
Do segregated housing markets
have a spillover effect on housing
prices in nearby residential areas?

Mohammad Ismail, Abukar Warsame and Mats Wilhelmsson
Department of Real Estate Management, Royal Institute of Technology,

Stockholm, Sweden

Abstract
Purpose – The purpose of this study is to analyse the trends regarding housing segregation over the past 10–20
years and determinewhether housing segregation has a spillover effect on neighbouring housing areas. Namely, the
authors set out to determine whether proximity to a specific type of segregated housing market has a negative
impact on nearby housingmarkets while proximity to another type of segregatedmarket has a positive impact.
Design/methodology/approach – For the purposes of this paper, the authors must combine
information on segregation within a city with information on property values in the city. The authors have,
therefore, used data on the income of the population and data on housing values taken from housing
transactions. The case study used is the city of Stockholm, the capital of Sweden. The empirical analysis will
be the estimation of the traditional hedonic pricingmodel. It will be estimated for the condominiummarket.
Findings – The results indicate that segregation, when measured as income sorting, has increased over time
in some of the housing markets. Its effects on housing values in neighbouring housing areas are significant
and statistically significant.
Research limitations/implications – A better understanding of the different potential spillover effects
on housing prices in relation to the spatial distribution of various income groups would be beneficial in
determining appropriate property assessment levels. In other words, awareness of this spillover effect could
improve existing property assessment methods and provide local governments with extra information to
make an informed decision on policies and services needed in different neighbourhoods.
Practical implications – On housing prices emanating from proximity to segregated areas with high
income differs from segregated areas with low income, policies that address socio-economic costs and
benefits, as well as property assessment levels, should reflect this pronounced difference. On the property
level, positive spillover on housing prices near high-income segregated areas will cause an increase in the
number of higher income groups and exacerbate segregation based on income. Contrarily, negative spillover
on housing prices near low-income areas might discourage high-income households frommoving to a location
near low-income segregated areas. Local government should be aware of these spillover effects on housing
prices to ensure that policies intended to reduce socioeconomic segregation, such as residential and income
segregation, produce desirable results.
Social implications – Furthermore, a good estimation of these spillover effects on housing prices would
allow local governments to carry out a cost–benefit analysis for policies intended to combat segregation and
invest in deprived communities.
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Originality/value – The main contribution of this paper is to go beyond the traditional studies of
segregation that mainly emphasise residential segregation based on income levels, i.e. low-income or high-
income households. The authors have analysed the spillover effect of proximity to hot spots (high income) and
cold spots (low income) on the housing values of nearby condominiums or single-family homes within
segregated areas in StockholmMunicipality in 2013.

Keywords Segregation, Spillover, Housing values

Paper type Research paper

1. Introduction
Segregation refers to the residential separation of population groups based on
characteristics such as ethnicity, race, socioeconomic status, age and income. Although a
wide range of population groups can be subject to segregation, research and literature on
segregation have focused on population groups whose spatial segregation causes political
and social problems (Fujita andMaloutas, 2016).

The focus of segregation studies in the USA, where segregation remains a major concern,
has been on the segregation of racial and ethnic groups. This focus is related to the
conditions of American cities at the beginning of the 20th century, where there is the legacy
of slavery and discriminatory practices against racial and ethnic groups, including
residential segregation. Although this situation gradually changed after SecondWorldWar,
the established patterns of separation along racial-ethnic lines did not change. However, in
European cities, which are more homogeneous in racial and ethnic terms, studies in the first
decades after the Second World War focused on social class as an identifier of spatial
separation, especially with labour migration (Fujita andMaloutas, 2016).

Based on country-of-origin statistics, provided by Statistics Sweden, segregation has
increased over time. On average, the segregation index is equal to 23 in 2017, which means
that 23% of the population would need to relocate for even distribution (segregation index
equal to 0). To create the index, the municipality is divided into smaller geographical areas.
Distribution of native-born and foreign-born persons and the deviation area by area is
calculated and compared to the municipality’s average [1]. We can further note that the
variation between municipalities is significant. The maximum and minimum segregation
index in Sweden’s municipalities is 46.8 and 1.6, respectively (Statistics Sweden (SCB), 2017).
Part of this variation is undoubtedly explained by variation in income, the proportion of
migrants, the level of housing prices and general access to housing.

