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Introduction

The places we live shape many facets of our lives. They influence who we
meet, where we work or attend school, and which services and opportuni-
ties we can access. Housing itself constitutes one of the largest components
of household wealth and consumption. Because housing is costly to adjust
and fixed in location, residential choices have implications both for individual
households and for how people and resources are distributed across places.
Housing has long been one of the most pressing policy concerns in many
countries, with recurring challenges related to affordability, access, and the al-
location of housing resources. A central theme in urban economics is therefore
residential sorting, that is, how households choose among homes and neigh-
borhoods based on their preferences, constraints, and socioeconomic charac-
teristics.

This thesis studies residential sorting in the Swedish housing market and
what follows from it. The first essay focuses on the role of age in shaping the
distribution of housing space within a city. The second essay studies how ma-
jor renovations of rental housing affect residential mobility and the socioeco-
nomic composition of neighborhoods. The third examines how neighborhood
environments influence children’s educational outcomes.

The Swedish housing market

Historical development

The current structure of the Swedish housing market is the product of more
than a century of urbanization and housing policy. At the start of the 19th
century, only about one tenth of the Swedish population lived in urban areas;
by the 1930s the share had reached one half, and today it is close to 90 percent
(Statistics Sweden, 2024b). Urbanization initially gained momentum with in-
dustrialization in the late 19th century, as growing cities struggled to accom-
modate an influx of new residents. Urban areas expanded rapidly, with dense
multi-story neighborhoods becoming the dominant form of residential devel-
opment. Construction, however, failed to keep pace with population growth,
and overcrowding remained a defining feature of Swedish cities well into the
20th century (Swedish National Board of Housing, Building and Planning,
2007).

During the first half of the 20th century, urban expansion increasingly shifted
toward newly developed suburbs as public transport networks improved, while
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construction was largely halted during and between the world wars. Rent reg-
ulation was introduced in 1942, having been abolished in 1923, and would
remain a feature of the rental market from then on. Following the Second
World War, Swedish housing policy shifted from targeted assistance for dis-
advantaged households toward a universal housing policy. Municipal hous-
ing companies (allmdnnyttan) were expanded and subsidized to provide rental
housing for households across the income distribution, distinguishing Swe-
den from countries with dedicated social housing sectors. Large-scale subur-
ban developments and satellite towns were constructed, while many city cen-
ters underwent extensive redevelopment (Swedish National Board of Housing,
Building and Planning, 2007).

Despite these efforts, demand continued to exceed supply in the rapidly
growing metropolitan regions, prompting the Million Homes Program (Miljon-
programmet), the most ambitious housing initiative in Swedish history. Im-
plemented between 1965 and 1974, the program produced approximately one
million dwellings with the objective of alleviating housing shortages and pro-
viding housing for households across the income distribution. Alongside this
expansion, substantial parts of the older housing stock were demolished and
replaced. While the program substantially expanded the housing stock, it has
been criticized for monotony and for deficiencies in construction quality, and
many of these neighborhoods subsequently experienced increasing socioeco-
nomic segregation (Swedish National Board of Housing, Building and Plan-
ning, 2023). Because major renovations are typically undertaken roughly ev-
ery fifty years, a large share of this stock has now either undergone or faces
major renovation. These renovations have become a contested policy issue
and form the backdrop to the second essay of this thesis.

Figure 1. Number of housing units completed and number of new inhabitants
(a) Stockholm (b) Sweden

Source: Statistics Sweden (2024a) and Statistics Sweden (2025)

When the Million Homes Program was completed, construction slowed
markedly for a decade before increasing again in the mid-1980s, as credit
markets were deregulated and the conditions for financing housing construc-
tion changed (Swedish National Board of Housing, Building and Planning,
2007). The sharpest decline in Swedish housing construction followed in the
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early 1990s. Since then, population growth and continued urbanization have
absorbed much of the earlier surplus in metropolitan housing markets. Fig-
ure 1 illustrates the divergence between population growth and housing con-
struction. Population growth accelerated sharply after 2005 while construc-
tion remained low, a pattern that holds for Sweden as a whole and not only
for Stockholm. Since 2020, population growth has fallen substantially while
construction has continued. New construction adds only marginally to the to-
tal housing stock in any given year, which makes the allocation and use of the
existing stock central to housing outcomes, a question examined in the first
essay.

The housing market today

Today, the Swedish housing market consists of three main tenure forms: owner-
occupied houses, tenant-owned cooperatives, and rental apartments. Rental
properties are owned either by private landlords or by municipal housing com-
panies. Figure 2 shows the composition of the Swedish and Greater Stockholm
housing stock in 2025.! Tenant-owned apartments are the largest tenure form
in Stockholm, while owner-occupied houses dominate nationally. The share
of rental apartments is similar across the two, while rental houses constitute
a minimal part of the housing stock.> This composition is itself a recent out-
come: rental housing accounted for a majority of all dwellings in Greater
Stockholm in 1990, and the current distribution reflects years of tenure con-
versions and a shift in new construction toward tenant-owned cooperatives.
Since 1968, rents in the rental sector have been regulated through the utility-
value system (bruksvdrdessystemet), under which rents are collectively nego-
tiated, and similar dwellings are expected to command similar rents. As a
consequence, rental housing is typically allocated through queuing systems
rather than through prices. Municipal queues cover all municipal rental hous-
ing and, in many municipalities, a substantial share of private rentals as well.
Apartments are allocated according to queue position, so excess demand is
reflected in waiting times rather than market-clearing rents. In metropolitan
areas, queue times have increased as urbanization has continued, making ac-
cess to rental housing increasingly difficult for new entrants. In 2025, the
average waiting time for an apartment allocated through the municipal queue
in Greater Stockholm was 9 years, rising to 21 years for apartments in the
inner city. Unlike many other European countries, Sweden does not have a
social housing sector; rather, anyone may join the housing queue, although
some dwellings are earmarked for students, young adults, or older residents.

Greater Stockholm is defined here as Stockholm County, excluding Norrtilje, Nykvarn,
Nynidshamn, and Sodertélje, which are not considered commuter municipalities.

2In Stockholm municipality, the share of rental housing was 43 percent in 2025, higher than the
aggregate share in Greater Stockholm or in the country as a whole.
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Figure 2. Housing tenure composition in 2025 in Stockholm and Sweden
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In Stockholm, the average waiting time for student housing was 4.5 years and
for senior housing 10 years in 2025 (Stockholm Rental Agency, 2025).

Alongside growing housing queues, housing prices in urban areas have
risen substantially since the 1990s. At the same time, neighborhoods have be-
come increasingly segregated (Swedish National Board of Housing, Building
and Planning, 2023). Sweden contains a number of vulnerable areas, defined
by the police as socioeconomically disadvantaged neighborhoods where crim-
inal networks exert substantial influence over the local community. Such ar-
eas are found in most major Swedish cities (Swedish Police Authority, 2025).
As the next sections discuss, persistent neighborhood inequalities of this kind
have consequences for the people who live in them, which motivates the third
essay of this thesis.

Determinants of residential sorting

Residential sorting refers to the process through which households come to be
distributed across dwellings and neighborhoods, reflecting their preferences,
resources, and the constraints they face. Because housing is fixed in loca-
tion and households differ in income, demographic characteristics, and pref-
erences, these individual choices collectively determine the spatial distribu-
tion of people across neighborhoods and cities. The theoretical foundations
of the literature lie in the Alonso—-Muth-Mills model (Alonso, 1964; Muth,
1969; Mills, 1967), which characterizes spatial equilibrium within cities, and
the Rosen—Roback framework (Rosen, 1979; Roback, 1982), which character-
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izes equilibrium across cities. These models remain the basis for much of the
modern literature on housing demand, household location choice, and spatial
structure.

Households sort both within and across regions. A large empirical literature
examines sorting within cities, estimating households’ willingness to pay for
local amenities such as school quality, crime rates, and environmental charac-
teristics (see e.g. Epple and Sieg, 1999; Bayer et al., 2007; Bayer et al., 2016).
These studies show that residential sorting plays a central role in determin-
ing access to local public goods and neighborhood environments. Since 2000,
many cities have experienced a resurgence in demand for central urban neigh-
borhoods. Couture and Handbury (2020) show that this revival in the United
States was driven largely by the increasing concentration of young college
graduates near city centers, and that consumption amenities such as restau-
rants, nightlife, and other non-tradable services played an important role in
attracting highly educated households. Other studies emphasize reductions in
crime (Ellen et al., 2019), changing commuting preferences (Su, 2022; Ed-
lund et al., 2022), and rising amenity values more generally (Baum-Snow and
Hartley, 2020).

Research on sorting across cities and regions has long emphasized that loca-
tions differ both in productivity and in amenities (Glaeser et al., 2001; Moretti,
2013). Diamond (2016) shows that local labor demand shocks attract skilled
workers, and that the resulting improvements in amenities further amplify skill
sorting. More generally, this literature suggests that residential sorting con-
tributes to spatial inequality, as high-skill households increasingly cluster in
locations offering both strong labor markets and attractive amenities. Where
housing supply is constrained, rising housing costs reinforce these patterns by
limiting access for lower-income households (Ganong and Shoag, 2017; Hsieh
and Moretti, 2019).

Households do not sort completely freely, however. Housing policy shapes
both the quantity of housing available and the terms on which households can
access it, therefore generating misallocation. A substantial literature docu-
ments this for land-use regulation, showing that zoning, minimum lot sizes,
and density restrictions constrain supply and raise prices (see e.g. Favilukis
et al., 2023; Song, 2025; Anagol et al., 2026). Moving costs and attachment
to place may also limit residential mobility, causing households to remain in
dwellings that no longer match their housing needs (Kennan and Walker, 2011;
Howard and Shao, 2026). These frictions are likely to become increasingly
important as populations age, a question examined in the first essay.

Consequences of residential sorting

Residential sorting not only determines where households live, but also shapes
the places themselves. A growing literature emphasizes that neighborhoods
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are not fixed, but instead evolve in response to household location choices,
with demand shocks generating changes in neighborhood composition, hous-
ing prices, and local amenities (Guerrieri et al., 2013; Bayer et al., 2016). As
higher-income households concentrate in particular locations, firms and local
governments respond by supplying amenities that cater to their preferences,
making those neighborhoods even more attractive. Couture et al. (2024) show
that rising income inequality amplifies this process, as wealthier households
demand more amenities and increasingly sort into central urban neighbor-
hoods, contributing to higher rents and making lower-income residents worse
off.

More broadly, an active literature examines the causes and consequences of
such neighborhood change. A recurring finding is that gentrification is driven
primarily by the characteristics of households moving into a neighborhood
rather than by elevated rates of out-migration among low-income, long-term,
or minority residents (Freeman, 2005; Ellen and O’Regan, 2011; McKinnish
et al., 2010; Brummet and Reed, 2019; Ding et al., 2016; Dragan et al., 2020;
Brunaker et al., 2026). The second essay contributes to this literature by study-
ing how large-scale renovations of rental housing reshape residential mobility
and the socioeconomic composition of neighborhoods.

Residential sorting also matters because neighborhoods may influence the
outcomes of the people who live in them. The neighborhood effects litera-
ture asks whether residential environments affect individual outcomes beyond
the characteristics of the households themselves. Identifying such effects is
challenging because households do not locate randomly across locations. Dif-
ferences in outcomes may therefore reflect both the causal effect of place and
the selection of different types of households into different locations. While
early studies used correlations among siblings and childhood neighbors to as-
sess the potential importance of neighborhood environments for later-life out-
comes (Solon et al., 2000; Raaum et al., 2006), more recent work has relied
on quasi-experimental variation to identify causal effects.

A central finding of this literature is that childhood exposure to neighbor-
hood environments has lasting consequences. Children who live in more ad-
vantaged neighborhoods at young ages experience better long-run outcomes in
terms of earnings, education, health, and social outcomes (Chetty et al., 2016;
Chyn, 2018; Chetty and Hendren, 2018; Haltiwanger et al., 2024). Chetty
and Hendren (2018) show that these gains accumulate with the duration of
childhood exposure, implying that neighborhoods matter for intergenerational
mobility, and subsequent work has identified effects on college attendance,
family formation, and incarceration (Chetty et al., 2016; Chetty and Hendren,
2018; Chetty et al., 2026). A growing literature investigates the mechanisms
underlying these effects, emphasizing the roles of peers, schools, environmen-
tal quality, and exposure to crime and violence (Damm and Dustmann, 2014;
Isen et al., 2017; Billings et al., 2019; Laliberté, 2021; Ang, 2021).
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For Sweden, Edin et al. (2003) and Aslund et al. (2011) exploit a refugee
placement policy that assigned newly arrived immigrants to locations, finding
that the composition of the local ethnic community affects both labor market
and educational outcomes. Living in a larger ethnic enclave raises earnings
among less skilled immigrants, and children assigned to neighborhoods with
more highly educated co-ethnic peers perform better in school.

The credibility of this evidence comes at a cost in generality. Because iden-
tification typically relies on specific programs or relocation events, existing
evidence is largely based on selected groups of households. The third essay
instead examines the full Swedish population, asking how much variation in
educational outcomes across neighborhoods reflects neighborhood environ-
ments rather than family background.

Chapters
I. Aging and the Homeownership Market

In the first chapter, I examine how age shapes housing consumption, residen-
tial mobility, and the allocation of housing within a city. Using Swedish regis-
ter data on the owner-occupied housing market in Stockholm, I first document
a set of stylized facts about housing demand across the life cycle. Housing
consumption rises as households form families and peaks around the mid-40s,
but remains high even after children leave home and household size declines.
As a result, older households occupy substantially larger homes than younger
households. At the same time, mobility falls sharply between ages 30 and
45 and remains persistently low thereafter. However, conditional on moving,
older households are considerably more likely to downsize, suggesting a sub-
stantial but unrealized potential for reallocating housing space. Given that the
housing stock adjusts only slowly through new construction, these mobility
patterns play an important role in shaping the distribution of housing.

To understand the patterns better, I estimate a dynamic residential sorting
model in which housing preferences and moving costs vary across age groups.
The model incorporates household age, income, housing wealth, and tenure
in the dwelling, while allowing households to choose among housing units
that differ in both neighborhood quality and size. The estimates show that
psychological moving costs increase with age, while declining with income.
Willingness to pay for size is hump-shaped, with households of every age
valuing medium-sized dwellings above both smaller and larger ones, and mid-
aged households willing to pay the most throughout.

I then use the estimated model to study the forces shaping the distribution
of housing across age groups and how this distribution responds to demo-
graphic change and policy. Removing age-specific moving costs substantially
increases mobility, especially among older households, and reveals potential
for housing reallocation through downsizing. Two further exercises show that
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replacing age-specific preferences with the population average leaves older
households in large dwellings more rather than less, and equalizing the joint
distribution of wealth and income across ages changes their mobility by less
than one percent, while shifting younger households toward larger dwellings.
The cost of moving, rather than what older households want or what they can
afford, is what holds the current allocation in place. Population aging works
in the opposite direction, lowering aggregate mobility and shifting occupancy
toward older households across the whole size distribution. Finally, I show
that lowering Sweden’s capital gains tax would raise mobility, with the largest
response among older households, and release large dwellings. The mobility
responses are large, while the implied reallocation of housing is more modest,
and the analysis abstracts from supply and price responses.

II. On Gentrification: Renovations of Rental Housing and
Socio-Economic Sorting
(with Matz Dahlberg and Per-Anders Edin)

In the second chapter, we examine how large-scale renovations of rental hous-
ing affect gentrification, residential mobility, and displacement in Sweden.
While previous research has focused on new housing construction and demoli-
tion (Asquith et al. 2023; Pennington 2025; Brunaker et al. 2026), renovations
are different because they improve housing quality without changing the size
of the housing stock. This makes their effects theoretically ambiguous: reno-
vations may attract higher-income residents and increase housing demand, but
they do not directly add new units that could ease housing pressures. In Swe-
den, where rents are heavily regulated and landlords often rely on renovations
to justify rent increases, concerns about “renovictions” have made this issue
particularly important.

Using Swedish register data from 1995 to 2017, we identify major reno-
vations and track both properties and individuals over time through an event-
study design. We analyze how renovations affect the socioeconomic compo-
sition of buildings, tenant turnover, migration patterns, and the longer-term
outcomes of movers. Special attention is given to initially low-income prop-
erties, where residents may be especially vulnerable to rising housing costs
associated with renovation.

The main finding of this chapter is that renovations lead to substantial so-
cioeconomic upgrading within renovated buildings. Average tenant earnings
increase by about 13 percent overall and by as much as 62 percent in ini-
tially low-income properties. Renovations trigger a sharp increase in tenant
turnover, with both move-outs and move-ins peaking around the renovation
period. The upgrading is largely explained by higher-income households mov-
ing into renovated units, suggesting that renovations contribute to gentrifica-
tion primarily through selective in-migration.
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Despite the increased mobility, the study finds little evidence that renovation-
induced moves result in displacement in the sense of worse outcomes for af-
fected residents. Individuals who move out during renovation do not appear
systematically different from other movers in terms of their characteristics,
destination neighborhoods, or long-run outcomes. Furthermore, the effects of
renovation are highly localized: socioeconomic change is concentrated within
the renovated property itself, with limited spillovers to surrounding neighbor-
hoods. Overall, the results point to renovations occupying an intermediate
position between new construction and demolition, leading to an increase in
selective in-migration but without systematically displacing out-movers.

III. Families, Neighborhoods and Children’s Educational
Outcomes

(with Matz Dahlberg, Torsten Santavirta, and Yaroslav
Yakymovych)

The third chapter investigates how much children’s educational outcomes de-
pend on where they grow up versus the characteristics of their families. Mo-
tivated by a growing literature showing substantial geographic differences in
intergenerational mobility, we focus on university enrolment in Sweden and
ask two key questions: how much neighborhoods matter after accounting for
family background, and whether neighborhood effects differ across groups
of children. Understanding these issues is important for assessing whether
place-based policies can improve equality of opportunity and for identifying
the mechanisms behind geographic variation in educational attainment.
Using comprehensive Swedish population register data and machine learn-
ing methods based on generalized random forests (GRF), we construct highly
detailed measures of family circumstances from birth through adolescence.
Our approach allows us to account for a much broader set of family char-
acteristics and interactions than traditional regression methods. We compare
university enrolment rates across different types of locations, including rural
versus urban areas, rich versus poor neighborhoods, and areas with different
levels of educational attainment among peers. Rather than focusing on a spe-
cific mechanism, we estimate the combined influence of living in a given loca-
tion, including factors such as schools, peers, role models, and local amenities.
The main finding is that most differences in university enrolment across
locations can be explained by family characteristics rather than by neighbor-
hoods themselves. Family background accounts for roughly 73 percent of the
association between enrolment and peer educational attainment, 74 percent of
the rural-urban gap, and 83 percent of the difference between rich and poor ur-
ban neighborhoods. These results suggest that residential sorting plays a much
larger role than neighborhood effects in explaining geographic differences in
educational outcomes. Consequently, average neighborhood effects appear
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smaller than those implied by some previous studies that rely on residential
moves to identify place effects.

We also find important heterogeneity in neighborhood effects. Children of
less-educated parents, boys, and some immigrant groups exhibit larger unex-
plained differences in university enrolment across locations, indicating that
place matters more for these groups. The direction and size of neighborhood
effects vary by context: boys appear particularly disadvantaged in rural areas,
while girls seem somewhat more affected by living in poor urban neighbor-
hoods. Overall, we conclude that family background remains the dominant
determinant of educational attainment, but neighborhoods can still matter sub-
stantially for specific groups of children. The findings suggest that place-based
policies are likely to have limited average effects but may be more effective
when targeted toward populations that are especially sensitive to local condi-
tions.

Concluding remarks

Overall, this thesis examines different aspects of how households are allocated
across homes and neighborhoods. The first chapter shows that age-related
mobility frictions help explain why older households remain in relatively large
homes, limiting the reallocation of housing space. The second chapter shows
that renovations of rental housing lead to socioeconomic upgrading through
selective in-migration, with little evidence of systematic displacement. The
third finds that most geographic differences in university enrolment can be
explained by family characteristics, although neighborhoods matter more for
some groups than for others.

A common theme across the three chapters is the importance of residential
sorting. Place matters, but often less than the processes that determine access
to it. The findings therefore suggest that policies aimed at changing neighbor-
hoods or housing outcomes should focus not only on places themselves, but
also on the factors that shape who is able to access them.
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1 Introduction

Within cities, older households occupy substantially more space per person
than younger ones (Coven et al., 2024; Ahlfeldt et al., 2025; Moglia, 2025).
Households typically size up as their families grow, but downsize much less
as their families shrink. At the same time, households in their mid-40s and
older who move tend to release housing space, indicating a potential source
of space for other households. This potential is particularly relevant as many
countries face aging populations. Because the housing supply in urban areas
adjusts slowly, much of the response to demographic change is likely to occur
through reallocation of the existing stock. However, an aging population also
means a larger number of households aging in place, potentially limiting how
much space is released. Understanding how age shapes housing decisions is
therefore important for quantifying the distributional effects of population ag-
ing and designing policies aimed at improving the match between households
and homes.

Age has been shown to affect household mobility and location choices (see
e.g. Kennan and Walker, 2011, Couture and Handbury, 2023, and Ahlfeldt
et al., 2025), yet relatively little attention has been paid to the role of age in
shaping the distribution of house size within a city. This paper addresses this
gap by estimating a dynamic residential sorting model for the owner-occupied
housing market in the Stockholm metropolitan area. The model allows for
heterogeneous preferences and mobility frictions across age groups. Using
the model, I examine how these forces shape the housing distribution across
ages and how the distribution responds to alternative age structures and policy
interventions.

In the study, I use Swedish administrative data, combining registers on
properties and individuals. I identify owner-occupied housing units and con-
struct an annual panel of households matched to the dwellings they occupy.
The data include, among other things, dwelling location and size, as well
as household income and age. The resulting dataset covers the Stockholm
metropolitan area from 2013 to 2017 and follows over 410,000 housing spells
across 22 neighborhoods. The rich data allow me to follow households as they
move and observe when their household characteristics change, which is an
advantage over the cross-sectional data often used in similar studies.

I begin my analysis by establishing a set of stylized facts that describe hous-
ing consumption and household mobility in Stockholm. I show that housing
consumption tracks household size through the family formation years, with
average home size increasing until the mid-40s. Beyond this age, families be-
gin to shrink, but average home size remains high. Households over 60 occupy
larger homes than those under 40, and limited downsizing means that there is
a growing divergence between family and dwelling size. Underlying this is
a sharp decline in mobility between ages 30 and 45, followed by persistently
low mobility at older ages. At the same time, conditional on moving, those in
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their mid-40s or older release housing space, indicating a potential for space
to be freed up.

I also show that the housing stock evolves slowly and unevenly across hous-
ing sizes, making this potential important because shifts in demand cannot be
accommodated quickly through new construction. Finally, I show that an older
age composition of households may amplify these patterns by increasing the
share of older, low-mobility households occupying larger dwellings. Together,
these facts suggest that housing space could be freed up if older households
were induced to move, and that demographic change is likely to be accommo-
dated largely through the existing stock.

Building on these facts, I adapt the dynamic residential choice model of
Bayer et al., 2016, in which locations are differentiated products and house-
holds have heterogeneous preferences over them. I extend the choice set to in-
clude dwelling size, so that households substitute across housing types within
locations rather than only locations. I allow households to vary by household
income, age of head of household, housing wealth, and tenure in the dwelling.
I add three age groups and 5 dwelling size categories to the model, as well
as use k-means clustering to sort the locations into three neighborhood tiers.
When a household moves, they face moving costs, where I allow the psycho-
logical moving cost to vary by age. To the financial moving cost, I add the
Swedish capital gains tax on housing.

Many of the aforementioned characteristics are dynamic in nature, which
motivates a dynamic model. As in Bayer et al., 2016, wealth accumulation and
moving costs introduce dynamics. Households have expectations about house
price appreciation and may choose housing that offers lower current utility in
return for future wealth gains, while moving costs make re-optimizing every
period prohibitive. In my setting, the two interact, since the financial cost of
moving also depends on accumulated capital gains, so households anticipate
that appreciation raises both their wealth and the cost of realizing it. In my
model, households also anticipate changes in their own circumstances, as ag-
ing is inherently dynamic.

