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Abstract

The city is constantly changing. New buildings are built, new infrastructure replaces old
infrastructure, and the city grows with the addition of new areas. This study investigates
the impact of new construction projects on the socioeconomic background and affordabil-
ity of residents in Stockholm, Sweden. Using the difference-in-difference methodology, the
authors analyse data from several construction projects in the city from 2009 to 2014. The
results suggest a limited effect on the proportion of residents with higher education and
young people, that is, no gentrification effect, but a positive effect on income and afforda-
bility. However, this could lead to gentrification and displacement over time. This research
sheds light on the potential outcomes of urban development and highlights the need for
effective policies to ensure sustainable and equitable growth in Stockholm.
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1 Introduction

As Stockholm’s city evolves with new construction projects, so do its residents. Our study
focuses on the impact of new housing investments on the city’s inhabitants and investigates
whether these changes lead to shifts in demographics, socioeconomic status, and housing
affordability. With an eye on the city’s ongoing transformation, this research sheds light
on the relationship between urban development and the lives of those who call Stockholm
home.

The research question has been analysed in many studies over time (see, for example,
Rabiega et al., 1984; Simons et al., 1998; Ding et al., 2000; Ellen et al., 2001; Schwartz et al.,
2006; Ooi & Le, 2013; Zahirovich-Herbert & Gibler, 2014; Kurvinen & Vihola, 2016; Brunes
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et al., 2020; Fernandez et al., 2021). Most of these studies have analysed the effect of new
housing investments on housing prices and, in a few isolated cases, on rental prices in nearby
areas. For example, Been et al. (2019) and Mast (2021) recently analysed affordability after
new housing units were built in the neighbourhood. The question remains whether new hous-
ing investments lead to the gentrification of entire residential areas in the long term when
new residential buildings are built. Lower affordability is a step toward gentrification that can
eventually lead to the displacement of the people who originally inhabited the area. However,
few studies have analysed the issue of gentrification by measuring the change in population
in terms of educational background and age distribution. One exception is Dong (2017), who
analysed various indicators of gentrification in connection with rapid train development. There
is a research gap on new housing investments and their effects on gentrification.

The primary objective is to explore whether residential projects have affected the socioeco-
nomic background and affordability of housing. The main research questions are whether new
housing construction affects gentrification and affordability in Stockholm.

We address these questions by analysing several new residential construction projects in
Stockholm, Sweden, from 2009 to 2014. We explore the influence of construction projects on
the socioeconomic backgrounds and affordability of residents. We used an unbalanced panel
data set from 2000 to 2020 for the following variables: education, demographics, income, and
housing prices in 2,168 geographical units, where units are 250 X 250 m squares. We have used
difference-in-difference with propensity score matching and inverse probability weighting.

This article contributes to the literature on gentrification and affordability in three ways.
The main contribution of our paper is an empirical analysis to determine the spillover impacts
of new residential constructions in the Stockholm municipality and to document the variability
of these impacts. We implement a set of simulation estimates to explore the influence of new
residential constructions on residents’ socioeconomic characteristics and housing affordabil-
ity. Although difference-in-difference has been used in many studies (see, for example, Ellen
et al., 2001; Schwartz et al., 2006; Ooi & Le, 2013; Lee et al., 2017; Diamond & McQuade,
2019; Brunes et al., 2020; Fernandez et al., 2021), we contribute to developing the methodol-
ogy by combining the method with propensity score weighting, by including spatial covariates
and by estimating models where new housing investments are excluded from the treatment
effect. Most previous studies have focused on the price effects of new housing investments in
nearby housing areas, although some also analyse the effect on rental housing market afford-
ability. To our knowledge, no one has previously analysed gentrification in combination with
affordability resulting from new housing investments.

The remainder of the paper is divided into six major sections. Section 2 reviews previous
studies related to city change and residential construction, and we explain our research meth-
odology and the different modelling approaches in Sect. 3. Section 4 describes the Stockholm
case study, and Sect. 5 presents the data sets and descriptive statistics. Section 6 discusses the
results of the difference-in-difference estimates. Finally, the paper discusses the study’s impli-
cations, limitations, and possible future studies in Sect. 7.

2 Literature review
There is a growing debate about whether new residential constructions affect the sur-
rounding area in terms of gentrification and affordability. Some argue that new con-

structions contribute to a supply effect, which should relieve the demand for existing
housing and reduce rents and prices. Others argue that new construction will lead to
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gentrification by attracting high-income households and new amenities, increasing hous-
ing prices and rents, and impacting the affordability of surrounding housing (Li, 2019).
Been et al. (2019) and Mast (2021) conclude that adding new housing units lowers price
increases and makes housing more affordable for low- and middle-income households.
Li (2019) studied the effect of new high-rises on nearby residential rents and sales in
New York City. The results found that for every 10% increase in housing stock within a
500-foot buffer, rents decrease by 1% and sale prices decrease where newly built hous-
ing units reduce demand for existing housing units. The inability of the supply of new
homes to meet the demand for housing results in an increase in the price of existing
homes (Glaeser & Gyourko, 2018).

However, there is growing opposition to new developments in the face of rising prices,
and there is scepticism about whether increasing the supply of market-rate housing will
enhance housing affordability. One of the arguments is that the increase in land prices in
many cities and the failure to allocate land to affordable housing will contribute to the
increase in prices. New housing at market price causes other housing to be designated for
low-income families. Land use regulations, supply, affordability, and more stringent regu-
lations for local land use result in fewer new constructions and higher prices (Been et al.,
2019).