Since the end of the Second World War, Swedish housing policy has focused on
providing good and affordable housing for a large portion of the population. To achieve that,
municipal housing companies were established. The public housing built by these municipal
housing companies represents more than 20% of the total housing stock in Sweden. The
most important initiative in public housing was the “Million Dwellings Programme”. The
purpose of this program was to build one million new homes in a 10-year period, between
1965 and 1974, ensuring that everyone could have a home at a reasonable price (defined as
not more than one-quarter of the family’s disposable income). However, a consequence was
the increased concentration of more marginal groups, especially those with low incomes, in
the suburban periphery. In the Stockholm region, housing was predominantly built in the
suburbs during this period, with the northern and southern suburbs having grown
significantly (Murdie and Borgegård, 1998).

The spatial distribution of different tenure types, whether concentrated in different
neighbourhoods or mixed, determines the extent to which the housing market segmentation
affects segregation (Andersen et al., 2016) . Residential segregation by income has spillover
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effects on housing values. O’Sullivan (2019) describes bidding behaviour of households for
favourable neighbours and their preference to live neighbourhoods with large numbers of
high-income and educated households. In neighbourhoods populated by high-income
households, municipalities can collect higher taxes. Therefore, the schools and services
improve, while social standards rise; this leads to even higher housing prices, and as a
result, income segregation continues to increase (Fogli, and Guerrieri, 2019).

The main research question we seek to answer is whether there is a relationship between
housing segregation and neighbouring housing prices – that is, a spillover effect. In other
words, does proximity to a specific type of segregated housing market have a negative
impact on nearby housing markets, while proximity to another type of segregated market
has a positive impact? Analysis of spillover effects from segregated residential areas is rare.
Some earlier studies (i.e. Lee et al., 1999; Lyons and Loveridge, 1993) analyse the question
and found out that affordable housing developments have a negative impact on property
values, but the question has not been empirically analysed with the application of data from
within Sweden. There are possible policy implications associated with any observed
spillover effect, i.e. on urban planning and local government policies, social cohesion policies
and the socioeconomic cost for those living in the segregated and nearby areas.

To answer this research question, we intend to analyse the relationship between housing
segregation and its spillover effect on neighbouring housing prices in Metropolitan
Stockholm. First, we estimate housing segregation based on income at a low, disaggregated
level. We then analyse the causal effect on housing prices in neighbouring residential areas.

The main contribution of our paper is to extend the traditional studies of segregation,
which mainly emphasise residential segregation based on income levels, i.e. low-income or
high-income households. We have analysed the spillover effect of proximity to hot spots
(high income) and cold spots (low income) on the housing values of nearby condominiums
within segregated areas in StockholmMunicipality in 2014. One contribution is our research
on different methods to estimate the causal connection. We not only estimate a hedonic price
equation, but we also use the instrumental variable approach, spatial economics and
treatment effect methodology with, among other things, propensity score (PS) methods.

The remainder of the paper is divided into five major sections. Section 2 provides a
theoretical and conceptual framework for residential segregation and the spillover effect of
housing segregation on neighbouring housing areas, with a review of previous studies.
Section 3 explains our research methodology and different model approaches, as well as
regression techniques used in estimating the relationship between housing segregation and
housing values. Section 4 describes the different data sets we used, whereas Section 5
presents the empirical analysis of housing segregation by income and the possible causal
effect on housing prices in neighbouring areas. The paper concludes with a discussion of the
study’s implications, the limitations of the study and possible routes for future studies.

2. Theoretical framework
Residential segregation between socioeconomic groups grew in Europe over the past several
decades (Fujita and Maloutas, 2016; Musterd and Ostendorf, 1998; Tammaru et al., 2016).
Growing inequality in Europe presents a fundamental challenge and threatens the social
sustainability of European urban communities and cities (Tammaru et al., 2016).

Spatial segregation is also one of the most significant aspects that reflect the specific
conditions of an urban housing market. Depending on the householders’ preferences for a
specific set of housing characteristics and demographic features, similar dwellings are
concentrated spatially, and these preferences are bound by financial ability, where the home
price/rent level dictates the housing options available to households. Thus, the dynamics of
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the housing market reinforce the income-based focus of similar groups of households, which
leads to spatial segregation based on income (Giffinger, 1998; Owens, 2019).

Income inequality represents the most critical and crucial cause of the residential
segregation of socioeconomic groups (Musterd and Ostendorf, 1998; Quillian and Lagrange,
2016). The causal mechanism for income inequality includes three facets: first, a certain level
of income inequality is generated by the labour market and ethnic–racial discrimination;
second, income inequality and discrimination translate into social and racial segregation in
the form of residential segregation; and third, residential segregation feeds back into
inequality and discrimination (Fujita andMaloutas, 2016). Stockholm has seen a steep rise in
the residential segregation of socioeconomic groups between the 1990s and 2000s
(Tammaru et al., 2016).