Estimating the model, I find that psychological moving costs increase with
age. Willingness to pay for housing size follows a hump shape, with house-
holds most willing to pay for mid-sized units. The mid-aged group has the
highest willingness to pay for every size category, consistent with their higher
incomes and the presence of children at home, while both the youngest and the
oldest groups value the largest dwellings negatively. Restricting the estimation
to segments households could finance under Swedish loan-to-value and loan-
to-income limits raises willingness to pay for the largest dwellings for every
age group and turns it positive for the young and the old, indicating that these
negative valuations are concentrated in dwellings households could not have
financed. Financial position therefore shapes which dwellings households can
reach, particularly among the young.
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The estimated model is then used to examine what sustains the current dis-
tribution of housing across ages. Removing the age gradient in psychological
moving costs raises mobility by 90 percent among mid-aged households and
296 percent among the oldest group, freeing up some of the space these house-
holds hold. Two further exercises show that neither their valuation of other
dwellings nor their position in the observed wealth and income distribution
explains this immobility. Averaging residential valuations across age groups
reduces older households’ mobility by 26 percent and leaves them in large
dwellings more rather than less, so their own valuations work against their im-
mobility rather than sustaining it. Equalizing the joint distribution of wealth
and income across age groups changes their mobility by less than one percent.
For younger households, the same exercise mainly changes where they move,
shifting them out of the smallest category and toward larger dwellings. To-
gether, these patterns suggest that financial resources shape the young’s entry
into large dwellings, while age-related frictions constrain the old’s exit from
them.

Next, I examine the effects of different population age structures within the
model. Specifically, I reweight the 2017 population to match the age distri-
butions observed in Stockholm in 1997 and projected for 2070. Aggregate
mobility falls by 6.3 percent under the 2070 structure, since older households
comprise a larger share of the market and move less often. The change in com-
position shifts the existing stock toward older households across the whole size
distribution, with the largest gains in the mid-sized categories rather than the
largest ones.

Finally, I study a policy intervention that could induce household mobility
and free up housing space. I estimate the effects of reducing the Swedish cap-
ital gains tax on housing from 22 percent to 10 percent and to zero. Eliminat-
ing the tax raises aggregate mobility by 23 percent, with the largest response
among older households at 36 percent. The release of large dwellings oper-
ates through the decision to move rather than through where movers go. Con-
ditional on moving, the additional post-move wealth shifts older households
slightly toward larger dwellings, but the increase in their mobility offsets this,
since older movers leaving large dwellings predominantly downsize or leave
owner-occupation. The mobility response is smaller than under the removal
of the age gradient in psychological moving costs, reflecting that the financial
wedge created by the tax is smaller than the compensating variation for those
Ccosts.

This paper relates to several strands of literature. The first documents how
housing consumption evolves over the lifecycle. Ahlfeldt et al., 2025 show
that location and space consumption change substantially with age and life
events such as cohabitation, childbirth, separation, and retirement. Studies of
older households examine whether they draw down housing equity as they age,
generally finding limited downsizing absent a health or family shock (Venti
and Wise, 2001; Banks et al., 2010; Nakajima and Telyukova, 2020), and
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that demand at older ages depends on health and education as much as on
age itself (Eichholtz and Lindenthal, 2014). I contribute to this literature by
jointly estimating age-specific preferences and moving costs, which allows
me to quantify how much of the difference in housing consumption across
age groups reflects what households want and how much reflects the cost of
adjusting.

A second strand of literature examines the aggregate effects of population
aging on housing markets, primarily through house prices. While some find
substantial effects (Mankiw and Weil, 1989; Bergantino, 1998; Takats, 2012),
others suggest limited or mixed impacts (Engelhardt and Poterba, 1991; Hen-
dershott, 1991). A smaller literature examines whether these effects differ
across housing segments using regional panel data, such as Hiller and Lerbs,
2016 for Germany and Simo-Kengne, 2019 for South Africa. This study ex-
pands on the literature by addressing demand through a structural model.

A related literature studies how demographic composition shapes spatial
outcomes. Recent structural work examines how population aging and de-
mographic change reshape spatial sorting, local labor markets, and regional
growth (Suzuki, 2023; Moglia, 2025; Ana and Santamaria, 2025; Giannone et
al., 2026), while a subset of papers focuses on the residential choices of older
households and retirees. Komissarova (2022) documents age-specific sorting
patterns in the United States, Maroto et al. (2026) estimate the effects of re-
tiree inflows on employment, GDP, and housing construction across French
regions, and others emphasize the role of amenities, particularly climate, in
retirees’ location choices (Lu, 2020; Mathes, 2025). This paper complements
these studies by examining substitution across dwelling sizes within a market
rather than mobility between markets or neighborhoods.

Methodologically, this paper relates to the growing literature that applies
discrete choice techniques from empirical industrial organization to housing
markets (Berry, 1994; Berry et al., 1995; Hotz and Miller, 1993). These
models have been used to study a range of questions about housing and lo-
cation with heterogeneous households, including neighborhood choice (Bayer
etal., 2007; Bayer et al., 2016), the effects of short-term rentals (Calder-Wang,
2021; Almagro and Dominguez-lino, 2024), where to build affordable housing
(Cook et al., 2023), leverage regulation (Kvaerner et al., 2024), and how de-
mand and zoning constraints shape which homes get built (Ma, 2025). While
most previous studies focus on substitution across neighborhoods, I differen-
tiate housing units by location and dwelling size, which allows the model to
address how the existing stock of housing space is distributed across house-
holds.

Finally, this paper contributes to the literature on taxes associated with the
sale and purchase of housing. Most previous research has focused on transac-
tion taxes, finding that such taxes have lasting effects on transaction volume
and mobility (Dachis et al., 2012; Buettner, 2017; Hilber and Lyytikdinen,
2017; Fritzsche and Vandrei, 2019; Eerola et al., 2021; Méittdnen and Ter-
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vid, 2021). However, studies on housing capital gains taxation remain limited.
Shan, 2011 and Cunningham and Engelhardt, 2008 find that the tax reduction
from the Tax Relief Act of 1997 in the U.S. increased the mobility rate among
affected households, and Lundborg and Skedinger, 1998 find evidence of lock-
in effects among a small panel of Swedish homeowners between 1984 and
1990. Close to this paper is Coven et al., 2024, who study how property taxes
shape housing allocation across ages. They find that property taxes reduce
lock-in by lowering prices and easing constraints on young buyers, while cap-
ital gains taxes amplify it. This study contributes by estimating age-specific
moving costs from observed mobility and documenting how the response to
capital gains taxation differs across age groups in the Stockholm homeowner-
ship market.

The rest of the paper proceeds as follows. Section 2 presents stylized facts
that motivate the study and the structural model. Section 3 describes the data
used in the analysis and the institutional background. Section 4 describes the
structural model, and Section 5 explains the estimation procedure. Section 4
presents the results of the model, while Section 7 presents the findings of the
counterfactual exercises. Section 5 concludes.

2 Stylized facts

Figure 1. Mean dwelling and family size by age of head of household in 2017
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In this section, I present five stylized facts for the Stockholm housing mar-
ket. First, housing consumption follows lifecycle trends up until later in life,
when households do not downsize systematically. Second, mobility declines
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with age, making housing choices sticky. Third, conditional on moving, older
households release more housing space back to the market, indicating a po-
tential for space to be freed up. Fourth, the housing stock in Stockholm is
slow to adjust, and hence the reallocation is mostly within the existing stock.
Fifth, an older population amplifies these patterns by increasing the share of
low-mobility households that occupy larger dwellings. Because I focus on
the homeownership market, these figures only include ownership homes and
households living in such.

Fact 1: Older households consume more housing space

Figure 1 examines housing consumption and average household size by the
age of the head of household. The figure shows that housing consumption
follows increasing family size up until around age 45, after which households
stay in relatively large homes though their families become smaller. Notably,
households headed by individuals over 60 occupy larger homes than those
under 40, who are at the beginning of their child-rearing years.

To make this trend clearer, Figure 2 shows that square meters per family
member increase sharply with age after the age of 45. It also shows that young
households consume more space per capita than those aged 40, presumably in
anticipation of family size growth. Taken together, these patterns suggest a
housing consumption that follows lifecycle trends up until the ages that family
size decreases, when older households do not downsize in a systematic way,
leading to an increasing divergence between family size and occupied housing
space.

Figure 2. Mean square meters per household member by age of household head in

2017
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Fact 2: Mobility declines with age

Figure 3 shows that the average level of out-migration decreases with age of
head of household. Mobility rates are stable up to just before age 30, then fall
until the age of 45. After 45, mobility stays low as individuals transition into
old age, making earlier housing choices sticky.

Figure 3. Mean out-migration rate by age of head of household
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Figure 4 shows that this age gradient persists after conditioning on house-
hold and housing characteristics. It reports the estimated age profile of out-
migration relative to households headed by a 25-year-old under two specifi-
cations, one controlling for household income, household size, years in the
property, and year, and one adding controls for housing segment.

Fact 3: Conditional on moving, older households release more housing
space

Figure 5 contrasts average housing consumption conditional on moving with
that of all households from Figure 1. Households above 44 move into dwellings
smaller than the average size occupied by their age group, around the age at
which family size also begins to decline. The difference between the average
size occupied by an age group and the average size its movers choose is largest
close to age 65.

Figure 6 shows the same pattern by comparing each mover’s new dwelling
to the one they left. Households 50 and older downsize, with the average
reduction reaching approximately 15 square meters from age 60 onward. In
contrast, households aged 25 to 48 upsize, with the largest gains at age 36,
while those aged 49 move into housing of the same size as before.
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Figure 4. Conditional out-migration rates by age of household head
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Figure 5. Mean dwelling size for all and conditional on moving by age of head of
household in 2017
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Older households therefore hold more space on average than they choose
when moving, so their moves release housing space back to the market. To-
gether with the low mobility documented in Fact 2, this suggests that housing
space could be freed up if older households moved more frequently.

Figure 6. Mean change in dwelling size at move by age of head of household
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Figure 7. New construction as a share of existing housing stock
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Figure 8. Number of units per 1000 inhabitants by dwelling size
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Fact 4: The housing stock evolves slowly and unevenly across dwelling
sizes

Stockholm’s owner-occupied stock is concentrated in medium-sized dwellings,
with the smallest and two largest categories each accounting for a smaller
share (see Figure A3). Figure 7 reports new construction as a share of the
existing stock, by the dwelling size categories used in the model. Since the
mid-1980s, annual construction has accounted for less than 2% of the exist-
ing stock, roughly 0.5 to 2% per year for most dwelling sizes. This indicates
that the housing stock is largely fixed over the horizon relevant for household
relocation decisions. In contrast, construction rates were substantially higher
before 1980, reflecting a period of rapid housing expansion in Stockholm.

Figure 8 shows that the number of dwellings per capita has evolved only
gradually despite substantial population growth. Over the sample period used
in this study, units per 1,000 inhabitants remained stable for some dwelling
sizes and declined for others, suggesting that new construction primarily kept
pace with population growth rather than altering the composition of the hous-
ing stock available to residents.

Together, these patterns imply that changes in housing demand are un-
likely to be accommodated quickly through new construction. Instead, ad-
justment occurs primarily through reallocation of the existing housing stock
across households.

Fact 5: An older population amplifies these patterns
These patterns become more consequential as the population ages. Figure 9
shows the historical and projected share of the population aged over 65, based
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Figure 9. Historical and projected share of population over 65 years old

304

25+ = e

Share over 65 years old

104
1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070
Year
—— Stockholm Sweden

Notes. The figures includes individuals of all ages.

Figure 10. Projected mobility and housing size allocation in 2010-2070
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Notes. The figures include individuals aged 25-80. The population numbers are based on
individual population, while the mobility and housing size allocation are based on house-
holds.

on calculations by Statistics Sweden. In Stockholm this share fell between
1990 and 2005 before rising again, and it is projected to rise continuously
through 2070. Since mobility declines with age, a larger share of older house-
holds affects how housing is distributed across the population.

Figure 10 illustrates these implications. Panel (a) combines the conditional
age-mobility profile from Figure 4 with the projected age distributions. Hold-
ing household behavior fixed, an older population mechanically reduces ag-
gregate mobility over the projected horizon. Panel (b) shows the projected
share of large units (130 square meters or more) occupied by households over
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65, holding the 2017 distribution of housing size within each age group fixed.
Under these assumptions, an increasing fraction of large units would be occu-
pied by older households.

3 Data and institutional background

In this section, I introduce my data sources and provide an overview of the
institutional background of the housing market in Stockholm.

3.1 Data

I use Swedish administrative data from the GeoSweden database. This data
is composed of several registers covering the full population and properties in
Sweden between 1990 and 2017.3 1 supplement this with housing transaction
data from Svensk Miklarstatistik, a database maintained by the Association of
Swedish Real Estate Agents.

I focus on the homeownership market in the Stockholm metro area, which
I define as the closest municipalities to Stockholm municipality, and the City
Districts in Stockholm municipality as defined by the municipality. In my
sample, the market is made up of 22 locations, in which multi-family housing
is the predominant form of housing. Figure 11 presents these locations on a
map.

Individual-level data Using data from the LISA registers (Longitudi-
nal Integrated Database for Health Insurance and Labour Market), I construct
household panels that include each households’ residential history, as well as
information on their household characteristics. I can observe data on charac-
teristics such as income, pensions, education, employment status, and house-
hold composition. Unlike many other studies on household demand, I observe
the ages of all members of a family.

The analysis is conducted at the household level. I define the head of the
household as the oldest member, requiring this person to be at least 18 years
old, and take the household’s age to be the age of the head. Household in-
come is defined as annual earnings for those who have not retired yet and
annual retirement pension for those who have, aggregated across both part-
ners for couples. I restrict the sample to households whose head is between
25 and 80 years old. I also exclude households buying properties priced above
13,600,000 SEK, the 99th percentile of transactions, and those with no income
or with income above 2,400,000 SEK, approximately the 99th percentile of the
household income distribution.

3The database is compiled and made anonymous by Statistics Sweden and is hosted by the
Institute for Housing and Urban Research at Uppsala University.
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The data contain no information on mortgages or financial wealth, so I
proxy for wealth using home equity. I set initial equity to 20 percent of the pur-
chase price, above the 15 percent minimum implied by the loan-to-value cap
in Sweden at the time, and let it accumulate with capital gains on the property.
This measure determines a household’s wealth group at the point at which it
decides whether to move.*

Property-level data I can match each individual in the population reg-
isters to a unique, geocoded housing property in the housing property register
(Fastighetsregistret). In this register, I can observe various characteristics of
the property, such as tenancy status (owner-occupied, tenant-cooperative, or
rental), construction year, and whether the property is a house or an apartment.
I supplement this data with housing unit data from the apartment register (Ld-
genhetsregistret) that includes data on unit size, number of rooms, and other
relevant attributes. This register is only available from 2013, which limits the
number of years in my sample, and the number of rooms is recorded only for
apartments, not for houses.

Housing sale transactions data To describe the prices of the housing
options, I use data from a housing sales transaction dataset for 2005-2017.
The dataset includes the precise coordinates of the property, sales date, and
other physical characteristics of the transacted housing unit.> I exclude outliers
under the 1st percentile or over the 99th percentile in price per square meter, as
well as transactions data missing information about size or number of rooms
(or errors due to an implausible combination of the two).

Neighborhood-level data I use the previously mentioned registers to
create neighborhood-level characteristics that describe the socioeconomic com-
position of each neighborhood. Specifically, I construct the share with higher
education, share foreign-born, share in poverty, and the mean GPA (or merit
value) of students graduating from 9th grade. Poverty is defined as those with a
disposable income below 60 percent of the national median income. The grade
determines which upper secondary (gymnasium) programs a student can apply
to. I also calculate each neighborhood’s distance to the city center, based on
the distance from the neighborhood’s centroid to Sergels torg, a public square
close to the central train station in Stockholm.

4Bayer et al., 2016 also lack wealth data and define it from the initial mortgage amount at
move-in. I estimate value functions at move-out, in order to introduce more variation in wealth.
>The coordinates for properties in the property-level data are only available at a 100x100 m
level, precluding a merge between the transactions data and property data. I therefore use a
hedonic regression to predict the price of homes in the property register, regressing log price on
living area, construction year and its square, and a dummy for houses, absorbing DeSO (922
small statistical areas) and dwelling size x year fixed effects. The specification explains 92%
of the variation in log prices. Because the model operates on segments defined by location and
dwelling size, prediction error largely averages out within segments. I describe the housing
segments in more detail in Section 5.
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To aid my analysis, I define three neighborhood types with the help of k-
means clustering. To do this, I average the time-varying neighborhood char-
acteristics over the sample period and standardize them, since k-means is sen-
sitive to scale. Table Al presents the results of the clustering, and Figure
A1 shows the classifications in a map. The first cluster consists primarily of
outer suburban municipalities and districts, the second of intermediate sub-
urban neighborhoods, and the third of inner-city neighborhoods and affluent
suburbs.

Final sample I merge the aforementioned registers to construct a dataset
describing households, their mobility, and housing choices. Since the apart-
ment register begins in 2013 and the transactions data in 2005, I use 2013
as the initial housing allocation year, estimate the model over 2014-2017, and
include households that purchased their home in 2005 or later. I require house-
holds to be observed throughout their entire housing spell. The final sample
spans 2013 to 2017 and contains 418,708 housing spells.

Table 1 presents summary statistics of my sample for the year 2017. The av-
erage household earned 606,000 SEK (approximately 64,000 USD) annually,
had a head of household 44 years old, and had a wealth of 1,882,000 SEK
(199,000 USD). Of the households, 41% were a couple and 36% had chil-
dren under 18 living at home. The average home in 2017 cost 4,472,000 SEK
(472,000 dollars) and was 78 square meters large. Across neighborhoods, on
average, 23% of residents were foreign-born, 49% had higher education, and
5% lived in poverty. The mean 9th grade GPA was 239 out of 300 and the
distance to the CBD was 11 kilometers.

Figure 11. Map of the Stockholm housing market
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Table 1. Summary statistics in 2017

Mean SD Min Max
Household characteristics
Income 6.06 3.83 0.00 24.00
Age 4421 1329 25.00 80.00
Wealth 18.82 11.73  1.70 210.56
Fraction of couple 0.41 0.49 0.00 1.00
Share with children 0.36 0.48 0.00 1.00
Years in building 3.90 3.47 0.00 12.00
Property characteristics
House price 4472 2041 849 135.81
Home size (sqm) 78.08 36.06 12.00 357.00
Neighborhood characteristics
Share foreign-born 0.23 0.07 0.12 0.41
Share with higher education 0.49 0.10 0.34 0.68
Share in poverty 0.05 0.01 0.03 0.09
Mean 9th grade GPA (out of 300) 238.85 13.22 218.13 262.87
Distance to CBD (km) 10.81 6.29 2.04 23.73
N 418,708
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3.2 Institutional background

The Stockholm housing market  The Stockholm residential housing mar-
ket can be split into the homeownership market and the regulated rental mar-
ket. The homeownership market is 65% of the Stockholm housing market and
primarily features owner-occupied single-family homes and tenant-owned co-
operatives. Tenant-owned cooperatives are multi-family housing properties,
i.e. mainly apartments but occasionally row houses and other single-family
housing. Since I focus on the homeownership market, I do not differentiate
between private ownership and cooperative ownership. Figure A4 shows the
distribution of the home sizes in this market and that mid-sized housing units
dominate the market.

I abstract away from the rental housing market that is rent-regulated in Swe-
den. This market is almost entirely made up of multi-family housing with ei-
ther a private or public landlord. Most apartments in the market are allocated
through the municipal housing queue without means testing, with an average
wait time of 9 years in the Stockholm region and 21 years in central Stockholm
as of 2025. As a result, rental housing is not easily accessible, but many indi-
viduals stay in the housing queue as it can be seen as an insurance in old-age.
Given this, I model rental housing as the outside option in the model rather
than including a tenure choice.

Tax schedules In Sweden, there is a capital gains tax on home sales,
which was introduced in 1991 as part of a larger tax reform. The tax rate was
initially 15%, but was raised to 20% in 2001 and 22% in 2008. The taxable
gain is calculated as the sale price minus the acquisition value, with deductions
allowed for real estate agent fees and renovation costs. The gains are not
adjusted for inflation. If a home is inherited, the heir inherits the original
acquisition value, so any subsequent capital gains tax is calculated relative to
this price.

Payment of the capital gains tax may be deferred if the seller purchases a
replacement home. Existing deferrals are carried forward to the new property,
allowing households to roll over the tax liability across moves. The deferred
tax is realized when the household sells without purchasing another qualifying
property, for example when moving into rental housing. Full deferral requires
the replacement home to be at least as expensive as the property sold, while
households moving to a cheaper home can defer only part of the gain.

The deferral amount has been capped since 2008, when a ceiling of 1.6
million SEK was introduced. The ceiling was lowered to 1.45 million SEK in
2010, suspended between 2016 and 2020, and set to 3 million SEK in 2020.
For co-owned properties, it applies separately to each owner’s share. Between
2009 and 2021, homesellers were charged an annual fee of 0.5% of their gain.
Since the tax owed is 22% of that gain, the fee amounts to 2.27% of the de-
ferred tax, or a pre-tax mortgage rate of roughly 3.25% given that mortgage
interest is deductible while the fee was not. This was well above the rates
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banks were charging during the studied period, so households had an incen-
tive to borrow rather than defer. I therefore model the capital gains tax as a
22% moving cost paid upon relocation.

Sweden also levies a property fee (or tax), although it is low by interna-
tional standards. The municipal property fee is currently set at 0.75% of the
assessment value for single-family homes, subject to a cap of 10,074 SEK for
the 2025 income year. For cooperatives, the fee is 1,724 SEK per residential
apartment or 0.3% of the assessed value of the property if this results in a lower
amount, and is paid by the housing association. Prior to 2007, the property fee
was levied at the national level.

Finally, purchases of single-family homes are subject to a stamp duty of
1.5% of the purchase price, paid by the buyer, as well as a 2% mortgage
recording tax on newly issued mortgage deeds.

Borrowing constraints In 2010, Sweden introduced a maximum loan-
to-value (LTV) ratio of 85%. Prior to this, no maximum existed.® While
Sweden does not currently regulate loan-to-income (LTI) ratios, banks usually
stipulate a maximum ratio of 5.5 times a person’s annual gross income. Since
June 2016, mortgages on new purchases have also been subject to mandatory
amortization, at 2% annually above 70% LTV and 1% between 50% and 70%.
There are no first-time homebuyers programs or reverse mortgages.

I do not observe mortgages at the household level and therefore assume all
households face a common annual user cost proportional to the value of their
dwelling. This abstracts from differences in leverage and amortization across
households.

4 Model

The stylized facts show that older households occupy more space than they
choose when moving and that their mobility is low, but they do not reveal how
much housing space would be freed up if moving were less costly. Answer-
ing this question requires knowing how households of different ages value
housing and the magnitude of their moving costs, neither of which is directly
observed. I therefore estimate a model of an urban area’s homeownership mar-
ket in which households differ in their valuations of housing and in the costs
they face when moving.

The model is a dynamic discrete choice model of residential housing choice
with heterogeneous preferences, based on Bayer et al., 2016. Housing is a dif-
ferentiated product, so the model captures substitution across housing types.
Households are forward-looking, having expectations about future house price
appreciation and weighing the resulting expected capital gains against the
costs of relocating. A household can own at most one residential property
in the city.

6The LTV ratio was increased to 90% in 2026.
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The city contains a set of households, .#, and a set of housing segments,
_# . Each housing segment represents a combination of location and dwelling
size. In each period, a household i € .# chooses whether to move houses or
not. If moving, the household chooses between moving to one of the j € ¢
housing segments in the city, and the outside option of moving out of the
city or into rental housing. This decision is denoted by d;;, where d;; = j €
{1,...,J} denotes moving to housing segment j inside the city, d;; = 0 denotes
the outside option, and d;; = J + 1 denotes remaining in the current dwelling.
The indirect flow utility of living in the outside option is normalized to zero.

The observed state variables at time ¢ are X, Z;;, and d; ;1. Xj, is a vector
of characteristics that affect the per-period utility a household gets from their
housing, such as the price of housing P;,, neighborhood amenities, and other
exogenous characteristics. Z;; is a vector of household characteristics that may
determine per-period utility from housing choice. d;;_1 is the housing choice
of the household in # — 1. The unobserved variables in the model are &;,
the unobserved housing and neighborhood quality, and &; ;;, the household-
specific idiosyncratic taste shocks in period ¢. I let @;,; denote the state vari-
ables X, Zi 1, di;—1, and &;.

When moving, households face a moving cost, MC;; = MC(Z;;,d;;—1),
which consists of both psychological and financial components. The psycho-
logical moving cost is a function of the observable characteristics of a house-
hold, Z; ;. The financial moving cost is based on transaction costs a household
faces when they move, such as the housing capital gains tax, and reduces a
household’s wealth conditional on moving.

Letting u; j = u(Xj,Zis, &4, € j,) be the flow utility function of the indi-
vidual household from living in j, the full utility function adjusting for moving
costs is u%ct =Ujj;— l{di# Ji }MCiJ. The transition probabilities of the state
variables are Markovian and denoted by ¢ = q(®j+1,&s+1 | @iz, Eir,diy).

