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1 Introduction

The role of neighborhoods in shaping economic opportunity and mobility is critical, as demonstrated
in numerous studies (see e.g. Chetty et al., 2016; Chetty and Hendren, 2018). Growing up in
disadvantaged or segregated neighborhoods can significantly limit a person’s chances for upward
mobility, while access to higher-opportunity areas can improve long-term outcomes for residents. A
crucial question arising from this research is whether initiatives targeting specific neighborhoods
through, for example, redevelopment or revitalization projects can lead to improved outcomes for the
people who live there (Asquith, 2023; Blanco and Neri, 2023; Boustan et al., 2023; Chetty et al.,
2024; Diamond and McQuade, 2019; Neri, 2024; Staiger et al., 2024; Tach and Emory, 2017).!
However, while the direct effects of such initiatives are of key interest, changed in- and outflows of
residents in some neighborhoods implies that the composition of other neighborhoods change in
response to such policies as well. Measuring the total policy effects, therefore, requires understanding
such broader repercussions of interventions as they ripple through the city and potentially affect
neighborhoods that were not directly targeted by the policy through residential mobility. Yet, there
has so far been limited work examining these wider impacts, leaving a gap in the understanding of

how targeted neighborhood improvements may affect communities throughout an entire city.

This paper presents new evidence on the effects of a housing policy that converted public rental units
into private ownership, on the residential composition of targeted units, the spillover effects to
surrounding neighborhoods, and how the policy reshapes the composition of neighborhoods across

the entire city.

! Other related studies examine the consequences of subsidized homeownership (Disney et al., 2023; Hausman et al.,
2022; Sodini et al., 2023) and rent control regulations (Autor et al., 2014; Diamond et al., 2019) for residential composition
in the targeted areas.



We leverage a large natural experiment in Copenhagen, Denmark, where approximately 20,000 public
rental units—representing 6% of the city’s housing stock and primarily located in disadvantaged
neighborhoods—were transformed into co-op-owned housing.” This policy shift offers insights into
the broader urban dynamics and socioeconomic changes resulting from such local housing
interventions. The integration of comprehensive population register data, containing individual
information such as home address, education, income, and labor market attachment, with housing
unit register data, including address, neighborhood, ownership status, and sales prices, enables us to

assess the policy’s impact from the level of individual housing units to a city-wide perspective.

The policy, known as TOR, was announced in November 1994 and implemented on January 1, 1995,
leaving minimal time for anticipation effects. Using a difference-in-differences design with control
groups drawn from comparable housing units and neighborhoods in Denmark's three largest cities
outside of Copenhagen (Aarhus, Odense, and Aalborg), we estimate the policy’s effects on three
levels. First, directly treated units (TOR units), where we compare residents in these units to those in
similar public rental units in the three comparison cities. Second, the neighborhood impact (TOR
neighborhoods), where we compare residents in TOR neighborhoods (but not TOR units) to those in
similar neighborhoods in the comparison cities. And third, city-wide effects, where we evaluate the
policy’s impact on each neighborhood in Greater Copenhagen by constructing a synthetic control

group for each neighborhood using data from Aarhus, Odense, and Aalborg.

Our findings reveal that six years after implementation, the average earnings rank of residents in TOR

units increased by seven percentiles, and the share of adult residents without a job or not enrolled in

2 A housing co-operative — in short co-op — is a group of individual residents who jointly own a building (e.g., an apartment
complex) with owner shares reflecting the relative size of their units in the co-op. Thereby, the individuals can share risks
and form loans at more lenient terms than if they were to buy their housing unit outright. Section 2 and Appendix B
describe this in detail.



education dropped by ten percentage points compared to both the control group and other housing
units in Copenhagen. These effects were driven entirely by changes in resident composition, as the
new co-ops prioritized younger, more affluent individuals with stronger labor market attachments.?
In addition, residents’ crime rates had declined by almost three percentage points driven by fewer

property and drug-related crimes.

Next, we assess the policy’s impact on the residential composition of other housing units in the same
neighborhoods as the TOR units. We find that the policy led to a delayed but notable influx of affluent
individuals into these areas, with the effects being most pronounced in neighborhoods with a higher
concentration of TOR units. Six years post-policy, the average earnings rank of residents in high-
concentration TOR neighborhoods increased by around three percentiles compared to their control
counterparts, while low-concentration neighborhoods saw an increase of around one percentile.
Crime rates also dropped by roughly one percentage point in TOR neighborhoods, while housing
prices rose by approximately 10%, indicating heightened demand due to the policy. Thus, the TOR

policy appears to have improved the quality of directly affected neighborhoods.

The shifting movement of low- and high-resource individuals in and out of certain neighborhoods
likely generates ripple effects influencing other areas across the city. To explore this, we estimate the
policy’s impact on all neighborhoods in Greater Copenhagen by comparing each with synthetic
control counterparts. Our findings reveal that the policy significantly altered the residential
composition within Copenhagen, with significant heterogeneity in the policy's effects that extend

beyond just the TOR neighborhoods. While many neighborhoods, particularly those with TOR units,

3 We find that converting public rental housing units into co-ops had no significant effect on the financial or labor market
outcomes of pre-policy tenants who initially purchased the co-ops. The sales occurred at market prices without public
subsidies, unlike a similar policy in Stockholm (Sodini et al., 2023), and did not result in direct capital gains for the
buyers. A post-policy survey reveals that residents chose to form co-ops primarily due to uncertainty about potential sales
of their housing units to third parties (COWI, 2000).



benefited from an increased concentration of affluent residents, others were disadvantaged due to a
rise in low-resource individuals.* Not only did the residential composition of many neighborhoods
change due to the policy, we also evidence that exposure to policy effects during childhood is
associated with children’s later outcomes. Both 9™ grade GPA and the probability of completing high
school increase, and the probability of being charged for a crime as a teenager declines for children
growing up in neighborhoods with higher policy induced inflows of affluent residents. Thus, the
policy did successfully bring positive changes and increased opportunities to the target
neighborhoods. Yet, it also led to a higher concentration of disadvantaged residents in other areas,

and consequently the average income gap between low- and high-resource neighborhoods increased.

By investigating the impact of a housing policy that converts public housing into co-ops on
neighborhoods that are not directly affected by the policy and the residential composition of an entire
city, our paper contributes to the literature that investigates programs that develop disadvantaged
neighborhoods (e.g., Chetty et al., 2024; Staiger et al. 2024). While our findings show that the TOR
policy significantly and permanently improved the residential composition in directly affected
neighborhoods, we also show that low-resource households became more concentrated in other
disadvantaged areas, thereby increasing inequality between neighborhoods. These results contribute
to the literature on the broader impact of improving neighborhood quality on residents’ lives (e.g.,
Chyn and Katz, 2021; Bergman et al., forthcoming) including children. We show that children living
in areas with positive policy effects (i.e., the directly targeted areas) were better off, while children in
areas with negative policy effects were worse off. Enhancing disadvantaged neighborhoods is crucial

for promoting equality of opportunity, as neighborhood environments significantly influence

4 We use earnings, employment, inactivity (neither studying nor employed), and crime as indicators of individuals’ and
neighborhoods’ socio-economic status. For simplicity, we refer to differences across these dimensions as representing
low-resource and high-resource individuals and neighborhoods.



individual outcomes, including earnings, education, marriage rates, fertility, and criminal behavior
(Chetty et al., 2016; Chetty and Hendren, 2018a,b; Chyn, 2018; Damm and Dustmann, 2014;
Deutscher, 2020; Dustmann et al., 2023). However, understanding how residential policies affect
moving patterns, particularly among disadvantaged groups, is essential for effectively promoting

equality of opportunity on a larger scale.

Our study also contributes to the literature on the broader consequences of housing policies.’ Several
studies have shown that homeownership can benefit individual homeowners through capital gains
(Sodini et al., 2023) and positively impact the local neighborhood, for example, by increasing labor
market attachment (Hausman et al., 2022) and reducing crime rates (Disney et al., 2023). Similarly,
regeneration or redevelopment of housing has been found to alter the composition of residents and
increase housing prices in targeted neighborhoods (e.g., Asquith, 2023; Blanco and Neri, 2023;
Boustan et al., 2023; Diamond and McQuade, 2019; Neri, 2024; Tach and Emory, 2017).> While we
confirm neighborhood-level spillovers from policies targeting specific housing types, we provide new
evidence on how local housing policies can more broadly reshape neighborhoods across an entire
city.” Specifically, our finding that improving some low-resource neighborhoods can adversely affect
other low-resource areas addresses a major concern associated with gentrification.® Although
gentrification may not immediately cause a large outflow of disadvantaged households (e.g., Vigdor,

2002; Freeman and Bracconi, 2004; McKinnish et al., 2010), our results show that changing moving

SA related body of literature examines the impact of changing administrative borders, such as school districts, on
segregation (e.g., Baum-Snow and Lutz, 2011; Billings et al., 2014; Bjerre-Nielsen and Gandil, 2024). In contrast, the
policy analyzed in this paper maintains constant administrative boundaries, with all variation arising solely from the
change in ownership types.

¢ Similar effects have been found in studies of targeted school grants (Billings et al., 2018; Friday and Smith, 2023).
"These city-wide spillovers also highlight the risks of using “untreated” yet geographically close neighborhoods as control
groups, as is common in many studies (see also Alves et al., 2023).

8 Our paper is also related to studies on the spillovers from place-based housing policies to surrounding neighborhoods
(e.g., Schwartz et al., 2006; Eriksen and Rosenthal, 2010; Rosenthal, 2014), the impact of aggregate demand shocks on
local prices (Guerrieri et al., 2012, 2013), and the effects of changes in rent control (e.g., Autor et al., 2014; Diamond et
al., 2019).



patterns and inflows into neighborhoods can accumulate over time, leading to increased disparities

between neighborhoods in the longer run.

The remainder of the paper is organized as follows: Section 2 presents the TOR policy, and Section
3 introduces the data. Section 4 describes the econometric framework. Section 5 presents the results
for TOR units and TOR neighborhoods. Section 6 presents the estimated effects for all neighborhoods
in Copenhagen, investigates the consequences for children, and analyzes the characteristics of

neighborhoods that experienced shifts in residential composition. Finally, Section 7 concludes.

2 Background and the TOR Policy

Copenhagen is consistently ranked among the most livable cities in the world.” In the early 1990s,
however, Copenhagen had a higher concentration of low socio-economic status (SES) residents than
the rest of the country, leading to increased public expenditures and reduced tax revenues. As a result,

the Municipality of Copenhagen's finances declined, with budget deficits rising each year.'°

The TOR policy was introduced to help address these financial challenges. The Municipality of
Copenhagen owned nearly 20,000 rental apartments (234 residential properties/housing blocks),
representing about 6% of the city’s total housing stock. These were small, inexpensive rental units
scattered across the city (see Appendix Figure A.1), primarily located in low-resource neighborhoods.
Many of the apartments were in poor condition, with estimated renovation costs of approximately
$1.2 billion in 2020 prices. In June 1994, the State and the Municipality of Copenhagen agreed to sell

these apartments.

% See for instance the 2023 ranking of the best cities to live in done by the Economists Intelligence Unit, where
Copenhagen is ranked second (https://www.eiu.com/n/campaigns/global-liveability-index-
2023/?7utm_source=media&utm_medium=press_release&utm_campaign=liveability23).