In addition to the socioeconomic factors, sociological explanations of other behavioural
aspects to location decision-making can also explain certain housing markets dynamics and
observed spatial segregation. The behavioural approach, the social and emotional perspective,
have undeniable importance in decision-making in housing markets and influencing housing
market dynamics (Schelling, 1971; Dunning, 2017; Salzman and Zwinkels, 2013). Schelling
(1971) suggests that segregation can result from individual discriminatory behaviour that
influences residential location decisions. The individual incentives, and perceptions of
difference, can lead collectively to segregation, and thus individual disorganised behaviour can
translate into collective outcomes. Bakens and Pryce (2019) and Savage (2010) studied how
homophily affects homeowners’ patterns of spatial relocation. Homophily horizons are
probably crucial in creating the social structure of cities in the long term and driving
segregation in the housingmarket (Bakens and Pryce, 2019).

A related issue analysed in the literature is the detrimental effect of proximity to
affordable housing on housing values. Nguyen’s (2005) literature review indicates that the
presence of affordable housing alone is sufficient to impact local housing values. However,
the effect depends mainly on how affordable housing is designed, the management of the
buildings, the characteristics of the host neighbourhood and its compatibility with
affordable housing, as well as the concentration of affordable housing. Similar results could
be considered more generally for proximity to segregated areas. The effect of affordable
housing, public housing, rental housing or segregated neighbourhoods can be characterised
as a not in my backyard (NIMBY) phenomenon (see, e.g. Brunes et al., 2020). Lyons and
Loveridge’s (1993) results indicated that locating affordable housing near residential
property has a statistically significant negative effect on residential property values;
however, this effect diminishes with greater distance and tends to be relatively small.

Proximity to affordable housing does have a strictly negative impact on property values.
High-quality, affordable housing that is well-designed and well-maintained, as well as
rehabilitated housing, has the potential to impact property values positively. Alternatively,
proximity to this type of housing did not, at the very least, have any harmful effects on
property values, nor did it cause property values to decrease, according to several studies
(Briggs et al., 1999; Goetz et al., 1996; Santiago et al., 2001).

3. Methodology
The primary purpose of this study is to estimate the relationship between housing values
and proximity to segregated housing areas, i.e. the presence of spillover effect. The model
approach is the hedonic price model, where housing values are related to several
characteristics of the home and the residential area. We are primarily interested in
neighbourhood characteristics that are adjacent to the residential area. Our goal is to
estimate the causal relationship. This is often problematic because of endogeneity problems,
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which may themselves be caused by the lack of relevant attributes and simultaneity
problems. We have tackled the problem of endogeneity in several different ways that will be
briefly explained.

Of course, we must include all relevant attributes in the hedonic pricing model. In
addition to these, we have also included fixed effects, to minimise the problem of omitted
variable bias. We have also estimated different types of spatial models that aim to capture a
spatial dependency. Furthermore, we used two different instrumental variable methods to
address any endogeneity concern. A two-stage model has been estimated with, first, quasi-
instrumental variables together with fixed effects, and second, with instrumental
variables based on spatially lagged independent variables. Finally, we have estimated a
model where we have reduced the sample, and only include observations in the vicinity
of the segregated areas. It has similarities with a classic treatment-effect model. Here
we will use the propensity score approach (PSA) to find similar comparison objects as
often as possible.

3.1 Hedonic model
Like many previous studies, we will use the classic hedonic method to estimate how
proximity to segregated areas affects housing prices. The hedonic method, developed and
presented in a seminal article by Rosen (1974), has been used to estimate the impact of area
characteristics such as traffic noise, proximity to parks and proximity to other types of
positive or negative externalities. What we do, in principle, is to estimate a regression model
where the home price is explained by several of the home’s attributes, such as size, as well
the residential area’s attributes, such as its crime rate, or its proximity to retail and public
transport. Here, the focus will be on the area attribute proximity to segregated housing
areas. The model that will be estimated can be illustrated in the following equation:

Pi ¼ a þ b 1Xi þ b 2Si þ b 3Di þ « i (1)

where P is equal to price, and X is a vector of housing and neighbourhood
characteristics. S is the distance or proximity to the segregated residential area, and D
is a vector of binary fixed effects. All letters in Greek are parameters to be estimated,
and subscript i indicates the number of observations. In the first basic model, we are
using the ordinary least square (OLS), and we are assuming, among other things, that
all independent variables are exogenously given. This may not be the case. The choice
of function form of the hedonic price equation is essential. While the theory says very
little about the choice of function form, it can be considered as an empirical question.
Here we have chosen to test the function form with a Box–Cox transformation (see, for
example, Cropper et al., 1988).