A household i makes a sequence of housing decisions, {d;,}, in order to
maximize lifetime expected utility,

T
E |: Z Brit (uivjﬁr - 1{d,‘\,#]+l}MCi,r)

r=t

iy, gi,tvdi,z} (1)

where f is the discount factor. Under the Markov assumption, the optimal de-
cision rule, d*, depends only on the state variables, so that d;; = d*(w;;, & ;).
When the sequence of decisions d;, follows this rule, lifetime expected util-
ity can be represented by a value function that decomposes into current flow
utility and the expected discounted continuation value from future decisions.
I assume the problem has an infinite horizon, which allows me to drop time
subscripts on the value function V. Then,

V(U)i,t, Ei,t) = II‘}aX {u%ﬁ +BE [V(wi,t+178i,t+l) | Wy, gi,tadi,t] } (2)
it
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Following Rust, 1987, I impose two standard assumptions that simplify the
problem.

Assumption 1 (Additive separability) The flow utility and the idiosyn-
cratic taste shock enter additively. Accordingly, the full flow utility of house-
hold i in segment j at time ¢ is

WS =u(Xj0,Zis,&0) — Lyay, 2041y MCis + & j 1. 3)

Assumption 2 (Conditional independence)  The idiosyncratic stochastic
utility term has no predictive power at time ¢ for the realization of the state
variables in the following period. The transition process can then be factored
as

(@i p41, €141 | Oir,€ir,diy) = Go(Digr1 | Oiy,dis) ge(Eivt1)- 4)

Furthermore, for the empirical analysis, I assume that g; ;,, is i.i.d. Type I
Extreme Value. Together, these assumptions allow me to represent the value
function by a set of choice-specific value functions,

J+1
vfj‘_’IC(a)i./,) = uﬁ”ﬁ +BE[log <kz()e"kMC(wi,t+l)) ’ W1, dis = j} ) 5)

As with per-period utility, the choice-specific value function splits into two
parts: the value of choosing segment j net of moving costs, and the moving
cost itself. Conditional on moving, destination choices of households identify
the former. The latter is assumed to be common across all destinations, so
it does not affect which segment a household chooses conditional on moving.
This separation makes the two-step estimation described in Section 5 possible.

5 Estimation

The estimation proceeds in four steps. First, I use households’ destination
choices conditional on moving to estimate the normalized choice-specific value
functions. Second, I estimate the moving cost parameters from households’
decisions to move or stay, taking the value functions as given. Third, I esti-
mate the transition probabilities for the state variables, including house prices,
which allows me to simulate continuation values and recover the mean flow
utility for each household type and housing segment. Finally, I decompose the
estimated flow utility.

To reduce dimensionality, households are grouped into different household
types, denoted by 7, based on income, wealth, tenure in house, and age of the
head of household. In the model, age serves as a proxy for unmodeled lifecycle
changes to keep the state space tractable.” In the first two stages of the model,

TFigure 4 showed that age effects persist after conditioning on income, household size, tenure,
year, and housing segment. I also include how long someone has lived in their home to capture
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types are defined by 16 income groups Y;,, 25 wealth groups A;;, both in
increments of 100,000 SEK, and 3 age groups a;; € {25 — 34,35 —54,55+},
giving a total of 1200 household types. The latter two stages add three tenure
groups based on how long someone has lived in their home, p;; € {0—2,3 —
5,64}, but reduce income to 4 groups, giving 900 household types.

Housing segments are based on a combination of locations and housing
sizes. Locations are defined as 10 of the 11 City Districts of Stockholm mu-
nicipality together with the surrounding 12 municipalities. Dwelling sizes are
defined as {15—49,50— 71,72 — 104,105 — 129,130+ } square meters.® This
gives a total of ¢ = {I,...,108} housing segments, where moving occurs if

dis #dig—1.0

5.1 Stage 1: Choice-specific value functions

To model household choices over time, I let 7; denote the number of periods
I observe household i. Households who choose an inside option have the ex-
pected value function v* i , while those choosing the outside option have Vo:
Only differences in hfetlme ut111ty are identified, so I estimate the normal-
ized value function, V¢ it = =5 i —my, where mf is a normalizing constant that
reflects the average lifetime utility of household type 7 in time ¢.

As noted earlier, when a household moves, its wealth falls by the financial
moving cost, so its characteristics change from Z;; to Z,~7, and it becomes a
post-move type T. The moving cost does not affect which segment is chosen,
as it is an additive constant identical for every choice of segment. A household
i therefore chooses option d if ¥ vd tEar> Vi tEik 1, Vk # d. Conditional on
moving, the probability of a household of type T choosmg housing segment j
in period ¢ is

_ i
Pr, = - (6)
Z =0 e kt

Let 71 ; denote the period in which household i decides where to move, and

v the vector of all values of \7;_.’,. The household’s likelihood contribution for

heterogeneous purchase prices, which affect the capital gains tax. Figure A2 shows that the
likelihood of moving declines with time spent in a residence, suggesting a tendency to age in
place.

8The register data does not record the number of rooms for single-family houses, which is why
size is defined by square meters instead. Figure A4 shows the distribution of living area in
square meters in the housing stock in 2017. The transactions data has information on rooms for
houses too, which allows Figure A5 to map the size categories onto room counts. It shows that
the smallest category consists mainly of one-room dwellings, the second of two-room dwellings,
the third of three-room dwellings, and the two largest categories of dwellings with four or more
rooms.

91 require each segment to be the destination of at least 10 moves in every year and exclude
Skérholmen, one of the City Districts, as its housing stock is substantially smaller than those of
the other locations.
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this decision is then

J i .
L0 = [T (e, ) ™

j=0

Following Hotz and Miller, 1993, I can calculate the normalized choice-
specific value functions by using a variant of their conditional choice prob-
ability inversion. The first-order condition from maximizing the likelihood,
with respect to ¥ has a closed-form solution. This closed-form solution is

AT &7 1 4 & T
7%, =log (Pr;,) 7 kg}log (Pre, ), (8)

where Isr;, is the empirical probability that a household of type T chooses j in
t conditional on moving.

Instead of calculating observed shares as the portion of households of a
given type who buy in a segment, I use the kernel smoothing method of Bayer
et al., 2016 to avoid small sample issues when the number of types grows
large relative to the sample size. Shares for a given type are constructed by
borrowing information from households with similar wealth and income, con-
ditional on age group and year of moving. Denoting the weights by Wf(ZiJ),
the smoothed share is

(€))

where the weights are the product of K kernel weights, where K is the di-
mension of Z. Each weight is formed using a standard normal kernel, N, and
bandwidth, by (7T), determined by visual inspection:

Wz =] ;= Zus— L)y (10)
it P bk(f) bk(f) [Z,-_’,73:Zﬂ.

The indicator function ensures that smoothing is only for households be-
longing to the same age group as the target 7.

5.2 Stage 2: Moving costs

A household’s current decision affects future utility through two channels.
First, households know that re-optimizing in the future will require paying
a moving cost, MC;;, consisting of a psychological component PMC;; and a
financial one FMC;;. Second, where a household decides to live today af-
fects its wealth tomorrow. In a given period, a household moves if the lifetime
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expected utility of the best alternative, net of moving costs, exceeds that of
staying in their current segment j. A household therefore stays if

Vi € > max [VE, + €ixs] — PMC],. (11)

Using the definition of the normalized choice-specific value function 7, ,, where
VT, =v}, —mf, this can be rewritten as

Vs € jg > max (5, + &iks] — (mf —mf) — PMCF,. (12)

The term (mf — mf) is unobserved but captures the difference in utility be-
tween the wealth levels that define type 7 and 7. This means that it is possible
to parameterize it as a function of the financial moving costs, FMC;;, and
household characteristics Z,-,, as follows

T T _ T A0
m; —m = FMCiJYi,fmc’

with fom ¢ = Zi Yfme» 50 that a marginal change in wealth affects utility
differently depending on household characteristics. The psychological moving

cost is parameterized as i
PMC; = Zi, Yome- (13)

Following Bayer et al., 2016, financial moving costs include transaction
fees based on the property being sold, with the addition of the Swedish housing
capital gains tax of 22 percent. Hence,

FMC;, =0.04P,, | ,+0.22(F,,

l,t*lat

—Fa;, 10— O'O4Pdi,z7171) )
where Py, _, ; is the price of the property the household is leaving and Py, , o
is the price at which it was originally bought. The transaction fee is deducted
from the capital gain because it reflects realtor fees that are tax deductible in
Sweden.!?

The probability that a household whose stay-type is T and move-type is T
stays in its current property of type j at time ¢ is then

¢'is

Prit = _ — (14)
stay,i,t 5 5 > ’
stay,i, ev;_’[ + Zi—o eijt—FMCZt yfmfmc—Zlf’t Yome

and the likelihood contribution of a household’s sequence of move and stay
decisions is
grask 1[d;=J+1] 1[d; AT +1]
~ T ir=J+ T i, +
Lfmy(‘% YVemes Yome) = H (Pr;fgy,i,t) ! (1 _Prsrtary,i,t) t - (15)

l‘:tl,,'

10The transaction fees reflect realtor fees, which are always paid by the seller, together with
the buying costs described in Section 3.2. Although cooperative apartments are not subject to
stamp duty, I expect their transaction price to be slightly higher, as sellers can factor in the
exemption the buyer receives. Based on the magnitude of stamp duties, mortgage fees, and
realtor commissions in Sweden, I set the total transaction cost to 4 percent of the selling price.
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Combining the contributions from the destination choice and the move or
stay decision, the full log-likelihood is

N

LV, Yfme Yome) = Y, (10gL‘§eg (¥) +1og L (%, Ypme, ypmc)) . (16)
i=1

The moving cost parameters only enter the second term, so the log-likelihood
is separable and can be maximized in two stages. The first stage chooses
¥ to maximize ¥; (logLi*®), which delivers the closed form in equation (8).
The second stage chooses (Yfme> Ypme) to maximize Y102 L (¥, Veme, Yome)»
taking v as given. This is effectively a standard binary-choice logit model.

The estimated ¥y, and 9§y, are then used to recover the unnormalized
choice-specific value functions, v, = 97, +mj. I set the mean unnormalized
choice-specific value function of the lowest wealth type to zero within each
type-year cell, so that only the baseline differences m? —m! need to be recov-
ered. These differences reflect the additional utility a household derives from
extra wealth, as well as the expected continuation value of wealth accumula-
tion.

5.3 Stage 3: Flow utility

Next, I recover the per-period utility. To do this, I need to specify and esti-
mate the relevant transition probabilities, given (v, Yime ypmc). I assume that
households use today’s states to predict future values of the lifetime utilities,
house prices, and their own type. Expectations about future house prices mat-
ter because moving costs depend on the value of the current housing segment.
Because both moving costs and lifetime utilities are type-specific, households
also need to anticipate changes in their type. In the model, knowing how house
prices change is sufficient to predict wealth-based type transitions while tran-
sitions across age groups follow an exogenous process that is independent of
housing choices.

I estimate the transition equation separately for each household type but
pool information across housing segments, including a separate constant for
each segment to account for differences in levels. I model the transition of the
choice-specific value functions V;,z as

Vi =P0; TPV PP+, (17)

For the outside option, I estimate the same specification but exclude price.!!

II'The short panel used for estimation does not support additional lags or segment-specific trends,
as each type-specific segment regression contains only three time-series observations. The tran-
sition probabilities for price are estimated on the entire 2005-2017 panel.
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I estimate the transition probabilities for price levels according to

2
Pjs=poj+ Y. piiPjii+ G (18)
=1
Age transitions are estimated non-parametrically from the empirical fre-
quency of movements between age groups,

ZtZi [alt a, a;z+1—a}
Y2l [alt ] ’

where a € {1,2,3} denotes the age group. Because age evolves independently
of the housing choice, the same process applies whether a household moves
or stays.

Given v% 71> the moving cost parameters, and the transition probabilities, the
mean flow utility for each type and segment follows from

Pr(d | a) = (19)

BZPI' |:10g (e J’+1+Z€vk’+] FMC1;+1}/ fmc tt+l?ﬁmc> ‘Si7t7di,l‘:j:|7

=0
(20)
where s;; collects the right-hand side variables of equations (17) and (18) and
B is set to 0.95.

I simulate the expectation on the right-hand side of equation (20) for each
type 7, segment j, and period 7 using a large number of draws of v; ;1 (r), Pj+1(r)
from the empirical residual distributions of equations (17) and (18). For the
remaining variables I use the observed values of the current states. The price
draws determine housing wealth, which in turn determines the household’s
wealth type in the following period.'?> For each draw, I calculate the per-period
flow utility u7 ,(r) using equation (20). The simulated u7, is then calculated as

the average across draws, x ¥X | u;,(r).13

5.4 Stage 4: Decomposing per-period utility
In the final step, I decompose the mean per-period flow utilities into functions
of observable characteristics,

= o + o + X 0 + &, @1

where o are household type fixed effects, o;f are year fixed effects, and X,
collects dwelling size and neighborhood tier. I treat §f as an error term, cap-
turing type-specific unobserved quality. This decomposition is similar to Berry

12Given a draw for P; 41, wealth for a household living in segment j is A; .1 = A; + (Pj41 —
Pj;), and the future financial moving cost is 4 percent of P; ;| plus 22 percent of the difference
between that price and the original purchase price, net of the broker fee.

I3R is set large enough that the simulated u;‘t does not change as R increases. In practice, I set R
equal to 10,000.
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etal., 1995 and Bayer et al., 2007, except that the choice-specific unobservable
is allowed to vary by household type.

The user cost of housing is defined as 5 percent of the mean price of the
corresponding housing segment. To address the endogeneity of the user cost
of housing, I follow Bayer et al., 2016 and use the marginal value of wealth,
Yfme» to recover the marginal disutility of user costs. This assumes that the
marginal utility of wealth equals the marginal utility of income, so that the
effect of a marginal change in wealth on lifetime utility is the same as the
effect of a marginal change in income on one period’s utility. The negative
of the marginal utility of income can be interpreted as the coefficient on user
cost, so equation (21) can be rewritten as

u;t + f(}mcusercostj,t =al+of +Xj/',t of + éﬁz (22)

The parameters o, &, af are estimated with a linear regression.

6 Results

This section presents the baseline estimates of the model. The moving cost
parameters are estimated on the full set of 1,200 household types. The third
and fourth stages reduce the number of income groups to four, around 300,000,
500,000, 700,000, and 900,000 SEK annually, and add tenure. All 25 wealth
groups are included throughout, as wealth transitions endogenously and the
model requires a value function for every wealth level a household may reach.

6.1 Moving cost

The move or stay decision faced by households in each period, through the
likelihood in equation (15), is used to estimate the psychological and financial
moving cost parameters, Yne and Ypme. Table 2 presents the results of this
estimation.

From the table, we can see that psychological moving costs are sizeable.
They decrease in household income and calendar time, but increase with age,
consistent with the idea that moving becomes psychologically costly the older
you are. This matches the descriptive evidence in Section 2. For the financial
moving cost, the constant is the average marginal disutility from 100,000 SEK
of financial moving costs. This is positive and slightly increasing in income
(0.0037). The marginal per-period utility of income coefficient that I use in
the estimation of the final stage and for converting utility values into monetary
equivalents is 0.11540.0037 x Y.

The average financial moving cost in 2017 is 444,841 SEK, around 73% of
the average annual income. For a household with the mean income (606,000
SEK) and mean age (35-54) from Table 1, the monetary equivalent of the
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Table 2. Psychological and financial moving cost

Psychological
Constant 5.693
Income -0.026
Age 35-54 0.855
Age 55+ 1.950
t -0.028
Financial

Constant 0.115
Income 0.0037

Notes. The ages are dummy variables, where the omitted category is those aged 25-34.
Income and the financial moving cost are in 100,000s SEK.

estimated psychological moving cost is approximately 4.53 million SEK in
2017. This represents the amount a household would pay to avoid moving to
a random segment in a random time period. At a 5% annual discount rate, the
lifetime utility gain from moving would have to exceed 18,900 SEK per month
to compensate for the psychological cost. These are of a similar magnitude to
those found by Bayer et al., 2016.

6.2 Flow utilities and marginal willingness to pay

I then regress the estimated flow utilities, u;t, on dwelling size and neigh-
borhood tier, excluding user costs, following equation (22). To express the
results in terms of households’ willingness to pay, I divide the estimated coef-
ficients by the marginal utility of wealth J7,,. of a household with an income
of 500,000 SEK, which is close to the median. Table A2 reports the raw co-
efficients from the estimation. Size 1 acts as the omitted home size category,
while the low-tier neighborhoods act as the omitted neighborhood category.
Table 3 presents the willingness to pay estimates across different specifica-
tions, pooling across all household types. Column I is the baseline, estimated
by a Least Absolute Deviations (LAD) regression to limit the influence of out-
liers. Willingness to pay follows a hump shape in dwelling size, rising from
the smallest category to size 3 and falling thereafter, with the largest category
negative, but increases with neighborhood tier. Column II estimates the same
specification by OLS, which yields larger size coefficients. The recovered flow
utilities contain a small number of extreme values, arising from type-segment-
year cells with very few observed moves, to which the OLS estimates are more
sensitive than the LAD ones. I therefore rely on LAD throughout the remain-
der of this section. Column III excludes the two lowest and two highest wealth
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categories, which leaves the estimates close to the baseline, so the results are
not driven by households at the extremes of the wealth distribution.

The negative valuation of the largest dwellings raises the question of whether
it reflects preferences or financial position. To assess this, column IV re-
estimates the decomposition on the set of household-segment pairs the house-
hold type could finance under the Swedish loan-to-value and loan-to-income
limits. A household type is required to hold equity of at least 15 percent of the
segment price and to have income sufficient for a loan-to-income ratio of 5.5.
Willingness to pay rises for every characteristic, and the size 5 coefficient turns
positive and becomes the largest in the specification. As the underlying model
does not include borrowing limits, this reversal suggests that the negative val-
uations partly reflect financially infeasible household-segment combinations
rather than preferences alone.

Table 3. MWTP for housing and neighborhood characteristics

I II I v
LAD OLS LAD LAD
Size 2 197,738 266,237 196,234 235,427
Size 3 256,621 348,642 250,367 337,010
Size 4 62,251 60,173 43,877 326,633
Size 5 —-35,578 —112,233 —64,766 410,566
Tier Mid 85,750 55,296 85,439 174,546
Tier High 101,953 114,733 88,125 250,945
Wealth trimming No No Yes No
Affordable choice set No No No Yes

Notes. Omitted categories are the smallest dwelling size and the lowest neighborhood
tier. All specifications include year and type fixed effects. Column III excludes the two
highest and lowest wealth categories. Column IV restricts the sample to household-
segment pairs satisfying the 85% LTV cap and the 5.5 LTI limit.

Table 4 presents the same estimates separately by age group. I scale the es-
timates by dividing the estimated coefficients by the marginal utility of wealth
Y#me evaluated at the age-specific median income. The resulting willingness to
pay for housing size varies substantially across age groups. The age group 35-
54 exhibits the highest MWTP for all sizes, likely reflecting that they have the
highest household income and frequently have children living at home.'* In
particular, they are the only group with a positive willingness to pay for size 5.
Younger households exhibit weaker demand for size than the other two ages,
consistent with facing larger affordability constraints. The oldest age group

1468% of this age group has children living at home.
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prefers sizes 2 and 3 above sizes 4 and 5. In contrast, willingness to pay for
higher-tier neighborhoods is greatest among the young age group.

Table 4. MWTP for housing size by age
Age 25-34 Age 35-54 Age 55+

Size 2 133,607 300,045 171,158
Size 3 173,281 383,872 180,784
Size 4 -205,257 286,580 11,576
Size 5 -348,202 200,535 -38,359

Tier Mid 193,243 75,668 -4,448
Tier High 277,777 69,849 13,017

Notes. Omitted categories are the smallest dwelling size and the lowest neighborhood
tier. The specifications include year and type fixed effects.

Table 5 shows that willingness to pay for the largest dwellings turns pos-
itive for every age group once the choice set is restricted to affordable com-
binations. The change is largest for the young. Because the rule depends on
wealth and income rather than age, the differences across groups reflect where
each sits in the wealth-income distribution. The apparent weakness of young
households’ demand for space therefore reflects what they can finance as much
as what they prefer.

Table 5. MWTP for housing size by age (affordable choice set)
Age 25-34 Age 35-54 Age 55+

Size 2 122,293 333,769 190,149
Size 3 225,959 468,534 227,707
Size 4 192,808 521,764 174,501
Size 5 267,278 631,670 247,106

Tier Mid 335,534 151,714 41,816
Tier High 456,679 235,469 94,553

Notes. Omitted categories are the smallest dwelling size and the lowest neighborhood
tier. The specifications include year and type fixed effects. The sample is restricted to
household-segment pairs satisfying the 85% LTV cap and the 5.5x LTI limit.

Finally, Table 6 presents the marginal willingness to pay by the four income
types. All groups are most willing to pay to upgrade from size 1 to size 2 or
3. Again, the difference for the largest-sized homes is the largest, with only
the earners above the median willing to pay for them. The willingness to pay
for neighborhood tiers is increasing in income. Table A3 repeats the exercise
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on the affordable choice set. The willingness to pay increases throughout, but
mainly for the largest two sizes and for neighborhood tier. The 300,000 SEK
income group does not have a MWTP for size 5, because they do not clear the
LTV or LTI ratios for any of the segments of this dwelling size.

Table 6. MWTP for housing size by household income
300,000 SEK 500,000 SEK 700,000 SEK 900,000 SEK

Size 2 145,084 177,472 246,751 267,684
Size 3 156,738 226,287 320,925 354,627
Size 4 -112,483 17,509 168,132 229,756
Size 5 -177,030 -84,603 67,162 131,013
Tier Mid 52,846 78,739 103,793 110,230
Tier High 73,060 81,288 118,294 129,643

Notes. Omitted categories are the smallest dwelling size and the lowest neighborhood
tier. The specifications include year and type fixed effects.

Taken together, the estimates suggest two things. First, psychological mov-
ing costs increase with age, so older households face a substantially higher bar-
rier to adjusting their housing than younger ones. Second, both the youngest
and the oldest households place relatively low value on the largest dwellings,
but restricting the choice set to affordable combinations raises these valuations
for every age group. The restriction cannot fully separate what households
want from what they can finance. Neither result on its own says how much of
the current distribution of housing these forces account for, which is what the
counterfactuals in Section 7 address.

6.3 Model fit

Before conducting the counterfactuals, I evaluate how well the model fits
the observed mobility patterns and residential sorting. Figure 12 compares
predicted and observed aggregate mobility by year, showing that the model
closely matches the homeowner mobility between 2014 and 2017.

Figure 13 breaks down mobility by age group and shows that the model
captures the differing mobility between ages. Younger households are more
mobile than middle-aged households, who in turn are more mobile than older
households. The model underpredicts mobility in 2015 for all groups, though
the gap is small.

Turning to housing choices, Figure 14 compares observed and predicted
transitions across housing size categories from one period to the next. The
model reproduces the broad pattern of size transitions but overstates mobility
out of the two largest categories. Figure 15 repeats the comparison by age
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Figure 12. Predicted and observed mobility rate by year

Figure 13. Predicted and observed mobility rate by year and age
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Figure 14. Predicted and observed mobility transitions
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group and shows that the model overstates mobility out of the largest two sizes
for older households. The release of large dwellings in the counterfactuals
below should therefore be read as an upper bound. The same discrepancy
appears for the youngest group, but the estimate is based on a small number
of young households occupying these dwellings.

7 Counterfactuals

In this section, I estimate a number of counterfactuals to study what sustains
the current distribution of housing space across ages, how different age struc-
tures affect it, and whether policy interventions could induce household mo-
bility.

Because the value functions in the model are recovered from conditional
choice probabilities, I do not have data-based counterfactual choice probabil-
ities for my counterfactual settings. All exercises are conducted for 2017, as
future value terms would not be valid beyond a short time horizon. A limita-
tion of this approach is that I cannot attribute the observed housing distribu-
tion to specific mechanisms, as the observed stock reflects the accumulation of
choices over many past periods. Instead, I interpret the counterfactuals as mea-
suring how responsive the distribution is to changes in preferences, frictions,
and household composition in a single period, holding value functions fixed
in all but the second exercise. Prices and supply are fixed throughout, so the
outcomes should be read as changes in demand rather than as an equilibrium
outcome.

The baseline against which the counterfactuals are compared is the model-
predicted distribution of all households and of moving households in 2017,
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Figure 15. Predicted and observed mobility transitions by age
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shown in Figure 16. Henceforth, I will refer to the former as the stock and
the latter as the flow. The figure confirms the stylized facts in Section 2. Over
70% of young households live in sizes 1 and 2 and only 6% in the two largest
categories, while 34% of mid-aged and 26% of older households occupy a
home of the two largest sizes. Size 3 is the single largest category among the
two older age groups.