10 For instance, the 1995 budget proposal projected a deficit of $450 million, nearly 30% of the city's revenue (Statistics
Denmark, 2024). By the end of 1994, the Municipality of Copenhagen's total debt had reached $2.3 billion (Municipality
of Copenhagen, 2001).




As a first step, on January 1, 1995, the apartments were sold at an inflated price to a company named
TOR I/S (hereafter TOR). The company was jointly owned by the State (15%) and the Municipality
of Copenhagen (85%), with the State guaranteeing the company's deficits.!! In the second step, TOR
sold the apartments as co-ops, granting preemption rights to existing tenants.'> A co-op (co-operative)
is a form of collective property ownership where a group of individuals collectively purchases a set
of residential units, such as a building or apartment complex, with each member owning a share of
the building that reflects their proportional contribution to the property's purchase.'> Co-op owners

thereby share risks involved with loan-taking and real estate purchase.

The TOR policy was announced in the fourth quarter of 1994, giving tenants little time to respond
before its implementation on January 1, 1995. Leaflets were sent to all tenants, informing them that
they could purchase their current apartment by forming a co-op with other tenants in the building and
providing guidance on how to do so. The apartments were sold to third parties if tenants did not
express interest. When a third party bid on an apartment, the tenants were again offered the
opportunity to buy it as a co-op under the same terms as the third-party bidder. Appendix B provides

further details about the TOR policy and the co-op formation process.

"' The sales prices from the municipality to TOR were inflated, while the sales prices from TOR to individual buyers were
set at market rates by realtors, reflecting the value of similar apartments in Copenhagen at that time. This arrangement
effectively served as a substantial financial transfer from the State to the Municipality of Copenhagen. Under the
agreement, the State covered any deficits up to $500 million.

12 TOR purchased the housing units for $500 million at the start of 1995, but the value of the properties was reassessed to
$400 million later that year. Additionally, TOR was unable to recover the initial cost through apartment sales and ended
up with a deficit of around $150 million upon closing, which the State covered.

13 When a co-op is formed, the future co-op owners jointly take up a mortgage to fund the purchase. The price of a share
in the co-op is subsequently given by the co-op’s net value (joint valuation of the residential units minus the mortgage)
adjusted for the relative size of the share in the co-op (i.e., apartment size). During the period in question, the valuation
of the residential units in co-ops were set at market value when the co-op was formed, but subsequently valuations were
close to constant implying that co-op prices did not increase with the general prices in the housing market. Thus, there is
no direct transfer of wealth to co-op owners from the TOR units. To fund the co-op’s interest payments and running costs
(e.g., maintenance and future renovations), co-op owners pay a monthly rent.



Figure 1A illustrates the impact of the TOR policy on the housing composition in Copenhagen during
the implementation period. In 1995, there was a noticeable decrease in the number of public rental
units and a corresponding increase in private rental units, reflecting the sale of public rental properties
owned by the Municipality of Copenhagen to TOR. From 1995 onward, there was a gradual decline
in the number of private rental units and a corresponding increase in the number of co-op units,
reflecting the ongoing sales from TOR to residents. These changes were entirely driven by converting
public rental units to co-op apartments under the TOR policy, as shown in Figure 1B, which focuses
on the ownership status of housing units identified as potential policy candidates. By January 1, 1995,
around 95% of these units had transitioned from public to private ownership, representing the sale
from the Municipality of Copenhagen to TOR. By 1998, nearly all of these apartments had been sold
again, primarily to residents, and converted into co-ops (95%), with the remaining units turned into

private rentals by third-party buyers.

2.1 Previous Tenants, New Owners, and the Co-ops

A key aspect of the TOR policy was that sales from TOR to private owners were conducted at market
prices, considering the buildings' conditions and renovation needs. There were no clear financial gains
for tenants in forming co-ops. However, nearly all units were converted to co-ops within a few years
due to the threat of sales to third parties. In a 1999 survey, original tenants cited uncertainty about
future rents as the primary reason for forming co-ops (COWI, 2000). Moreover, forming a co-op

required only a majority of residents in a building, not unanimous consent.

To enable participation even for tenants with low income and assets, the Municipality of Copenhagen
allowed existing tenants to use their rental deposits as down payments when forming a co-op.
Appendix B.3 describes the consequences of forming a co-op for the original tenants and their wealth

in greater detail, and shows that the formation and (potential) subsequent sale of co-op shares have



not impacted the wealth of the original tenants (which is in contrast to Sodini et al. (2023), who

studied a conversion of public housing units to co-ops in Stockholm).

Despite the measures aimed at preventing displacement and facilitating the conversion from rental to
co-ops for all previous tenants, the resident composition changed significantly in the following years.
As original residents were replaced through the ongoing churn (which did not change across the
policy as illustrated in Figure A.2), many co-ops introduced selection criteria favoring young
individuals, families with stable employment or students (COWI, 2000; VIVE, 2002). In Section 5,
we demonstrate how this significantly altered the composition of residents in TOR units in the years

after the policy’s implementation.

3 Data

Unique anonymized address identifiers enable us to link housing units to neighborhoods and
residents, while unique individual identifiers allow us to connect data from various administrative
sources to these residents. Appendix C provides detailed descriptions of the data sources, analysis

sample, and all outcomes.

3.1 The Analysis Sample

We first identify all housing units in Denmark, including unit-specific details such as ownership status
(e.g., public, private, co-op), type (e.g., house or apartment), and year of construction, and link units
to neighborhoods, each containing approximately 150 households.'* When a unit is sold, we capture
the sale date and price (for owner apartments) from the housing register, which allows us to construct

neighborhood-level housing price measures.

14 These neighborhoods are based on the classification documented in Damm and Schultz-Nielsen (2008).



Next, we link all housing units in Denmark (apartments and houses identified through unique address
information) to individual-level data on residents using a combination of unique addresses and
individual identifiers. We gather annual information on residents’ age from demographic registers,
earnings, disposable income, and wealth from tax registers, and labor market status from employment

registers.

We focus on 1991 to 2001, allowing us to analyze both pre- and post-reform trajectories of TOR and
non-TOR housing units.!*> Our sample includes housing units and residents from Copenhagen, as well
as the three largest cities in Denmark after Copenhagen (Aarhus, Odense, and Aalborg), which serve
as control groups for estimating the effect of the TOR policy (Section 4 details the construction of
these control groups). We also include the Greater Copenhagen area to examine the spillover effects

of the TOR policy across the larger metropolitan region. '

We classify housing units as treated by the TOR policy if they were owned by and located in the
Municipality of Copenhagen in 1994, and refer to them as TOR units. Out of approximately 300,000

housing units in Copenhagen in 1994, around 19,000 were classified as TOR units.

3.2 Key Variables and Descriptives
We examine several individual outcomes, including earnings (from both labor and self-employment),
labor market status, age, and whether individuals have been charged with a crime. Earnings are

measured as ranks, because it directly indicates individuals' positions within Denmark's overall

15 We conclude our analysis in 2001 because, from that point onwards, Copenhagen begins to diverge from the rest of
Denmark in terms of housing prices. Additionally, several new policies specifically targeting Copenhagen were introduced
around this time. As shown in Appendix Figure A.3, between 1992 and 2001, the average real estate selling price per
square meter for apartments in Greater Copenhagen, Aarhus, Odense, and Aalborg followed a similar trend. However,
from 2002 onwards, prices in Copenhagen increased relative to Odense and Aalborg.

16 We define Copenhagen as comprising the Municipalities of Copenhagen and Frederiksberg, with the latter situated
within the former. The Greater Copenhagen area includes Copenhagen, Frederiksberg, Gentofte, Gladsaxe, Herlev,
Glostrup, Redovre, Hvidovre, and Tarnby.

10



earnings distribution in a year. We focus on earnings as the primary outcome because it provides a
clean measure of neighborhood quality and resident composition, whereas policy effects on
alternative income measures, such as disposable income after taxes and transfers, could be
confounded by Denmark’s generous tax-transfer redistribution system. Labor market status is
categorized as employed, studying (enrolled in education), and the residual category inactive (i.e.,
neither employed nor studying). These classifications capture significant changes in neighborhood
composition during the study period. Age is categorized into three groups—18-34, 35-49, and 50 or
older—to differentiate between the in- and outflow of specific demographic groups. We construct an
indicator for whether an individual has been charged with a non-traffic crime committed in a year to
identify criminal offenders. We also use information on the type of crime to distinguish between
violent, property, and drug-related offences. Additionally, we consider the logarithm of sales prices
of privately owned housing units in neighborhoods. Finally, when we study the effects of the policy

on children’s outcomes, we also consider 9™ grade GPA and high school completion.

Table 1 presents the mean characteristics of adult residents in TOR units (columns 1 and 4), adult
residents in other housing units in Copenhagen (columns 2 and 5), and adult residents in public
housing units in the other three cities with similar construction years as the TOR units (columns 3
and 6). Characteristics are measured in 1994 before the TOR policy was implemented, and in 2001,
six years after its initiation. Comparing columns 1 and 2 shows that in 1994, residents in TOR units
were older, less likely to be employed or studying, had lower earnings and disposable income, and
were more likely to have been charged with a crime than residents in other housing units in
Copenhagen. Comparing columns 1 and 3 reveals that residents in TOR units were more similar to
those in public housing units in the other three cities. However, they still exhibited lower labor market

attachment and income levels. By 2001, as shown in columns 4 to 6, the differences in average

11



characteristics between residents of TOR units and those in other parts of Copenhagen and public

housing units in the other three cities had either disappeared or diminished significantly.

As an initial visual illustration of the changes in resident composition following the TOR policy,
Figure 2 depicts the average earnings rank and employment rate over time for residents in TOR units,
other housing units in Copenhagen, and public rental units in the three comparison cities. Figures 2A
and 2B show the levels of these outcomes, while Figures 2C and 2D index them relative to the year
1994. The figures indicate large and stable differences in earnings ranks and employment rates before
1995, followed by a marked convergence in the years immediately after the TOR policy, driven
entirely by changes in the average characteristics of residents in TOR units. The estimation results in
Section 5 will confirm this pattern and demonstrate how these changes have broadly influenced the
composition of residents across Copenhagen neighborhoods. Finally, while Figure 2 shows
differences in levels and trends between the city of Copenhagen and the three other cities, the
introduction of synthetic control neighborhoods in combination with a broader treatment area

including suburbs in the Greater Copenhagen area will eliminate this concern.

4 Empirical Strategy

Let y;; denote the average outcome of residents in housing unit i, in year ¢t and let yl% denote the
potential outcome of housing unit i in year t with (d = 1) and without (d = 0) the TOR policy. Our
objective is to identify the effect of the TOR policy on the average characteristics of residents in
different groups of housing units (G; = g) affected by the policy (tor; = 1). For affected housing
units in group g in year t, the average effect of the policy is given by: 5tg = E(y: — 3G =
g,tor; = 1). The main challenge to identify 65q is that the counterfactual outcome y;} is unobserved
for affected housing units after the TOR policy is implemented. Therefore, we use a difference-in-

differences design to estimate the effect of the policy as the difference in mean outcomes between

12



affected and control units in year t, relative to the difference in mean outcomes between these two
groups before the policy.!” These estimates have a causal interpretation if the mean outcome of
residents in housing units affected by the TOR policy would have followed the same trajectory as
residents in the control housing units in the absence of the TOR policy (the parallel trends
assumption).'® While this assumption is not directly testable, we provide supporting evidence in
Sections 5 and 6 by showing that the treatment and control groups follow the same trend in the pre-

policy period.