Many studies also focus on the consequences of residential construction and the nega-
tive impact of gentrification. Higher housing costs (in terms of increased rents or house
prices) in low-income households worsen affordability and result in the displacement of
existing residents (Atkinson, 2004; Chum, 2015; Walks et al., 2021). Hankinson (2018)
indicates that homeowners are sensitive to housing proximity, unlike renters who typically
do not express NIMBYism (not in my backyard). Instead, renters show high support for
new residential constructions in the city. However, in cities where housing prices and rents
are high, renters show the same degree of NIMBYism as homeowners, despite their sup-
port for significant increases in the city’s housing supply, where renters view new nearby
developments as economically threatening in terms of increasing local prices. Therefore,
renters support new residential developments, but not developments in their neighbour-
hoods. Brunes et al. (2020) analysed how nearby property prices are affected by new
construction projects in Stockholm. Their study sample included more than 90,000 obser-
vations from 2005 to 2013, in which they used the difference-in-difference method in a
hedonic model. The results indicated an increase in housing prices in nearby areas after
completion of infill development, resulting in a positive spillover effect on nearby prop-
erty prices only in lower-income areas. A recent study by (Wilhelmsson, 2023) investigates
how housing construction affects the value of single-family homes in Stockholm, Sweden,
and its implications for urban planning. Using the difference-in-difference methodology,
the study analysed data from 480 housing projects and 17,000 home transactions between
2005 and 2018. Findings reveal that multifamily constructions do not impact the value
of nearby single-family homes, while single-family constructions negatively affect them.
The study suggests that urban planners should carefully consider the location of new sin-
gle-family homes to maintain property values and create equitable and sustainable urban
environments.

There is much debate about the consequences of gentrification (Atkinson, 2000; Smets
& van Weesep, 1995; van Eijk, 2016). Wilhelmsson et al. (2021) measured gentrification
and related gentrification to property values in a case study in Stockholm, Sweden. They
used Getis-Ord statistics to identify and quantify gentrification in different residential
areas. The results indicate that proximity to the gentrified area increases property values by
6 to 8%.
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Zahirovich-Herbert and Gibler (2014) examined the effect of new residential construc-
tion on surrounding property values in Baton Rouge, Louisiana, over 18 years. The results
show a positive correlation between newly constructed houses and surrounding residential
properties. The results of Ooi and Le (2013) indicated a positive impact of new construc-
tions on local housing prices in Singapore. Dube et al. (2023) examined whether the prox-
imity to redevelopment projects influences the prices of single-family houses in Quebec
City, Canada. The study showed that residential reconversions lead to a mean net price
premium of about 2.48%. In the same vein, Kurvinen and Vihola (2016) studied the impact
of multi-storey apartment constructions on surrounding apartment values in the Helsinki
metropolitan area in Finland. The results showed significant evidence of a positive impact
on the values within a radius of 300 m. The empirical results of the Liang et al. (2020)
study indicated that urban renewal caused a continuous response in neighborhood housing
prices even before the completion of reconstruction.

Many empirical studies, such as Zahirovich-Herbert and Gibler (2014), focused on
the effect of subsidised housing on surrounding property values. Diamond and McQuade
(2019) analysed the effect of affordable housing constructions on residents of the sur-
rounding neighbourhood by estimating spillovers of residential construction financed by
the Low-Income Housing Tax Credit (LIHTC) using the difference-in-difference method.
LIHTC is a program founded in 1986, which financed 21% of all multifamily construc-
tions from 1987 to 2008 to ensure low-income households had access to affordable hous-
ing. The spillover effect of affordable construction on residents of surrounding neighbour-
hoods varies between demographically different neighbourhoods. LIHTC development in
low-income areas increases house prices by 6.5%, revitalises neighbourhoods, and attracts
households with diverse incomes and ethnic backgrounds; while in high-income neigh-
bourhoods, new developments decrease house prices by 2.5% and attract lower-income
households. To support their results, Baum-Snow and Marion (2009) and Schwartz et al.
(2006) examined the external effects of subsidised housing in New York City, using
hedonic regression with a difference-in-difference model. The results indicated signifi-
cant and positive spillover effects of subsidised housing investment. The spillover effects
increase with the size of the project, whereas the external effects decrease with the distance
from the project sites. These results correspond to the results of Rabiega et al. (1984), San-
tiago et al. (2001), and Ellen et al. (2001). DeSalvo (1974) studied a sample of 50 New
York City neighbourhoods. Their results showed a positive effect of subsidised housing
construction on property values. The assessed values increased by 9.89% annually, while
the increase in the control areas was 4.64% annually. Olsen (2003) emphasised the role and
importance of affordable housing in addressing failures in the housing market and provid-
ing access to housing for low-income households.

Regarding the size of residential construction and its effect on nearby property values,
Ding et al. (2000) analysed the influence of new and rehabilitation residential investments
on nearby property values in Cleveland, Ohio. The results indicated a positive effect of new
construction on property values, where houses within 150 feet of new construction sold
for $4,500 more. There is no effect on house values further than 300 feet away, and the
effect is more significant in lower-income neighbourhoods. Research infers that small-scale
construction investments do not impact nearby property values, and the influence varies
with the number of units in the new residential construction (size). Therefore, investment
policy must promote and encourage significant investments to improve neighbourhoods.
Ding et al. (2000) study is an extension of Simons et al. (1998).

Finally, there is a growing literature that focusses on the role of amenities in attract-
ing higher-income individuals and potentially increasing rents and sale prices (Diamond &
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McQuade, 2019; Kennedy & Leonard, 2001; Trojanek & Gluszak, 2018). Local amenities
are essential to capitalise on real estate values (Banzhaf & Farooque, 2013; Bayer et al.,
2007).

