colour figure available online.
Fig. 4 - Impacto da COVID-19 no niimero de listagens da Airbnb em (A) Barcelona e (B) Lisboa. Figura
a cores disponivel online.
Source: Inside Airbnb (2019)

In addition to the decline in the number of total listings, the composition of the
apartments offered on Airbnb has also witnessed a considerable change during the last
year (figs. 5 and 6). In Barcelona, the highest decline is registered in the number of private
rooms; at the same time, the number of listings of full apartments has increased conside-
rably in all central neighbourhoods. It shows that the main idea of Airbnb - sharing home
with others - has failed in Barcelona due to COVID-19 pandemics. People in Barcelona
are not willing to share their homes with strangers due to the risk of COVID-19 infection.
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But still, the number of entire apartments in Airbnb listings, in which the risk of infection
is low, has increased. Contrary to this trend, in Lisbon the number of all types of accom-
modations in Airbnb listings has decreased, with a small exception of shared rooms in
Arroios and Alcantara parishes.
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Fig. 5 - Evolution of the typologies of accommodations offered on Airbnb by Lisbon's parishes,
2019-2020.
Fig. 5 - Evolugdo das tipologias de alojamentos oferecidos na Airbnb por freguesia de Lisboa, 2019-2020.
Source: Inside Airbnb (2019)
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Fig. 6 — Evolution of the typologies of accommodations offered on Airbnb in Barcelona, 2019-2020.

Fig. 6 - Evolugdo das tipologias de alojamentos oferecidos na Airbnb em Barcelona, 2019-2020.
Source: Inside Airbnb (2019)
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VI. CONCLUDING REMARKS

The result of spatial analysis demonstrates that most of the Airbnb accommodations are
concentrated in the central parts of the selected cities. These areas are traditionally known
for their high tourism potentials, and always remained favourite destinations for the
national and international tourists. It directs the flow of revenue to these neighbourhoods
and refutes the claim of the Airbnb’s proponents that it brings tourism to the peripheral
neighbourhoods of the cities, which traditionally do not receive tourists. In this article, we
empirically proved that Airbnb concentrates tourism revenue in some areas that are already
overwhelmed with tourists. Therefore, the benefits of Airbnb do not reach the socioecono-
mically marginalized and vulnerable neighbourhoods of both cities. These neighbourhoods
do not receive any increase in tourism, rather, they suffer from the ill effects of touristifi-
cation of their local businesses, city centres and public services. As a result, Airbnb activity
is deepening existing and creating new spatial inequalities in Barcelona and Lisbon.

The regression models have highlighted the effect of different determinants under-
neath the spatial distribution of Airbnb listings. The results indicate nine features with a
positive impact on the penetration of Airbnb in the residential areas in Barcelona and in
Lisbon: short distance to the city centre, concentration of the points of attraction for tou-
rists, low population density, large houses, large proportion of single-person households,
high tenancy rates, high average household income, large proportion of highly educated
people, and high share of immigrants. Conversely, the large proportion of natives in the
total population and high home-ownership rates reduce the spread of Airbnb activities in
these two cities.

The COVID-19 pandemics has curtailed the growth of Airbnb in Barcelona and in
Lisbon. Since there are still many restrictions on the movement of people from different
countries, it is expected that Airbnb will incur more losses in the coming times. The cen-
tral neighbourhoods of both cities have registered loss in the number of Airbnb listings
due to the pandemics The typology of accommodations offered on Airbnb has also chan-
ged, with a considerable decrease in the number of shared and private rooms in all neigh-
bourhoods and an increase in the number of entire houses in some neighbourhoods.
Some researchers have claimed that the native people in the central neighbourhoods are
happy with this contraction of Airbnb and they are expecting a return of the short-term
rentals to long-term rentals in the coming months. In previous research, Airbnb was cri-
ticised as a force of disruption for the housing market, now it is suffering from the same
type of disruption due to pandemic in both cities.

Airbnb has also affected the lives of ordinary citizens by transforming their houses
into commercial assets that can be rented for some extra income. It makes people lose the
sense of neighbourhood or attachment to their neighbourhoods and commercializes
everything. The high presence of tourists in residential areas increases congestion and
competition for already scarce public services.

These results signal towards an urgent need for regularisation of Airbnb to make it a
spatially just service. Some of the steps have already taken by the local governments in
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both cities to control the adverse effects of Airbnb (i.e., Ley de Propiedad Horizontal
[Horizontal Property Law] de 2019 in Barcelona and Regulamento Municipal do Aloja-
mento Local [Municipal Regulation of Local Accommodation] de 2019 in Lisbon) and
recently COVID-19 pandemics has contributed to the decline of Airbnb activity in both
cities. In Lisbon, the Renda Segura programme 2020 allows private landlords to rent their
homes to the municipality which will then rent them out at lower prices. Although the
take-up of this programme is far below expectations, it could be an instrument of change
towards correcting the distorted market.

In the future, it will be interesting to see how the restrictions imposed by the local
governments effects the penetration of Airbnb in different parts of the host cities and how
the Airbnb makes itself more spatially just service that in addition to multi-hosts also
benefits the poor small house-owners living in marginalized neighbourhoods of the
selected cities.
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