We estimate regressions of the following form:

2001

ye=at+ Y (6f tor,+ B -1t =kl +ytor, + uf ®

k=1991
k#1992

where a9 is a constant, tor; is an indicator of housing unit i being in Copenhagen and therefore
potentially affected by the TOR policy, and 1[t = k] is an indicator equal to one if the year of
observation (t) is equal to k. We omit year 1992 such that a9 captures the mean outcome of the
control group in 1992. The ,f 's capture the mean outcome of housing units in the control group in
year k, compared to 1992, and y9 captures the difference in mean outcomes between affected housing
units and the control group in 1992. Finally, estimates of 6,? are the key parameters of interest. They
capture the difference in mean outcomes between treated and control units in year k, relative to the
difference in mean outcomes between treated and control units in 1992, and causally identify E[y} —

yi|G; = g, tor; = 1] if the common trends assumption is satisfied.

17 This strategy is widely employed in papers studying effects of residential policies on residential characteristics (see e.g.
Diamond et al., 2019; Hausman et al., 2022; Sodini et al., 2023).

18 Specifically the common trends assumption for estimating the impact of the TOR policy on housing units in group g
in year t, wusing year 1992 as the baseline period becomes: E(y} |Gi =g, tor; =1,t) =

E(yy |G = g, tor; =1,t = 1992) + E(y, |G; = g, tor; = 0,t) — E(v,. |G; = g, tor; = 0,t = 1992).

13



We focus on estimates of § ,;q for three groups: the average eftect of the TOR policy on TOR housing
units, the average impact of the TOR policy on non-TOR housing units located in neighborhoods with
TOR units, and the effect of the TOR policy on housing units located in each neighborhood in Greater

Copenhagen.

4.1 Choice of Control Group
The choice of control group depends on which of the parameters of interest we seek to estimate. The

next subsections describe these in detail.

4.1.1 Estimating the Direct Effect of the TOR Policy

To estimate the impact of the policy on TOR units, we use a control group comprising public rental
housing units in Aarhus, Odense, and Aalborg that have similar construction years as the TOR units."
The advantage of this control group is that these cities are located far from Copenhagen and are
therefore not influenced by the TOR policy through spillover effects, unlike housing units in or near
Copenhagen (see Sections 4.1.3 and 6, and Alves et al., 2023, for a detailed discussion). We show in
Section 5.1 that the TOR units and their control units followed similar pre-policy trends for all

outcomes we consider.

A potential concern with using these control cities is that other local shocks to the Copenhagen
housing market could mistakenly be attributed to the policy's estimated effect on TOR units. To
address this, we conduct robustness checks using non-TOR housing units in Copenhagen as a control
group, finding no evidence that Copenhagen-specific shocks drive our estimates. Additionally,

housing prices in Copenhagen followed a similar trend to those in other urban areas of Denmark from

1% We consider public rental housing in Aarhus, Odense and Aalborg built between 1900 and 1967.

14



1992 to 2001, suggesting that local market shocks are unlikely to bias our results significantly (see

Appendix Figure A.3).

4.1.2 Estimating the Effect of the TOR Policy on Neighborhoods with TOR Units

To estimate the policy's impact on non-TOR units in neighborhoods with TOR units, we use a control
group of housing units in neighborhoods with public rental units in Aarhus, Odense, and Aalborg. We
differentiate between neighborhoods with a low concentration of TOR units (20% or fewer) and those
with a high concentration (more than 20%). To ensure comparability, we similarly distinguish
between control units in neighborhoods with corresponding low and high concentrations of public
rental housing units, respectively. We show in Section 5.2 that the TOR neighborhoods and their

controls followed similar pre-policy trends for all outcomes we consider.

4.1.3 Estimating the Impact of the TOR Policy on Each Neighborhood in Greater Copenhagen

To estimate the impact of the TOR policy on housing units within each neighborhood in Greater
Copenhagen, we construct a synthetic control neighborhood for each area using a donor pool of
housing units from neighborhoods in Aarhus, Odense, and Aalborg (see Abadie and Gardeazabal,
2003; Abadie et al., 2010, and Appendix D.1 for more details). We then estimate separate regressions,
similar to Eq. 1, for housing units in each neighborhood in Greater Copenhagen using their

corresponding synthetic control group.

Figure A.4 documents that the synthetic control neighborhoods followed their treatment counterparts
closely both during the matching period (year 1991-1994) and in the pre-matching years. In addition,
the neighborhood-specific analysis in Section 6 provides two key findings supporting the validity of
our design. First, almost all estimates of 5kg are close to zero in the pre-policy years, confirming
common trends between treatment and control neighborhoods leading up to the policy. Second, the

average effects E (6,? ) across all neighborhoods in Copenhagen in post-policy years are close to zero,

15



indicating that, on average, the control group follows the same trajectory as Copenhagen
neighborhoods. Thus, all neighborhood-specific treatment effects result from changes in residential

composition within Copenhagen in the years following the implementation of the TOR policy.

5 Results

5.1 Direct Effects

Figure 3 shows the estimated effects of the TOR policy (8 ,;q in Eq. 1) on the earnings rank of residents
in TOR units from 1991 to 2001 when the control group is public rental housing units in Aarhus,
Odense, and Aalborg. In the period leading up to the TOR policy, the TOR units and their controls
followed a similar trend, supporting the common trends assumption. After the implementation of the
TOR policy, there is a marked increase in the earnings rank of residents in TOR units compared to
their controls. By 2001, the average earnings rank of residents in TOR units had risen by six percentile

points relative to their counterfactual.?’

Several studies have shown that homeownership can lead to increased earnings and labor market
attachment among original residents (e.g., Hausman et al., 2022; Disney et al., 2023). To explore this,
we decompose the estimates from Figure 3 into changes in the earnings of original residents in TOR
units who remain in those units and changes in the composition of residents in TOR units (i.e., inflows
and outflows). Additionally, we examine the impact of the policy on all original residents even those
who moved to different housing, as they may have benefited from the policy in other ways, such as

climbing the housing ladder, as suggested by Sodini et al. (2023).

20 One potential concern with the control group used in Figure 3 is that other local shocks to the Copenhagen housing
market could lead to biased estimates (see Section 4.1.1). To address this, Figure A.5 presents estimates using a control
group of other housing units within Copenhagen. The results are similar to those obtained using public rental housing
units in other cities as controls, suggesting that such shocks are unlikely to be driving our estimates.
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In a year t, the estimates shown in Figure 3 can be written as: (V7% — YIOR) — (V2¢ — Y3°), where

YT9R is the mean outcome of residents in TOR units in year t and ¥,°¢ is the mean outcome of

7 TOR,stayer
Y, Y

residents in the control housing units in year t. Let denote the mean outcome in year t of

S TOR,inflow
yrorms

individuals who lived in TOR units in 1992 and in year t (stayers), let denote the mean

outcome in year t of individuals who lived in a TOR unit in year t but not in 1992 (inflows), and let

YtTOR’outf ' denote the mean outcome in year t of individuals who lived in TOR units in 1992 but

not in t (outflow). Then we can rewrite the first term as:

7TOR _ TORY _ _ (7TOR,stayers _ {;TOR,stayers . 7TORinflow _ TOR,outflow
(¥} YR = (1 -w)- (¥, Yy, )+w- (¥ Yy,

Effects through stayers Effects through composition

where w is the fraction of new residents from 1992 to year ¢. The last part of the decomposition is

referred to as the composition effect, while the first part represents the impact driven by stayers.

Table 2 shows the baseline estimates in column 1, corresponding to Figure 3. Column 2 shows the

decomposition with effects due to original TOR residents who remain in TOR units,

(YtTOR'Smy s — YJZOR'Smy ¢"%), and column 3 shows the effects due to changes in the composition of

yloRmslow _ gTOROULFIOW) “column 4 shows the relative weight of the compositional

residents, (
change, w, in the overall policy effect from column 1. Finally, column 5 of Table 2 shows the

estimated impact of the TOR policy on the original residents, irrespective of whether they remain in

a TOR unit.?!

2l Note that coefficients for stayers and original residents in columns 1 and 5, respectively, differ because the stayers are
a subset of the original residents. We estimate the impact of the TOR policy on the original residents by comparing the
outcome trajectories of those living in TOR units in the beginning of 1994 to the outcome trajectories of residents of
public housing units in Aarhus, Odense and Aalborg in the beginning of 1994 based on Eq. (1).

17



The substantial increase in the earnings rank of residents in TOR units is entirely attributable to a
change in the composition of residents (see columns 2 and 3). Meanwhile, there is no evidence of a

positive effect of the policy on the original residents of the TOR housing units (see column 5).

Figure 4 presents estimates of the impact of the TOR policy on the labor market status (employed,
studying, or neither) and age composition of residents in TOR units (18-34, 35-49, 50+). The policy
resulted in an increased share of residents who were either employed or studying and a decrease in
those who were neither employed nor studying (Figure 4A). By 2001, the share of employed residents
in TOR units had risen by approximately 10 percentage points, and the share of residents studying
had increased by about five percentage points. Conversely, the proportion of residents neither
employed nor studying dropped by 15 percentage points. Figure 4B shows a significant shift in the
age composition of TOR residents, with a rise in younger residents at the expense of older
populations. These changes indicate that lower-resource residents were replaced, as many co-ops
introduced selection criteria favoring younger individuals who were either employed or studying.??
The changing age profile in TOR units raises the question of whether this affects earnings outcomes.
To explore this, Figure A.6A shows the policy’s impact on residents’ earnings rank, broken down by
age groups: 18-34, 35-49, and 50+ years old. The figure demonstrates that earnings ranks increased
across all age groups. By 2001, the average earnings rank had risen by approximately 9, 6, and 2 rank
points for individuals aged 18-34, 35-49, and 50+, respectively, within the overall population
distribution. While the TOR policy did not lead to direct effects on the original residents’ asset
accumulation as described in Section 2.1 and Appendix B.3, Figure A.6B shows that the increased

earnings ranks among residents are mirrored in the residents’ assets as well. Six years after the policy

22 Figure A.5 shows that these estimates remain similar when using a control group consisting of housing units within
Copenhagen, rather than public rental units in other large cities. While the Copenhagen-based control group is influenced
by city-wide spillovers, which we will discuss in Section 6, Figure A.5 confirms that the effects observed for TOR units
are not driven by broader differences in trends between Copenhagen and other parts of Denmark.
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introduction, the average assets rank of residents in TOR units were around 6, 2, and 1 rank points

for individuals aged 18-34, 35-49, and 50+, respectively, due to the introduction of the policy.

A substantial body of literature has documented a strong link between household resources and crime.
Therefore, we next examine the policy’s effect on the share of individuals charged with a crime, as
shown in Figure 5. Given that crime rates vary significantly by age, Figure 5 presents the estimated
effects on the overall share of offenders with a crime charge and broken by age groups (18-24, 25-34,
35-49, and 50+). The figure reveals that, on average, the share of individuals in TOR units charged
with a crime committed in 2001 dropped by approximately 3-4 percentage points, representing more
than a 50% reduction compared to pre-reform levels. The largest crime reductions occurred among
18-24-year-olds in TOR units, where the share of individuals charged with a crime committed in 2001
fell by 8 percentage points, or 60% relative to pre-policy levels. These reductions are primarily driven
by a decline in economically motivated crimes, such as property and drug-related offenses (see Figure
5B), consistent with existing literature that highlights a strong relationship between economic
conditions and income-generating crime (e.g., Yang, 2017; Dustmann, Landerse, and Andersen,

2024).