3 Methodology

We analysed the effect of more than 200 building projects from 2009 to 2014 in Stock-
holm, Sweden. Of course, the issue of causality and control for confounders is central.
Using only observational data, we set up a quasi-experimental design similar to a treatment
effect study. We used the difference-in-difference methodology (Angrist & Pischke, 2009;
Heckman et al., 1997) with propensity score matching (Dong, 2017; Rosenbaum & Rubin,
1983) and inverse probability weighting (Abadie, 2005). Ellen et al. (2001), Schwartz et al.
(2006), Ooi and Le (2013), Diamond and McQuade (2019), and Fernandez et al. (2021)
and have all used the difference-in-difference approach in order to empirically analyse the
impact of new residential construction on property values. Dong (2017) is an example of
the difference-in-difference approach with propensity score weighting.

The construction of apartment multifamily buildings is the event/treatment that may
affect the surrounding area (treated area) compared to a control area (we will use the term
untreated area). We collect data on the outcome and control variables before and after the
new construction. Additionally, not all residential areas in the study area are equally sub-
ject to housing construction. Furthermore, residential development areas are not randomly
selected, which can create problems and result in selection bias. This is why we also esti-
mate weighted least squares. Therefore, we use the propensity score methodology, where
we weigh observations (weighted least squares) with respect to their probability of being
a construction area. Therefore, we included areas that were equal in terms of income and
price level, as well as distance to public transportation and the central business district
(CBD) of the area before the implementation of the project. ‘Projects’ refers to housing
projects with rental and owner-occupied apartments. Some projects are large and part of a
larger residential development area, while others are more isolated development projects
within the city limits.

The outcome variables that we analyse are as follows: household income, affordabil-
ity, educational background, and age. Similar outcome variables have been used by Dong
(2017). Differences in outcome variables are analysed before and after construction, as is
the difference between the immediate area where the project can be expected to have an
effect (treatment area) and a comparison area where it cannot be expected to have an effect
(untreated area). Assumptions about the size of the treatment and untreated areas are essen-
tial, and we have handled this mainly through different assumptions made using the Euclid-
ian distance to the projects.

The observation units consist of 250250 m squares, and the total number of squares
amounts to more than 2,168 geographical units. We have estimated models in which the
quadrant where the building project is located has been included and excluded from the
estimates. Our model is a so-called ‘two-way fixed effect model’ commonly used in the
difference-in-difference methodology based on panel data. We include fixed effects for
planning areas (so-called “DeSo” areas) and time to control for omitted variable bias. The
areas under study are similar but smaller than the ZIP code used by Ellen et al. (2001),
and the census tract fixed effect used by Czurylo et al. (2023). The difference-in-difference
approach, combined with fixed effects, decreased the risk of time-invariant confounding
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factors. However, the interpretation of estimated treatment effects can be problematic when
we include fixed-area effects as a constant over time, and fixed-time effects are assumed to
occur constantly in space (Imai and Kim, 2021). Some caution is required when interpret-
ing the results. The result of the difference-in-difference model will be presented with and
without fixed effects.

We have also included accessibility measures among our variables, including the
distance to the CBD and the closest metro station. We visually tested the parallel trend
assumption by graphing the trends before and after the event. The difference-in-difference
equation can be stated as follows:

Y, =, + /llTreatiJ- + AyPost;, + Ay (Treat * Post)l-‘]-’, + BX;, + ¢, (1)

where the subscript i equals the lowest geographical unit of the square, j equals the treat-
ment area, k equals the planning area, and ¢ equals the year. The outcome variable is Y, and
“Treat” equals the treatment area. The variable “Post” equals the years after the construc-
tion, and (Treat*Post) is the interaction variable between the treatment area and the period
after construction. X is a vector of other covariates, such as the distance to public transpor-
tation and CBD. The models have been estimated with ordinary least squares (OLS). We
use W as the probability weight in the weighted least-squares model. These are based on
propensity scores, and the weights will be equal to a [I/propensity score] for areas with
residential construction and [//AI-propensity score)] elsewhere, following Freedman and
Berk (2008) and Cole and Hernan (2008).

All Greek letters are the parameters that will be estimated, and the parameter of con-
cern is parameter A;. If the parameter is positive, it is interpreted as a positive causal rela-
tionship between residential constructions and the outcome variable in the treatment area
compared to the untreated area. Parameter 4, indicates if the outcome variable has changed
during the study period (before and after construction), and parameter 4, indicates whether
the outcome variable was statistically different in the treatment area before construction.

In model 1, we assume that @, , is constant and that f is equal to zero, while in model
2, we relax the assumption that @, , is constant. In model 3, we relax the assumption that
p equals zero; in model 4, we exclude square i where actual construction occurs. These
models have been estimated with OLS, while the final model, model 5, is estimated with
weighted least squares (WLS).

As stated previously, we use propensity score weighting to reduce selection bias. How-
ever, there are indications that weighting using the propensity score will increase random
error, and estimated standard error will have a downward bias (Freedman & Berk, 2008).
Imai and Ratkovic (2014) showed that the risk of misspecification of the propensity score
model could significantly affect treatment effects. Therefore, caution is necessary when
interpreting the causal relationships estimated by the weighted least squares using propen-
sity scores as weights, and we also present the OLS results for comparison.

4 The case study of stockholm

Our case study is the city of Stockholm, Sweden’s capital, with approximately 1 million
inhabitants. From an international perspective, it is a relatively small city, including sur-
rounding municipalities (Stockholm country), with approximately 2.3 million inhabitants.
The population has grown by 0.7 million from approximately 1.6 million inhabitants since
1990.
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The housing construction plans in Stockholm County for 2019-2030 include approxi-
mately 280,000 apartments. Most of these plans refer to apartment buildings (85%). The
expansion plans mean that the total number of homes will increase by approximately 25%
in just 10 years. Compared to the previous 10-year period, expansion plans are almost dou-
bled. Thus, these plans are very ambitious and will place significant demands on where
and how to build. Approximately a third of the planned housing construction will occur
within the Stockholm municipality. The municipality is relatively densely populated and
has buildable land for new projects in existing areas.