3.2 Spatial model
Transactions of home sales usually show a relatively high degree of spatial dependence.
Although we have included fixed housing area variables in the model, there is a risk that we
still have problems with spatial dependence (see, for example, Wilhelmsson, 2002, and
Anselin, 2010). Here, like many other studies, we will test whether the residuals from the
hedonic model show a spatial dependence with the help of Moran’s I. If it turns out that we
have problems with spatial dependence, two types of models will be estimated, namely,
spatial error model (SEM) and the spatial autoregressive model (SARM). These models can
be illustrated by equations (2) and (3), respectively:
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Pi ¼ aþ b 1Xi þ b 2Si þ b 3Di þ rWPi þ « i (2)

Pi ¼ a þ b 1Xi þ b 2Si þ b 3Di þ lW« i þ ui (3)

where W is a spatial weight matrix. Here we are using the inverse distance between the
observations as a weight matrix. The parameter r is the coefficient of the spatially lagged
dependent variable, and measures the spatial dependency between observations i and j. The
parameter l is the coefficient in a spatial autoregressive structure for the disturbance « .
The parameters will be estimated using themaximum likelihood method.

3.3 Instrumental variable approach
In the event that one or more independent variables are not exogenously given, the
instrument variable (IV) method has been highlighted as a potential solution to this problem.
The idea is to find variables (instruments) that are correlated with the exogenous variable
but not with the dependent variable. However, it has been proved notoriously difficult to
find strong IV and, above all, there is no method of ascertaining whether selected
instruments are strong or weak. See Bascle (2008) for a review of controlling endogeneity
with instrumental variables.

In our study, it has also been challenging to find suitable IV.What we have done is to use
something called quasi-instruments (Bartels, 1991), and IVs that are spatially lagged
variables of the independent variables included in the hedonic equation. This IV approach
can be divided into two steps. First, we estimate a model where the independent variable of
interest is related to the instrumental variables and all other variables. Second, the predicted
value is used as an independent variable in the hedonic price equation. The estimated model
can be illustrated as in equations (4) and (5):

Pi ¼ aþ b 1Xi þ b 2Ŝ i þ b 3Di þ « i (4)

Ŝ i ¼ f 0 þ f 2Xi þ f 2Di þ f 3Z (5)

where Z is a vector of instrumental variables.

3.4 Treatment effect model
To minimise the problem of endogeneity, we have reduced the sample to include only
observations close to the segregated areas. This means that we consider those who are close to
the segregated area as the treatment group, while those further away are the control group. Of
course, this is not a difference-in-difference approach we use, but a type of treatment-effect model,
where transactions in the treatment group have the value one, and in the control group, the value
is zero. In the first step, we have estimated models using different distances for the treatment and
control groups. Here we have chosen distances of 500, 750 and 1,000 m for the treatment group,
and of 1,500 and 2,000 m for the control group. As a selection variable regarding which
assumption ismost optimal, we have chosen theAIC value.

We have chosen to use the PSA in making the comparison between the treatment group
and the control group as similar as possible, alongside the treatment variable itself. This is a
method proposed by Rosenbaum and Rubin (1983) to mitigate bias in the estimation of
treatment effects with non-randomised data. See Austin (2011) for a review of different
PSAs. We have chosen to use it in two ways: in a multivariate approach where we include
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PSs directly in the hedonic regression model, and when we use the inverse of the PS as
sample weights (see, for example, Wilhelmsson, 2019; Hyland et al., 2013; Reichardt, 2013;
Hirano et al., 2003). Moreover, we used the technique of PS matching, where we used the
nearest neighbour (NN) matching. Only matched observations are used in the hedonic price
equation (see, for example, Wilhelmsson, 2019; Holupka and Newman, 2012). The model has
been estimated in two steps, wherein the first was calculating the probability that the
observation has received treatment with logistic regression. This probability is then used in
the hedonic equation directly as an independent variable, or as sample weights. Estimated
models are illustrated as in equations (6) and (7):

Pi ¼ a þ b 1Xi þ b 2Treat þ b 2Di þ b iProbi þ « i (6)

Prob TreatjXð Þi ¼ h 0 þ h 1X1 þ h 2Di (7)

whereTreat is equal to 1 if the dwelling is in close proximity to the segregated area.

3.5 Segregation variable
Of central interest is the variable that measures segregation or rather the “hot spot” of
segregation. The hedonic price equation includes either the distance to a segregated area, or
a binary variable that indicates that the observation is located adjacent to a segregated area.
We are using Getis-Ord statistics Gi* as a measure of a segregated residential area.