Appendix Table A.1 breaks down the crime effects into those arising through original residents of the
TOR housing units and those arising through changes in the composition of residents, specifically for
individuals aged 18-34. Unlike the earnings effects (see Table 2), a substantial portion of the crime
reductions was driven by changes in the criminal behavior of those who remained in the TOR units
("stayers") mirroring the findings from Disney et al. (2023), who documents a link between home
ownership and criminal behavior. However, while crime reductions were primarily driven by
behavioral responses of stayers in the years immediately following the policy’s implementation, the

effects of changes in resident composition emerged more gradually. By 2001, approximately 20% of
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the overall crime reduction among residents in TOR units could be attributed to stayers, whereas

changes in the composition of residents accounted for the remaining 80%.

5.2 Indirect Effects on Neighborhoods
We next examine the impact of the TOR policy on non-TOR housing units located in the same
neighborhoods as TOR units. Changes in the composition of residents in TOR units could influence

the attractiveness of these neighborhoods to other residents.

Figure 6 presents estimates of the TOR policy's effect on the earnings rank of residents in non-TOR
units within neighborhoods containing TOR units. We differentiate between neighborhoods with a
high concentration of TOR units (more than 20%) and those with a low concentration (20% or fewer).
The control group comprises housing units in Aarhus, Odense, and Aalborg located in neighborhoods
with public rental housing units.® Figure 6 shows no evidence of differential trends between the
earnings rank of residents in non-TOR units within TOR neighborhoods and their controls in the
period leading up to the TOR policy. After the policy's implementation, the average earnings rank of
residents in non-TOR wunits in TOR neighborhoods increased relative to their counterfactual.
However, these increases occurred later and were smaller in magnitude compared to the direct effects
on TOR units (see Figure 3). As expected, the spillover effects were more pronounced in
neighborhoods with a higher concentration of TOR units. By 2001, the average earnings rank of
residents in non-TOR units had risen by 2.5 percentiles in neighborhoods with a high concentration
of TOR units and by about one percentile in neighborhoods with a low concentration of TOR units.

In addition, Figure A.8 shows that earnings ranks increased in high-concentration TOR

2 Figure A.7 shows the distribution of TOR units across neighborhoods in Copenhagen that have at least one TOR housing
unit. On average, TOR units make up 25% of these neighborhoods, with the median neighborhood having 11% TOR
units. For the control group, we also differentiate between neighborhoods where public housing constitutes no more than
20% of the housing and those where public housing exceeds 20% of the total housing stock.
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neighborhoods for families both with and without children (we return to the effects on children in

Section 6.3).

Figure 7A shows that the TOR policy also led to an increase in the share of employed residents and a
decrease in the share of inactive residents (neither employed nor studying) in non-TOR units located
in neighborhoods with a high concentration of TOR units. Figure 7B indicates that these housing units
also experienced an increase in the share of residents aged 18-34. Finally, Figure 7C documents a
reduction in crime among residents in TOR neighborhoods for crime, which is driven by fewer
property and drug-related crime charges. Thus, the impact of the TOR policy extended beyond TOR

units to other housing units in the same areas.

These results suggest that the TOR policy made TOR neighborhoods more attractive, particularly to
younger and more affluent individuals. This increased demand is also reflected in housing prices.
Using sales price data, Appendix Figure A.9 shows that housing prices in TOR neighborhoods
gradually increased following the policy—by 2001, they had risen by more than 10% relative to the

counterfactual. This is in line with findings by Hausman et al. (2022).

6 City-wide effects

The TOR policy resulted in an influx of relatively aftfluent individuals into TOR housing units and
other housing units in TOR neighborhoods. However, the policy's impact likely extended beyond
these areas. Some individuals who would have resided in TOR neighborhoods in the absence of the
policy now live elsewhere, while others who moved into TOR neighborhoods would have chosen

different locations without the influence of the TOR policy.?* These city-wide spillovers are central

24 There is no evidence of any changes in overall mobility following the introduction of TOR. Figures A.2A and B show
the number and fraction of housing units in Copenhagen with new residents from one year to the next, from 1991 to 2005.
Figures A.2C and D test for differences in new residents for TOR and non-TOR neighborhoods against their synthetic
control counterparts.
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to concerns about gentrification (e.g., Diamond and McQuade, 2019; Boustan et al., 2023), yet they
have not been explicitly identified in previous studies. To address this, we investigate the TOR
policy's impact on neighborhood inequality by estimating the average effect of the policy on housing
units in each neighborhood across Greater Copenhagen, using synthetic control neighborhoods as

described in Section 4.1.3.%°

6.1 Effects of the TOR Policy on All Copenhagen Neighborhoods

We use synthetic control neighborhoods to estimate the effect of the TOR policy on the average

characteristics of residents in housing units within each of the approximately 2,000 neighborhoods in
Greater Copenhagen. These neighborhood estimates Sj,t, are unbiased but noisy measures of the true
underlying neighborhood specific effect of the TOR policy &; ¢, which are the actual parameters of

interest. We, therefore, employ an empirical Bayes shrinkage strategy through the following

hierarchical model:
8,618;,.~N (8¢, 7¢) (2)
6j,t~N(.u6,tl Ug,t)'

where Sft is the sampling variance in period t of the estimator 8” and where the hyperparameters
Us ¢ and ag,t characterize the distribution of the distribution of §; ; after accounting for the estimation
noise in Sj,t (Walters, 2024, provide a description of the application of empirical Bayes methods). We

estimate the hyperparameters (that describe the prior distribution of §;,) by applying maximum

likelihood to the model specified in (2) separately for neighborhoods with a low concentration of

25 Appendix Figure A.10 replicates the results from Sections 4.1 and 4.2 using synthetic control groups. Appendix Figure
A.10A shows the average effect of the TOR policy on TOR units, while Appendix Figure A.10B shows the effect on non-
TOR units in TOR neighborhoods. Estimates are similar to those obtained using a control group consisting of public rental
units in Aarhus, Odense and Aalborg.
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TOR units, neighborhoods with a high concentration of TOR units and neighborhoods with no TOR
units.?® Furthermore, these hierarchical models can be used to construct empirical Bayes posterior

means of underlying neighborhood effects §; ; as:

A2 a2
05t a St
o = <—> o+ + (— ﬁ (3)
it ~2 a2 Jit ~2 a2 6.t
O5¢ 1 Sit O5¢+ St

where 65, 5, and fls ; are estimates of 6§ ,, 55, and us ., respectively.

Figure 8 displays the estimated prior distributions of the neighborhood estimates (6;,) for 1993
(Figure 8A), 1998 (Figure 8B), and 2001 (Figure 8C), using residents' earnings rank as the dependent
variable. In Figure 8, an estimate of 0.02 indicates that the TOR policy let to a two-rank point increase

in average earnings rank of residents in a given treatment neighborhood.?’

As discussed in Section 4.1.3, the common trend assumption now applies to each neighborhood
individually, not just to treatment and control neighborhoods on average. The estimates for the pre-
policy years serve as a test of this assumption for each neighborhood and its synthetic control and
estimates significantly different from zero indicate potential violations of the common trend
assumption. Figure 8A shows that estimates for 1993 (i.e., pre-policy) are closely centered around

zero, supporting the validity of the assumption.

26 The hierarchical model in (2) leads to the following integrated likelihood function that conditions only on
1

1
ex -
JZn(a§,t+s]2-,t) P ( Z(Ug't+s]?'t

: A A2 — I(8 2 a2 a2 : 2
the hyperparameters are then given by: (MS,D JM) = arg u;r:agz( YjlogL (6]-,t|/,t5,t, O5 ¢ sj't), where §; estimates s;;.
LUSt

hyperparameters: L’ (Sj_t|u5_t, af‘t, s]%t) = )(S]-,t - ,Llé"t)2>. Empirical Bayes estimates of

27 Figure A.11 presents the distribution of all 2,000 neighborhood-specific estimates obtained from the synthetic control
strategy (black markers), the posterior estimates obtained from Equation 3 for neighborhoods with no TOR units (gray
markers), the posterior estimates for neighborhoods with a low concentration of TOR units (blue markers), and the
posterior estimates for neighborhoods with a high concentration of TOR units (red markers) for 1993, 1998, and 2001.
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Figures 8B and 8C show the distribution of the impact of the TOR policy on Copenhagen

neighborhoods in 1998 and 2001, respectively. There are two key takeaways:

First, the policy had heterogeneous effects across neighborhoods. Some neighborhoods, particularly
those with a high concentration of TOR units (red lines), experienced an increase in the average
earnings rank of residents in the years following the reform, while other neighborhoods saw a
decrease. Specifically, while the average effect of the policy is 2.3 rank points for high concentration
TOR neighborhoods in 2001, it is just 0.5 rank points for low concentrations TOR neighborhoods and
very close to zero for non-TOR neighborhoods. Section 6.2 explores the characteristics of

neighborhoods with positive and negative outcomes.

Second, comparing Figures 8B and 8C shows that the variability in estimates has increased by time
since the reform. For example, the standard deviation of the estimated effects of the TOR policy on
the average earnings rank of residents in high concentration TOR neighborhoods was 2.2 points in
1998 but increased to 3.1 rank points by 2001. Similar increases can be seen for low concentration
TOR neighborhoods (increase from 0.5 to 1.5 rank points) and non-TOR neighborhoods (increase
from 2.8 to 3.4 rank points). Section 6.3 discusses how these differences have affected neighborhood

inequality.

While Figure 8 documents clear trends in neighborhood-specific estimates across time and by
neighborhood type, a key concern is whether these patterns reflect statistically significant effects
(Mogstad et al., 2024). Table 3 shows the fraction of neighborhood-specific estimates that are
significantly different from zero at a five percent level for 1993, 1998, and 2001. Panel A presents the
tests for all estimates, Panel B for negative estimates, and Panel C for positive estimates, each broken
down by neighborhood category (high-concentration TOR neighborhoods, low-concentration TOR

neighborhoods, and non-TOR neighborhoods). The share of significant estimates gradually increased,
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reaching over six percent by 2001. The highest share of statistically significant estimates is found in
high-concentration TOR neighborhoods—five percent in 1998 and eight percent in 2001. However,
around six percent of estimates in non-TOR and low-concentration TOR neighborhoods were also
significantly different from zero, suggesting that the policy eventually impacted all types of
neighborhoods. Panels B and C indicate that almost all statistically significant estimates in high-
concentration TOR neighborhoods are positive, whereas significant estimates are more evenly spread
between positive and negative in non-TOR and low-concentration TOR neighborhoods. Thus, while
many neighborhood-specific estimates are statistically indistinguishable from zero, the statistically

significant estimates follow the same patterns presented in Figure 8.