The construction aims to meet the needs of increased immigration to metropolitan
regions. Housing supply is the biggest challenge for future economic growth in the region.
At the same time, there is a need to reduce the threshold for entering the housing market
for both young adults and newcomers. Residential construction aims to create more attrac-
tive, high-quality living environments that meet today’s environmental requirements. In
addition to quantifiable objectives regarding the number of new homes in the municipality,
Stockholm’s goal is for housing stock to counteract segregation and promote attractive liv-
ing environments throughout the city.

Economic, environmental, and social sustainability are essential for housing construc-
tion. Therefore, the question of the effects of housing construction on segregation, gentrifi-
cation, and affordability is central and more research is needed.

There may be an inherent contradiction between creating attractive living environments
and gentrification. Gentrification implies a social process in which the composition of the
neighbourhood population changes. Households with higher income move in and displace
households with lower incomes and social status. New construction projects can contrib-
ute to gentrification by making the living environment within the district more attractive,
resulting in higher housing prices. Over time, only households with higher incomes can
move into the neighbourhood, and the neighbourhood becomes gentrified over the long
term. The process is relatively slow, as there is a certain sluggishness to the housing mar-
ket, making it challenging to analyse gentrification and its causes. As a case study, Stock-
holm is interesting to analyse, as it has a goal of substantial housing expansion, but at the
same time, it has a clear social ambition regarding future housing expansion and does not
want to create increased segregation and gentrification in existing neighbourhoods.

5 Data and descriptive statistics

We used an unbalanced panel data set for 2000-2020 in 2,168 geographical units. Units
are 250250 m squares and data on education, demographics, income, and housing prices
are available for each square. In total, our panel data consist of 45,352 observations. Con-
cerning income, we only have data for 2000, 2007, and 2013-2020, and housing prices are
available for 2005-2018. Data on educational background and demographics of the popu-
lation are available for all years. All observational units are geocoded. In addition to the
outcome variables, we also have information on access to the nearest subway station and
proximity to the city centre at all locations in the study area.

Our sources were Statistics Sweden for data on income and population. Information
on housing prices came from Swedish Brokerage Statistics (Svensk Miklarstatistik), and
statistics regarding new multifamily residential houses come from the City of Stockholm.
The number of constructions was 216 between 2009 and 2014, and most new apartments
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were built between 2012 and 2014 (148 new multifamily houses). The constructions are
depicted in Map Fig. 1.

Three things can be noted regarding the geographical spread of new residential proper-
ties. There has been a greater concentration of construction in the southern parts of Stock-
holm, and the size of the projects has varied considerably. The project areas in the north
are concentrated in only a few areas, while several in the south are spread over a larger
geographical area. What may be important in estimating the difference-in-difference mod-
els is that there may be an inevitable interdependence between new buildings, and project
size may have a particular significance for the outcome. Higher concentrations of projects
and larger projects are expected to have more significant potential impacts on affordability
and gentrification.

The descriptive statistics on the outcome variables and some covariates (distance to the
subway station and distance to CBD) are presented in Table 1. Statistics refer to the mean
and standard deviation in the treated group (observations within 1 km from new construc-
tion) and the untreated group (observations further than 1 km, but within 10 kms of new
construction). The ring around the new housing investments is larger than what has been
used; for example, Ooi and Le (2013) used 500 m, and Schwartz et al. (2006) and Ellen
(2001) used 2000 feet (around 610 m). As an alternative to a 1000 m radius around the new
housing, we tested the variables using a 500 m radius.

As we analyse more than 200 construction projects spread throughout the city, a
treatment area of 1 km will cover a large part of the city and thus a large part of the
analysis units. There are approximately 45,000 squares in the panel; approximately 75%
of these are treated, while only 25% are untreated. This, of course, requires that the
characteristics of the treated squares be equivalent to those of the untreated squares.

Residential Constructions
® 3-36
37-72
73-117 N

L]
®
@ 1e-183
. 184 - 320 A
|| Stockhalm Municipality
@ City Center 6,600 3,300 0 6,600 Meters

Fig. 1 Residential constructions in Stockholm (2009-2014)
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Table 1 Descriptive statistics

Variables Treated Untreated

No. of obs Mean Std.dev No. of obs Mean Std.dev
Income 14,430 311,561 108,590 4632 318,257 145,610
Affordability 9936 0.0911 0.0374 2992 0.0951 0.0557
Education 33,605 0.5403 0.1887 10,800 0.5044 0.1910
Younger 14,616 0.3209 0.1421 4684 0.2685 0.1382
Distance to subway 34,246 0.6910 0.1421 11,106 1.2721 0.8044
Distance to CBD 34,246 6.5328 3.1548 11,106 9.6911 3.7023

In Table 1, we present descriptive statistics concerning the four outcome variables: income (SEK), afford-
ability (ratio between average income and average house prices), education (share with higher education of
total population), and younger (share in the age group 25-44 of the total population). The same outcome
variables have been used in Dong (2017). The covariates “distance to the metro station” and “CBD” are
measured in kilometres. The number of observations (No. of obs.), mean, and standard deviation (Std.dev.)
are presented in Table 1. The treated group is within 1 km of the new residential construction, and the
untreated group is between 1 and 10 kms from the new residential construction

As mentioned above, the panel is unbalanced, so we lack information on income and
affordability for previous years. In essence, we can only analyse the effect of the two or
three observations before the new residential constructions took place.

Regarding household income, we can say that we have 14,430 treated units and 4,632
untreated units. Average income is comparable between the two groups, but the varia-
tion around average income is significantly greater in the untreated group. ‘Affordabil-
ity’ is defined as average income divided by average housing prices in the geographical
unit (the inverse of income affordability used in, e.g., Gan & Hill, 2009). Affordability
follows the same geographical pattern, i.e., the mean value is equivalent between the
two groups, but the standard deviation is slightly higher in the untreated group.