The flow tells a different story from the stock. Conditional on moving,
older households direct far fewer moves into sizes 4 and 5 than their current
occupancy of those dwellings would suggest, while younger households move
disproportionately into the smallest category.

Figure 16. Stock and flow of households across size and age
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7.1 Mechanisms underlying the current distribution of housing

This section takes the estimated parameters from Section 4 and conducts three
counterfactuals, asking how responsive the distribution of housing is to mov-
ing frictions, preferences, and financial resources.

Age-specific moving costs
The first exercise sets the age-specific component of the psychological moving
cost to that of the youngest group for all age groups, leaving everything else
unchanged. Table 7 reports the mobility response to this and the two exercises
that follow. Aggregate mobility rises from 12.86% to 22.75%. The response
is concentrated among older households, whose mobility rises from 6.48%
to 25.67%, an increase of 296%. Mid-aged households increase mobility by
90%. Mobility among the youngest group is unchanged since they are the
omitted category.

Because the exercise changes only the cost of moving, individual desti-
nation shares are unchanged by construction. What changes are the volume
of moves and the age composition of movers. Figure 17 reports the implied
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change in the stock within each age group. Older households’ presence in the
two largest size categories falls by 2.2 and 1.6 percentage points, while their
presence in sizes 2 and 3 rises by 1.7 and 2.4 points. Mid-aged households
shift out of sizes 1 and 4 and into size 3. Again, young households show no
change, since they are the omitted category.

Figure 17. Changes in predicted stock distribution under no age-specific moving costs
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Notes. Changes in the distribution of all households within age groups, measured in
percentage points.

If interpreted as a subsidy compensating households for the non-financial
costs of moving, the age coefficients in Table 2 divided by the marginal util-
ity of wealth at mean income (606,000 SEK) give a monetary equivalent of
roughly 622,000 SEK for households aged 35-54 and 1.42 million SEK for
those aged 55 and over. The exercise is best read as a benchmark for how
much mobility the age gradient currently suppresses rather than a feasible pol-

icy.

Age-specific preferences

The second exercise replaces each household’s age-specific value function
with the population-weighted average across age groups, holding the other
household characteristics fixed. Because I average the full choice-specific
value functions, this counterfactual captures age-specific differences in both
contemporaneous flow preferences and expected future state transitions. Mov-
ing costs are unchanged, but the change in preferences alters the trade-off be-
tween staying and moving and can therefore affect mobility.
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Table 7. Mobility under counterfactual scenarios in 2017

Age 25-34 Age35-54 Age 55+ All

Baseline 23.56 11.02 6.48 12.86
No age moving costs 23.56 20.92 25.67 22.75
% change +0% +89.8%  +296.3% +76.9%
Homogeneous preferences 24 .81 11.73 4.79 13.09
% change +5.3% +6.4% -26.1%  +1.8%
Equalized income and wealth 22.68 12.01 6.53 13.17
% change -3.7% +9.0% +0.7% +2.4%

Table 7 shows that the mobility response of older households runs oppo-
site to the first counterfactual. Their mobility falls by 26.1%, while mobil-
ity among younger and mid-aged households rises by 5.3% and 6.4% re-
spectively. The decline for older households reflects that, in the baseline,
their preferences for mid-sized dwellings generate incentives to adjust hous-
ing consumption. When preferences are replaced with the population average,
these incentives are weakened, reducing their propensity to move. In contrast,
younger and mid-aged households’ preferences are sufficiently distinct from
the average that moving becomes slightly more attractive under uniform pref-
erences.

The right panel of Figure 18 shows that destination choices shift substan-
tially. Young households direct 12.2 percentage points fewer moves to the
smallest category and more into sizes 3, 4, and 5. Mid-aged households move
less into the two largest categories, while older households shift away from
sizes 2 and 3 and toward sizes 1, 4, and 5. For the two largest categories, young
and older households value them below the population average and move into
them more under homogeneous preferences, while mid-aged households value
them above the average and move into them less.

The left panel shows the implied change in the stock within each age group.
Young households shift out of the smallest category by 5.4 percentage points
and into sizes 3 through 5, mid-aged households reduce their presence in the
two largest by roughly 0.6 and 0.7 points, and older households increase theirs
by 0.6 and 0.8 points. This is the mirror image of the first exercise, show-
ing that absent their estimated preferences, older households remain in larger
dwellings.

Financial resources

The third exercise equalizes the joint distribution of wealth and income across
age groups, holding preferences and moving costs at their baseline values.
Each age group is reweighted so that its joint wealth-income distribution matches
that of the full sample.
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Figure 18. Changes in predicted stock and flow distribution under homogeneous pref-
erences

Notes. Changes in the distribution of all households (left) and moving households
(right) within age groups, measured in percentage points.

Table 7 shows that aggregate mobility increases by 2.4%. Mobility among
younger households falls by 3.7%, rises by 9% among mid-aged households,
and is essentially unchanged among older households. For older households,
their flow into sizes 4-5 also declines only marginally, by 0.28 and 0.35 pp, as
seen in Figure 19. Older households’ low mobility is therefore not a compo-
sitional artifact of where they fall in the observed wealth and income distribu-
tion.

For younger households, mobility falls because they are over-represented in
low-wealth cells, so the reweighting places greater weight on wealthier young
households, who move less. The more substantive change is in where they go.
Figure 19 shows that the share of their moves to size 1 falls by 2.86 percentage
points, while moves to sizes 3, 4, and 5 rise. Mid-aged households move in
the opposite direction, toward the smaller categories, while older households
barely change at all.

Because individual choice probabilities are unchanged throughout, these
shifts arise from differences in destination choices between wealthier and poorer
households within each age group. Where a household falls in the wealth and
income distribution therefore shapes which dwellings young households select
but does not account for older households’ immobility.

Together these three exercises show how responsive the current distribution
is to each force. Averaging residential valuations across ages removes older
households’ incentive to downsize, and their mobility falls as they remain in
large dwellings more. Equalizing wealth and income across ages changes
their mobility by less than 1%. Removing the age gradient in moving costs
moves them out of the largest dwellings and into the smaller homes they al-
ready choose when they move. For younger households both exercises point
the same way, shifting them out of the smallest dwellings and toward larger
ones. Since the estimated valuations already reflect what households can fi-

63



Figure 19. Changes in flow distribution under equalized wealth and income composi-
tion
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Notes. Changes in the distribution of moving households within age groups, measured
in percentage points.

nance, both point to financial position. In short, observed resources shape
where young households go, while moving frictions shape how often older
ones move.

7.2 The role of age structure

Next, I examine how different age structures affect the owner-occupied hous-
ing market in Stockholm. I reweight the 2017 sample using weights based
on projected population growth by age from Statistics Sweden for ages 25
to 79 in the thirteen municipalities in the sample. Within each age group, all
households receive the same weight, so the distribution of wealth, income, and
tenure conditional on age is preserved, and individual moving probabilities are
unchanged. Because weights are constant within an age group, the distribution
of dwelling sizes within each group is also unchanged by construction, and ev-
ery quantity reported here is a between-age effect. The model abstracts from
household formation, mortality, and entry into homeownership, so the exercise
should be read as a composition effect rather than a demographic forecast.

I consider two alternative age structures, the 1997 structure and the pro-
jected 2070 structure. The resulting age compositions of these years are re-
ported in Panel B in Table 8. Panel A shows that aggregate mobility would be
6.3% lower under the 2070 structure and 1.8% higher under the 1997 structure.
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Across the two poles, a change in age composition moves market turnover by
roughly 8%.

Figure 20 shows how the composition of each dwelling size category changes.
Under the 2070 structure, the oldest group gains share in every size category,
and the two younger groups lose share throughout, with the 1997 panel the
mirror image. The gains are largest in the mid-sized categories, which is where
older households are most concentrated to begin with.

Panel C in Table 8 reports turnover in the two largest size categories. The
rate at which households leave them falls by 2.7% under the 2070 structure,
while the number of households moving into one of them falls by 5.8%. The
two differ because the age composition of those who occupy large dwellings
is not the same as that of those who buy into them.

Prices and the housing stock are held fixed, so the exercise captures how
demographic change shifts housing demand across ages rather than how the
market would adjust to it. The magnitudes should be read as the composition
effect that any supply response would work against.

Figure 20. Changes in age composition of each dwelling size
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7.3 Counterfactual housing capital gains taxation

In the final counterfactual exercise, I estimate the effects of reducing the cap-
ital gains tax (CGT) from 22% to 10% and zero in 2017. As the financial
moving costs affect a household’s wealth as they move, I allow the post-move
wealth of households to reflect this in the counterfactual. This means that the
change in CGT operates through both a cost and a wealth channel.

Table 9 shows that eliminating the capital gains tax reduces average finan-
cial moving costs by 57%. The reduction is largest for the oldest households,
who have the longest tenure and consequently the largest accumulated capital
gains on average. The mid-aged group sees a decrease almost as big. The
table also presents the changes to the probability of moving when the tax is
halved and when it is eliminated. In the latter case, the probability of moving
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Table 8. Housing allocation and turnover under counterfactual age structures

1997 2017 2070
(baseline)

Panel A: Aggregate mobility rate (%)

Level 13.09 12.86 12.05
% change vs. 2017 +1.8% — -6.3%

Panel B: Age composition of households (%)

Age 25-34 24.16 22.98 19.40

Age 35-54 52.09 51.44 47.34

Age 55+ 23.75 25.58 33.26

Panel C: Turnover of large dwellings

Change in inflow +1.2% — -5.8%

Change in outflow +1.1% — -2.7%

Notes. Each column reweights the 2017 sample to a counter-
factual age structure Weights are the age-specific population
growth factors between 2017 and the target year, computed
from Statistics Sweden counts for the thirteen municipalities
of the Stockholm housing market over the 25-79 support, and
are normalized so that the total number of households is un-
changed in every scenario.

Table 9. Financial moving costs and mobility under counterfactual CGT regimes in
2017

Age 25-34 Age35-54 Age 55+ All

Panel A: Average financial moving cost (SEK)

Baseline (CGT =22%) 260,563 496,618 513,862 444,841
Counterfactual (CGT =10%) 201,839 339,603 341,238 307,261
% change -22.5% -31.6% -33.6% -30.9%
Counterfactual (CGT = 0%) 152,903 208,758 197,384 192,610
% change -41.3% -58.0% -61.6% -56.7%
Panel B: Probability of moving (%)
Baseline (CGT = 22%) 23.56 11.02 6.48 12.86
Counterfactual (CGT = 10%) 24.58 12.83 7.61 14.31
% change +4.33% +1642%  +17.44% +11.28%
Counterfactual (CGT = 0%) 25.49 14.71 8.82 15.79
% change +8.19% +33.48%  +36.11% +22.78%

Notes. Panel A reports average financial moving costs implied by the model in 2017. Panel B
reports model-implied probabilities of moving in 2017, averaged over households eligible to move
in each age group. Percentage changes are relative to the CGT = 22% baseline.
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increases by 23%, with the largest response among older households at 36%,
followed by mid-aged households at 34%, and the young at 8%. Younger
households have shorter tenure on average and less capital gains exposure, so
they respond the least.

Figure 21. Changes in stock and flow distribution under no housing capital gains tax
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Notes. Changes in the distribution of all households (left) and moving households (right) within
age groups, measured in percentage points.

The right panel in Figure 21 shows how destination choices change when
the capital gains tax is eliminated. Although moving costs do not enter the
destination decision directly, a lower tax leaves households with higher post-
move wealth, which shifts their wealth type and thereby their destination pref-
erences. Households move less into the smallest categories across all ages.
The largest shifts are among mid-aged households, who move less into sizes 1
to 3 and more into sizes 4 and 5, while older households shift away from size
2 and toward sizes 3 to 5.

The left panel shows the effect on the stock, and it runs in the opposite direc-
tion for older households. Their presence in size 5 falls by 4.6% as they shift
toward mid-sized housing, even though their conditional destination choices
moved toward larger dwellings. The reconciliation is that their mobility rises
by 36%, so the outflow from the large segment grows faster than the inflow
into it.

Figure 22 breaks the mobility response down by the current dwelling size of
the household and by where the move leads. Among older households, a large
part of the response comes from those already in the two largest sizes, and
they mostly downsize or leave owner-occupation, which is what produces the
net outflow. Mid-aged households account for most of the aggregate response,
upsizing from the smallest dwellings and downsizing from the largest. This
likely reflects that the group contains both growing families and households
whose space needs have already peaked. Younger households contribute little
wherever they start, since few live in the larger categories and their financial
moving costs are smallest to begin with.
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Figure 22. Destination and participation margins under no capital gains tax
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Notes: The figure shows changes in the probability that a household moves to a smaller, same-
sized, or larger dwelling, or out of owner-occupation, weighted by each cell’s share of all house-
holds. Summing all bars gives the aggregate mobility change in Table 9.

Taken together, these results indicate that reducing the capital gains tax in-
creases mobility and releases large dwellings, primarily by raising the rate at
which older households move rather than by changing where movers go. The
magnitude of the desired reallocation is modest, reflecting both the one-period
nature of the exercise and the fact that financial costs are only one compo-
nent of overall moving frictions. The mobility response is smaller than under
the removal of the age gradient in psychological moving costs, but so is the
implied monetary equivalent. The average financial moving cost is 444,800
SEK, so the financial wedge created by the tax is smaller than the compensat-
ing variation required to offset the psychological moving costs. Because the
revenue consequences fall outside the model, the exercise identifies the mobil-
ity and reallocation response to the tax rather than evaluating the policy. The
tax in the model also abstracts from deferral, so the results describe a stylized
transaction tax rather than the exact Swedish tax policy.

8 Conclusion

This paper studies how age shapes the distribution of housing across house-
holds in the owner-occupied market in Stockholm. Housing consumption rises
with household size through the family formation years, but the two diverge
around age 45, leaving older households occupying substantially more space
per person than younger ones. Older households who move reduce their hous-
ing consumption, yet their low mobility limits how often this happens. The
central finding is that the dwellings older households occupy diverge system-
atically from the ones they choose when they move, and that this gap is sus-
tained by the cost of moving rather than by how they value other dwellings or
by their position in the observed wealth and income distribution. This paper
asks how much housing space would be freed up if moving were less costly
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and what happens to that as the population ages. To answer this, I estimate
a dynamic residential sorting model of the owner-occupied housing market
in the Stockholm metropolitan area, in which households have heterogeneous
preferences over dwellings and face heterogeneous moving costs.

The estimated model points to three forces. Psychological moving costs
increase with age, generating substantial differences in mobility. Willingness
to pay for dwelling size varies across age groups, with the oldest households
placing relatively low value on the largest dwellings. Financial feasibility af-
fects the estimated valuations, and restricting the estimation to combinations
households could plausibly finance raises willingness to pay for the largest
dwellings across all age groups, with the largest change among the young.

The counterfactuals show how responsive the current distribution is to each
of these forces. Removing the age gradient in psychological moving costs
raises mobility among older households and increases the rate at which they
leave the largest dwellings. Averaging residential valuations across age groups
moves them in the opposite direction, reducing their mobility and leaving
them in large dwellings more rather than less, which indicates that their base-
line mobility partly reflects an incentive to adjust their housing consumption.
Equalizing income and wealth across age groups changes their mobility by
less than one percent while shifting younger households’ destinations toward
larger dwellings. The two sides of the market are therefore shaped by differ-
ent forces: financial position shapes which dwellings younger households can
reach, whereas moving frictions limit the extent to which older households
adjust their housing consumption.

Using the model, I also examine what would happen under counterfactual
age structures. An older population reduces aggregate mobility and shifts the
occupancy of the existing stock toward older households across every dwelling
size. Because prices, supply, and individual behavior are held fixed, this is
a composition effect, and it indicates the demand-side shift that any supply
response would have to work against.

Finally, I estimate the effects of a lower or zero capital gains tax on residen-
tial mobility. The counterfactual shows that eliminating the tax reduces av-
erage financial moving costs and increases mobility, particularly among older
households. The additional movement releases large dwellings, although the
effect on destinations conditional on moving goes in the opposite direction;
higher post-move wealth increases the attractiveness of larger dwellings. The
redistribution therefore operates primarily through the decision to move rather
than through where movers go. As a result, the net effect is a modest shift
away from the largest dwellings toward mid-sized housing.

These results should be interpreted as short-run, partial-equilibrium responses.
The model holds housing supply and prices fixed and does not capture how
increased mobility or demographic change would affect construction, prices,
or equilibrium sorting. The counterfactuals are best read as measures of the
demand for housing reallocation rather than predictions of the reallocation
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that would occur in equilibrium. Future work could extend the framework
to incorporate market-clearing prices and endogenous supply, allowing a full
general-equilibrium analysis of demographic change.
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A Appendix

Table Al. Neighborhood cluster classification

Tier 1 Tyreso, Ekero, Jirfilla, Upplands-Vdsby, Jdrva

Tier 2 Huddinge, Solna, Sundbyberg, Sollentuna, Enskede-firsta-Vantb’r,
Farsta, Skarpndck, Hdasselby-Viillingby

Tier 3 Nacka, Lidingo, Danderyd, Tdby, Hc'igersten—Alvst’, Sodermalm,
Norra innerstaden, Bromma, Kungsholmen

Figure Al. Map of neighborhood cluster classification
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Figure A2. Mean out-migration rate by tenure in dwelling
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Figure A3. Cumulative number of units by dwelling size
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Figure A4. Distribution of living area in Stockholm in 2017
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Figure A5. Number of rooms by dwelling size category
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Table A2. Decomposition of flow utilities, raw &’s

I I 11 v
LAD OLS LAD LAD
Size 2 0.2641 03556 0.2621 0.3144
Size 3 0.3427 04656 0.3344 0.4501
Size 4 0.0831 0.0804 0.0586 0.4362
Size 5 -0.0475 -0.1499 -0.0865 0.5483
Tier Mid 0.1145 0.0738 0.1141 0.2331
Tier High 0.1362 0.1532 0.1177 0.3351
Wealth trimming No No Yes No
Affordable choice set No No No Yes

Notes. Omitted categories are the smallest dwelling size and the lowest neighborhood tier. All
specifications include year and type fixed effects. Column III excludes the two highest and lowest
wealth categories. Column IV restricts the sample to household-segment pairs satisfying the 85%
LTV cap and the 5.5x LTI limit.

Table A3. MWTP for housing size by household income (affordable choice set)
300,000 SEK 500,000 SEK 700,000 SEK 900,000 SEK

Size 2 144,703 205,075 269,329 288,682
Size 3 205,614 271,790 373,504 402,745
Size 4 106,674 273,591 371,821 364,326
Size 5 - 320,896 476,974 429,788
Tier Mid 123,478 164,818 186,295 172,603
Tier High 136,423 208,898 273,993 259,083

Notes. Omitted categories are the smallest dwelling size and the lowest neighborhood tier. The
specifications include year and type fixed effects. The sample is restricted to household-segment
pairs satisfying the 85% LTV cap and the 5.5x LTI limit.
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1 Introduction

During the last three decades, there has been a revival of downtown neigh-
borhoods in many cities. Most clearly documented in the case of the United
States (see, e.g., Baum-Snow and Hartley, 2020; Couture and Handbury, 2020;
Edlund et al., 2022; Su, 2022), similar patterns of inner-city socioeconomic
upgrading and gentrification have also been documented in Sweden (see, e.g.
Hedin et al., 2012; Andersson and Magnusson Turner, 2014; Bengtsson and
Kopsch, 2019). Commonly referred to as gentrification, this phenomenon in-
volves an influx of residents with higher socioeconomic status. Gentrification
evokes differing evaluations, with some viewing it as detrimental, leading to
displacements and lost place attachment, while others perceive it as a posi-
tive force that enhances neighborhoods and benefits residents. Consequently,
policymakers, researchers, and the public have shown renewed interest in un-
derstanding the causes and consequences of gentrification (Hwang and Lin,
2016).

Recent research emphasizes the role of housing policy and changes to the
housing stock as key drivers of gentrification and its distributional conse-
quences. In particular, a growing empirical literature shows that large-scale
new housing construction can generate gentrification while largely avoiding
displacement, as the increase in demand is offset by an expansion of housing
supply (Asquith et al., 2023; Pennington, 2025; Brunaker et al., 2026). By
contrast, housing demolitions reduce supply and change neighborhood com-
position, though evidence on the extent of displacement is mixed (Almagro
et al., 2026; Staiger et al., 2024). These findings suggest that whether gentrifi-
cation leads to displacement depends critically on how interventions affect the
balance between housing demand and supply.

This paper aims to shed light on the role of redevelopment, particularly
large-scale renovations, in the context of gentrification and displacement, fo-
cusing on rental housing in Sweden. Renovations differ fundamentally from
both new construction and demolition: they improve housing quality and may
increase demand, but—unlike new construction—they do not expand the hous-
ing stock, and—unlike demolitions—they do not reduce it. Renovations there-
fore constitute a theoretically ambiguous intervention whose effects on gentri-
fication and displacement are a priori unclear. Large-scale renovations remain
a controversial topic as they do not directly increase the housing supply but
may increase demand for housing by improving property and neighborhood
quality. This interplay between a static housing supply and increasing demand
could result in local displacement due to higher housing costs.

In Sweden, the policy debate has centered on “renovictions”, whereby land-
lords renovate beyond what a building requires in order to price out incumbent
tenants through higher rents, and in doing so change the composition of the
neighborhood. Rents are largely regulated in Sweden, hence, one of the only
ways to increase rents is through renovations. To illustrate the extent of rental
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housing, in 2017, a third of all housing in Sweden was rental housing. Yet,
Sweden has witnessed a significant increase in the scarcity of rental housing.
Compared to new housing construction, renovations have the potential to af-
fect a larger share of the existing housing stock and are therefore important
from a policy perspective.

Against this background, the central aim of this paper is to understand how
large-scale renovations of rental housing affect residential sorting and whether
the resulting mobility patterns are consistent with displacement. We begin
by examining how renovations affect the socioeconomic composition of reno-
vated properties. We then investigate the mechanisms underlying any observed
changes, focusing on tenant turnover and the characteristics of entrants, exits,
and incumbent residents. Next, we study the individuals who relocate during
the renovation process, comparing their characteristics, destinations, and long-
run outcomes to those of comparable movers in unaffected periods in order to
assess whether increased mobility is associated with displacement. Finally, we
examine whether the effects of renovation extend beyond the treated property
to surrounding properties and neighborhoods. This structure allows us to dis-
tinguish between socioeconomic upgrading driven by selective in-migration,
displacement through differential mobility, and broader neighborhood-level
change.

To investigate these questions, we identify major renovations using Swedish
register data covering the period 1995-2017 and follow both properties and in-
dividuals in an event-study framework. The longitudinal nature of the data
allows us to study changes in tenant composition, residential mobility, desti-
nation choices, and longer-run outcomes before and after renovation. Because
tenants in initially low-income properties may be particularly vulnerable to
rent increases and other housing-cost pressures associated with renovation, we
also examine heterogeneity by the pre-renovation socioeconomic composition
of properties.

In our main results, we find that renovations lead to substantial socioeco-
nomic upgrading within renovated properties. Average labor earnings increase
by approximately 13 percent in the full sample and by 62 percent in initially
low-income properties between ten years before and five years after renova-
tion. The increase is not driven by rising earnings among incumbent tenants.
Instead, renovations are associated with a sharp increase in tenant turnover,
with both out-migration and in-migration peaking around the time of renova-
tion.

Consistent with theories of gentrification driven by selective in-migration,
the increase in earnings is primarily explained by higher-income households
moving into renovated properties. While mobility increases substantially, we
find little evidence that individuals who move out during the renovation period
differ systematically from other movers in terms of their observable charac-
teristics, destination properties, or long-run outcomes. Finally, we find little
evidence that the effects of renovation extend beyond the renovated property
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itself. The socioeconomic upgrading generated by renovation appears to be
highly localized and largely confined to the treated building.

This study contributes to several strands of literature. First, it relates to the
literature on the causes of gentrification. Previous studies on gentrification
have explored various factors such as amenities (Lee and Lin, 2018; Baum-
Snow and Hartley, 2020; Couture and Handbury, 2020), jobs (Edlund et al.,
2022; Su, 2022), reduced crime (Ellen et al. 2019), new construction (Asquith
et al. 2023; Pennington 2025; Brunaker et al. 2026), housing demolitions (Al-
magro et al. 2026; Staiger et al. 2024), and endogenous gentrification (Guer-
rieri et al. 2013), yet the role of redevelopment remains largely unexplored.
By studying renovations, we isolate an intervention that raises housing quality
without changing housing supply, allowing us to add to the recent findings on
new construction and demolition. Specifically, Hwang and Lin, 2016 point to
a lack of knowledge about the effects of redevelopment decisions on gentrifi-
cation. We aim to address this gap in the literature by quantifying the impact
of renovations on residential sorting.