The TOR policy induced significant changes to the composition of residents in many neighborhoods,
which unfolded gradually in the years following its introduction. However, it remains unclear whether
the neighborhood-specific estimates reflect persistent changes in the trajectories of certain
neighborhoods or if the effects gradually spread throughout the city, impacting some neighborhoods
earlier and others later.”®* Figures 9A address this by showing the correlation between the estimated
effects of the TOR policy on neighborhoods in Greater Copenhagen across 1998 and 2001. The figure
reveals a strong correlation between post-policy estimates over time, with some neighborhoods

experiencing a steady increase in the average earnings rank of residents while others see a gradual

28 Mast (2023) and Bratu et al. (2024) show how the supply of new housing trickles down through different neighborhoods
in “moving chains” where the moving behavior between some neighborhoods change thereby affecting moving behavior
between other neighborhoods and so forth.

2 To assess whether the policy effects on housing units and neighborhoods in Copenhagen are within a range of what
could reasonably be expected from a policy shock to around six percent of the housing mass in a city, Appendix E presents
a simple model of how the housing shock gradually expands to other housing units through spillover effects. Using the
relative size of the TOR units in the total housing stock in Copenhagen and the average annual moving rate of 10 percent
(see Figure A.2), the simulation results based on the model suggest that around 12 percent of all housing units are affected
by the a policy shock within six years (corresponding to year 2001) with spillover effects to housing units that were not
directly targeted by the shock accounting for around 75 percent of the effects.
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decline. This suggests that the neighborhood-specific estimates reflect persistent changes in

neighborhood trajectories rather than a ripple effect that spreads gradually between different areas.

We also examine the effects of the TOR policy on employment rates and the share of inactive
individuals (i.e., those neither employed nor studying). Figures 9B and 9C show that these outcomes
mirror the effects on earnings ranks.*° Focusing on neighborhood-specific estimates in 2001, Figures
9B and 9C demonstrate that the correlations between the effects of the TOR policy on residents'
earnings ranks and its effects on the share of residents in employment or inactivity are greater than
0.5. This indicates that the movement patterns of high- and low-resource individuals within
Copenhagen, in response to the TOR policy, were consistent across different individual outcomes.
These findings raise the question of what factors distinguished the neighborhoods that benefited from

the policy from those that were adversely affected.

6.2 Neighborhoods Benefitting and Neighborhoods Losing
To investigate what characterizes neighborhoods that benefitted from the TOR policy and

neighborhoods that appear to have lost from the TOR policy in terms of residents’ earnings, we regress
synthetic control estimates of the neighborhood-specific effect of the TOR policy (Sj,t in the previous
subsection) on baseline characteristics of the neighborhood (X;) measured in 1994 (i.e., before the

policy):

~

aj,t =a-+ bX] + €t (4')

where an estimate of b > 0 indicates that neighborhood characteristic X; is positively associated with

the policy effects and vice versa.

30Figure A.12 illustrates the total variation in effects by plotting the prior distribution estimated using the hierarchical
structure in (2) for the two outcomes in question.
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Figure 10 presents estimates of b for all neighborhoods, non-TOR, low-concentration TOR, and high-
concentration TOR neighborhoods separately. Panel A of Figure 10 shows results when X; is a dummy
indicating whether a neighborhood was among the 25% of neighborhoods in 1994 with the lowest
average earnings rank of residents. Panel B shows results when X; is a dummy indicating whether a
neighborhood was among the 25% of neighborhoods with the lowest employment rate among
residents, and Panel C when X; is a dummy indicating whether a neighborhood was among the 25%

of neighborhoods with the highest share of residents who are neither employed nor studying.

The figure shows that among high-concentration TOR neighborhoods, the estimates of b are positive,
indicating that the positive policy effects were concentrated in the most disadvantaged neighborhoods
(measured by pre-policy characteristics). In contrast, among non-TOR neighborhoods, the estimates
of b are negative, suggesting that being a disadvantaged non-TOR neighborhood is negatively
associated with experiencing a positive policy effect. Finally, in low-concentration TOR
neighborhoods, the relationship between policy effects and pre-policy neighborhood characteristics

falls somewhere between those observed for the other two neighborhood types.

The fact that the TOR policy did not impact neighborhood compositions through changes to the
moving behavior of the original TOR residents or outflow from TOR neighborhoods leaves two
potential contributors to the effects of the TOR policy, 8”, for non-TOR neighborhoods: A) changes
to the residential composition in non-TOR neighborhoods because they receive residents who would
have moved to TOR neighborhoods had it not been for the policy, and B) changes to the residential
composition in non-TOR neighborhoods because those who move to TOR neighborhoods would have

lived in these neighborhoods in the absence of the policy.

To approximate these two counterfactual moving patterns, we consider changes to moving patterns

from each neighborhood to high-concentration TOR neighborhoods in the pre- and post-policy
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period.>! Table A.2 presents the association between the proxies of the degree to which a non-TOR
neighborhood is a type A or type B contributor (see previous paragraph) and the estimated
neighborhood-specific effect of the TOR policy in the neighborhood in 2001 (Sj,zom). The table
shows that the TOR-policy effects are negatively associated with being a type A contributor and
positively associated with being a type B contributor. This suggests that the “losing” non-TOR
neighborhoods are those who receive the individuals who would have moved to TOR neighborhoods
had the policy not been implemented, while the “winning” non-TOR neighborhoods are the areas
where those who move to TOR-neighborhoods due to the policy would have moved in the absence

of the policy.
6.3 Children’s Exposure to Neighborhood Effects

As documented in the existing literature (see e.g., Chetty et al., 2016), neighborhood of residence
during childhood can have important impacts on various later life outcomes. Therefore, the effects of
the TOR policy on neighborhood composition and neighborhood quality may also have impacted the
children growing up in affected neighborhoods. We investigate this next by investigating the
association between the outcomes of children and their exposure to neighborhoods that were impacted

by the TOR policy between 1995 and 2001.

3 Specifically, we separate the data in a pre-policy period (1991-1994) and post policy period (1998-2001), and estimate
the share of residents moving from each neighborhood j to high concentration TOR neighborhoods in the pre-period
(send]”"), and the post-period (send}w“). We approximate type A contributors by estimating the neighborhood specific
propensity to receive residents in the post-policy period, from neighborhoods that were sending residents to high-
concentration TOR neighborhoods in the pre-policy period, E (sendfrelperiod = post). We approximate type B
contributor by estimating the propensity to receive residents in the pre-policy period, from neighborhoods that send
residents to high-concentration TOR neighborhoods in the post-policy period, E (sendf05t|period = pre). To ease the
interpretation of the estimates in Table A.3, the two variables E (send] "¢ |period = post) , E (sendf05t|period = pre)
are transformed to ranks (defined among all neighborhoods in the Greater Copenhagen area).
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Because neighborhood effects on children increase with the duration of exposure to neighborhoods
(Chetty & Hendren, 2018), and because the effects of the TOR policy on neighborhood residential
composition do not stabilize until the end of the observation period, these estimates will likely
constitute a lower bound of the total longer run effects of the TOR policy on children in the Greater

Copenhagen area via, for example, changed peer groups in schools.

We focus on children born in 1986-1990 (i.e. those in school-age during the post-policy years 1995-
2001) and the association between child outcomes y; and the estimated empirical Bayes posterior
TOR policy effects, &/, (to obviate attenuation bias from using the noisy neighborhood estimates Sj,t

as regressors) for residents’ earnings rank in the neighborhoods where the children lived between

years ¢: 1995-2001.
Vi =a+y8 + Xii7 e+ e (5)

Here, X;/°* are the pre-policy characteristics (measured in 1992) of residents in the neighborhoods
that the child has lived in from 1995 to 2001, which we include to control for the overall association
between child outcomes and the characteristics of the child’s neighborhood of residence. We consider
three child outcomes: 9™ grade GPA, high school completion, and number of charges for crime

committed between age 15-19.

Table 4 presents estimates of y from Eq. 4, which captures the association between exposure to the
TOR policy effects during childhood and later outcomes. We scale §;, such that the estimate of y
corresponds to the effects of a 5 percentile point increase in the average earnings rank of residents
from 1995 to 2001 (approximately the earnings rank increase in the neighborhoods with the largest

effects, see Figure A.11).
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Column (1) of Table 4 shows a strong association between exposure to policy effects and children’s
9 grade GPA. Exposure to neighborhoods with 5 percentile points higher earnings rank during
childhood is associated with almost 8 percent of a standard deviation higher GPA. Exposure to the
policy effects is also significantly associated with high school completion as shown in column (6).
Exposure to neighborhoods with 5 percentile points higher earnings rank is associated with 4.5
percentage points higher probability of completing high school. For crime as shown in column (11),

estimates in the main specification are noisy and not significantly different from zero.

To assess whether the exposure effects are driven by the families who move between neighborhoods
or those remaining in the same neighborhood, columns (2), (7), and (12) show the estimated exposure

effects when we assign children 804 , according to the neighborhood where they lived in 1994: j>*.

These estimates follow the same pattern as the full exposure effects and are of similar magnitude
suggesting that exposure effects are driven by children who remain in the same neighborhood

throughout the period.*

Columns (3), (8), and (13) test for differences in exposure effect across neighborhood affluence by

interacting 5j*94't with an indicator for whether the neighborhoods' pre-policy average earnings rank

was in the lowest 25% of neighborhoods in Greater Copenhagen. The columns show that exposure
effects are larger for children from these low-resource neighborhoods. While the point estimate on
GPA is insignificant, exposure effects on the two other outcomes are both significant and sizable:

Exposure effects on high school completion is four times larger than in the remaining areas (0.077 +

32 Table A.3 presents the estimated the effects of exposure to the policy separately for those who remain in the same
neighborhood from 1994 (pre-policy) to 2001 and those who move between neighborhoods. Estimates are largest for
stayers for GPA and high school completion and for movers for crime charges. However, as the decision to move during
childhood is non-random (Table A.3 indicates that children who move are negatively selected as they have lower GPA
and high school completion, and higher crime rates compared to children who do not move during school age), the
differences in policy exposure estimates between stayers and movers should be interpreted with caution.
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0.025 vs. 0.025) and effects on crime charges are solely driven by exposure effects in low-resource

arcas.

While it is difficult to compare estimates across different settings and treatments, we may assess the
magnitude of the results from Table 4 in the light of the findings from the MTO experiment in Chetty
et al. (2016). The closest comparison of outcomes are high school completion and college attendance,
respectively. The exposure estimates suggest that children from low-resource neighborhoods
experienced an increased likelihood of completing high school of 10 percentage points (0.025 +
0.077), which corresponds to 19 percent relative to the mean. In comparison, the MTO experiment
increased college attendance by roughly 5 percentage points, which corresponds to 32 percent relative

to the control mean (Chetty et al., 2016, pp. 877).

The remaining columns in Table 4 test for heterogeneity in the exposure effects across children’s
characteristics. Columns (4), (9), and (14) test for difference across age at exposure to the policy
effects. While there are no differences for 9 grade GPA, effects on high school completion are larger
for older children (i.e., teenagers close to high school age). Similarly, effects on crime are larger for
older children underscoring the sensitive age-range when it comes to the initiation of a criminal
trajectory through peer exposure as, among others, shown in e.g., Damm and Dustmann (2014) and
Dustmann and Landerse (2022). Finally, columns (5), (10), and (15) show that exposure effects are
mainly driven by children whose parents have not completed high school, which points to the
potential of neighborhood quality to either mitigate or exacerbate inequality in children’s outcomes

across parental background.
6.4 Inequality between Neighborhoods

The results from the Section 6.2 suggest that some neighborhoods, particularly disadvantaged high-

concentration TOR areas, experienced positive policy effects, whereas disadvantaged non-TOR
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neighborhoods saw negative impacts. Thus, it is not clear if the policy decreased or increased overall
inequality between neighborhoods in Copenhagen — a question that is key to concerns relating to

gentrification in many cities.