Higher education is the share of people in the area with a college education, and
‘younger’ is the share of the age group 25 to 44 in the area, following Dong (2017).
With respect to higher education and younger people, the share is higher in the treated
group, while the spread is equal. In the treated group, 54% have a college education, as
do 50% of the untreated group. The proportion of individuals aged 25-44 is 32% in the
treated group but only 27% in the untreated group.

We can observe a more significant difference when analysing the covariates’ distance
to the nearest metro station and the city. Areas with new construction are closer to metro
stations than untreated areas, although the variation in the untreated group is substan-
tial. In the treated group, the minimum distance to the nearest metro station is approxi-
mately 700 m, while the distance in the untreated group is 1,300 m. Surprisingly, we
can observe that new construction projects are closer to the city than areas that have
not yet been built. The average distance to the city is 6.5 km in the treatment group
and 9.7 km in the untreated group. This justifies the use of covariates in the difference-
in-difference estimates. In Map Fig. 2, we illustrate the geographical spread regarding
affordability and income (left), higher education, and younger (right).

The map on the left shows the geographical spread of affordability. The redder
an area is, the more affordable it is, while the yellower an area, the less affordable it
is. There is no clear tendency suggesting that the closer we get to the city, the less
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affordable housing is, but there are areas in the city centre where prices are lower rela-
tive to income, and in the suburbs, prices are relatively higher than income.

The map on the right illustrates the geographical distribution of the proportion with
higher education. The bluer an area becomes, the more people with higher education live
there. Here, the pattern is much more evident with more people with higher education in
the central and northwest parts of the city. While the second map on the right shows that
younger people are concentrated in the suburbs of Stockholm, older people are concen-
trated in the central parts of the city. Both affordability and higher education are outcome
variables. In the difference-in-difference models, we will include fixed geographical effects
that will effectively capture the geographical spread that exists in the city for all outcome
variables.

6 Difference-in-difference estimates

In this section, we present our results from the difference-in-difference models. Four dif-
ferent outcome variables will be used: income, affordability, the proportion with higher
education in the population, and the proportion in the age group 25-44 years. Income and
affordability refer to the effects that can trigger a gentrification process, and higher edu-
cation and age structure are more long-term effects due to a gentrification process. All
outcome models have been estimated in five different model specifications presented pre-
viously. In addition to these models, we will present two models regarding the outcome

Affordability Education
0.000000 - 0.032383 N [ 0.000000 - 0.214286 N
0032384 - 0.087002 A 0.214287 - 0.436486 A
0.486487 - 0.676840
[ 0.067003 - 0.391109
s . 6000 3300 0 6,000 Motors
I 0301110-0979640 S — [ 0676841 - 1.000000

Median Income Younger
[ o - 230750 N I 0.000000 - 0.235955 N
[ 230751 - 366630 A | 0.235056 - 0.385432 A
366640 - 762094
0365433 - 0.718403
I 7c205s - 1704054 8600 3300 0 6,600 Moters | g600% 3000; %0 6,600 Motars
¢ - — I 0719404 - 1000000 - —

Fig.2 Income, affordability, education, and younger in Stockholm (2015)
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variable income where we (1) Relax the assumption about the untreated area and (2) Ana-
lyse a larger impact area (treatment area).

6.1 Income and affordability effects

Table 2 shows the difference-in-difference estimates of the effect on income from the con-
struction of apartment buildings. Table 3 shows the results in terms of affordability.

Regardless of the specification (except for the first model, which was without fixed
effects and additional covariates), housing projects generally increase incomes in the imme-
diate area. The degree of explanation is about 44% in models where fixed area and year
effects are included, which can be considered relatively good. In the model that includes
other covariates, the degree of explanation increases to approximately 56%. We can also
note that we meet the parallel assumption of the trends before and after construction (see
Fig. Al in the appendix), even though the number of observations before construction is
limited.

‘We can state that incomes have increased over time, before and after treatment, and that
new construction projects are found in areas with slightly (but statistically significantly)
higher income levels. In general, we can notice that the models without fixed effects pro-
duce a slightly higher estimate than the models where we have a lower omitted variable
bias. The results also indicate that they are relatively robust across the different models.

Table 2 Difference-in-difference estimates (outcome variable =income)

1) ) 3) C)) %)
Default Fixed Covariates Exclude WLS
Post 0.302%3#:* 0.524 3% 0.403 %% 0.397%:#:% 0.222%3k:%
(18.58) (33.13) (28.36) (25.58) (12.54)
Treat —0.0532%*:% —0.122%** —0.0539%*:* —0.0509%* —0.0527*
(—3.30) -7.81) (=3.74) (—=3.23) (—2.36)
(Treat*Post) 0.0605%%* 0.0564 % 0.0401%* 0.0394%:* 0.0345%*
(3.36) (3.93) (3.14) (2.83) (1.98)
R? 0.104 0.457 0.571 0.561 0.522
Adjusted R? 0.104 0.441 0.556 0.545 0.501
AIC 19,415.7 11,735.0 5943.0 6299.1 6148.1
Observations 17,307 17,307 15,166 13,502 11,873

The table shows five different difference-in-difference models. The observations refer to squares of
250250 m and cover the entire city of Stockholm from 2000-2020. The outcome variable is income and
is transformed into natural logarithms. Model 1 includes only the Treat, Post, and (Treat*Post) variables.
The variable ‘Treat’ refers to locations up to 1 km from the new building. The variable ‘Post’ refers to
the period after the apartment buildings were built. The variable ‘(Treat * Post)’ is an interaction variable
between Post and Treat. Of primary interest is the coefficient concerning (Treat*Post). In Model 2, we have
included fixed geographical effects defined by planning areas (DeSo) and fixed annual effects. In Model 3,
we have included several covariates, namely distance to the subway station and the CBD, as well as socio-
economic variables, educational background, and the proportion of younger people in the area. Further-
more, we have included six variables that measure the minimum distance to the nearest new construction
area from 2009-2014. In Model 4, we have excluded the area where the new construction project has taken
place, and finally, in model 5, we have estimated a weighted least squares model where propensity scores
have been used as weights. ¢ statistics are in parentheses. *p <0.05, **p <0.01, " <0.001
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Table 3 Difference-in-difference estimates (outcome variable = affordability)