Getis-Ord Gi* statistics have been used to study and analyse evidence of identifiable
spatial patterns. Gi* index is similar to other indices such as Moran’s I and Geary’s C.
However, Moran indices do not distinguish between hot spots and cold spots. Gi* index can
determine cluster structures of hot and cold spots concentration among local observations.
In other words, given a set of weighted features, Gi* identifies statistically significant hot
spots and cold spots. Gi* is usually standardised based on its sample mean and variance:

Z G*
i

� �
¼

Xn

j¼1
wi;jxj � X

Xn

j¼1
wi;j

S

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n
Xn

j¼1
w2
i;j�

Xn

j¼1
wi;j

� �2

n�1

s (8)

Consider a study area subdivided into n regions i = 1,2,. . ..,n, where each region is identified
with known Cartesian coordinates with measurements X = [x1,. . .,xn]. Each i value has an
associated xi value. Moreover, the weights wij are defined between all pairs of points i and j
(for all i, j [ {1,. . .,n}). The standardised Gi* statistic for each feature is basically a Z score
and, therefore, can be attached to the statistical significance. A high positive Z score for a
feature indicates a spatial clustering of (hot spots). A low negative Z score indicates a spatial
clustering of (cold spots), whereas a Z score near zero indicates no apparent spatial
clustering (Ord and Getis, 1995; Songchitruksa and Zeng, 2010).

The distance to hot/cold spots has been calculated as the smallest Euclidean distance
between a property and a hot/cold spot where the hot/cold spots are defined according to
equation (8) in all 250� 250 m squares (see data description in Section 4).

4. Data and descriptive statistics
For the purposes of this paper, we must combine information on segregation within a city
with information on property values in that city. Therefore, we have used income data
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together with data on housing values taken from residential property transactions. The case
study used is the Municipality of Stockholm, the capital of Sweden. The following sections
present the two data sets with descriptive statistics and illustrate how we estimated the
concentration of segregated areas.

4.1 Disaggregated income data and the measurement of segregation
To analyse housing segregation, we have used the information about the income of residents
of Stockholm Municipality presented in Table 1. The data is spatial to the extent that it
provides information at a disaggregated level for squares measuring 250� 250 m. The total
number of squares is 2,421, with information on the population and their incomes.

As Table 1 demonstrates, the observed increases are distinct among various income
groups and over time. From 2000 to 2013, the average number of people with high and upper
middle income increased 16% and 13%, respectively, whereas the average number of people
with low and lower middle income increased 11% and 9%, respectively. From 2000 to 2007,
the average number of low- and high-income individuals in the included area increased by
5% and 4%, respectively. There were no significant changes in the average number of
people with lower middle income and upper middle income during the same period. From
2007 to 2013, the observed 23% increase of the average number of upper middle-income and
high-income people was higher (12% and 11%, respectively), whereas the increase in the
average number of people with low income and lower middle income was 6% and 8%
respectively.

The data encompasses most of the past two decades, which allows us to analyse trends
over time. Our methods are partly to calculate different types of segregation measures and
analyse them over time or in space, using the Index of Dissimilarity and the Information
Theory Index, as well as the Getis-Ord statistics.

Table 2 shows income segregation in Stockholm between 2000 and 2013. Income
segregation measured by, e.g. the Index of Dissimilarity and the Information Theory Index,
has increased over time. These measures are the most widely used methods to measure
residential segregation. The Index of Dissimilarity measures the extent to which the
population within each group is distributed evenly across the region. It is also used to
measure inequality, which is known as relative mean deviation. The Information Theory
Index is used to analyse segregation within and between communities, and as a measure of

Table 1.
Population of the
municipality of
Stockholm in 2000,
2007 and 2013

Year 2000 2007 2013
Variables Mean SD Mean SD Mean SD

Total number of people with income 280.645 343.412 288.337 346.530 315.570 369.480
Number of people with low income in
the included area 70.189 97.078 73.779 101.308 77.965 105.152
Number of people with lower middle
income in the included area 56.188 68.472 56.240 67.594 60.972 71.502
Number of people with upper middle
income in the included area 58.856 69.556 59.378 69.340 66.345 75.566
Number of people with high income
in the included area 95.412 132.904 98.940 141.137 110.287 155.319
N 2,421 2,421 2,421

Notes: Income levels, in increments of one thousand Swedish krona, are defined as follows: low income
(<150), lower middle (150–250), upper middle (250–360) and high income (>360). Income of individuals
below 20 years of age was not considered
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segregation, the index measures the diversity of local areas compared to the overall
diversity of a region, instead of measuring the diversity between the local and overall
proportions of each group. Index values typically range between 0 and 1 (Roberto, 2015).