To investigate this concern, we use the observed average earnings ranks, share employed, and share
active for each neighborhood in Greater Copenhagen and the corresponding empirical Bayes posterior

TOR policy effects, &;¢, to obtain the average outcomes in neighborhoods, with and without the

policy, at the 10%, 50" and 90™ percentile in non-TOR, low-concentration TOR, and high-
concentration TOR neighborhoods, on the one hand, and all neighborhoods in Greater Copenhagen,

on the other hand.??

Figure 11 illustrates the percentage change in the P90/P10, P50/P10, and P90/P50 ratios resulting
from the TOR policy in 2001 for the three outcomes in question in 2001.>* Bars labelled “All” indicate
the overall change in these ratios within Greater Copenhagen. Bars labeled “Non-TOR” indicate how
the P10 or P50 in non-TOR neighborhoods changed relative to the P90 or P50 within Greater
Copenhagen, bars labeled “TOR low” indicate how the P10 or P50 in low concentration TOR

neighborhoods changed relative to the P90 or P50 within Greater Copenhagen and so forth.*

A negative estimate for the P90/P10 ratio indicates a reduction in the gap between disadvantaged and

affluent neighborhoods. Similarly, a negative estimate for the P90/P50 ratio suggests a decrease in

33 We focus on inequality measured as the average difference between neighborhoods, rather than total inequality, which
includes both within- and between-neighborhood variation.

34 Figure A.13 shows the policy effects on the P90/P10 ratios in the different neighborhood types from 1995-2001.

35 Average earnings ranks at the 10", 50", and 90" percentile within each of the three neighborhood types ¢ (non-TOR,
low concentration TOR, and high concentration TOR), Plog, PSOg, P90§, and the average earnings rank at the 50" and
90™ percentile in the full city of Copenhagen, P50%, P90% in the counterfactual states with (d = 1) and without (d = 0)
the TOR policy are based on the empirical Bayes posterior estimates presented in Section 6.1. We then estimate the ratios
P90g Psod  Pood

—4; —4; —4 for each neighborhood type and treatment state d. Finally, we compare the relative difference between
P10%’ P1 ¢’ p50¢

. . P9 } /P90Y
each of these inequality measures between the control and treatment states, for example (Pl 4 / Plo‘g - 1) X 100.
c c
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the gap between median and affluent neighborhoods. Finally, a negative estimate for the P50/P10
ratio signifies a reduction in the gap between disadvantaged and median neighborhoods, and vice

versa.

Focusing first on the high concentration TOR neighborhoods, Figure 11 shows that the P90/P10
ratio—representing the gap between disadvantaged high-concentration TOR neighborhoods and
affluent neighborhoods in Copenhagen—decreased by 7-14%, depending on outcome, due to the
policy. Figure 11 also shows that this decrease is mostly due to a decrease in the P50/P10 ratio, which
decreased by 7-14% for high-concentration TOR neighborhoods. This suggests that, based on the
average earnings ranks of residents, the share employed, and the share who either have a job or study,
the TOR policy significantly reduced disparities between the lower end of the distribution among
high-concentration TOR neighborhoods and the middle of the distribution across all neighborhoods

in Copenhagen.

In contrast, for non-TOR neighborhoods, the P90/P10 and the P50/P10 ratios have increased due to
the reform. Thus, the disadvantaged non-TOR neighborhoods have fallen behind compared to the
middle and upper tiers of the overall neighborhood distribution. In low-concentration TOR
neighborhoods, inequality did not change substantially due to the policy. Finally, focusing on
inequality among all neighborhoods in Greater Copenhagen, inequality has increased by 1%
measured by earnings ranks, 2% measured by the share employed, and 4% measured by the share
who either have a job or study with most changes being driven by an increase in the P50/P10 ratio

(see bars labeled “All”).3

36 To get a sense of how many individuals that would have to live in a different neighborhood relative to the counterfactual
state without the TOR policy to generate the effects from Fig. 11, Fig. A.14 shows the percent change in the P90/P10 ratio
if a given fraction (from 1% to 100%) of residents from the poorest 10% of neighborhoods and the 10% most affluent
neighborhoods switched residence. The figure shows that the estimated change in the p90/pl10 ratio at city-level
corresponds to around 6-7 percent of residents living in a different area than they otherwise would have without the policy.
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In summary, Figure 11 illustrates how policies targeting specific neighborhoods can have contrasting
effects on the target group and the broader city. Altering the composition of residents in some low-
resource neighborhoods does not address inequality issues if these initiatives result in the relocation
of disadvantaged groups to other low-resource areas. In fact, such policies may even worsen

segregation.

7 Conclusion

This paper examines how a housing policy that converted around 6% of Copenhagen’s housing stock
from public to private housing affects the residential composition within the transformed units, the

surrounding neighborhoods, and the entire city.

The policy led to a substantial change in the composition of residents in the target housing units where
the average earnings rank of residents increased, while crime rates and the share of adult residents
without a job or not enrolled in education dropped. These changes, in turn, enhanced the attractiveness
of the immediate neighborhoods. For instance, real estate prices increased by approximately 10%
within five years following the policy, suggesting that it successfully improved a set of disadvantaged
neighborhoods. The policy did not directly affect the earnings or asset accumulation residents who
lived in the affected units prior to the implementation, whether they stayed in the unit (and joined co-

op ownership) or moved away except for crime rates.

Neighborhoods with a high proportion of converted housing units attracted younger, more affluent
residents than those without the policy. However, neighborhoods not directly targeted by the policy
but already among the most disadvantaged in the metropolitan area at the onset of the policy received
a larger share of disadvantaged individuals than they would have otherwise. The policy thereby
influenced moving patterns in other neighborhoods by altering the composition of residents

throughout the city. We show that exposure to policy effects on neighborhood composition affected
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children’s GPA, high school completion, and crime rates — particularly for children from low educated

parents.

Overall, the policy affected many areas and residents — some in good and others in bad. As the
earnings of residents in many low resource neighborhoods fell further behind the rest of the city, the
policy led to an overall increase in inequality between low-resource and high-resource
neighborhoods. Our study thus reveals a previously overlooked aspect of housing policies. While
fostering positive changes and enhanced opportunities in the targeted neighborhoods—outcomes that
policymakers may seek to replicate—the policy also exacerbated challenges in other disadvantaged

neighborhoods.
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Figure 1: Housing Composition in Copenhagen and the TOR Policy

(a) Residential units, CPH (b) Ownership, TOR units
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Note: Panel (a) shows the number of residential housing units in Copenhagen by year and housing type. Panel (b)

shows the housing types housing units that were classified as TOR units in 1994 in different years surrounding the
TOR policy in 1995.



Figure 2: Earnings and Employment of TOR units, the Rest of Copenhagen and Public Rental Units in
Other Cities

(a) Earnings ranks (b) Employment rate
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Note: Panel (a) shows the average earnings rank of residents in TOR housing units, residents in other housing units
in Copenhagen and residents in public rental housing units in Aarhus, Odense and Aalborg in the years surrounding
the TOR policy in 1995. Earnings rank refer to earnings ranks in the full population. Panel (b) shows the
employment rate among residents in TOR housing units, residents in other housing units in Copenhagen and
residents in public rental housing units in Aarhus, Odense and Aalborg in the years surrounding the TOR policy in
1995. Panel (c) shows changes in the average earnings rank of residents indexed relative to 1994 and panel (d)
shows changes in in the employment rate of residents indexed relative to 1994.



Figure 3: Effects of the TOR Policy on Earnings in TOR Units
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Note: The figure shows estimates of the impact of the TOR policy on the earnings rank of residents in TOR housing
units. Estimates are from a difference-in-differences specification (Eq. 1) that compares the outcome trajectory of
adults residing in TOR units to the outcome trajectory of adults residing in public rental housing in Aarhus, Odense
or Aalborg. Vertical lines indicate 95% confidence intervals. Standard errors are clustered at the housing unit level.



Figure 4: Effects of the TOR Policy on Other Outcomes in TOR Units

(a) Labor market status

(b) Age Composition

1

e |

A5

A ' 5 ¢
3
3 o & ® @ $
T E @ S
= T T T, : §
g g5 3 Y §
.
3 ol g % %
S 3
J = 5 ) L % i % $ § <§
% i ; N 3 I Y
f :t }
T T T T T T T T o T T T T T
1991 1995 1997 999 2001 1991 1993 1995 1997 1999 2001
1992 1904 1996 1996 2000 1902 1994 1996 1998 2000
Vear Yeer
O Tmployed < Studying O Age 18-34 O Age 35-49
4 Not employed and studying 4 Age S0+

Note: The figure shows estimates of the impact of the TOR policy on the labor market status (employed,
unemployed, studying or outside the labor force and not studying) of TOR residents in Panel (a) and estimates of
the impact of the TOR policy on the age composition of TOR residents in Panel (b). Estimates are from a difference-
in-differences specification (Eq. 1) that compares the outcome trajectory of adults residing in TOR units to the
outcome trajectory of adults residing in public rental housing in Aarhus, Odense or Aalborg. Vertical lines indicate
95% confidence intervals. Standard errors are clustered at the housing unit level.



Figure S: Effects of the TOR Policy on Offenders in TOR Units
(a) All crime, by age (b) Crime, by crime type
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Note: The figure shows estimates of the impact of the TOR policy on the fraction of residents in TOR
housing units with a crime charge in a given year. Figure (a) shows the results for all crime (excl. traffic
offenses) for the full sample of adults and separately for individuals aged 18-24, 25-34, and 35-49 years.
Figure (b) all crime (excl. traffic offenses) and separately for property, violent, and drug-related crime.
Estimates are from a difference-in-differences specification (Eq. 1) that compares the outcome trajectory of
adults residing in TOR units to the outcome trajectory of adults residing in public rental housing in Aarhus,
Odense or Aalborg. Vertical lines indicate 95% confidence intervals. Standard errors are clustered at the
housing unit level.



Figure 6: Effects of the TOR Policy on Earnings in TOR Neighborhoods
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Note: The figure shows estimates of the impact of the TOR policy on the earnings rank of residents in TOR
neighborhoods but not in TOR housing units. Estimates are from difference-in-differences specifications (Eq. 1)
that compare the outcome trajectory of adults residing in TOR neighborhoods to the outcome trajectory of adults
residing in neighborhoods with public rental housing in Aarhus, Odense or Aalborg. We differentiate between
neighborhoods with 20% or fewer TOR (public housing) units and neighborhoods with more than 20% TOR
(public housing) units. Vertical lines indicate 95% confidence intervals. Standard errors are clustered at the housing
unit level.



Figure 7: Effects of the TOR Policy on Labor Market Outcomes, Age, and Crime of TOR Neighborhoods,
Control: Other cities
(a) Labor market status (b) Age
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Note: The figure shows estimates of the impact of the TOR policy on the labor market status (employed,
unemployed, studying or outside the labor force and not studying) in Panel (a), on the age composition of in Panel
(b), and the fraction receiving a crime charge in Panel (c) for residents in TOR neighborhoods with a high
concentration of TOR units (at least 20%), but not including TOR housing units. Estimates are from a difference-in-
differences specification (Eq. 1) that compares the outcome trajectory of adults residing in TOR neighborhoods to
the outcome trajectory of adults residing in neighborhoods with public rental housing in Aarhus, Odense or
Aalborg. Vertical lines indicate 95% confidence intervals. Standard errors are clustered at the housing unit level.