@D () 3) C)) )
Default Fixed Covariates Exclude WLS
Post —0.223%s#:* —0.22] %= —0.2]2%:%* —(0.223%:%* —0.224%#:%*
(=9.25) (—10.75) (—10.31) (—10.06) (—8.99)
Treat —0.0681%* —0.0280 —0.0633%* —0.0646%* —0.0631
(=2.74) (-1.24) (=2.73) (—2.58) (—1.95)
(Treat*Post) 0.0413 0.0394 0.0364 0.0469* 0.0444
(1.58) (1.91) (1.78) (2.14) (1.81)
R? 0.022 0.444 0.472 0.477 0.484
Adjusted R? 0.021 0.419 0.445 0.447 0.454
AIC 13,174.6 7515.2 6155.4 5645.1 5763.4
Observations 11,748 11,748 10,255 8976 8976

The table shows five different difference-in-difference models. The observations refer to squares of
250%250 m covering the entire city of Stockholm from 2000-2020. The outcome variable is the afford-
ability (income/property values) transformed into natural logarithms. Model 1 includes only the Treat,
Post, and (Treat*Post) variables. The variable ‘Treat’ refers to locations up to 1 km from the new build-
ing. The variable ‘Post’ refers to the period after the apartment buildings were built. The variable ‘(Treat
* Post)’ is an interaction variable between Post and Treat. Of primary interest is the coefficient concerning
(Treat*Post). In Model 2, we have included fixed geographical effects defined by planning areas (DeSo) and
fixed annual effects. In Model 3, we have included several covariates: namely distance to the metro station
and CBD, as well as the socioeconomic variables, educational background, and the proportion of young
people in the area. Furthermore, we have included six variables that measure the minimum distance to the
nearest new construction area from 2009-2014. In Model 4, we have excluded the area where the new con-
struction project has taken place, and finally, in Model 5, we have estimated a weighted least-square model
where propensity scores have been used as weights. ¢ statistics are in parentheses. *p <0.05, **p <0.01,
*#%p <0.001

Housing projects have had a positive and statistically significant effect on income,
approximately 3 to 5%, a relatively strong impact. Interestingly, the new production
occurred primarily in areas than the untreated areas. On average, income is 5% lower
in areas where the municipality later built homes. It is worth noting that the difference
between Models 3 and 4 is that squares, where there had been residential construction,
are not included in Model 4; i.e., household income in the newly constructed dwellings
will not be included as a treatment effect.

How can the result of the affordability model be interpreted? As with the income
model, the degree of explanation is below 50%: between 2 and 49%. A higher degree of
explanation would have been desirable, as there is a risk of omitted variable bias or an
endogeneity problem. The estimate shows that housing affordability decreased before
and after 2009-2014. This means that housing prices have increased more than domes-
tic prices, which is unsustainable in the long run. It is also clear that the housing pro-
jects carried out during this period did not occur in more or less affordable areas than
in the rest of Stockholm. We can also state that there has been a causal effect on afford-
ability in the areas where housing construction occurs. This can be due to many things,
but it is clear that the increase in income level that we observe has led to housing prices
rising at the same rate, thus not affecting affordability. The interpretation is the same
regardless of the model specification.
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6.2 Educational background and demographic effects

As we have discussed before, changes in the composition of households in different resi-
dential areas are slow-moving. We analyse the effect of housing investments made between
2009 and 2014 and measure the effect from 2015 to 2020. Of course, this is a short period
if it is the long-term effects we want to analyse. In this section, we intend to analyse the
effects of housing investments on gentrification, i.e., has there been a social process where
residents in the area have moved out after the investment? We analyse the population’s
educational background and age structure in the area of influence. The results of the differ-
ence-in-difference models are presented in Tables 4 and 5.

The effect of higher education is not as straightforward as that of household income.
Some models show a causal effect of housing construction on higher education, while oth-
ers show no effect. All model estimates show that the proportion with higher education has
generally increased between the pre-and post-period. Except for the fixed effect model, the
results indicate that areas for new housing construction do not differ with respect to the
proportion of higher education. The effect of treatment is not conclusive. In the default and
fixed-effects model, we estimate that housing construction has increased the proportion
of people with higher education in the treatment areas compared to the untreated areas.
Therefore, there has been a form of gentrification in the immediate area surrounding the
new homes. The effect is not statistically significant in the models where we control covari-
ates such as proximity to the metro station and city centre and the distance to other housing

Table 4 Difference-in-difference estimates (outcome variable =education)

() ) 3) ) (%)
Default Fixed Covariates Exclude WLS
Post 0.11 %% 0.293%3#:% 0.0854%#:* 0.0936%:* 0.0325%
(20.80) (36.48) (8.60) (8.75) 2.14)
Treat 0.00919 —0.0308%** 0.000159 0.00835 0.00916
(1.75) (—5.80) (0.02) (0.81) 0.61)
(Treat*Post) 0.0747%:%* 0.0161%#** 0.00756 —0.00225 —-0.00157
(12.76) (3.58) (0.90) (=0.25) (=0.13)
R? 0.057 0.623 0.700 0.699 0.702
Adjusted R? 0.056 0.618 0.690 0.687 0.689
AIC 28,006.7 —-7029.4 —6867.5 —5397.0 —5905.9
Observations 39,299 39,299 14,954 13,304 11,712