Especially relevant to our study is the research on other housing interven-
tions, such as new construction and demolition, where both lead to gentrifica-
tion but only demolition is associated with displacement. For new construc-
tion, gentrification is led by in-migrants and leads to lower rents and displace-
ment risk, as the demand effect is outweighed by increased housing supply
(Asquith et al. 2023; Pennington 2025; Brunaker et al. 2026). Recent studies
show that new housing can affect lower-income households through migration
chains and filtering, generating benefits that diffuse throughout the housing
stock (Bratu et al. 2023; Mast 2023; Kindstrom and Liang 2024). Renovations
differ fundamentally because they improve housing quality without expanding
supply, making it unclear whether similar dynamics arise. On the other hand,
for demolitions, supply falls directly, forcing the relocation of incumbent res-
idents, so gentrification can be accompanied by displacement (Almagro et al.
2026). Renovations should sit somewhere between these two, as demand may
increase but supply neither directly increases nor decreases. Our results sug-
gest that renovations indeed occupy an intermediate position between these
interventions: like new construction, they generate socioeconomic upgrading
primarily through selective in-migration, while unlike demolition, they are
not associated with clear evidence of systematically worse outcomes for those
who move away. At the same time, the effects appear largely confined to the
renovated property, with limited spillovers to surrounding neighborhoods.

Similarly, our study relates to the literature highlighting endogenous fac-
tors in reinforcing neighborhood change (Hwang and Lin 2016; Guerrieri et
al. 2013). In comparison, our findings do not indicate considerable changes
in the socioeconomic composition of surrounding neighborhoods in response
to redevelopment, nor do we observe evidence of socioeconomic upgrading
preceding renovation.
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This study also relates to the literature on the relationship between gen-
trification and displacement, where gentrification is what happens to a place
and displacement is what happens to a person. Previous studies have mainly
found that out-migration of low-income, long-term, or minority residents is
not higher in gentrifying areas than in non-gentrifying areas; rather gentri-
fication is driven by changes in the quantity and composition of in-movers
(Freeman 2005; Ellen and O’Regan 2011; McKinnish et al. 2010; Brummet
and Reed 2019; Ding et al. 2016; Dragan et al. 2020). We differ from these
studies in that renovations can be considered an intervention that directly af-
fects turnover in a regulated rental housing market, where gentrification is
largely confined to the renovated property. Furthermore, while earlier work
has focused primarily on mobility, we also investigate the quality of residential
moves and movers’ long-term outcomes. Our results provide little evidence
that movers during the renovation period experience systematically worse out-
comes than comparable movers outside the renovation period.

Finally, this paper is closely linked to the literature on renovictions that
has predominantly taken a qualitative approach. Previous research has exam-
ined the effects of displacement on tenants’ well-being, finding that displace-
ment can generate psychological hardship and deteriorating place attachment
(Manzo 2014; Atkinson 2015), and argues that renovation-induced displace-
ment has become a regularized profit strategy in Sweden (Baeten et al. 2017).
We contribute to this literature by providing the first large-scale quantitative
evidence on how renovations affect socioeconomic sorting, mobility, and out-
comes at both the property and neighborhood level.

The remainder of the article proceeds as follows. Section 2 provides an
overview of the Swedish rental housing market. Section 3 describes the data
and empirical strategy. Section 4 presents the results, and Section 5 concludes.

2 The Swedish rental housing market

The Swedish housing market consists of three main tenure forms: owner-
occupied houses, tenant-owned cooperatives, and rental apartments. While
owner-occupied houses are predominantly single-family dwellings, tenant-
owned cooperatives and rental housing are typically located in multifamily
buildings. Rental properties are owned either by private landlords or by mu-
nicipal housing companies. Since this paper focuses on renovations of rental
housing, it is useful to briefly describe the institutional features of this sector.

Table 1 presents descriptive statistics for residents across tenure forms in
2017. Individuals living in rental housing have lower labor earnings and are
more likely to receive welfare than homeowners. These differences are par-
ticularly pronounced among tenants in municipally-owned housing. While
Sweden does not have a formal social-housing sector similar to those found in
the United Kingdom or the United States, municipal housing companies have
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traditionally played an important role in providing housing opportunities for
lower-income households. '

Table 1. Income by tenure type in Sweden

Own Own Renting, Renting,

house apartment public private
Labor earnings 323,191 302,826 173,054 209,969
Share on welfare .01 .01 13 .08

Number of individuals 3,602,811 1,583,202 1,052,105 947,484

Notes. The first column is for individuals who own their house (single-family homes), the
second column is for individuals who own their apartment in tenant-owned cooperatives
(multi-family housing), the third column is for individuals that rent their apartment from a
public landlord (multi-family housing) and the final column is for individuals that rent their
apartment from a private landlord (multi-family housing).

A central feature of the Swedish rental market is that rents are regulated
through a utility-value system. Rent negotiations are based on the utility value
of the apartment, implying that apartments with similar characteristics should
have similar rents. In addition, rent adjustments may reflect changes in the
costs of operating and maintaining the property. As a consequence, landlords
face limited opportunities to increase rents in the existing housing stock. One
of the most important exceptions is renovation. By improving the quality and
utility value of an apartment, renovations can justify higher rents, making them
one of the primary mechanisms through which landlords can increase rental
income from existing properties.

Rental apartments are generally allocated through queuing systems. Each
municipality maintains a queue that includes all municipal rental apartments
and, in most cases, a large share of private rentals. When an apartment be-
comes available, it is typically offered to applicants according to queue posi-
tion. As a result, increased demand for rental housing is reflected in longer
waiting times rather than through market-clearing rent increases.

At the same time, Swedish tenants enjoy comparatively strong security of
tenure. Rental contracts are generally open-ended, and landlords can termi-
nate a lease only under specific circumstances, such as rent arrears or severe
breaches of the tenancy agreement. Major renovations may require tempo-
rary relocation if the property becomes uninhabitable during construction. In
such cases, tenants are typically offered alternative accommodation during the
renovation period and retain the right to return once the renovation has been
completed.'®

Renovations are usually announced several years in advance and are often
completed over a period of approximately one year. Rent increases following

15This pattern is consistent with the discussion in, for example, Blackwell and Bengtsson (2021).
16For more detailed discussions of rent regulation and tenant protections in Sweden, see, for
example, Wilhelmsson et al. (2011) and Andersson and Soderberg (2012).
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renovation are commonly phased in over several years, although the exact
schedule varies across landlords.

These institutional features make Sweden a particularly interesting setting
for studying the effects of renovations on residential sorting. On the one hand,
renovations provide landlords with a rare opportunity to increase rents and
attract new tenants in a regulated rental market. On the other hand, strong ten-
ant protections and the right to return limit the scope for direct displacement.
Whether large renovations lead to socioeconomic upgrading, displacement, or
broader neighborhood change is therefore ultimately an empirical question.

3 Data and empirical strategy

3.1 Data source

Our analysis uses GeoSweden, a longitudinal database covering the full pop-
ulation of Sweden between 1995 and 2017.!7 GeoSweden combines infor-
mation from population, income, education, and property registers, allowing
individuals to be linked to specific residential properties over time.

Using anonymized personal identifiers, we match each individual aged 16
years or above to a unique, geocoded residential property in every year. This
enables us to observe both the socioeconomic characteristics of residents and
the characteristics of the properties in which they reside. The ability to fol-
low individuals and properties longitudinally is central to our analysis, as it
allows us to study how renovations affect both residential mobility and the
composition of tenants.

The property constitutes the primary unit of analysis throughout the pa-
per. For each property-year, we construct measures of tenant composition,
including average labor earnings, educational attainment, welfare receipt, and
country of birth. Our main measure of socioeconomic status is labor earnings,
which are available annually for all individuals in the population registers.

The longitudinal structure of the data also allows us to identify entries into
and exits from individual properties and to follow movers after relocation. We
can therefore study not only how renovations affect the socioeconomic com-
position of renovated properties, but also who moves out, where they relocate,
and their longer-run outcomes. This richness is particularly valuable in distin-
guishing between socioeconomic upgrading driven by selective in-migration
and potential displacement of incumbent tenants.

17The database is compiled and anonymized by Statistics Sweden and is hosted by the Institute
for Housing and Urban Research at Uppsala University.
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3.2 Identifying renovations

A key feature of our data is that we are able to identify both the timing and
the magnitude of renovations at the property level. For this purpose, we use a
variable in the property register called “vardear” (value year), an administra-
tive measure that captures the effective age and standard of a building. While a
property’s value year initially corresponds to its year of construction, it can be
updated when extensive investments are undertaken that significantly improve
the property’s standard or extend its economic lifespan.

We define a renovation as a change in a property’s value year between
two years.'® Since routine maintenance does not affect the value year, such
changes capture major investments in the housing stock rather than ordinary
upkeep. The change in value year reflects the scale of the investment, but not
the specific measures undertaken.!® We therefore do not distinguish between
different types of renovations in this study; instead, we focus on their magni-
tude.

To measure the size of a renovation, we follow Boverket, 2014 and define
renovation size as follows:

L ValueYear,,,, — ValueYear,,
RenovationSize = - (D
RenovationYear — ValueYear,;,

where ValueYear,;; either denotes the year that the housing property was built
or the standard up to which it was last renovated, ValueYear,.,, denotes the
new value year that the property receives once the renovation is completed,
and RenovationYear denotes the year in which the renovation is completed.

The measure takes a value between 0 and 1. Values close to 0 correspond
to relatively small renovations, while values close to 1 correspond to exten-
sive renovations that bring the property close to the standard of a newly built
building. A value of 1 implies that the property is assessed as having a stan-
dard equivalent to a newly constructed property. As an example, a property
with a value year of 1950 that receives a new value year of 1995 following a
renovation completed in 2010 has a renovation size of 0.75.

Figure 1 presents the distribution of renovation sizes in our data. Most ren-
ovations are relatively small or moderate in scale, with the majority of obser-
vations lying between 0.1 and 0.5. However, the distribution is bimodal, with
a second peak among renovations exceeding 0.8. These renovations remove
a large share of the gap between the property’s existing standard and that of
a newly built property, suggesting a natural distinction between moderate and
extensive renovations.

18We also require that the number of valuation units remains unchanged. This is to exclude cases
where the change in value year may be caused by changes in the composition of the property,
e.g. through introducing an additional valuation unit (building) to the property.

19See Appendix A.1 for a more detailed explanation of the value year and its determinants.
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Figure 1. Distribution of size of renovation
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Source: Own calculations based on the GeoSweden database.

Our main analysis focuses on these extensive renovations, defined as reno-
vations with a size of at least 0.8. In these cases, at least 80 percent of the gap
between the property’s pre-renovation standard and the standard of a newly
built property is eliminated. We focus on this group for two reasons. First,
these renovations are likely to generate the largest improvements in housing
quality and, consequently, the largest rent increases. Second, they correspond
most closely to the types of renovations discussed in the qualitative literature
on renovation-induced displacement and “renovictions”. As we show below,
these renovations are associated with large changes in tenant turnover and res-
idential sorting.

3.3 Analysis sample and descriptive statistics

Table 2 provides an overview of the rental housing stock and renovation activ-
ity in Sweden. In our data, there are approximately 61,000 rental properties in
2017, of which more than 70 percent are privately owned (43,858 properties).
Over the period 1995-2017, we observe a total of 95,393 rental properties.>’
Renovations are common relative to new construction. During the study pe-
riod, we identify 4,027 renovations, corresponding to 4.2 percent of all rental

200f these, 24,416 are public properties, 64,388 are private properties, and 6,589 properties
switch between the two ownership types. The number of rental properties in 2017 is lower than
the total number observed over time because some properties are demolished or converted to
other tenure forms, such as tenant-owned cooperatives.
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properties.”! By comparison, 2.4 percent of the properties were newly con-
structed during the previous twenty years. Approximately 67 percent of the
renovated properties are privately owned.

Table 2. The sample

All Private  Public
Number of rental properties in 2017 60,586 43,858 16,728

New construction 1995-2017 2,329 1,397 932
Number of renovations 4,027 2,709 1,318
Large renovations 816 499 317

Our main analysis focuses on the extensive renovations described in Sec-
tion 3.2, namely renovations with a renovation size of at least 0.8.> As a small
number of properties undergo more than one extensive renovation, we retain
only the most recent renovation for each property. This yields a final sample
of 791 renovated properties, corresponding to roughly one-fifth of all renova-
tions and 1.3 percent of the rental housing stock.?? Of these renovations, 496
are carried out by private landlords and 295 by public landlords. In total, ap-
proximately 150,000 tenants are observed in these properties during the event
window used in the analysis.

Figure A2 in Appendix A.2 shows the geographical distribution of the ren-
ovated properties in our sample, while Figure A3 illustrates the spatial dis-
tribution of renovation intensity in Sweden’s four largest cities: Stockholm,
Uppsala, Gothenburg, and Malmo. Renovations are predominantly an urban
phenomenon: approximately two-thirds of the properties in our sample are
located in these four cities.

Table 3 presents descriptive statistics for the renovated properties in the final
sample. Private properties are, on average, older than public properties, with
average construction years of 1940 and 1948, respectively. This difference
is also reflected in the pre-renovation value year, which averages 1948 for
private properties and 1954 for public properties. Given these value years,
it is unsurprising that large renovations occur in these properties, as major
renovations are typically undertaken every 50 to 60 years.

Following renovation, the average value year is nearly identical across own-
ership types, approximately 2003—2004. This suggests that private landlords
undertake somewhat larger upgrades on average. Private properties are also
smaller, averaging 25 tenants compared with 54 tenants in publicly-owned
properties, and have tenants with higher average labor earnings. Despite these

21The 4,027 renovations have been conducted in 3,667 properties.

22 As a sensitivity analysis, we also show that the results hold for properties with (relatively)
smaller renovations (below 0.8) in Appendix A.6.

23We observe 816 large renovations that are conducted in 791 properties. Excluding properties
with multiple large renovations has negligible effects on the results.
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Table 3. Characteristics of renovated properties

All Private Public
properties  properties  properties

Construction year 1943 1940 1948
Value year (before renovation) 1950 1948 1954
Value year (after renovation) 2004 2003 2004
Number of tenants (initial year) 36 25 54
Number of tenants (last year) 45 34 62
Earnings in property (initial year) 137 148 119
Earnings in property (last year) 251 277 209
N 791 496 295

Notes. Earnings in property reflect the average annual earnings of tenants in the prop-
erty, expressed in thousands of SEK.

differences, both ownership types experience increases in the number of ten-
ants and average labor earnings between the first and last years in which they
are observed.

Overall, the descriptive statistics indicate that the extensive renovations
studied in this paper primarily affect older urban rental properties and are un-
dertaken by both private and public landlords. These properties provide a
useful setting for studying how major improvements in housing quality affect
residential sorting and tenant mobility.

3.4 Evidence on rent increases

While rent levels are not available in our data, we have access to rent infor-
mation for a subset of properties in our sample. These properties are located
in Uppsala and owned by the municipal housing company, which provided
the data. The sample consists of 10 properties constructed between 1962 and
1963 and extensively renovated between 2011 and 2013. All renovations have
arenovation size of 1, implying that the properties were upgraded to a standard
corresponding to the renovation year.

Although the sample is limited, it provides useful evidence on the economic
implications of the renovations studied in this paper. During the five years
leading up to renovation, before any renovation-related increase takes effect,
rents rise by 9 percent on average. This increase can be interpreted as reflect-
ing general rent growth unrelated to the renovation itself.

The largest change occurs when the renovation is completed. In the renova-
tion year, rents increase by approximately 47 percent. From five years prior to
renovation to two years after renovation, rents increase by a total of 64 percent.

These figures suggest that the extensive renovations studied in this pa-
per are associated with large increases in housing costs. While the evidence
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is drawn from a small sample of publicly-owned properties in Uppsala and
should therefore be interpreted with caution, it indicates that the renovations
captured by our measure are economically meaningful and likely to affect res-
idential mobility and sorting decisions.

3.5 Empirical strategy

To study how renovations affect residential sorting, we adopt an event-study
approach. The underlying idea is to compare outcomes before and after a
completed renovation, using variation in event time to trace out the dynamic
effects of the intervention. Event studies were originally developed in the job-
displacement literature (Jacobson et al., 1993) and have since become widely
used in the analysis of dynamic treatment effects (e.g. Angelov et al., 2016;
Kleven et al., 2019).

The key identifying assumption is that, absent renovation, the outcomes of
interest would have evolved smoothly over time. Under this assumption, dis-
crete changes in outcomes around the time of renovation can be interpreted
as reflecting the effect of the renovation. A useful feature of the event-study
framework is that it allows us to examine pre-renovation trends directly. The
absence of such pre-trends provides evidence against the concern that renova-
tions are systematically preceded by changes in tenant composition or mobil-
ity.

For each property in our data, we denote the year of completed renovation
by ¢ = 0 and index all years relative to this event. We use event time ¢ — 10 as
the omitted year and trace the evolution of outcomes from ten years before to
five years after renovation.”* We estimate the following equation:

Yig = Y, o 1[j=1]+) By-1ly =]+ & 2)
j#—10 y

where Yj;; denotes the outcome of interest for property i, in year s, at event
time #. The first term consists of a full set of event-time indicators, while the
second term consists of year fixed effects that absorb aggregate shocks and
common time trends affecting all properties.

The coefficients of interest are the event-time coefficients, a;. These coef-
ficients measure differences in the outcome relative to the omitted event year,
t — 10. In the absence of year fixed effects, the coefficients would simply rep-
resent mean differences relative to ten years before renovation. Including year
fixed effects ensures that the estimates are not driven by economy-wide trends
or changes in the housing market that affect all properties simultaneously.

24 Appendix A.7 presents results for earnings using alternative specifications and estimators. The
results indicate that outcomes evolve smoothly prior to renovation and are robust to these alter-
native specifications.
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In the main analysis, we report the estimated event-time coefficients to il-
lustrate how outcomes evolve around a renovation. In Appendix A.8, we addi-
tionally present predicted outcome levels derived from Equation (2), allowing
the magnitudes of the estimated effects to be evaluated relative to observed
baseline levels.

4 Results

In this section, we present the results from the empirical analysis of how large
renovations affect residential sorting. We begin by documenting changes in
the socioeconomic composition of tenants in renovated properties. We then
examine the underlying mechanisms, focusing on tenant turnover and the com-
position of entrants, exits, and stayers.

Next, we investigate whether the increase in mobility is associated with
displacement by analyzing who moves out, where they relocate, and their
post-relocation outcomes. Finally, we assess whether the effects of renova-
tions extend beyond the property itself by studying spillovers to neighboring
properties.

This structure allows us to distinguish between socioeconomic upgrading
driven by selective in-migration, displacement through differential out-migration,
and broader neighborhood-level effects.

4.1 Socioeconomic upgrading of renovated properties

We begin by examining whether large renovations lead to changes in the so-
cioeconomic composition of tenants in the renovated properties. We measure
this using the average labor earnings of tenants, which we interpret as a proxy
for the socioeconomic status of residents.

Figure 2 plots the evolution of average labor earnings relative to event time
t —10. The solid line shows that earnings are stable prior to renovation, at ap-
proximately 180,000 SEK (see also Figure A10). The absence of a pre-trend
suggests that renovations are not preceded by increases in income, alleviating
concerns that renovation decisions are driven by prior socioeconomic upgrad-
ing.

Following the renovation, we observe a clear and economically meaningful
increase in earnings. From ¢ — 10 to ¢t 4 5, average earnings increase by ap-
proximately 13 percent. The increase occurs around the time of the completed
renovation and persists in subsequent years, indicating a lasting change in the
composition of residents.

To examine heterogeneity, the dashed line in Figure 2 shows estimates for
low-income properties, defined as the bottom tercile of renovated properties
ranked by mean tenant earnings over t — 5 to ¢t — 3. By construction, income
levels are lower in this subsample prior to renovation (see Figure A10), but the
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Figure 2. Changes in tenant earnings following renovations
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post-renovation increase is substantially larger. From ¢ — 10 to # 4 5, earnings
increase by approximately 62 percent. The increase also begins slightly earlier
and continues for longer than in the full sample.

Looking further at heterogeneity by ownership type, we find that the in-
crease in earnings is somewhat larger for privately-owned properties compared
to publicly-owned ones.”> The results are robust to alternative specifications
and baseline periods, as shown in Appendix A.7.

Taken together, these results show that large renovations generate sizable
socioeconomic upgrading of tenants within the renovated properties.

4.2 Turnover and mobility dynamics

We now turn to the extent to which the observed socioeconomic upgrading
is accompanied by changes in tenant turnover. We measure mobility at the
individual level as the share of adult tenants in a property who move into
or out of the property in a given year. Measuring mobility at the household
level yields similar results. To avoid capturing temporary evacuation during
renovation, we only consider an individual’s initial entry into and final exit
from the property.

Figure 3 plots the evolution of in-migration and out-migration relative to
event time ¢ — 10. The figure shows a clear increase in mobility around the time
of renovation. Out-migration rises gradually prior to renovation and peaks in
the year before completion, while in-migration increases sharply at the time

25See Figure A4.
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of renovation. At their respective peaks, out-migration is approximately 13
percentage points higher (30%) and in-migration approximately 22 percentage
points (37%) higher than in the pre-renovation baseline.

The baseline turnover is sizable, with approximately 15 percent of tenants
moving out in a given year in the pre-renovation period. Despite this high
baseline mobility, renovations lead to a pronounced increase in both exits and
entries. The timing of increased out-migration, occurring in the last years
before the completion of renovation, is consistent with anticipation effects and
the disutility associated with ongoing renovation work (note that pre-trends
before ¢+ — 5 are stable). Given that renovations are typically announced in
advance, tenants may adjust their relocation decisions accordingly.

Figure 3. Turnover around renovations
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The increase in turnover implies that a large share of incumbent tenants are
replaced over the renovation period. As shown in Figure A6, on average, 80
percent of original tenants have moved out within the event window.

The overall pattern of turnover is similar across different types of proper-
ties. Figure 4 shows that low-income properties exhibit comparable dynamics,
with increases in both in-migration and out-migration of similar magnitudes
relative to the baseline.?® This indicates that the larger increases in earnings
documented in Section 4.1 for these properties are not driven by larger changes
in turnover per se, but rather by differences in the composition of movers.

261 ow-income properties are defined as those in the bottom third of the income distribution,
based on average income over the years t —5 to r — 3.
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Similar patterns are observed when comparing privately- and publicly-owned
properties.?’

Figure 4. Turnover around renovations: low-income properties
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Overall, these results show that renovations are associated with an increase
in tenant turnover that coincides with the timing of renovations, suggesting

that tenant mobility is a key mechanism through which the socioeconomic
composition of properties changes.

4.3 Composition of entrants, exits, and stayers

The increase in turnover documented in the previous section raises the ques-
tion of who drives the observed socioeconomic upgrading. To address this, we
examine the earnings of entrants, exits, and stayers around the time of renova-
tion. Figure 5 reports the evolution of earnings for entrants and stayers, while
Figure 6 shows the corresponding patterns for exits and the properties to which
they relocate. Stayers are defined as individuals who remain in a given event
year. The figures reflect the average earnings of individuals in each group at a
given point in event time, rather than tracking the same individuals over time.

Entrants and stayers

Figure 5 shows a clear change in the composition of entrants around the time
of renovation. Earnings of in-movers increase sharply in the years immedi-
ately surrounding the renovation and peak in the year of completion. At this

27See Figure AS5.
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point, entrants have higher earnings than both earlier cohorts of entrants and
incumbent tenants, as can be seen in Figure A10. In contrast, the earnings
of stayers evolve more gradually and display only modest increases over the
same period.

This pattern indicates a pronounced shift in the selection of who moves into
the property: individuals entering around the time of renovation are system-
atically of higher socioeconomic status than those who entered earlier. The
timing of the increase, coinciding with both the renovation and the surge in in-
migration documented in Section 4.2, suggests that this compositional change
plays a central role in driving the observed increase in average earnings.