For the Municipality of Stockholm, in 2013, we can observe in Figure 1 the substantial
concentration and size of the measurements made with the Getis-Ord statistics (hot and cold
spots) in the segregated areas. Areas marked in blue denote a more significant proportion of
lower income households (cold spots), whereas red denotes a more significant proportion of
high-income households (hot spots).

4.2 Transaction data and the measurement of segregation spillover
The empirical analysis will be the estimation of the traditional hedonic pricing model. It will
be estimated for the condominium market. Data refer to the year 2014 in the Municipality of

Figure 1.
Hot (high income) and

cold (low income)
spot segregation in

Stockholm
Municipality, 2013

Table 2.
Diversity measures:

income

Year Dissimilarity index Information theory index

2000 0.1777 0.0457
2007 0.2003 0.0568
2013 0.2047 0.0582

Notes: Dissimilarity index = ameasure of how different the social composition of a neighbourhood is, on average,
from the social composition of the study area, where 0 is no segregation. Information theory index = a measure of
howmuch less socially diverse a neighbourhood is, on average, than the study area, where 0 is no segregation
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Stockholm. The source of these data is Mäklarstatistik AB [2] (Swedish Brokerage
Statistics), an important source of statistical information for the Swedish housing market.
Since 2005, Mäklarstatistik has been collecting data from home sales that take place via
brokers. Almost all brokers in Sweden report their contract data to Mäklarstatistik, which
enables Mäklarstatistik to present highly up-to-date and comprehensive price statistics for
homes throughout Sweden. This provides an overall picture of price development in the
Swedish housing market. Descriptive statistics regarding the included variables in the
hedonic model are illustrated in Table 3.

Table 3 presents the descriptive statistics regarding the data on condominium sales. The
total number of observations is 12,621. The average price is just over SEK 3m, with a
standard deviation of as much as SEK 1.7m. The average size of rental apartments is 62
square meters, with a standard deviation of 24 square meters. As the owner of a
condominium, you pay a monthly fee to the housing association to cover the cost of common
areas and ongoing maintenance. On average, this fee amounts to SEK 3,200 with a variation
corresponding to one-third of that amount. We have included distance to 39 different
shopping malls classified as city malls, outlet malls, regional malls, regional retail parks,
super-regional malls or theme centres by the Swedish Shopping Center Directory, provided
by the firm Datscha (see also Long and Wilhelmsson, 2020). Distance to the nearest metro
station is also included in the hedonic model. The average distance to the shopping mall and
metro station was 1,430 and 550 m, respectively. Most observations are close to the central
business district (CBD), with an average distance of 4.7 km. The average distance to a
segregated residential area, whether one with low or high incomes, amounts to about 1,500
m; however, the variation is significant.

5. Econometric analysis
The econometric analysis will aim to estimate the hedonic equation. We will use the Box–
Cox transformation to find the empirically best form of the hedonic function. The proximity
to hot and cold spots will be included as a continuous variable in a hedonic price model and
as a binary variable in a so-called treatment effect model.

5.1 Hedonic price equation
Here, we will estimate the hedonic price model. Given the results of the Box–Cox analysis,
we cannot reject a natural logarithm transformation of the price, but we reject the same
transformation of the independent variables. Hence, a semi-logarithmic specification form of

Table 3.
Descriptive statistics

Variables Mean SD Min Max

Price (SEK) 3,357 363 1,738,447 300,000 16,500,000
Living area (square metres) 61.89 23.74 22 147
No. of rooms (no.) 2.37 0.96 1 7
Monthly fees (SEK) 3,218.86 1,232.79 866 7,247
Distance to CBD (km) 4.662 3.145 0.293 15.218
Distance to hot spot (m) 1,482.04 1,108.68 2.85 4,166
Distance to cold spot (m) 1,311.86 821.44 9.9 2,993.12
Distance to shopping mall (m) 1,430 950 20 4,460
Distance to metro (m) 550 400 3 2,120

Notes: The number of observations is 12,621. Prices are given in Swedish krona (SEK), and distance is
measured in metres
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the hedonic pricing model is preferred, and all models in this analysis use a semi-logarithmic
form of the hedonic pricing equation. Table 4 shows the results of the default OLS model, as
well as for the two instrumental variable models (IV1 and IV2) and the two spatial models
(SAR and SEM).