The table shows five different difference-in-difference models. The observations refer to squares of
250250 m and cover the entire city of Stockholm from 2000-2020. The outcome variable is affordability
(income/property values) transformed into natural logarithms. Model 2 includes only the Treat, Post and
(Treat*Post) variables. The variable ‘Treat’ refers to locations up to 1 km from the new building. The vari-
able ‘Post’ refers to the period after the apartment buildings were built. The variable ‘(Treat * Post)’ is an
interaction variable between Post and Treat. Of primary interest is the coefficient concerning (Treat*Post).
In Model 2, we have included fixed geographical effects defined by planning areas (DeSo) and fixed annual
effects. In Model 3, we have included several covariates: distance to the subway station and CBD, as well
as socioeconomic variables, income, and the proportion of younger people in the area. Furthermore, we
have included six variables that measure the minimum distance to the nearest new construction area from
2009-2014. In Model 4, we have excluded the area where the new construction project has taken place, and
finally, in Model 5, we have estimated a weighted least-square model where propensity scores have been
used as weights. 7 statistics are in parentheses. *p <0.05, **p <0.01, " <0.001
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Table 5 Difference-in-difference estimates (outcome variable = young)

@D 2) 3) 4) )
Default Fixed Covariates Exclude WLS
Post —0.0340%* —0.0715%:** 0.102%3#:% 0.116%%* 0.0765%%*
(=2.11) (-4.91) (6.69) (7.40) (3.96)
Treat 0.130%3%* 0.09077#** 0.0450%* 0.0694 % 0.0744%#**
(8.13) (6.26) (3.11) (4.63) (3.42)
(Treat*Post) 0.00213 -0.0149 —0.00655 -0.0175 -0.0152
(0.12) (-1.12) (=0.51) (-1.32) (—0.84)
R? 0.017 0.482 0.515 0.527 0.547
Adjusted R? 0.016 0.467 0.498 0.509 0.527
AlIC 18,529.1 8527.7 5575.5 4561.8 3770.6
Observations 17,133 17,133 14,952 13,299 11,709

The table shows five different difference-in-difference models. The observations refer to squares of
250%250 m and cover the entire city of Stockholm from 2000-2020. The outcome variable is affordabil-
ity (income/property values) transformed into natural logarithms. Model 1 includes only the Treat, Post,
and (Treat*Post) variables. The variable ‘Treat’ refers to locations up tol a kilometre from the new build-
ing. The variable ‘Post’ refers to the period after the apartment buildings were built. The variable ‘(Treat *
Post)’ is an interaction variable between Post and Treat. Of primary interest is the coefficient concerning
(Treat*Post). In Model 2, we have included fixed geographical effects defined by planning areas (DeSo) and
fixed annual effects. In Model 3, we have included several covariates: distance from the subway station and
the CBD, socioeconomic variables, income, and educational background. Furthermore, we have included
six variables that measure the minimum distance to the nearest new construction area from 2009 to 2014.
In Model 4, we have excluded the area where the new construction project has taken place, and finally,
in Model 5, we have estimated a weighted least-square model where propensity scores have been used as
weights. ¢ statistics are in parentheses. *p <0.05, **p <0.01, *p<0.001

projects. This also applies to other models that excluded the construction area and the WLS
model.

The estimate of the causal effect of housing construction on population age is perhaps
the clearest, at least in the short term. We cannot observe any effect at all. The outcome
variable indicates the percentage of the population aged 25 to 44 years. The expectations
were that newly produced homes in a residential area would primarily attract younger
households, affecting other homes in the neighbourhood, and that was not the case. Hous-
ing construction has not affected the population structure, at least not based on age. On the
other hand, the new production has mainly taken place in areas where the population is
already younger, which can be explained by the fact that many projects have taken place in
areas further away from the city’s central parts.

6.3 Robustness tests

Of course, our assumptions about treatment and untreated areas are central to estimat-
ing the difference-in-difference model. To ensure that these assumptions do not drive the
result, we have performed two robustness tests in which we vary our assumptions about the
size of the treatment and untreated areas. In the default model, we have assumed that the
untreated area (untreated observations) is 1-10 km from residential construction projects.
As an alternative to this assumption, we have expanded the untreated area to apply to the
entire city of Stockholm. The second test we conducted was to change the treatment and
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untreated areas. Here, we have estimated a model where the treatment area is closer to the
housing project (within 500 m), and the untreated area now consists of an interval of 500 m
to 5 kms. The results are presented in Tables 6 and 7.

When we expand the untreated area to apply to the entire city of Stockholm, the result
does not change the result’s statistical significance or economic interpretation. In the
basic model (1), without fixed effects or covariates, we can see that incomes have gener-
ally increased significantly before and after examining housing construction projects. The
results indicate that households’ incomes are approximately 30% higher after 2014 than
before 2009. We can also note that the new construction project has mainly occurred in
areas with lower income levels. The estimate shows a 7.5% lower income in areas built dur-
ing 2009-2014. The effect on the development area (treatment area) is statistically signifi-
cant and positive. Household income has increased by almost 4% due to new construction
projects. If we control for fixed effects (2), the effect on income decreases slightly, further
decreasing when we include covariates (3). However, excluding the immediate area where
the construction has occurred (4) has no effect. This means that it is not the project that
drives the change in household income but indirect spillover effects. Like previous mod-
els, the estimate drops further in the WLS model (5). Including probability, weights have
proved problematic, which may have been caused by a specification error in the logistic
regression model, but they can also mean that the effect on household income is negligible.