Figure 5. Changes in labor earnings for entrants and stayers
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Exits and destination properties
Turning to exits, Figure 6 shows that the earnings of out-movers are relatively
stable over time. We observe a modest decline in earnings in the year prior to
completed renovation, which coincides with the peak in out-migration. It is
also the only year where out-movers have lower average earnings in absolute
terms than those of stayers, as seen in Figure A14. However, this dip is lim-
ited in magnitude, and the increase in out-movers’ earnings after renovation is
partly mechanical because average earnings in the properties also increase.
The figure also reports the average earnings in the destination properties
of out-movers. These earnings vary little over event time and are generally
similar to, or slightly higher than the earnings of the individuals who move.
This suggests that relocation is not associated with a systematic move to lower-
quality socioeconomic environments.
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Figure 6. Changes in labor earnings for exits, stayers, and the exits’ new property
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Taken together, these results show that the increase in average earnings doc-
umented in Section 4.1 is primarily driven by the selective in-migration of
higher-income tenants rather than changes in the characteristics of exiting or
incumbent tenants. This pattern is consistent with previous findings that gen-
trification is largely driven by the composition of in-movers rather than out-
movers (Freeman, 2005; McKinnish et al., 2010; Brummet and Reed, 2019),
but differs in that we document this mechanism in a setting with considerable
increases in turnover induced by renovation.

4.4 Are tenants displaced?

The previous sections show that renovations increase turnover and lead to so-
cioeconomic upgrading driven by selective in-migration. We now turn to the
question of whether these changes are associated with the displacement of
incumbent tenants. Although we cannot directly observe whether a move is
involuntary, we examine who moves out, where they relocate, and their post-
move outcomes to assess whether the observed relocation patterns are consis-
tent with displacement.

Out-migration across the income distribution
We begin by examining whether the increase in out-migration is concentrated
among particular income groups. Figure 7 plots the probability of moving out
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by income decile, comparing a pre-renovation benchmark (¢ — 6) to the year
prior to completion (¢ — 1), when out-migration peaks.?8

Baseline mobility is lowest in the bottom part of the income distribution
and highest in the middle deciles. At — 1, the probability of moving out in-
creases for all income groups. While the absolute increase is similar across the
distribution, the relative increase is largest among the lowest-income tenants.
As a result, the share of low-income individuals among out-movers increases
during the renovation period, temporarily lowering the average earnings of
out-movers at the peak (Figure 6). This shift is modest and short-lived, how-
ever, and the increase in mobility is broadly shared rather than concentrated in
a particular group.

Figure 7. Out-migration by earnings decile
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Characteristics of out-movers
Next, we examine whether those who move out around the time of renova-
tion differ systematically from those who move in earlier periods. Table 4
compares the characteristics of out-movers in the baseline period (t — 6) and
during peak out-migration (¢t — 1).

The differences between the two groups are small: those moving out at
t — 1 are slightly older, have marginally lower earnings, and are marginally
more likely to have higher education. The length of tenure in the property is

28We use ¢ — 6 as the benchmark because out-migration remains stable at that point and because
it allows us to include a larger number of individuals in the analysis. There is no group 2 in the
figure because individuals with no earnings account for more than one decile of the earnings
distribution and are therefore combined into a single group.
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also similar across the two groups. Overall, the results indicate that the com-
position of out-movers remains broadly stable despite the increase in turnover.

Table 4. Mean characteristics of out-movers in the year of relocation

Baseline Treated Difference

Age 35.38 38.53 3.15
Annual earnings 172.14  171.59 -0.54
% with higher education 37.55 38.37 0.83
9% from non-OECD country 15.21 14.61 -0.60
Number of years in property 3.17 3.49 0.32
N 3188 6017

Notes. The baseline column contains the individuals who moved out six years pre-
renovation, used as the baseline in the study. The treated column contains those indi-
viduals who moved out one year before completed renovation, at the peak-outmigration
seen in Figure 3. The third column is the difference between the second and the first
column.

Earnings reflect annual earnings, expressed in thousands SEK.

The same comparison for out-movers from low-income properties and for
low-income individuals is reported in Appendix Tables A1 and A4. The property-
level results mirror the full sample, while low-income individuals leaving dur-
ing the renovation period earn less than baseline movers (9.3 versus 11.7 thou-
sand SEK), a negative selection absent from the other definitions.

Destination properties

We then analyze where relocating tenants move. Table 5 reports the charac-
teristics of the destination properties. On most observable dimensions, the
properties that out-movers move into are similar across the two groups. In
particular, there are no large differences in property size in terms of number
of tenants, average earnings, or the socioeconomic composition of the desti-
nation.

Both groups move to properties with somewhat higher standards than the
properties they leave. Those who move closer to the renovation enjoy a higher
difference in value year than the baseline. Note, that this comparison is made
before the renovation is completed, implying that movers do not capture the
full quality improvements associated with the renovation.

The main differences are that tenants moving out during the renovation pe-
riod tend to relocate closer to their original residence and are more likely to
remain in rental housing. The large average relocation distances are mainly
driven by the 20-30% who move to another municipality. Restricting the sam-
ple to within-municipality moves, which account for 71% of baseline moves
and 78% of treated moves, the average relocation distance is 3.37 and 2.70
kilometers, respectively. While tenants moving during the renovation period
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exhibit different relocation behavior, they do not appear to sort into observably
different destination properties.

Table 5. Mean characteristics of out-movers’ new properties

Baseline Treated Difference

Value year of new property 1966.32  1968.88 2.56
Difference in value year 14.56 17.89 3.32
Property size 117.38 118.00 0.62
Earnings in property 181.02  185.66 4.64
% with higher education 32.12 34.32 2.21
% from non-OECD country 12.56 12.45 -0.11
% on welfare 8.80 7.95 -0.84
Distance from old property (km) 43.34 28.54 -14.81
% moving within the municipality  71.02 77.55 6.53
% moving into rental property 52.83 58.29 5.46

Notes. The baseline column contains the individuals who moved out six years pre-
renovation, used as the baseline in the study. The treated column contains those indi-
viduals who moved out one year before completed renovation, at the peak out-migration
seen in Figure 3. The third column is the difference between the second and the first
column. Characteristics are given for the individual’s year of relocation.

Difference in value year is the value year of the property that they move into less the
value year of the property that they move out of. Property size is the number of tenants
in the property, while earnings in property is the mean annual earnings of the tenants in
the property given in thousands SEK. Distance from old property is given in kilometers.

Destinations for the low-income subsamples (Appendix Tables A2 and AS)
show the same pattern, i.e. individuals moving in # — 1 move to comparable or
slightly better properties.

Long-run outcomes

Finally, we examine the long-run outcomes of out-movers. Table 6 presents
characteristics measured ten years after relocation. The results provide little
indication that tenants who moved out during the renovation period experi-
enced persistently different outcomes. A decade later, the two groups have
similar earnings, housing characteristics, and subsequent mobility, but are less
likely to be unemployed.

Appendix Tables A3 and A6 repeat this exercise for the two low-income
definitions. Out-movers from low-income properties show no long-run gap,
except that they are less likely to be unemployed. On the other hand, low-
income individuals earn about 5% less a decade later (183 versus 194 thousand
SEK), with more on welfare. This is one result that points to treated movers
experiencing adverse effects.

The results in this section provide little evidence that the increased turnover
associated with renovations leads to displacement in terms of systematically
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Table 6. Mean characteristics of out-movers 10 years post-relocation

Baseline Treated Difference

Number of moves 1.84 1.70 -0.14
Annual earnings 274 .51 274.02 -0.49
% on welfare 4.24 4.60 0.36
9% unemployed 4.84 3.94 -0.89
Value year of property 1970.04 1973.12 3.08
Earnings in property 257.72  257.60 -0.12
N 2041 2990

Notes. The baseline column contains the individuals who moved out six years pre-
renovation, used as the baseline in the study. The treated column contains those indi-
viduals who moved out one year before completed renovation, at the peak out-migration
seen in Figure 3. The third column is the difference between the second and the first
column.

Number of moves is the number of times an individual has relocated between the year
that the person moved out of the sample property and 10 years after, excluding the
initial relocation. Annual earnings is given in thousands of SEK. Average income in
properties reflects the average annual earnings of tenants in the building in thousands
of SEK.

worse outcomes for those who move out. Across every specification, out-
movers relocate to comparable or better properties, and in the full sample and
low-income properties they show no long-run earnings gap. The one exception
is a shortfall among low-income individuals a decade out. In general, this sug-
gests that the socioeconomic upgrading documented in Section 4.1 primarily
reflects selective in-migration rather than a displacement of incumbent tenants.

4.5 Spillovers to neighboring properties

The previous sections show that renovations generate sizable changes within
the renovated properties. We now examine whether these effects extend be-
yond the property itself to the surrounding neighborhood. In models of gentri-
fication, changes in the socioeconomic composition of one property may act
as a local amenity that affects nearby properties through sorting or endogenous
neighborhood change.?® At the same time, gentrification is often conceptual-
ized as a neighborhood-level phenomenon.

To assess whether renovations induce such spillovers, we analyze the evo-
lution of average earnings in properties located within a 250-meter radius of
the renovated building, excluding the property itself. Figure 8 presents the
event-study estimates for these neighboring properties.

29For example, Guerrieri et al., 2013 show that preferences for affluent neighbors can amplify
local socioeconomic changes.
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For the full sample, we find no evidence of a systematic change in earnings
in nearby properties. Earnings remain flat throughout the event window, sug-
gesting that the socioeconomic upgrading documented in Section 4.1 is highly
localized to the renovated property.

For neighborhoods surrounding low-income properties, we observe a small
increase in earnings in the years preceding a renovation that persists after a
renovation is completed. However, this effect is modest in magnitude and
significant only in # + 1. As shown in Figure Al5, the increase brings the
average earnings in these neighborhoods somewhat closer to those of all areas,
but does not indicate a large shift in the local socioeconomic composition.

Figure 8. Changes in labor earnings in neighboring properties
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The effects of renovations thus appear largely confined to the renovated
property itself, operating through within-property sorting rather than broader
neighborhood-level gentrification. This stands in contrast to studies of new
construction and demolition, which often find sizable spillover effects at simi-
lar spatial scales (Asquith et al., 2023; Staiger et al., 2024; Pennington, 2025).
One possible explanation is that, unlike new construction and demolitions,
renovations do not directly expand the local housing supply, so any increase in
local demand generated by improved housing quality may be limited in its spa-
tial reach. Rent regulation in the Swedish rental market may further dampen
spillovers by constraining rent adjustments in neighboring properties.
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5 Conclusion

This paper studies how large-scale renovations affect residential sorting in
rental housing. Using Swedish register data covering the entire population
between 1995 and 2017, we identify major renovations and follow both prop-
erties and tenants before and after renovation.

Our results show that renovations generate substantial socioeconomic up-
grading within the renovated property. Average earnings of tenants increase
following renovation, particularly in initially low-income properties. At the
same time, turnover rises sharply around the renovation period, with both out-
migration and in-migration increasing substantially.

The mechanism behind this upgrading is primarily selective in-migration.
Individuals moving into renovated properties have considerably higher earn-
ings than earlier cohorts of entrants, while the characteristics of those moving
out change relatively little. We find little evidence that out-movers during the
renovation period differ systematically from earlier out-movers in terms of
their observable characteristics, the properties they move to, or their long-run
outcomes. While renovations clearly increase mobility, the results therefore
provide limited support for the view that these observed changes are driven by
displacement of incumbent tenants.

We further find that the effects of renovations are highly localized. Al-
though the socioeconomic composition of renovated properties changes con-
siderably, these changes do not appear to extend to surrounding properties.
The effects of renovation therefore appear to operate primarily through within-
property sorting rather than broader neighborhood-level gentrification.

In conclusion, our findings suggest that large-scale renovations occupy an
intermediate position between new construction and demolition. Like new
construction, they primarily alter the composition of residents through selec-
tive in-migration. Unlike demolition, however, the resulting turnover is not
associated with systematically worse outcomes for those who move away. In
the Swedish institutional context, renovations therefore appear to reshape who
occupes the renovated property, with little evidence of broader neighborhood
transformation or widespread displacement.
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A Appendix

A.1 Register-based description of renovations in Sweden

In this section, we provide a register-based description of all renovations in
Sweden between the years 1995-2017. First, we give more information on
the variable value year, which we use in defining when a renovation has taken
place.

Value year is a valuation factor that affects the tax assessment value of a
property. It is originally the year of construction. It is calculated by the
Swedish Tax Agency and reflects the probable remaining life of a property.
For the value year of a property to increase, it must undergo a considerable
reconstruction or extension that prolongs its lifespan. Examples of such ren-
ovations are updating the kitchens, renovating the facade, or making energy
efficiency developments. When a renovation has taken place, the value year
can be i) set at the renovation year, ii) adjusted with a renovation supplement,
or iii) kept at the most recent value year. This depends on whether the cost of
renovation is i) over 70 percent of the construction cost of new properties, ii)
20-70 percent of the construction cost of new properties, or iii) less than 20
percent of the construction cost of new properties.

Figure Al. Distribution of construction years of rental properties (all and renovated)
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Next, we show the distribution of construction year for rental buildings in
Figure A1, distinguishing between all buildings and those that have undergone
a major renovation. The figure is limited to buildings built in 1929 or later, as
the construction year for older buildings is listed as 1929 in our data. Ac-
cordingly, it is unsurprising that the figure shows a majority of buildings being
constructed around 1929. Excepting the year 1929, properties renovated to a
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large extent are relatively older than the aggregate stock of rental buildings.
That most of our renovations are in buildings constructed between 1929 to
1960 is in line with that buildings often undergo a larger renovation every 50
to 60 years (as pipes are replaced in the building).

A.2 Location of renovated properties in our sample

Figure A2 shows the Demographic Statistical Areas (DeSO) in which the ren-
ovated properties in our sample are located. DeSO is a regional breakdown
created by Statistics Sweden that follows county and municipal borders. Fur-
thermore, the breakdown takes into account population, urban areas, and elec-
toral districts, as well as geographical features, such as streets, waterways, and
railways, to the extent possible. In Figure A2, the blue areas signify the DeSO
areas where at least one renovation has taken place. Many of these areas are
populated urban areas, hence, we also zoom in on the four largest municipali-
ties in Figure A3.

Figure A2. Location of renovated properties in the main sample

= 1 or more renovations
0 renovations

Figure A3 presents the renovation intensity in Stockholm, Gothenburg, Malmo,
and Uppsala, where 66 percent of all large renovations in our sample have
taken place. The municipalities are divided according to DeSO, with green
areas signifying DeSO areas with one to two renovations (except for Malmo
that only has areas with one renovation) and blue areas signifying those with
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three or more renovations. All municipalities have a concentration of areas
with renovated properties around the central business district (CBD). How-
ever, they also have some areas with renovated properties further away from

the CBD.

Figure A3. Location of renovated properties in the four largest municipalities in Swe-

den
(a) Stockholm
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1 to 2 renovations
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(c) Malmé

(b) Gothenburg

M 3 or more renovations
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(d) Uppsala
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A.3 Mean labor earnings in privately- and publicly-owned

properties
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Figure A4. Changes in labor earnings in privately-owned and publicly-owned reno-

vated properties
(a) Private properties (b) Public properties

In Figure A4, we present the changes in mean labor earnings in privately-
and publicly-owned properties, respectively. The changes in all properties is
similar across the ownership types. The increase for low-income properties is
larger for privately-owned properties.

A.4 Turnover of tenants in privately- and publicly-owned
properties

Figure AS5. Turnover in privately-owned and publicly-owned renovated properties
(a) Private properties (b) Public properties

Figure A5 illustrates changes in mean labor earnings for the low-income
properties in our sample, separated by ownership type. The figures follow
a relatively similar pattern and do not differ much from the overall turnover
depicted in Figure 3. The publicly-owned properties have a slightly higher
turnover than the privately-owned ones.

A.5 Share of original tenants moving out of renovated properties

Figure A6 shows the distribution of the share of each property’s original ten-
ants who move out during the event period. Original tenants are defined as
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those residing in the property six years before renovation is completed. Most
properties lose more than 60 percent of their original tenants between ¢ — 5
and 7 + 5, and the average share is around 80 percent.

Figure A6. Total share of tenants leaving
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A.6 Turnover of tenants and mean labor earnings in properties
with smaller renovations

As a sensitivity analysis, Figures A7 and A8 illustrate the main results for
properties with (relatively) smaller renovations. The size of renovation of
these properties is smaller than 0.8, i.e. the figures do not include the proper-
ties from our main sample.

Figure A8 illustrates the changes in the earnings of tenants in less reno-
vated properties. Earnings increase more gradually than in the major renova-
tion sample shown in Figure 2. Although post-renovation earnings eventually
reach a similar level for all properties, the increase is smaller for initially low-
income properties than for properties that have undergone major renovations.

Similarly, Figure A7 shows that inward and outward mobility peak at a
much lower levels than in properties with large renovations seen in Figure
3. While the pattern is somewhat similar for out-migration, in-migration in-
creases a year earlier, in ¢ — 1, than in properties with large renovations.
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Figure A7. Turnover of tenants in properties with smaller renovations
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Figure A8. Changes in labor earnings in properties with smaller renovations
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A.7 Results for earnings using alternative specifications

Figure A9. Changes in labor earnings as measured by four different estimators
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To address concerns about potential bias in estimates from treatment het-
erogeneity among periods, we also do a robustness check for earnings using
alternative specifications. In the check, we implement estimators by Borusyak
et al., 2024, Callaway and Sant’ Anna, 2021, and Sun and Abraham, 2021 that
are an "imputation-based estimator"”, a "group-time average treatment effects
estimator"”, and an "interaction-weighted estimator”, respectively. As the con-
trol group for the Borusyak et al., 2024 and Callaway and Sant’ Anna, 2021
estimators, we use properties that have not yet been renovated, while for the
Sun and Abraham, 2021 estimator, we use the last renovated cohort of proper-
ties. As the baseline period for the Sun and Abraham, 2021 estimator and our
event study, we use five years prior to the completion of a renovation.

We present results of the robustness check for earnings in Figure A9 to-
gether with the results from our event study (labeled as OLS in the figure)
for changes in labor earnings. We find that the results for labor earnings are
similar to our main results, validating our method. Out of the estimators, the
results of the Borusyak et al., 2024 estimator are most in line with those of the
event study.

A.8 Figures plotting predicted turnover and earnings

Figures A10 through A15 plot predicted outcome levels rather than event-
study coefficients for the main figures. Adding the estimated coefficients to
the baseline mean recovers the level of each outcome at every event time,
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allowing the magnitude of the estimated effects to be assessed relative to the
pre-renovation baseline.

Figure A10. Predicted earnings in all properties
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Figure All. Predicted turnover of tenants in all properties
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Figure AI2. Predicted turnover of tenants in low-income properties
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Figure Al4. Predicted earnings of exits, stayers, and exits’ new properties
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A.9 Characteristics of residents relocating from renovated
low-income properties or with low-income

We repeat the out-mover analysis for two definitions of "low-income." The
first selects properties in the bottom third of the pre-renovation earnings dis-
tribution (Tables A1, A2, and A3). This corresponds to the low-income prop-
erties in our main figures. The second definition selects individuals in the
bottom third of the earnings distribution (Tables A4, A5, and A6).

Under the property definition, out-movers around renovation are not nega-
tively selected and a decade later show no earnings gap, as in the full sample.
Under the individual definition, the picture shifts: tenants leaving at peak out-
migration earn about 21% less than baseline movers at the time of the move,
and roughly 5% less ten years later, with a somewhat higher share on welfare.
In both cases, however, destination properties are comparable or slightly better
on earnings, education, and welfare, so neither group relocates to observably
worse locations.

Table A1. Mean characteristics of out-migrators from low-income properties the year
of out-migration

Baseline Treated Difference

Age 34.84 38.18 3.34
Annual earnings 127.87 132.79 4.92
% with higher education 30.56 34.04 3.49
% from non-OECD 22.32 19.58 -2.75
Number of years in property 2.81 2.81 -0.00
N 1008.00  1977.00

Table A2. Mean characteristics of the new properties of those moving out of low-
income properties

Baseline Treated Difference

Value year of new property 1967.15 1966.99 -0.16
Difference in value year 9.44 13.29 3.85
Property size 131.26 125.33 -5.93
Earnings in property 145.12 155.27 10.15
% with higher education 26.25 29.27 3.02
% from non-OECD country 17.38 14.91 -2.47
% on welfare 13.55 11.31 -2.24
Distance from old property (km)  47.72 29.23 -18.49
% moving within municipality 76.29 81.64 5.35
% moving into rental property 60.64 63.40 2.75
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Table A3. Mean characteristics of out-migrators out of low-income properties 10
years post-migration

Baseline Treated Difference

Nunber of moves 1.98 1.75 -0.23
Annual earnings 239.79 24197 2.18
% on welfare 5.95 6.14 0.19
9% unemployed 6.96 5.01 -1.95
Value year of property 1969.41 1972.09 2.68
Earnings in property 224.66  230.17 5.52
N 738 1208
Table A4. Mean characteristics of low-income out-migrators the year of out-
migration
Baseline Treated Difference
Age 32.89 34.76 1.87
Annual earnings 11.73 9.25 -2.48
% with higher education 34.28 35.43 1.15
% from non-OECD country 24.95 25.98 1.03
Number of years in property 2.86 297 0.11
N 986.00 1778.00

Table AS. Mean characteristics of low-income out-migrators’ new properties

Baseline Treated Difference

Value year of new property 1965.13  1967.65 2.51
Difference in value year 11.73 16.54 4.81
Property size 131.60 130.70 -0.90
Earnings in property 143.88 156.83 12.95
% with higher education 30.38 33.61 3.23
% from non-OECD country 16.72 16.78 0.06
% on welfare 12.96 11.85 -1.11
Distance from old property (km)  52.04 34.54 -17.49
% moving within municipality 70.18 77.56 7.38
% moving into rental propety 60.84 62.81 1.97

118



Table A6. Mean characteristics of low-income out-migrators 10 years post-migration

Baseline Treated Difference

Number of moves 2.09 1.86 -0.23
Annual earnings 194.16  183.43 -10.73
% on welfare 8.63 10.50 1.87
% unemployed 6.65 7.32 0.67
Value year of property 1969.18 1970.43 1.24
Earnings in property 21791  220.81 291
N 659 963
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1 Introduction

Many of the recent empirical advances on intergenerational mobility focus
on geography. Since the seminal study by Chetty et al. (2014), the literature
converges to suggest that equality of opportunity, measured as upward mobil-
ity, varies across regions (Chetty and Hendren, 2018a; Chetty and Hendren,
2018b; Bell et al., 2023; Biitikofer et al., 2024). The conclusion that low
upward mobility is a “local problem” has revived the discussion of whether
it could be fixed by place-based policies (Chyn and Daruich, 2022). At the
heart of this discussion is the issue that the mechanisms through which neigh-
borhoods matter for children’s outcomes are still poorly understood (see, e.g.,
Chyn and Katz, 2021). Social mobility is found to correlate with local socio-
demographic factors such as school quality and ethnic segregation but the bud-
ding literature that seeks to disentangle the correlates from neighborhood sort-
ing is inconclusive. More work is needed to understand the geography of
mobility and to inform policy makers of what local factors drive equality of
opportunity and how they vary across contexts. This paper explores these is-
sues by addressing two questions: i) How much do neighbourhoods matter for
children’s university enrolment conditional on their family characteristics? ii)
Do neighbourhoods matter more for some children than for others (conditional
on family characteristics)?

To address our research questions, we make use of highly detailed data on
the entire Swedish population and a generalized framework to identify family
variables which predict educational outcomes and residential sorting. We em-
ploy machine learning (generalised random forests, GRF, developed by Athey
et al., 2019) to make full use of our rich set of covariates. By adopting a non-
parametric approach, we gain increased generality and flexibility in the iden-
tification of interactions between various family characteristics. Our model
controls for family characteristics that are systematic confounders of location
effects on educational outcomes, while ignoring irrelevant characteristics.

We focus on children’s university enrolment, which is a key predictor of
adult earnings and socioeconomic status.’® We examine what share of the
differences in university enrolment across locations can be explained by family
characteristics by estimating models of the following sort:

viri = f(Or) +8(05)Z1 + & (1)

where y;r; denotes university enrolment of child i from family f and location
[, Oy is a vector of observed family characteristics which affect university en-
rolment and Z; is a type of location or a measure of location "quality". We

301deally, we would like to measure graduation from university, but we have too few years of data.
We measure children’s family characteristics from birth and observe their university enrolment
by age 25. When considering earlier cohorts, 91 percent of those who enrol go on to complete
at least two years of university education, and over 80 percent of those who ever enrol have
done so by age 25.
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are agnostic as to what mechanism underlies the location effect. Possibilities
include peer and role model effects (Agostinelli et al., 2024; Campa, 2024),
schools (Leventhal and Brooks-Gunn, 2000), and location amenities (Chetty
and Hendren, 2018b; Manduca and Sampson, 2019); for an overview and dis-
cussion of mechanisms, see Leventhal and Brooks-Gunn, 2000. We are inter-
ested in the combined effect of residing in a given type of location, as a child
typically experiences the full "package" of effects, rather than only a subset.
In particular, schools are an important context that children experience, but
are strongly connected to the place of residence. Because of this, we consider
schools to be a channel through which locations affect children’s outcomes.