Figure 8: Distribution of Effects of the TOR Policy on Neighborhoods in Copenhagen
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Note: The figure reports empirical Bayes prior distributions of the effect of the TOR policy on the
average earnings rank of all neighborhoods in Copenhagen. These distributions are obtained from
models fitting the distribution of neighborhood specific estimates separately by neighborhood type.
Neighborhood specific estimates are from a difference-in-differences specification (Eq. 1) that
compares the outcome trajectories of a given neighborhood in Copenhagen, with a synthetic control
group constructed from neighborhoods in Aarhus, Odense and Aalborg.




Figure 9: Correlations between Neighborhood Estimates by Years Since the Reform

Correlations between neighborhood estimates across years
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Note: The figure reports estimates of the effect of the TOR policy on the average earnings rank of all
neighborhoods in Copenhagen in 2001 against the estimated impact on earnings rank in 1995 (a), the estimated
impact on earnings rank in 1998 (b), the estimated impact on employment rates in 2001 (c), and the estimated
impact on the share of residents neither studying or in employment (d). Estimates are from difference-in-differences
specifications that compare the outcome trajectories of a given neighborhood in Copenhagen, with a synthetic
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control group constructed from neighborhoods in Aarhus, Odense and Aalborg.




Figure 10: Characteristics of Winners and Losers from the TOR Policy

Panel A: Earnings Panel B: Employment Panel C: Inactive
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Note: The figure shows estimates of the relationship between neighborhoods being in the bottom quantile of the
earnings distribution, having a low share of residents who are employed (bottom 25%) or having a high share of
residents neither studying or being in employment (top 25%) in 1994. Specifically, the figure shows estimates from
a regression where the estimated effect of the TOR policy on neighborhoods in Copenhagen is regressed on an
indicator for being in the given part of the respective distribution. Estimates are shown for all neighborhoods in
Greater Copenhagen, non-TOR neighborhoods in Copenhagen, neighborhoods with a low concentration (<20%) of
TOR units and neighborhoods with a high concentration (>20%) of TOR units. Vertical lines indicate 90%
confidence intervals.



Figure 11: Vertical Inequality Effects of the TOR Policy in 2001
a) Earnings rank
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Note: The figure shows how the TOR policy affected the p90/p10, p50/p10, and p90/p50 ratios in the outcome
distributions (earnings rank, share employed, share active) as a percentage of the counterfactual scenario. These measures
are calculated by determining the average outcome at the 10th, 50th, and 90th percentiles both under the TOR policy and in
the hypothetical scenario where the TOR policy was absent (using the empirical Bayes posterior estimates). We construct
ratios for each neighborhood type —non-TOR, low-concentration TOR, and high-concentration TOR neighborhoods—and
for all neighborhoods in Copenhagen. We compute the percentage change in the P90/P10 for a given neighborhood type ¢
as:

P90} /P90%

(m/ 100

Change in p50/p10 and p90/p50 are computed in similar way. Estimates are shown for all neighborhoods in Greater

Copenhagen (All), non-TOR neighborhoods (Non-TOR), neighborhoods with a low concentration (<20%) of TOR units
(TOR low) and neighborhoods with a high concentration (>20%) of TOR units (TOR high).
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Table 1: Descriptive Statistics

O 2 3 “4) (&) (6)
1994 2001

TOR CPH Other TOR CPH Other

Age 18-34 0.33 0.40 0.29 0.42 0.42 0.29
(0.47) (0.49) (0.46) (0.49) (0.49) (0.45)

Age 35-49 0.25 0.23 0.21 0.25 0.24 0.24
(0.43) (0.42) (0.41) (0.43) (0.43) (0.43)

Age 50-64 0.19 0.15 0.20 0.17 0.18 0.21
(0.39) (0.36) (0.40) (0.38) (0.38) (0.40)

Age 65+ 0.24 0.22 0.30 0.17 0.16 0.26
(0.42) (0.41) (0.46) 0.37) (0.37) (0.44)

Studying 0.05 0.12 0.08 0.13 0.15 0.11
(0.23) (0.32) (0.27) (0.34) (0.36) (0.31)

Employment 0.29 0.46 0.33 0.39 0.50 0.35
(0.45) (0.50) (0.47) (0.49) (0.50) (0.48)

Not empl. or studying 0.51 0.33 0.50 0.42 0.30 0.48
(0.50) (0.47) (0.50) (0.49) (0.46) (0.50)

Earnings rank 0.33 0.48 0.36 0.39 0.49 0.36
(0.24) (0.29) (0.25) 0.25) (0.29) (0.25)

Disposable income rank 0.34 0.44 0.36 0.35 0.46 0.35
(0.22) (0.29) (0.23) (0.24) (0.30) (0.23)

Crime charge 0.06 0.02 0.02 0.03 0.01 0.02
(0.23) (0.14) (0.15) (0.17) (0.12) (0.13)
Observations 26,305 437,954 51,574 26,368 454,917 48,242

Note: The table reports descriptive statistics of residents in TOR housing units (columns 1, 4), other housing units
in Copenhagen (columns 2, 5) and in public rental housing units in Aarhus, Odense and Aalborg (columns 3, 6).
Characteristics are reported for 1994, the year before the TOR policy, and in 2001 six years after the policy.
Standard deviations are reported in parentheses.



Table 2: Decomposing the Effect of The TOR Policy on TOR Units: Earnings Ranks

&) (@) 3 “ (6))
Baseline Stayers Composition ~ Weight on comp. Original tenants
1995 -0.0017 -0.0074%** 0.0333%** 0.1389%** -0.0029*
(0.0019) (0.0019) (0.0041) (0.0028) (0.0014)
1996 0.0015 -0.0128%*** 0.0456%** 0.2451*** -0.0069%***
(0.0021) (0.0021) (0.0035) (0.0028) (0.0016)
1997 0.0105%** -0.0122%** 0.0578%*** 0.3241*** -0.0050%**
(0.0022) (0.0023) (0.0033) (0.0028) (0.0017)
1998 0.0252%** -0.0094*** 0.0790%*** 0.3909*** -0.0029
(0.0023) (0.0025) (0.0032) (0.0028) (0.0019)
1999 0.0399%** -0.0062* 0.0971*** 0.4462%** -0.0012
(0.0024) (0.0026) (0.0031) (0.0027) (0.0020)
2000 0.0520%** -0.0036 0.1098*** 0.4908*** -0.0002
(0.0025) (0.0027) (0.0031) (0.0027) (0.0021)
2001 0.0593*** -0.0045 0.1166%** 0.5629%*** -0.0003
(0.0026) (0.0029) (0.0031) (0.0027) (0.0023)
Observations 1,049,834 1,049,834 1,049,834 361.392 784.365

Note: The table reports estimates of the impact of the TOR policy on the earnings rank of residents in TOR units
by years since the reform in column 1. Column 2 and 3 decomposes the effects into those due to stayers (column
2) and changes in the composition of residents (column 3). Column 4 reports the weights assigned to the
composition estimates in the regression reported in column 1. The weight assigned to the stayers is 1 minus the
weight in column 3. Column 5 reports the estimated effect of the TOR policy on the original TOR residents
(residing in TOR units in 1994). Estimates are from difference-in-differences specifications that compare the
outcome trajectory of adults residing in TOR units to the outcome trajectory of adults residing in public rental
housing in Aarhus, Odense or Aalborg. Standard errors are reported in parentheses.
* p<0.1; ** p<0.05; *** p<0.01



Table 3: Statistically Significant Treatment Effects at the Neighborhood Level

1) 2 (3) () (%) (6) @] (®) )] (10) an (12)
Year A) All estimates # 0 B) Negative estimates # 0 C) Positive estimates # 0

All non-TOR low conc. high conc. All non-TOR low conc. high conc. All non-TOR low conc. high conc.

TOR TOR TOR TOR TOR TOR

1993 0.004  0.003 0.006 0.016 0.001  0.001 0.000 0.008 0.003  0.002 0.006 0.008
1998 0.036  0.038 0.017 0.047 0.013 0.015 0.000 0.000 0.023  0.022 0.017 0.047
2001 0.063  0.062 0.062 0.078 0.025  0.026 0.028 0.008 0.038  0.036 0.034 0.070
Observations 2,055 1,751 176 128 2,055 1,751 176 128 2,055 1,751 176 128

Note: The tables shows the share of the estimates of the impact of the TOR policy on neighborhoods in Greater Copenhagen that are significant at
the five percent level. These shares are shown separately by year with the TOR policy occurring in 1995, by neighborhood type (all
neighborhoods, non-TOR neighborhoods, low concentration TOR neighborhoods and high concentration TOR neighborhoods) and separately for
all estimates (columns 1-4), negative estimates (columns 5-8) and positive estimates (columns 9-12).



Table 4: Child Outcomes from Exposure to Neighborhood Policy Effects on Earnings Rank (5 Rank Points)

GPA (standardized to sd=1) High school completion (0/1) Crime charges
M 2 (©) “ &) (0) (M ®) &) 10) ap dz» a3y a4  ds

Exposure (10 ranks)

Exposure (10 ranks)
*1[Neighborhood
earnings, 1st quartile]

Exposure (10 ranks)
* Age at exposure

Exposure (10 ranks)
*1[No high school,
child's parents]

Mean (s.d.)

0.076* 0.074** 0.059** 0.061 0.016 0.045%** 0.046*** 0.025%* -0.077** 0.014  -0.016 -0.027* 0.004 0.031 0.007
(0.028) (0.024) (0.021) (0.047) (0.029) (0.012) (0.010) (0.008) (0.029) (0.010) (0.015) (0.012) (0.016) (0.032) (0.017)

- - 0.069 - - - - 0077 - - - - -0.080% - -
(0.074) (0.025) (0.035)

- - 0.012 - - - 0.014%%% . - - 0.009% -
(0.006) (0.004) (0.004)

- - - 0.045 - - - 0.028* - - - -0.025
(0.027) (0.012) (0.020)

0.049 (1.001) 0.524 (0.499) 0.263 (0.869)

Observations

198,079 198,079 198,079

Pre-policy
characteristics

Fixing neighborhoods
to 1994

X X X X X X X X X X X X X X X

Notes: The table shows estimates of child outcomes regressed on the children's exposure to the neigborhood specific policy effects on residents' earnings rank (scaled to
an increase in 5 rank points) from 1995-2001. Columns (1)-(5) show estimates on children's 9th grade GPA (standardized to mean of 0 and sd=1 at the national level),
(6)-(10) show estimates on children's high school completion, and (11)-(15) show estimates on number of crime charges from age 15-18. Columns (2), (6) and (11)
show the corresponding estimates while fixing neighborhood effects to the neighborhood where the children lived in 1994. Columns (3), (8), and (13) show estimates
where expsoure is interacted with an indicator of the neighborhoods' pre-policy average earnings rank was in the lowest 25% of Greater Copenhagen. Columns (4), (9),
and (14) show estimates where exposure is interacted with an indicator child age at exposure. Columns (5), (10), and (15) show estimates where exposure is interacted
with an indicator of whether both of the child's parents have not completed high school. All estimates are controlling for pre-policy (1992) characteristics of residents in
the neighborhoods the children lived in from 1995-2001. Effects are estimated at the child-year level using the neighborhood specificempirical Bayes posterior means of
the estimated TOR policy effects. Estimates are clustered at the neighborhood level.