As a result of reducing the presumptive impact area of 500 m, we can conclude that
the effect remains in most models. On the other hand, the effect in the model where we

Table 6 Test 1: Difference-in-difference estimates (outcome variable = income)

D 2 3) (€] &)
Default Fixed Covariates Exclude WLS
Post 0.312" 0.527" 0.412" 0.406™ 0.239"
(22.07) (37.45) (32.33) (29.25) (11.64)
Treat —0.0574" —0.0971"" —0.0361" —-0.0318" —0.0255
(—4.00) (—6.80) (=2.70) (=2.18) (=0.92)
(Treat*Post) 0.0487" 0.0462" 0.0328™ 0.0320" 0.0211
(3.03) (3.62) 2.87) 2.57) (1.09)
R? 0.105 0.462 0.568 0.561 0.522
Adjusted R? 0.105 0.446 0.554 0.545 0.503
AIC 21,154.0 12,500.7 6474.6 6806.6 6588.3
Observations 19,062 19,062 16,709 14,894 13,092

The table shows five different difference-in-difference models. The observations refer to squares of
250%250 m and cover the entire city of Stockholm from 2000-2020. The outcome variable is income,
transformed into natural logarithms. Model 1 includes only the Treat, Post, and (Treat*Post) variables. The
variable Treat < 1 km and untreated area> 1 km. The variable ‘Post’ refers to the period after the apartment
buildings were built. The variable ‘(Treat * Post)’ is an interaction variable between Post and Treat. Of
primary interest is the coefficient concerning (Treat*Post). In Model 2, we have included fixed geographi-
cal effects defined by planning areas (DeSo) and fixed annual effects. In Model 3, we have included sev-
eral covariates, namely distance to the subway station and the CBD, as well as socioeconomic variables,
educational background, and the proportion of younger people in the area. Furthermore, we have included
six variables that measure the minimum distance to the nearest new construction area from 2009-2014.
In Model 4, we have excluded the area where the new construction project has taken place, and finally,
in Model 5, we have estimated a weighted least-square model where propensity scores have been used as
weights. ¢ statistics are in parentheses. *p <0.05, **p <0.01, ***p <0.001
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Table 7 Test 2: Difference-in-difference estimates (outcome variable = income)

Y] 2) 3) 4) )
Default Fixed Covariates Exclude WLS
Post 0.335%:k:* 0.556%3#:* 0.424 %% 0.42] %% 0.244%3%3%
(34.16) (46.73) (39.18) (35.92) (19.94)
Treat —0.0749%** —0.0774%%** —0.0318** —0.0283* -0.0186
(=5.53) (=6.17) (=2.77) (=2.25) (—1.18)
(Treat*Post) 0.0413%:* 0.0339%#:* 0.0300%* 0.0222 0.0143
(2.70) (2.78) 2.77) (1.84) (0.98)
R? 0.106 0.456 0.571 0.561 0.522
Adjusted R? 0.106 0.440 0.556 0.544 0.501
AIC 19,377.7 11,756.4 5948.9 6305.4 6154.2
Observations 17,307 17,307 15,166 13,502 11,873

The table shows five different difference-in-difference models. The observations refer to squares of
250%250 m covering the entire city of Stockholm from 2000-2020. The outcome variable is income,
transformed into natural logarithms. Model 1 includes only the Treat, Post, and (Treat*Post) variables. The
variable Treat<0.5 kms, and the untreated area>0.5 to<5 kms. The variable ‘Post’ refers to the period
after the apartment buildings were built. The variable (Treat*Post) is an interaction variable between Post
and Treat. Of primary interest is the coefficient concerning (Treat*Post). In Model 2, we have included
fixed geographical effects defined by planning areas (DeSo) and fixed annual effects. In Model 3, we have
included several covariates, namely distance to the subway station and the CBD, as well as socioeconomic
variables, educational background, and the proportion of younger people in the area. Furthermore, we
have included six variables that measure the minimum distance to the nearest new construction area from
2009-2014. In Model 4, we have excluded the area where the new construction project has taken place, and
finally, in Model 5, we have estimated a weighted least-square model where propensity scores have been
used as weights. 7 statistics are in parentheses. *p <0.05, **p <0.01, **¥p <0.001

excluded the construction area will show statistically insignificant parameter estimates.
This can occur when large parts of the treatment area disappear, and we have relatively few
units that can actually be affected. In the model with the highest degree of explanation, we
can note a causal treatment effect of housing construction on income. As before, it is clear
that incomes have generally risen over time and that new residential buildings have been
built in areas with lower incomes than in untreated areas.

7 Conclusion

City growth can involve new residential areas or increased density in existing ones, each
with trade-offs between population growth and attractiveness. While new developments
can enrich a city, they can also reduce green spaces and drive up housing prices, leading to
gentrification.

Previous studies (Brunes et al., 2020; Diamond & McQuade, 2019; Ellen et al.,
2001; Fernandez et al., 2021; Ooi & Le, 2013; Schwartz et al., 2006) have focused on
how new housing affects nearby property prices, but few (Dong, 2017) have explored its
impact on gentrification and affordability. Our article aims to fill this gap by examining
how new housing investments influence income levels, education, youth population, and
affordability.
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Our findings suggest minimal effects of new housing on education levels and youth
population, that is, no gentrification effect, but indicate a positive impact on income and
affordability, potentially leading to increased gentrification over time. Our study highlights
the importance of considering broader socioeconomic factors, to gauge the true impact of
construction projects on residents, and the multifaceted impact of construction projects on
a city’s social fabric. These outcomes carry significant implications for policy formulation,
particularly in the context of urban development. Where the policymakers should recognize
the nuanced nature of urban change, and work to achieve the balance of economic growth
with social inclusivity and avoid exacerbating inequalities. Through designing policies to
address the potential challenges associated with the development, and to foster sustainable
growth, which ensures that the benefits of urban development are equitably distributed.

Future research should consider the type and location of new housing, as well as the
urban context and centrality of the area. It would also be valuable to employ nonparametric
difference-in-difference models to examine how these effects vary with distance.

Appendix: Parallel trends assumption

See Figs. 3,4, 5 and 6.
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