The results show that most of the differences in university enrolment across
different locations can be explained by family characteristics. Observed fam-
ily variables account for 73 percent of the association between university at-
tendance and the share of peers who go to university, for 74 percent of the
difference between rural and urban areas, and for 83 percent of the difference
between rich and poor neighbourhoods in cities. This indicates that most of
the observed differences across locations are due to residential sorting, rather
than location effects. The share of differences that we explain using family
characteristics is larger than what is found by e.g. Solon et al., 2000 and
Raaum et al., 2006. This is expected because we use GRF and include many
more family characteristics. For the average child, our estimates imply that
location effects obtained by sibling mover designs (of the type pioneered by
Chetty and Hendren, 2018a) are too large. However, our estimates of hetero-
geneous effects show that there are groups of children who experience much
larger location effects than the average child.

Our heterogeneity analysis shows that children of low-educated parents
have larger unexplained enrolment gaps across neighbourhoods than children
of highly educated parents. However, the relationship between unexplained
gaps and other child and family characteristics depends on context. Boys ap-
pear to be more affected by location than girls, particularly so in the case of the
gap between rural and urban areas. However, girls seem to be slightly more
negatively affected by living in a poor neighbourhood within a city. Second-
generation immigrants appear to be more negatively affected than natives if
they live in a rural area, but natives are affected more negatively if they live
in a poor neighbourhood in a city. The unexplained rural-urban gap is more
negative for children of low-income parents, but the unexplained gap between
poor and rich neighbourhoods in cities is more negative for children of high-
income parents. A somewhat surprising finding is that the unexplained gap
in all contexts tends to be smaller for children who live with a single parent.
This can be explained by the much lower average enrolment among children
from single-parent households. In relative terms, the enrolment probability of
children who grow up with a single parent is affected by location to the same
extent as the enrolment probability of children who grow up with both parents.
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This paper contributes to the spatial literature of equality of opportunity
that seeks to understand the role of location (Chetty et al., 2014; Chetty and
Hendren, 2018a; Chetty and Hendren, 2018b; Risa, 2019; Nybom and Stuhler,
2021; Bell et al., 2023; Biitikofer et al., 2024; Dodin et al., 2024, among other
recent work). By controlling for family characteristics to address selection on
observables into neighborhoods our paper is in particular related to Gallagher
et al. (2018), Chetty et al. (2019), and Dodin et al. (2024). By seeking to ex-
plain in what contexts neighborhoods matter, our study directly contributes to
the recent work that responds to the calls to get under the hood of the geogra-
phy of mobility (Wodtke et al., 2016; Manduca and Sampson, 2019; Wodtke
et al., 2023; Agostinelli et al., 2024; Cholli et al., 2024).

For the specific outcome of university enrolment, this paper further re-
lates to concerns that men are falling behind women in educational outcomes
(DiPrete and Buchmann, 2013) and that labor markets are becoming more po-
larized geographically (Davis et al., 2020) and by an increasing demand for
highly educated labour (Autor et al., 2003; Michaels et al., 2014). There is a
widening gap in educational outcomes between rural and urban schools (see,
e.g., Holmlund et al, 2019 and Malmberg and Andersson, 2023) and the geo-
graphic educational gap is strongly related to gender imbalances (e.g., Karpes-
tam and Hakansson, 2021). There is evidence that boys perform worse than
girls in school and that the gender gap is accentuated by poor school quality or
adverse upbringing conditions (see, e.g., Autor et al., 2016, Autor et al., 2019,
and Holmlund et al., 2020).

This paper contributes to the literature in three important ways. First, in
answering the first question, we improve methodologically on the existing lit-
erature that aims to estimate the role played by neighbourhoods given family
characteristics (see for instance Solon et al., 2000 and Raaum et al., 2006).3!
While the earlier papers typically estimated a linear model of the form y;z; =

o 0 ¢+ BZ; + €1, we are able to capture the effects of Oy non-parametrically.
This allows for an arbitrary functional form, f(Oy), rather than a vector of

linear regression coefficients, o 0 f.32

We are also able to include a much richer set of family characteristics, in-
cluding interactions between the characteristics, than is possible using a stan-
dard regression model. Thanks to the richness of Swedish administrative data,
we are able to describe the family contexts that children experience while
growing up in very fine detail. Crucially, we are able to observe how family

31Solon et al. (2000) and Raaum et al. (2006) study what share of the variation in educational
attainment and earnings can be explained by correlations between siblings and unrelated child-
hood neighbours respectively. The assumptions underlying our approach are similar to theirs.
Page and Solon, 2003a and Page and Solon, 2003b are further examples of studies which use
the same approach.

321n practice, we implement Robinson’s transformation (Robinson, 1988), where we use GRF
to estimate the relationship between O and y;s; (outcome model) and the relationship between
Oy and Z; (propensity model), and then estimate g(O ) using residuals from these two models.
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conditions change from birth until the teenage years. Our machine learning
approach makes it possible to include many more family characteristics than
would be possible using traditional methods, as it corrects for the potential
overfitting of random patterns in the data that unpenalized models might pro-
duce. The model thus ignores family characteristics which are not relevant
predictors of university enrolment or residential sorting. This means that we
do not have to take an ex ante stance on which variables to include in our
model, but aim to include as many factors identified as potentially relevant
by earlier studies as the data allow. In addition, the GRF can flexibly handle
missing values, unlike regression-based machine learning approaches.

Second, this is, to the best of our knowledge, the first study to systematically
characterize heterogeneity in neighborhood effects. We allow the "effects" of
Z; to vary for individuals with different family characteristics, estimating an
arbitrary function g(Oy)Z; rather than an average effect 8Z;. Our GRF model
systematically identifies this heterogeneity in a data-driven way. While the
average unexplained gap between locations provides an upper bound for the
average location effect, g(Oy) provides an upper bound for the location effect
on a particular subgroup with family characteristics f.

Third, we consider the entire Swedish population, as opposed to focusing
on specific groups, such as refugees. We can thus estimate location effects for
all children, rather than for specific subgroups where the location effect might
be different compared to the entire population.

It is important to note that we estimate an upper bound of the size of the
location effect. Even the extensive set of family characteristics that we ob-
serve cannot be expected to capture all features of the family environment that
are systematically related to educational outcomes. For instance, information
about parental devotion, aspirations, and attitude to reading books is missing,
and we are only able to include proxies for parenting style. A more realistic
version of Equation (1) is hence:

Yist = £ (0f)+ f (Uy) +8(05)Z + i 2)

where Oy is a vector of the family characteristics that we observe and Uy is
a vector of relevant family characteristics that we do not observe. This means
that we are unable to identify the location effect, as estimates of g(Oy)Z; com-
bine location effects with effects of unobserved family characteristics. How-
ever, in order to estimate an upper bound of the location effect, it suffices that
the effect of the vector of unobserved family characteristics has a positive or
zero correlation with the location effect, i.e. that p( f”(Uf),g(Of)Z,|Of) >
0.33

Theoretically, the assumption of a positive correlation between the unob-
served component of family characteristics and location "quality" is reason-

33The direction of omitted variable bias is given by Cov(Z;,Uf|Oy), from which follows the
above result.
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able. We demonstrate that location "quality" and observed family "quality"
are positively correlated (in line with a long tradition in the literature on resi-
dential sorting dating back to at least Tiebout, 1956). If the observed and un-
observed components of family "quality" are positively correlated, this likely
also implies a positive correlation between location "quality" and the unob-
served component.3*

It is also worth noting that we follow Solon et al. (2000) and Raaum et al.
(20006) in only estimating direct effects of locations on children’s outcomes. It
is possible for locations to affect children’s outcomes indirectly, through their
effects on family characteristics. We do not aim to study location effects on the
parental generation and thus the indirect effect on children. Rather, we focus
on the direct effect, which is typically the object of interest when discussing
such questions as the effects of neighbourhood or school peers.?

2 Data

2.1 Sample definition

Our data cover the 1990-2017 period. We limit our study to those who are
born in the years 1990-1992, as we want to observe the contexts children ex-
perience from birth into adulthood. This is crucial given findings in the earlier
literature about the importance of exposure duration to neighbourhood con-
ditions and the varying sensitivity of children to different factors at different
ages. Because of this we also limit our study to individuals who are observed
in the Swedish register data in each year from when they are born until they

34In a separate analysis, we are able to bound the size of the correlation between the unobserved
family component and location factors by comparing predictions of university attendance based
on a model which only uses family variables to models which also include broad sets of neigh-
bourhood and school characteristics (results available on request). The predictive power of the
models which also include neighbourhood and school variables is only marginally better than
that of the model which only uses the family variables, and they produce highly correlated pre-
dictions of university enrolment (p = 0.99). If an unobserved important family characteristic
had been strongly correlated with any of the included location variables, its effects would have
been picked up by that location variable. As we include a very extensive set of neighbourhood
and school variables, it seems highly unlikely that an unobserved family characteristic would
be uncorrelated with any of them, but still be strongly correlated with the location definitions
we use. Because of this, it is probable that the correlation between location "quality" and un-
observed family "quality" is in fact weak, i.e. that p(f”(Uf).,g(Of)Zl) ~ 0. However, just to
be clear, this stronger result is not required for our analysis, as it suffices that the correlation
between unobserved family "quality" and location "quality" is nonnegative for us to obtain an
upper bound on the size of location effects. Solon et al. (2000) and Raaum et al. (2006) take the
assumption of a positive correlation between the unobserved component of family characteris-
tics and location "quality".

35 Another aspect that we abstract from is the family’s influence on their location and the child’s
influence on their family and location (analogous to the reflection problem in studies of peer
effects).
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turn 25, which is the age at which we measure our main university enrolment
outcome. This entails excluding first-generation immigrants,3® as well as those
who emigrate (even temporarily) or die before reaching the age of 25.

2.2 University enrolment

We measure whether the individual has enrolled in higher education by age
25. This is an important predictor of future earnings and socioeconomic status.
Ideally, we would like to study university completion, but our data only cover a
period of 28 years (1990-2017). As we want to observe family and neighbour-
hood conditions from birth, we are constrained to using cohorts born in 1990
or later. Focusing on enrolment by age 25 makes it possible to observe out-
comes for those born in 1990-1992. While it is an imperfect metric of higher
education attainment, data from earlier cohorts show that over 80 percent of
those who go on to enrol in university have done so by age 25. Furthermore,
there are material differences between enrolling in university earlier and later
in life. Those who obtain higher education at later ages are likely to reap
smaller benefits in terms of incomes and careers.

An outstanding concern is that enrolment does not necessarily entail com-
pleting a degree. However, in earlier cohorts, 91 percent of those who enrol
in university according to our metric go on to complete at least two years of
higher education by the age of 30, and 78 percent complete at least three years,
which is equivalent to a bachelor’s degree. We plan to look into how dropout
rates are connected to family and location characteristics in future analysis.

2.3 Locations

We consider how university enrolment differs across three measures of loca-
tion type. First, we use the share of peers in the neighbourhood who enrol in
university as a measure of neighbourhood "quality". Then, we study the gap
in university enrolment between rural and urban areas. Finally, we turn to the
gap in university enrolment between poor and rich neighbourhoods in cities.
We base our analysis of locations on neighbourhoods ("DeSO areas") which
have been defined by Statistics Sweden following the same set of principles
throughout the entire country. The definition procedure strove to make each
neighbourhood as homogeneous as possible, by, for instance, following the
boundaries of what is locally considered a city neighbourhood. Each neigh-
bourhood contains between 700 and 2700 individuals. Neighbourhoods are
classified by Statistics Sweden as being part of municipality centers, other

36Currently we include first-generation immigrants who are observed in the register data when
they are zero years old. This is in order to have consistent inclusion restrictions for all individ-
uvals in the sample. We will test for sensitivity to excluding this group in the future, but it is
unlikely to impact the general results given its small size.
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built-up areas or countryside according to their prevailing character. Children
are assigned to the neighbourhood where they live when they are 15 years of
age. Many factors, such as peers, role models, schools and amenities vary
across locations. We do not aim to single out a particular factor or group
of factors, but rather consider the full effect that locations have through all
channels. For instance, there is a strong connection between neighbourhood
and primary school attended when the child is in grade nine, as 72 percent of
children attend their neighbourhood’s modal school.?’

Share of peers who enrol in university: The share of peers who enrol in
university provides a generalised measure of location "quality". It combines
the effects of interaction with peers, role models, schools, amenities and all
other local factors which influence university enrolment. This measure is sim-
ilar to those used by, e.g., Solon et al. (2000), Raaum et al. (2006) and Chetty
and Hendren (2018a).

We measure enrolment among those born in 1990-1992 (our studied co-
horts) who live in the neighbourhood when they are 15 years of age (leaving
out the individual and his or her siblings). There is considerable variation in
enrolment rates across neighbourhoods, as shown in the top panel of Figure
1.38 In the bottom quartile of neighbourhoods, 31 percent or fewer of the chil-
dren enrol in university, while in the top quartile the corresponding figure is 48
percent or more. The B coefficient when regressing university enrolment on
the share of neighbourhood peers who enrol in university is 0.772 (SE 0.006).
Thus, a naive model which does not control for family characteristics estimates
that a one percentage point increase in the share of neighbourhood peers who
enrol in university increases a child’s probability of university enrolment by
0.772 percentage points.

Rural and urban areas: The gap in children’s outcomes between the coun-
tryside and cities has received considerable attention in the literature (e.g. “The
Urban-rural gap in university attendance: Determinants of university partici-
pation among Canadian youth” 2015; Maarseveen, 2020). We define rural
areas as neighbourhoods which are classified as rural by Statistics Sweden
and are more than 20 kilometres away from the nearest university campus. We
include all higher educational institutions in this definition, including e.g. spe-
cialised universities, university colleges and technical universities. Both main
and satellite campuses are included. Urban areas must conversely be located
in a municipality’s central settlement and must be nearer than 20 kilometres to
the nearest university campus. This definition makes sure that areas defined as

37School catchment areas and boundaries of DeSO neighbourhoods do not necessarily overlap,
which means that the share who attend the school in whose catchment area they reside is likely
even higher. However, the share is smaller in major cities, and in particular falls to 49 percent
in the Stockholm municipality.

380nly neighbourhoods where at least 30 of the children in our sample lived are shown in the
histogram to avoid noise from small groups. Statistics in the graph are based on all neighbour-
hoods.
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Figure 1. University enrolment shares across different types of locations
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Note: Top panel: Share of children who go on to enrol in university by DeSO neighbourhood at
age 15. Only neighbourhoods with at least 30 children included in the histogram. Statistics based
on all neighbourhoods. Bottom left panel: Share of children who go on to enrol in university in
rural areas (classified as rural by Statistics Sweden, at least 20 km away from nearest university
campus) and urban areas (classified as parts of municipality centres by Statistics Sweden, nearer
than 20 km to nearest university campus). Bottom right panel: Share of children who go on to
enrol in university in low-status areas in cities (those which have been listed as vulnerable areas
by the police at least once) and high-status areas in cities (all other neighbourhoods in the same
cities). All of Sweden (including areas not in either category) for comparison in the bottom panels.

rural and urban are indeed strongly rural or urban. However, many areas (mu-
nicipality centres far from universities, outlying settlements in a municipality,
countryside close to universities) are more difficult to classify. Children who
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grow up in such areas are excluded from this part of the analysis. According
to the definition that we use, 13 percent of children in our full sample grew up
in rural areas and 53 percent grew up in urban areas.

The gap in university enrolment between those who grow up in rural and
urban areas is sizeable, as shown in the bottom left panel of Figure 1. Only 34
percent of rural children enrol in university, compared to 46 percent of urban
children. In relative terms, the gap amounts to over a third of the probability
that a rural child goes to university.

Poor and rich neighbourhoods in cities: Differences in children’s out-
comes between rich and poor neighbourhoods in cities have received signifi-
cant attention in previous economic literature (see overview in Chyn and Katz,
2021, Chetty et al., 2016). When defining city neighbourhoods with low so-
cioeconomic status, we make use of the Swedish police list of so-called "vul-
nerable areas". The police define these as areas of low socioeconomic status
where criminal organisations have a significant impact on the functioning of
society. The list of vulnerable areas was introduced in 2015, and updated ev-
ery second year. We classify neighbourhoods which have ever been on the list
as areas with low socioeconomic status. While the police list was established
after the children in our sample had grown up, the socioeconomic status of
neighbourhoods is highly persistent over time, and the neighbourhoods had
low socioeconomic status for at least several decades before being listed.

Most large Swedish cities contain at least one vulnerable area. All other
neighbourhoods in these cities are considered comparison neighbourhoods
with higher socioeconomic status. In cases where the centres of several mu-
nicipalities form a larger contiguous agglomeration (the three largest cities of
Stockholm, Gothenburg and Malmd), we include neighbourhoods in the mu-
nicipality centres of these agglomerated municipalities as well.>* Overall, 17
percent of the children in these cities reside in a vulnerable area at age 15.

The gap in university enrolment between those who grow up in city neigh-
bourhoods with low and high socioeconomic status is shown in the bottom
right panel of Figure 1. It is similar in size to the rural-urban gap, with 37 per-
cent of children in vulnerable areas enrolling in higher education, compared
to 48 percent of children in other neighbourhoods in the same cities. The gap
amounts to slightly less than a third of the enrolment rate in vulnerable areas.

2.4 Families

We have information about a large set of family characteristics which have
been identified as important for children’s outcomes by earlier studies. The

31n three municipalities in the greater Stockholm area (Botkyrka, Sédertiilje and Upplands-Bro),
at least one neighbourhood outside of the municipality centre is considered part of a "vulnerable
area". For consistency, we include all types of areas, including rural and outlying built-up areas,
in these municipalities in the comparison group. The number of individuals included because
of this is small and does not have a notable impact on the results.
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high degree of intergenerational persistence in education is well-known (see
Black and Devereux, 2011, for an overview). Furthermore, recent evidence
from Sweden has shown that the role of family is underestimated if only
parental education is considered, and that "dynastic human capital” based also
on grandparents, aunts and uncles has additional explanatory power (Adermon
et al., 2021). There has recently been great interest in the effects of parenting
styles (reviewed in Doepke et al., 2019) and of early childhood conditions and
shocks (reviewed in Currie and Almond, 2011). There are also well-known
differences in outcomes between genders and between older and younger sib-
lings.

The detailed register data that we use contain information that speaks to
most of these aspects. Intergenerational persistence of education and socioe-
conomic status is captured by mother’s and father’s years of education, la-
bor income and disposable income for each parent, as well as the social pay-
ment share in each parent’s income. Furthermore, we include indicators for
parental employment in agriculture, manufacturing, public sector or the pri-
vate service sector. These capture any differences in values between those who
work in different sectors of the economy. All of these variables are measured
as averages of what the child experiences at the ages 0-6, 7-12 and 13-16.

The child’s family constellation is captured by the number of siblings, order
among siblings, age gap to older and younger siblings, and share of siblings
who are girls. Note that age gaps to older and younger siblings are missing
for the oldest and youngest siblings respectively (as well as for only children),
but we are nevertheless able to characterise the children in this respect because
GREF is able to smoothly handle missing values. Furthermore, we include the
mother’s and father’s ages at birth because of the social and biological effects
this might have on the child.

The child’s and parents’ migration histories are captured by whether the
child is a first-generation or second-generation immigrant, as well as the num-
ber of years since the parents migrated to Sweden and their region of origin.
As we only include children whom we observe from when they are zero years
old, we have very few first-generation immigrants in our sample.

While we do not observe the style of parenting adopted by different fam-
ilies, living with a single mother or single father is connected to parenting
intensity and to the amount of time and financial resources that a parent can
spend on child-rearing. We measure whether the child lives with a single par-
ent as a share of years at the ages 0-6, 7-12 and 13-16. Differences in the
amount of disruption caused by parental break-up at different points in child-
hood are captured by the age at parental divorce. Further measures of the
stability of the family environment are the number of years until parents re-
marry and the number of siblings who share only the same mother or only the
same father. Another measure of stability while growing up is the number
of moves across neighbourhood and municipality boundaries at the ages 0-6,
7-12 and 13-16.
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Severe shocks during childhood include deaths of parents or siblings. To
capture age-dependent variation in the effects that such severe shocks might
have, these variables are coded as the ages when such a shock takes place.

To capture the extended family and dynastic human capital, we include the
number of grandparents alive and present in Sweden at different ages and
maternal and paternal grandparents’ education.

3 Empirical Approach

We aim to estimate location effects on children’s university enrolment while
controlling for family factors, as well as to estimate heterogeneity in location
effects. We employ GRF (developed by Athey et al., 2019) to control for
variables which are systematic predictors of university enrolment and which
are correlated with residential sorting, as well as to identify systematic het-
erogeneity in location effects for children with different characteristics. GRF
makes it possible to do this without making any parametric assumptions.

First, we estimate the probability of university enrolment based on family
factors (outcome model). We then estimate the probability of living in a given
type of location (share of peers who enrol in university, rural location, poor
urban location respectively in each of the three settings we consider) based on
the same set of family factors (propensity models). The predictions of these
models are used to residualise observed university enrolment and observed
residential location. A "causal model" uses these residualised values to assess
what share of the gap between different locations can be explained by family
factors, as well as to identify groups for whom the unexplained differences are
large and small.*°

Assuming that unobserved family "quality" is positively correlated with lo-
cation "quality", the explained gap in outcomes across locations is a lower
bound of the effects of family conditions on children, as explained in Section
1. The explained gap includes effects of family observables, and part of the ef-
fect of family unobservables due to correlations between the two sets of family
variables. The unexplained gap combines the effect of location and part of the
effect of family unobservables.

3.1 Methodological details

The outcome models and propensity models are estimated using regression
forests. The causal models are estimated using causal forests. Note that the
causal forests do not estimate heterogeneity in causal treatment effects in our
setting, as we do not have exogenous or quasi-exogenous variation in alloca-
tion of families to different locations. Rather, it estimates the gap between

40The residual-on-residual model provides a consistent estimator of the unexplained "effect" of
neighbourhoods, converging faster than the outcome and propensity models (Robinson, 1988).
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those who grow up in different locations after family characteristics have been
accounted for, and identifies groups for whom this unexplained heterogeneity
is large and small respectively.

Regression and causal forests consist of multiple trees, each of which is es-
timated on a random subsample of the children in our data. Each tree cycles
through all included family variables and values of these variables and splits
the data so as to maximize the difference in the target (e.g. unexplained dif-
ference in university enrolment between those who grow up in rural and urban
areas) on either side of the split. Once a split has been made, the same pro-
cedure is repeated in each of the resulting subgroups of children. Splitting in
this manner continues until the children have been grouped into leaves with
similar values of the target.

There are a number of advantages to using the GRF rather than a traditional
unpenalized model in our setting. First and foremost, the GRF is able to iden-
tify systematic heterogeneity in the targeted parameter based on the included
family variables. As we observe a very large number of family characteris-
tics, an unpenalised model would suffer from overfitting. It would base its
estimates on all the included characteristics, even though many of them are
likely to not be relevant for predicting the target. This problem is especially
prominent if, for instance, polynomials and interactions are included to ac-
count for complex functional forms. GRF, on the contrary, only uses charac-
teristics which are relevant for predicting the targeted parameter. Furthermore,
the repeated subsampling into different trees means that the model focuses on
characteristics which are important across different randomly drawn subsam-
ples of children. The GRF also uses several other measures to mitigate the
overfitting problem. This means that we do not have to take an ex ante stance
on which family characteristics to include in our analysis, but leave that choice
to be made based on what is observed in the data. This is an advantage given
the very large number of factors that have been connected to children’s educa-
tional outcomes by the literature.

Another advantage of the GRF is its nonparametric nature, which flexi-
bly allows for complex functional forms and interactions. This allows us to
not take a stance on this matter either. Finally, the GRF is able to include
ordinal variables and missing values in a smooth way, which allows us to in-
clude characteristics that are missing or undefined for parts of our sample (e.g.
grandparents’ education for second-generation immigrants).

Estimation is done using the grf package in R. We use neighbourhood clus-
ters based on neighbourhood of residence at age 15 when we estimate our
models. This guarantees that predictions for individuals in a neighbourhood
are not based on their neighbours. We divide the sample into training and
test sets containing 80 percent and 20 percent of neighbourhoods respectively.
The models are estimated on children from the training set neighbourhoods
and validated on children from the held-out test set neighbourhoods. Each
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model that we estimate uses 5000 trees. Except for the number of trees, our
models are estimated using the default hyperparameters of the grf package.