In the models, we can note that the goodness-of-fit is high at around 87%. Moran’s I
statistics show spatial dependency in the OLS model, even if we control for spatial location
by including both zip codes and coordinates in the model (not shown in the Table). All
estimated parameters have expected sign and reasonable magnitude. For example,
increasing the living area by one square meter increases the price by about 1.4%. The
further away from the CBD the apartment is located, the lower the price. The same negative
effect applies for distance to shoppingmall andmetro stations.

The magnitude of the effect is very robust across models. That is to say, the instrumental
variable approach does not, in any significant way, produce effects that are higher or lower
compared to the OLSmodel. However, the expected effect of distance to the shopping mall is
almost double in magnitude in the spatial models when compared to the OLS and the IV
models. Almost all the estimated parameters are statistically significant.

Proximity to “hot” and “cold” spots is included as a continuous variable in the hedonic
pricing equation. A hot spot is defined as a segregated high-income area, and cold spot as a
segregated low-income area. When it comes to distances to segregated areas, we can see a
negative spillover effect from a segregated area with low incomes. The parameter estimate
is statistically significant in all models. The spillover effect from high-income areas is
statistically significant in all models, but the impact switches sign. In the two spatial
models, it can be observed that proximity to the hot spot has a positive effect insofar as the
parameter estimate is positive, i.e. the further away from a hot spot, the higher the
apartment’s value, all other things being equal. The estimates regarding proximity to a cold
spot are all statistically significant, but the effect differs depending on which estimation
method we use. The effect is equivalent in the OLS, IV1 and SEM models, whereas it is
higher in the IV2 model and lower in the SAR model. The conclusion is that proximity to a
low-income segregated area has a negative effect, i.e. the further away from, the higher the
apartment’s value, all other things being equal. However, the effect is not robust.

5.2 Treatment effect model
In models presented, the goal has been to minimise the endogeneity problem by estimating
instrument variable models and spatial models. In a further attempt to reduce the problem of
endogeneity, we have also estimated so-called treatment effect models. Hence, the relationship
between segregation and housing values is analysed by creating a binary treatment variable,
where 1 signifies that the house is close to a segregated area, and 0 that the house is elsewhere.
The control group thus consists of housing that is further away from the segregated areas,
where no spillover effect is expected. This is done to reduce the problem of spatial dependence
and omitted variable bias, i.e. to reduce the problem of endogeneity ultimately.

Several distance measures concerning the treatment and control areas will be tested
empirically. The treatment group will consist of housing 500, 750 and 1,000 m from the
segregated area, and the control group will be 1,500 and 2,000 m from the segregated area,
respectively. Through a grid search, we have chosen the one that minimises the AIC value,
which is the specification where treatment is in the range of 125–1,000 m, and the control
range is 1,000–2,000 m.

When we measure the spillover effect, there is a risk that some housing is located in the
segregated area, and that is not desirable. We have, therefore, included a buffer zone around
the segregated area. Any housing located within 125 m of the segregated area may be
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considered to be within the area. Thus, we will only include housing that is at least 125 m
from a segregated area. However, this means that some housing located near but outside the
segregated area will not be included in the analysis. This fact means that we are introducing
bias, but this is expected to be less than the bias that would occur if we include all housing
less than 125 m from a segregated area in our model. We have also separated the estimates
of proximity into one segregated area with high incomes and one area with low incomes.
The results from these models are presented in Tables 5 and 6.

In the treatment model (TE) presented in Table 5, we can see that the degree of
explanation is remarkably high. About 88% of the variation in price can be explained by the
variables used. Compared to hedonic models, significantly fewer observations are used in
the calculation. Instead of over 12,000 observations, we are here using only 6,800. As
mentioned earlier, this is to reduce the risk of omitted variable bias and spatial dependency.
All coefficients have the expected signs and are comparable to the earlier models. The
estimate for treatment is negative and statistically significant. The parameter estimates
amount to 0.0925, which corresponds to 9.2% of the value of the apartment.

Table 5 also shows two models that use the PS methodology. In the first step, the
probability of being located in the treatment area has been calculated using logistic
regression. This means that we have tried to identify objects comparable to those in the
treatment area. In the first model (PS1), these PSs are included as an independent variable in
the model, and in the second (PS2), the model has been calculated with PSs as sample
weights. The degree of explanation is slightly higher in these models compared to the TE
model. The results from both models prove to be robust with the TE model. In the last column
of Table 5, the results from a model that uses the NN as a comparison object in the control area
are reported. This means that we have matched each observation in the treatment area with an
observation in the control area that is as similar as possible, regardless of whether they have
treatment or not. The number of observations used in this model is only 2,494. The result from
this model (NN) turns out to have a slightly lower degree of explanation, compared with
previous models, and the value estimate regarding treatment is also slightly less,
approximately 8.5% lower in the treatment area compared with the control area.