4 Results

4.1 Share of differences in university enrolment across locations
explained by family factors

Our outcome model and propensity models are able to predict university en-
rolment and residential sorting across locations well, as shown in Figures Al,
A3 and AS in the Appendix. Relationships between family and child charac-
teristics and the probability of university enrolment are shown in Figure A2 in
the Appendix. The probability of going to university increases with parental
education, as expected, and tends to be higher for girls than for boys. There is
a strikingly negative relationship between living with a single parent and the
probability of university enrolment. Second-generation immigrants are con-
centrated in the middle of the distribution of university enrolment probability.
As can be seen in Figure A4 in the Appendix, highly educated families and
two-parent families tend to live in neighbourhoods where more children enrol
in university. Second-generation immigrants are concentrated in cities, and
are strongly overrepresented in "vulnerable areas".

After controlling for family characteristics, our first causal model estimates
that a one percentage point increase in the share of neighbourhood peers who
enrol in university increases university attendance by 0.218 (SE 0.008) per-
centage points. This means that the family characteristics we observe explain
73% of the association between neighbourhood "quality" and university at-
tendance observed without controlling for family characteristics (where a one
percentage point increase in peer enrolment is associated with a 0.772 percent-
age point increase in enrolment probability).

The other two causal models estimate that the majority of the gaps in uni-
versity enrolment between rural and urban areas and between rich and poor
neighbourhoods in cities can be explained by family characteristics. The unex-
plained gap between urban and rural areas is 2.6 percentage points, compared
to the raw gap of 12.4 percentage points. 79 percent of the rural-urban gap
can thus be explained by differences in family characteristics. In the case of
rich and poor neighbourhoods in cities, the unexplained gap is 2.1 percentage
points, meaning that 83 percent of the raw gap of 11.2 percentage points can
be explained by family characteristics.

The unexplained location effects are nevertheless sizeable and are statisti-
cally and economically significant. We can bound the effect of a one percent-
age point increase in the share of neighbourhood peers who enrol in university
on a child’s university attendance to be at most 0.218 percentage points. If
this remaining association is indeed a location effect, it is very strong. Thus,
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even after controlling for a very large set of family characteristics, we cannot
exclude large effects of peer "quality". In the case of the rural-urban gap, the
unexplained gap is equivalent to 7.7 percent of rural children’s university en-
rolment. The unexplained gap in enrolment between children in low-status and
high-status neighbourhoods in cities amounts to 5.7 percent of the enrolment
rate among children from low-status areas. These are noticeable effects, al-
though they are smaller than, e.g., the association between parental education
and university enrolment.

Comparing the results of our study to earlier literature is not always straight-
forward due to differences in approaches, samples and outcomes studied. Keep-
ing this in mind, our estimates are related to those found by other authors in
Table 1. Our findings imply that family characteristics can explain a larger
share of the differences between children who grow up in different locations
than what is found by e.g. Solon et al., 2000 and Raaum et al., 2006. This is
expected, as we control for a broader set of family characteristics in our analy-
sis and use GRF rather than OLS. It is not entirely straightforward to compare
our results to the findings of Chetty and Hendren (2018a) due to differences
in approaches. They estimate that a year’s exposure to a location with a 1 per-
centage point higher "quality" in terms of peer outcomes improves children’s
outcomes by 0.04 percentage points. A child who spends 15 years in such a
location would thus be expected to see his or her outcomes improved by 0.6
percentage points, which is higher than our estimated upper bound (0.218).
Many children in our sample move across neighbourhoods while growing up
and are thus not exposed to the neighbourhood where they live at age 15 for
a full 15 years. However, there is persistence in the types of neighbourhoods
where a child lives while growing up. With the difficulty in making com-
parisons in mind, differences between our estimates and those of Chetty and
Hendren (2018a) can be explained by differences between the United States
and Sweden - especially the much larger geographic inequality in the United
States - or by us controlling for family characteristics related to age at move.

Table 1. Comparison of our results to other studies

(€3] 2 (3) (C))
This paper Solon et al. Raaum et al. Chetty and

(2000) (2006) Hendren
(2018)
Outcome University Years of Years of Years of
enrolment education education education
Country Sweden US Norway US
Data Register data PSID Register data  Register data
Birth cohorts 1990-1992 1952-1960 1946-1965 1980-1988
Years observed 2015-2017 1985 1990-1995 1999-2012
Ages observed 25 25-33 25-50 18-23
Share explained by family 73-83% 46-59% 56-76% ~40%
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4.2 Heterogeneity in location effects

We identify heterogeneity in the size of location "effects" (unexplained differ-
ences) based on our causal models. We rank children based on the size of lo-
cation "effects" they experience, and divide them into quartiles, where quartile
1 contains those estimated to be most affected by location and quartile 4 those
estimated to be least affected by location. Figure 2 shows location "effects" in
each quartile for the cases of living in a neighbourhood where more peers go
to university, for living in a rural as compared to an urban area and for living
in a city neighbourhood with low status as compared to a city neighbourhood
with high status (the quartiles are defined separately for each case).

Figure 2. Differences in location “effects” by quartiles of predicted “effects”
(a) Share peers who (¢) Vulnerable area —

enrol in university (b) Rural-urban other neighb.
Quartile 1 Quartile 1 Quartile 1
—e— —— —
K 2 3 0 02 04 06 0 02 04 06
Quartile 2 Quartile 2 Quartile 2
—— —_— ———
K 2 3 02 04 06 02 04 06
Quartile 3 Quartile 3 Quartile 3
—e—t —— —_—
K 2 3 02 04 06 02 04 06
Quartile 4 Quartile 4 Quartile 4
—— ——— —
J 2 3 4 02 04 ) 0 02 04 06

® f after controlling for family ® Unexplained enrolment gap (pp) @ Unexplained enrolment gap (pp)

Note: Individuals ranked by their location “effects” as estimated by GRF. Quartile 1 contains those esti-
mated to be most affected by location, quartile 4 those least affected. Quartiles defined separately for each
panel. Left panel: “Effects” of university enrolment among neighbourhood peers. Middle panel: “Effects”
of living in a rural as compared to an urban location. Right panel: “Effects” of living in a city neighbour-
hood with low status as compared to a city neighbourhood with high status.

Those who are estimated to be most affected by peers’ university enrolment
are estimated to increase their enrolment by (.27 percentage point for every
percentage point increase in peer enrolment. Those who are estimated to be
least affected increase their enrolment by 0.16 percentage points if peer enrol-
ment is one percentage point higher. In the rural-urban case, children in quar-
tile 1 are estimated to be 5.3 percentage points less likely to go to university if
they live in a rural area, compared to a 1.4 percentage point gap for children
in quartile 4. The quartile of children estimated to be most affected by living
in a low-status city neighbourhood has a 4.4 percentage point probability of
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going to university if they live in a low-status neighbourhood. The least af-
fected quartile, on the other hand, experiences an effect which is close to zero.
This means that observed family characteristics can explain the entire gap in
university enrolment between low-status and high-status city neighbourhoods
for children in quartile 4.

Characteristics of children who are in different quartiles of location "ef-
fects" in each case are presented in Figure 3. As seen in the left-hand panel,
children who experience larger "effects" of peers’ enrolment are slightly more
likely to be boys, live with both their parents, and have somewhat less-educated
parents. There is no clear connection between parental income and location
effects. However, children who are strongly affected by peer enrolment are
not necessarily strongly affected by the specific treatments of living in a rural
area or in a low-status city neighbourhood, as seen in the middle and left-hand
panels of Figure 3.

Children who are estimated to be more negatively affected by living in a
rural area are more likely to be boys, to live with both their parents and to
be second-generation immigrants. The larger gap for boys lends support to
concerns that rural boys as a group are falling behind. Children with large
"effects" also have somewhat less educated parents, especially fathers. Their
fathers, but not their mothers, also have lower earnings than those of other
children. Unlike the rural-urban case, children who experience large negative
effects of living in a low-status city neighbourhood tend to have parents with
relatively high incomes, as seen in the bottom panel of Figure 3. However,
their fathers, but not their mothers, tend to be less-educated. Like in the other
cases, children with single parents are estimated to be less affected by living
in a city neighbourhood with low socioeconomic status. Strikingly, the nega-
tive effects of growing up in a low-status area are concentrated almost entirely
among children with at least one Swedish-born parent. Second-generation im-
migrants appear to suffer much smaller consequences from growing up in a
low-status neighbourhood, and are concentrated in quartile 4, which experi-
ences no adverse effects.

That unexplained gaps are larger for children of relatively high-status par-
ents is an unexpected result. One interpretation is that there is selection on
unobservables such as family ambition or attitudes towards higher education,
which drives the unexplained gaps. In particular, immigrants are likely to be
less sorted on unobservables across low-status and high-status areas than na-
tives as they have less choice over where to locate (due to lower incomes,
less information, refugee placement programmes etc.), less time to sort into
a higher-status area, and potentially experience an amenity of living near co-
ethnics which compensates the disamenity of living in a low-status area. A
similar argument can be made for single parents, who might have to live in
a "vulnerable" area for economic reasons. If this interpretation is correct, it
is possible that family unobservables might explain a large share of the re-
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maining unobserved gap. If that is the case, the effect of growing up in a
"vulnerable" area might be very limited.

Additional results regarding heterogeneity in location effects are reported in
Figures A6 and A7 (peers’ enrolment), Figures A8 and A9 (rural-urban gap)
and Figures A10 and A11 (differences between rich and poor city neighbour-
hoods) in the Appendix. These show heterogeneity in raw and unexplained
enrolment gaps for children based on one characteristic at a time. It is clear
that heterogeneity in gaps based on these one-dimensional splits is smaller
than the heterogeneity our GRF model is able to uncover. This shows that pat-
terns of heterogeneity with regard to location effects are complex and are not
fully captured by simple models even when considering the most important
demographic and family characteristics. The results also show that sometimes
patterns can be different when university enrolment probability is considered
in absolute terms or relative to the average enrolment rate within a particu-
lar group. For instance, the much lower location "effects" for children with
single parents are connected to the much lower enrolment probability within
this group. When considering location "effects" relative to the group’s enrol-
ment probability, the differences between children who live with one parent
and those who live with two parents disappear, as shown in Figures A7, A9
and All.

Figure 3. Characteristics of children who experience large and small location "effects"

(a) Peer enrolment (b) Rural-urban gap (c) Poor-rich gap in cities
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I Edu. years, dad, 13-16 I Edu. years, mom, 13-16
B Lab.inc., dad, 13-16 I Lab. inc., mom, 13-16

Note: Characteristics of children divided by quartiles of predicted location effects, in three cases (left
panel - share of peers who enrol in university, middle panel - rural-urban gap, right panel - low-status -
high-status gap in cities). Quartile 1 contains those with the largest location "effects”, quartile 4 those
with the smallest location "effects". Shares of girls, second-generation immigrants and those who live
with single parents when aged 13-16; normalised mean years of education among mothers and fathers,
and normalised mean incomes of mothers and fathers when the child is aged 13-16.
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5 Discussion

Observed family characteristics can explain most of the variation in univer-
sity enrolment across locations. Because not all family characteristics are ob-
served, our estimates represent a lower bound of what can be explained by
family, and conversely an upper bound of direct location effects. This suggests
that family is the most important aspect in determining children’s educational
outcomes. This holds both when considering peers’ university enrolment as
a measure of neighbourhood "quality" and when comparing rural and urban
and rich and poor neighbourhoods in cities, two settings with large and well-
known gaps in educational outcomes.

Nevertheless, even the broad set of family characteristics that we include in
our analysis is unable to account for the entire gap in outcomes between urban
and rural children, or between children who grow up in rich and poor city
neighbourhoods. The remaining unexplained gap amounts to 2.6 percentage
points in the rural-urban case and to 2.1 percentage points in the within-city
case. This is economically significant, and is suggestive of childhood location
indeed affecting university enrolment. However, the effects are likely to be far
smaller than what is implied by the raw gaps between children from different
locations.

Overall, the results point to there being limits in terms of what location-
based policies can achieve when it comes to affecting intergenerational edu-
cational mobility. Even completely negating the effects of location would not
go a long way to equalizing the outcomes of children who grow up in dif-
ferent types of families. This suggests that efforts aimed at ensuring equal
opportunities should be focused at the level of families rather than geographi-
cal locations. Drastic location-based policies, such as tearing down city blocks
with low socioeconomic status, are likely to be socially inefficient given our
findings.
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A Appendix

A.1 Probability of university enrolment based on family factors

The outcome model estimates each child’s probability of enrolling in univer-
sity based on family characteristics (but without using any direct measures of
the quality of the neighbourhood and school, or of the child’s own academic
ability). The model’s estimates of each person’s probability of enrolling in
university are presented in the histogram in the left-hand panel of Figure Al.
It is apparent that the model predicts high variation in the probability of uni-
versity enrolment, ranging from below 10 percent to 90 percent. Interestingly,
in spite of the extraordinarily rich set of background characteristics included,
the model does not predict the existence of groups of individuals who have 0 or
100 percent probabilities of attending university. On the other hand, we do not
include direct measures of children’s academic ability, such as their grades.
This means that our model captures the upper bound of what is possible to ex-
plain solely through observed family factors which are plausibly outside of the
child’s control. Seen from this perspective, the results point to potentially vast
differences in opportunities between children who grow up in different fami-
lies. However, it is important to keep in mind that many of the characteristics
that we include are correlated with the child’s own academic ability, which is
thus indirectly picked up by our model. For instance, parental education is
informative of the child’s own ability due to intergenerational correlations in
academic ability.

Figure Al. Predictions and calibration of model for predicting university enrolment
based on family characteristics
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Note: Left panel: Probabilities are estimated using a regression forest based on the full set of family
characteristics included in the analysis. Bin width = 1 percentage point. Training set individuals. Right
panel: Plot based on the model’s predictions for children who lived in one of the test set neighbour-
hoods at 15 years of age. Observed probability of university attendance estimated within cells defined
by percentage points of predicted attendance probability. Only cells with at least 100 individuals are
included. 95 percent confidence intervals shown. 45 degree line provided for clarity. The CDF shows
the percentage of children (y-axis) who have a predicted probability of university enrolment below a
given value (x-axis).
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To assess whether the model is well-calibrated, it was used to predict the
probability of going to university among individuals from the held-out test set
(which contains 20 percent of neighbourhoods). The results of the calibra-
tion test are shown in the right-hand panel of Figure Al. The figure plots the
actual probability of attending university against the probability predicted by
the model; individuals are divided into cells, with each cell spanning one per-
centage point of predicted probability.*! The predictions describe the realised
probability of university attendance among test set youths impressively well.
In almost all cells, the predicted probability lies within the 95 percent confi-
dence interval of the realised probability. Even at the highly granular level of
cells which span one percentage point of probability each, the model is infor-
mative; youths in higher cells rank higher in terms of realised probabilities.
The model can thus be used to understand what predicts university attendance
down to very fine levels.

Selected characteristics of individuals with different probabilities of uni-
versity enrolment are shown in Figure A2. As expected from the literature
on intergenerational correlations, the results in Panel A show that the like-
lihood of university attendance is highly correlated with parental education.
Those with the lowest probabilities typically have parents with less than high
school education, while those at the top typically have parents with bachelor’s
or postgraduate degrees. This strong correlation exists in spite of the absence
of fees for higher education in Sweden; students are in fact eligible for mone-
tary support and subsidised government loans. Differences in parents’ ability
to shoulder the costs of higher education are therefore much less likely to ex-
plain this correlation than in other countries.

As can be seen in Panel B, the share of females increases as one moves
up along the probability distribution. Crucially, very few girls rank in the
lowest bins (those which have probabilities of university attendance below
20 percent). The uppermost bins, on the other hand, are almost exclusively
female, with more gender balance in the middle of the distribution. This points
to the existence of a group of boys who are particularly unlikely to enrol in
higher education.

Strikingly, there is a very strong negative gradient in terms of living with a
single parent and college attendance.*> Among those least likely to go to uni-
versity, over 80 percent live with a single parent when they are 13 to 16 years
old; among those with the highest probabilities of university enrolment, fewer
than five percent do. It is important to keep in mind that Sweden is a country

41Cells with fewer than 100 individuals are excluded.

42Most of those who live with a single parent live with their mother; 25 percent of the sample live
with a single mother when they are aged 13-16 and 9 percent live with a single father. However,
patterns with regard to university attendance are similar regardless of which parent a child lives
with. Furthermore, arrangements where a child shares their time equally between the homes of
two separated parents are common in Sweden. In those cases, we observe the child as living
with the parent at whose home he or she is registered.
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with relatively liberal attitudes to divorce and that separations are common.
There is little, if any, stigma attached to living with a single parent, and the ro-
bust welfare system aids poor families. These factors, which have often been
put forward as explanations of the adverse outcomes of children with single
parents in the United States are thus unlikely to explain our findings.

Another interesting finding is that second-generation immigrants are con-
centrated in the middle of the distribution. While immigrants are generally
found to be a disadvantaged group in Swedish society, few of them have very
low probabilities of university attendance. This is likely due to the concentra-
tion of immigrants in urban areas. Rural children are less likely to obtain a
higher education, and they are disproportionately natives.
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Figure A2. Selected predictors of university enrolment
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A.2 Residential sorting of different family types

We predict sorting into different locations based on our set of family vari-
ables using regression forests. Predicted share of neighbourhood peers who
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enrol in university is shown in Figure A3.*3 There is a considerable degree
of systematic sorting across neighbourhoods, as shown in the top left panel.
Some children are expected to grow up in neighbourhoods where fewer than
35 percent of peers enrol in higher education, whereas others are predicted
to grow up in neighbourhoods where more than 60 percent go on to higher
education. The propensity model is able to predict the "quality" of the neigh-
bourhoods of children in the held-out test set well, as shown in the top right
panel of Figure A3. Thus, we have been able to identify relationships be-
tween family characteristics and residential sorting that hold systematically
across Swedish neighbourhoods. Note however that the differences in terms
of predicted neighbourhood "quality" are much smaller than the differences
in predicted university enrolment identified based on family variables by the
outcome model in Section A.1.

Figure A3. Predictions and calibration of model which predicts neighbourhood peers’
enrolment
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point. Right column: Observed leave-one-out share of children who enrol in university by age 25 in
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Selected family characteristics of children across the distribution of pre-
dicted peer enrolment are shown in Figure A4. Parental education is closely
related to neighbourhood "quality". Among children who are predicted to
live in neighbourhoods where relatively few peers go to university, parents
have typically not completed high school. Among children predicted to live
in neighbourhoods where most peers go to university, parents typically hold
at least bachelor’s degrees. Children who live with single parents, as well as
second-generation immigrants, are overrepresented among children predicted

43For this part of the analysis we leave out a very small number of children who are alone in
their neighbourhood, as the leave-one-out share of peers who enrol in university cannot be
determined for them.
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to live in "low-quality" neighbourhoods. This might be due to the limited eco-
nomic opportunities of these groups which prevent them from being able to
move to a "higher-quality" neighbourhood. As expected, there is little to no
association between gender and predicted neighbourhood "quality".

Figure A4. Selected predictors of neighbourhood peers’ university enrolment
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Note: Shares (left column), means (right column) of selected family characteristics within cells defined
by percentage points of predicted neighbourhood quality, as measured by the leave-one out share of
children who go on to enrol in higher education. Quality estimates based on neighbourhoods at age
15. Characteristics shown for children who lived in a training set neighbourhood at age 15. Only cells
with at least 100 individuals are included.

The calibration of the propensity model for living in a rural area is pre-
sented in the left-hand panel of Figure A5, while the calibration of the propen-
sity model for living in a low-status area in a city is shown in the right-hand
panel **

44The propensity model for living in a low-status neighbourhood predicts slightly lower proba-
bilities than the observed probabilities for all cells. This is because more low-status neighbour-
hoods have been randomised into the test set compared to the training set.
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Figure A5. Calibration of models for sorting into rural areas and into low-status areas

in cities
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Note: Predicted and observed probability of living in a rural area (left panel) and living in a low-status
area (right panel) within cells defined by percentage points of predicted probability. Probabilities
estimated based on family characteristics, only including children from strongly rural and strongly
urban areas (left panel) and children from "vulnerable areas" and other areas in the same cities (right
panel). Cells containing fewer than 100 individuals not shown. Estimates based on children from
held-out test set neighbourhoods.

A.3 Additional heterogeneity in location "effects"

In Figure A6, the size of the raw and residual association between peer enrol-
ment and own enrolment is plotted for different groups of children. In Fig-
ure A6, the raw and residual associations are plotted relative to each group’s
average university enrolment. The raw association between neighbourhood
"quality" and enrolment is strongest among children whose parents have high
education and high earnings, as well as other indicators of high socioeco-
nomic status, such as having older parents and living in a two-parent house-
hold. The raw association between neighbourhood "quality" and enrolment is
also much stronger for natives than for second-generation immigrants. These
differences disappear once controlling for detailed family characteristics and
residential sorting within each group. The residual-on-residual associations
between neighbourhood "quality" and university enrolment are similar across
different groups of children.

When normalised by the group’s average enrolment, associations between
neighbourhood "quality" and enrolment are instead higher for children from
families with low socioeconomic status. Normalised unexplained associations
are significantly stronger for children of low-educated and low-income par-
ents, as well as for those whose parents are young and those who have many
siblings. Furthermore, the normalised unexplained association between neigh-
bourhood "quality" and university enrolment is larger for boys than for girls.

Figures A8 and A9 heterogeneity in enrolment gaps between rural and ur-
ban areas. In absolute terms, raw enrolment gaps are larger for boys, na-
tives, children of highly educated and high-income parents, those who grow
up in a two-parent household, those whose parents are older and those who
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Figure A6. Unexplained differences in university enrolment across neighbourhoods of
different quality for different groups
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Figure A7. Unexplained differences in university enrolment across neighbourhoods of
different quality for different groups, relative to their average university enrolment
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have few siblings. The larger absolute gaps for children whose parents have
higher socioeconomic status (and family characteristics correlated with higher
socioeconomic status) might appear surprising. However, in many of these
groups, raw gaps in university attendance are similar to those in lower-status
groups when expressed in percentage points of the group’s university atten-
dance probability, as seen in Figure A9. Unexplained gaps tell a different story
compared to the raw gaps. In absolute terms, they tend to be not statistically
distinguishable between most groups, but there are indications that gaps are
larger among immigrants and children who have younger parents and many
siblings. However, relative to the group’s university enrolment in rural areas,
unexplained gaps are larger for children of low-educated and low-income par-
ents, as well as those at least one of whose parents works in manufacturing.
Boys have larger rural-urban gaps in university enrolment than girls according
to most measures of gap size. This lends support to concerns that rural boys
as a group are falling behind.

Heterogeneity in "effects" of low-status areas are shown in Figures A10 and
Al1. They confirm that enrolment gaps are larger for natives than for second-
generation immigrants. In fact, natives in vulnerable areas have a six percent-
age points lower probability of university enrolment than second-generation
immigrants who live in vulnerable areas (at the same time as natives in other
areas are one percentage point more likely to enrol in university than second-
generation immigrants). The unexplained gaps for second-generation immi-
grants are statistically indistinguishable from zero in both absolute and relative
terms. For the socioeconomic status variables the heterogeneity is not as clear
however; in relative terms, unexplained gaps are larger for children of low-
educated and low-income parents, as well as for those who live with single
parents.

The existence of larger gaps for children of relatively high-status parents is
an unexpected result. One interpretation is that there is selection on unobserv-
ables such as family ambition or attitudes towards higher education, which
drives the unexplained gaps. In particular, this would explain why the unex-
plained gap is much lower among second-generation immigrants. Immigrants
are likely to be less sorted on unobservables across "vulnerable" and other ar-
eas than natives because of having less choice over where to locate (due to
lower incomes, less information, refugee placement programmes etc.), less
time to sort into a higher-status area, and potentially experiencing an amenity
of living near co-ethnics which compensates the disamenity of living in a low-
status area. The immigrant families who live in "vulnerable" areas are thus
likely to be less adversely selected on unobservables (compared to other im-
migrant families) than native families in "vulnerable" areas (compared to other
native families). A similar argument can be made for single parents, who
might have to live in a "vulnerable" area for economic reasons. If this inter-
pretation is correct, it is possible that family unobservables might explain a

152



Figure A8. Rural-urban gaps in university enrolment for different groups
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children with different characteristics.

large share of the remaining unobserved gap. If that is the case, the effect of
growing up in a "vulnerable" area might be very limited.
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Figure A9. Rural-urban gaps in university enrolment for different groups as shares of

group university enrolment
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@ Unexplained gap as % of raw gap

Unexplained enrolment gap (% of rural enrolment)

strongly rural areas. Right panel: Unexplained gap as share of raw gap for the group.



Figure A10. Gaps in university enrolment between vulnerable and other areas for

different groups
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Figure All. Gaps in university enrolment between vulnerable and other areas for

different groups
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