Table 6 shows the results from similar models, namely, TE, PS1, PS2 and NN, but here we
have instead calculated the effect of being located near a hot spot. In general, the degree of
explanation is high in all models, around 88%. The estimates regarding the independent variables
vary more, compared to the model estimating the effect of cold spots. These estimates are not as
robust as when we analysed cold spots. However, all estimates have the expected signs and are
statistically significant. The estimate regarding treatment is, as expected, positive, which means
that apartments that are close to, but not within, high-income areas, have a higher value compared
to apartments further away. The estimates are relatively robust between the different models, and
the house prices are approximately 2% higher in the treatment area compared to the control area.
The onlymodel that shows non-significant estimates regarding treatment is the NNmodel.

In summary, we can conclude that there is a spillover effect on nearby housing values
from segregated housing areas. In segregated areas with low incomes, this spillover effect is
negative, whereas for areas with high incomes, the spillover effect is positive.

6. Conclusion and policy implications
The purpose of the present study was to identify residential areas where the segregation of
low-income or high-income households occurs. We used Getis-Ord statistics to identify the
so-called hot and cold spots. By identifying areas of the city where there is a concentration of
households with similar incomes, it was possible to investigate whether proximity to these
areas spills over into the housing values of nearby condominiums.
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Why is it of interest to investigate this issue, and what policy implications does it have?
Regardless of whether segregation is in a state of stable equilibrium, segregation brings
socioeconomic costs, not only for those living in the segregated residential areas, but also for
nearby areas, and the city as a whole. The spillover effect is one such socioeconomic cost
and is, therefore, an essential aspect of segregation to measure and analyse. Of course,
segregated areas are not just areas with lower income households; there are, of course,
segregated high-income areas. We have chosen to identify segregated areas with both high
and low incomes in our case study examining theMunicipality of Stockholm, Sweden.

In the period we studied (2000 through 2013), we can see that segregation has increased.
With the help of Getis-Ord Statistics, we have identified hot and cold spots in Stockholm for
2013.We have thenmatched these segregated areas with sales data for condominiums. This has
made it possible to calculate the minimum distance from each transaction to any segregated
residential area with high and low income.We have then estimated a traditional hedonic pricing
equation. Whether we estimate using a hedonic model or a so-called treatment effect model, we
can observe an apparent positive effect for proximity to segregated areas with high income, and
a negative capitalisation effect in the vicinity of segregated areaswith low incomes.

The policy implications of the findings of this research are manifold. Because the identified
spillover effect on housing prices emanating from proximity to segregated areas with high
income differs from segregated areas with low income, policies that address socio-economic costs
and benefits, aswell as property assessment levels, should reflect these pronounced differences.

On the property level, positive spillover on housing prices near high-income segregated
areas will cause an increase in the number of higher income groups and exacerbate
segregation based on income. Contrarily, negative spillover on housing prices near low-
income areas might discourage high-income households frommoving to a location near low-
income segregated areas. Local government should be aware of these spillover effects on
housing prices to ensure that policies intended to reduce socioeconomic segregation, such as
residential and income segregation, produce desirable results.

A better understanding of the different potential spillover effects on housing prices in
relation to the spatial distribution of various income groups would be beneficial in
determining appropriate property assessment levels. In other words, awareness of this
spillover effect could improve existing property assessment methods, and provide local
governments with extra information to make informed decisions about policies and services
needed in different neighbourhoods.

Furthermore, a good estimation of these spillover effects on housing prices would allow
local governments to carry out a cost–benefit analysis for policies intended to combat
segregation and invest in deprived communities.

Because of distinctions between condominiums and single-family houses, it is plausible
that any spillover effect emanating from proximity to segregated areas will be different for
the two types of properties. Thus, further research that focuses on the impact of possible
spillover on single-family house prices would be a valuable contribution to this research
topic. Other important concerns regarding the spillover effect on house prices, which need to
be investigated, are its impact on the future viability of development, and the way that the
spillover effect influences the planning system as well as subsidies for apartment buildings.

Notes

1. www.scb.se/hitta-statistik/temaomraden/statistik-om-integration/regeringsuppdraget-registerdata-
for-integration/sa-har-ar-statistiken-om-integration-uppbyggd/om-statistiken–-integration-och-boende/

2. https://www.maklarstatistik.se
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