* p<0.1; ** p<0.05; *** p<0.01
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A. Further results
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Note: The figure shows the share of TOR units in neighborhood clusters of 600 households; i.e., areas that contain
on average four 150 household neighborhoods, which is the unit of analysis in the paper. Light yellow areas are
areas without any TOR units. Orange areas are areas with TOR units, but without any 150 household
neighborhoods that are high-concentration TOR neighborhoods (where TOR units compose 20% or more of the
housing mass). Red areas are areas where at least one 150 household neighborhood is a high-concentration TOR
neighborhood. Areas vary in size due to housing density with the largest areas also contain parks, recreational areas

or industry (such as dock area next to the harbor).



Figure A.2: Housing Units With New Residents From Year t-1 to t.
Housing Units with New Residents, by Housing Type
(a) Number of Housing Units With New Resident (b) Fraction of Housing Units With New Resident
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Note: Figures (a) and (b) show - by housing type - the number (a) and fraction (b) of housing units where all
residents have moved out from year t-1 to year t. Figures (¢) and (d) show - by neighborhood type - treatment-
control differences in number (c) and fraction (d) of housing units where all residents have moved out from
year t-1 to year t along with 95% confidence intervals. Estimates are from a difference-in-differences
specification (Eq. 1) that compares the outcome trajectories of a given neighborhood in Copenhagen, with a
synthetic control group constructed from neighborhoods in Aarhus, Odense and Aalborg.



Figure A.3: Housing Prices in Copenhagen and Other Large Cities of Denmark
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Note: The figure shows the evolution in the average price per square-meter of apartments sold in a year in Greater
Copenhagen, Aarhus, Odense and Aalborg. Prices are set to one in 1993.



Figure A.4: Synthetic Control Validation by Neighborhood Type
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Note: The figure shows the mean earnings rank of neighborhoods in Greater Copenhagen,
and of synthetic control groups of neighborhoods in Greater Copenhagen for the years 1986-
1994. The synthetic control groups are constructed from neighborhoods in Aarhus, Odense
and Aalborg. The synthetic control groups are constructed to match the earnings ranks of
neighborhoods in Greater Copenhagen between 1991 and 1994. These statistics are shown
separately for neighborhoods with TOR units, and for neighborhoods in Greater Copenhagen

with no TOR units.



Figure A.5: Effects of the TOR Policy on Earnings in TOR Units

(a) Control: Rest of CPH. Earnings rank

(b) Control: Other cities, Earnings rank
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Note: The figure shows estimates of the impact of the TOR policy on the earnings rank, labor market status
(employed, unemployed, studying or outside the labor force and not studying), and the age composition of TOR
residents in Panels (a,b), (c,d), and (e,f), respectively. Estimates are from a difference-in-differences specification
(Eq. 1) that compares the outcome trajectory of adults residing in TOR units to the outcome trajectory of adults
residing in other housing units in Copenhagen (panels to the left) or in public rental housing in Aarhus, Odense or
Aalborg (panels to the right). Vertical lines indicate 95% confidence intervals. Standard errors are clustered at the

housing unit level.



Figure A.6: Effects of the TOR Policy on Earnings and Assets Ranks in TOR Units, by Age of
Residents
(a) Earnings Ranks
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Note: The figure shows estimates of the impact of the TOR policy on the earnings and assets ranks of

residents in TOR housing units separately for individuals aged 18-34, 35-49, 50+. Earnings and assets
ranks for individual age groups are measured in the full population distribution (irrespective of age).
Estimates are from a difference-in-differences specification (Eq. 1) that compares the outcome trajectory
of adults residing in TOR units to the outcome trajectory of adults residing in public rental housing in
Aarhus, Odense or Aalborg. Vertical lines indicate 95% confidence intervals. Standard errors are clustered
at the housing unit level.



Figure A.7: Density of TOR Units in TOR Neighborhoods

Avg. share of TOR units: 0.250
Median share of TOR units: 0.114
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Note: The figure shows the share of TOR units in neighborhoods in Copenhagen with at least one TOR unit. The

graph is censored at 0.7 as indicated with *.



Figure A.8: Effects of the TOR Policy on Earnings in TOR Neighborhoods, Families With and Without

Children
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Note: The figure shows estimates of the impact of the TOR policy on the earnings rank of residents in high-
concentration TOR neighborhoods (but not in TOR housing units) according to whether they have children
aged 0-6, children aged 7-14, or no children within those age-ranges. Estimates are from difference-in-
differences specifications (Eq. 1) that compare the outcome trajectory of adults residing in high-concentration
TOR neighborhoods to the outcome trajectory of adults residing in neighborhoods with similar fractions of
public rental housing in Aarhus, Odense or Aalborg. Vertical lines indicate 95% confidence intervals.
Standard errors are clustered at the housing unit level.



Figure A.9: The Impact of the TOR Policy on Housing Prices in TOR Neighborhoods

) i
o~ - i
w E b ¢
8 : !
= ] q
o g H
[ H
o :
5 : O !
“E' ! (1] (0] =
— )} L
o +e g g :
o T T T : T T T T T T T T T T
1992 1994 1996 1998 2000 2002 2004
1993 1995 1997 1999 2001 2003
Year

O Estimate +H—— 95% C.I.

Note: The figure shows estimates of the impact of the TOR policy on the average sales prices of apartments in TOR
neighborhoods excluding sales of TOR housing units in a year. Estimates are from difference-in-differences
specifications that compare the outcome trajectory of housing units in TOR neighborhoods to the outcome
trajectory of housing units in neighborhoods with public rental housing in Aarhus, Odense or Aalborg. Vertical
lines indicate 95% confidence intervals. Standard errors are clustered at the housing unit level.
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Figure A.10: Effects of the TOR Policy on Earnings using Synthetic Control Group

(a) TOR units

(b) TOR Neighborhoods, excl. TOR units
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Note: The figure shows estimates of the impact of the TOR policy on the earnings rank of residents in TOR housing
units (panel a) and on residents in TOR neighborhoods excluding residents in TOR units (panel b). Estimates are
from difference-in-differences specifications that compare the outcome trajectory of adults residing in TOR units
(panel a) or outcomes of adults residing in TOR neighborhoods (panel b) to the outcome trajectory of their synthetic
control constructed from neighborhoods in Aarhus, Odense or Aalborg. Vertical lines indicate 95% confidence
intervals.



Figure A.11: Effects of the TOR Policy on Neighborhoods in Copenhagen
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Note: The figure reports estimates of the effect of the TOR policy on the average earnings rank of all
neighborhoods in Copenhagen. Estimates in gray are from a difference-in-differences specification (Eq. 1) that
compares the outcome trajectories of a given neighborhood in Copenhagen, with a synthetic control group
constructed from neighborhoods in Aarhus, Odense and Aalborg. Estimates in black, blue and red are empirical
Bayes posterior estimates from models fit to the distribution of neighborhood specific estimates separately by
neighborhood type.



Figure A.12: Effects of the TOR Policy on Neighborhoods in Copenhagen

(a) Employment: 2001
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Note: The figure reports empirical Bayes prior distributions of the effect of the TOR policy on the employment rate
(Panel a) and the share of residents who are neither employed or studying (Panel b) for all neighborhoods in
Copenhagen. These distributions are obtained from models fitting the distribution of neighborhood specific
estimates separately by neighborhood type. Neighborhood specific estimates are from a difference-in-differences
specification (Eq. 1) that compares the outcome trajectories of a given neighborhood in Copenhagen, with a
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synthetic control group constructed from neighborhoods in Aarhus, Odense and Aalborg.




Figure A13: Vertical Inequality Effects of the TOR Policy, 1995-2001

a) All neighborhoods b) Non-TOR neighborhoods
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Note: The figure shows the estimates of the impact of the TOR policy on the p90/p10 ratios in the outcome distributions (earnings rank, share employed, share
active) as a percentage of the counterfactual scenario fromm 1995 to 2001. These measures are calculated by determining the average outcome at the 10th, 50th, and
90th percentiles both under the TOR policy and in the hypothetical scenario where the TOR policy was absent. We construct these metrics for each neighborhood
type—non-TOR neighborhoods, low-concentration TOR neighborhoods, and high-concentration TOR neighborhoods—and for all neighborhoods in Copenhagen.
We compute the percentage change in the P90/P10 for a given neighborhood type c as:

P90} /P90 ) % 100

pP10L/ P10
Estimates are shown for all neighborhoods in Greater Copenhagen (a), non-TOR neighborhoods (b), neighborhoods with a low concentration (<20%) of TOR units
(c) and neighborhoods with a high concentration (>20%) of TOR units (d).



Figure A.14: Change in p90/p10 at city-level if subset of individuals from top and bottom decile
switch neighborhood of residence
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Note: The figure shows the percentage change in the p90/p10 ratio between average earnings rank in
neighborhoods in Copenhagen if a percentage of residents from decile and bottom decile of the earnings
distribution swap neighborhood of residence varying from 1% to 100% of the top and bottom decile
swapping neighborhood of residence. The figure is based on earnings and the residential patterns of
individuals in 1994.



Table A.1: Decomposing the Effect of The TOR Policy on TOR Units: Crime Charges of 18-34 Year

(1 ) A3) 4 (&)
Baseline Stayers Composition ~ Weight on comp. Original tenants
1995 -0.0222%** -0.0342%** 0.0057 0.3004%** -0.0140%**
(0.0054) (0.0054) (0.0083) (0.0043) (0.0018)
1996 -0.0299%** -0.0389%** -0.0207** 0.4944%** -0.0186%**
(0.0054) (0.0058 (0.0065) (0.0041) (0.0018)
1997 -0.0340%** -0.0405%** -0.0299%** 0.6152%** -0.0197%**
(0.0053) (0.0060) (0.0060) (0.0041) (0.0018)
1998 -0.0494%** -0.0512%** -0.0487%** 0.7091%** -0.0223%**
(0.0053) (0.0063) (0.0056) (0.0039) (0.0018)
1999 -0.0602%** -0.0551%*x* -0.0617%** 0.7810%** -0.0243%**
(0.0051) (0.0067) (0.0053) (0.0038) (0.0018)
2000 -0.0661%** -0.0656%** -0.0661%** 0.8324%** -0.0272%**
(0.0051) (0.0066) (0.0052) (0.0037) (0.0018)
2001 -0.0694*** -0.0651%** -0.0700%** 0.8703%** -0.0303***
(0.0050) (0.0070) (0.0051) (0.0037) (0.0018)
Observations 330,763 330,763 330,763 131,836 856,669

Note: The table reports estimates of the impact of the TOR policy on the fraction of residents aged 18-49 in
TOR units charged for a crime by years since the reform in column 1. Column 2 and 3 decomposes the effects
into those due to stayers (column 2) and changes in the composition of residents (column 3). Column 4 reports
the weights assigned to the composition estimates in the regression reported in column 1. The weight assigned
to the stayers is 1 minus the weight in column 3. Column 5 reports the estimated effect of the TOR policy on
the original TOR residents (residing in TOR units in 1994). Estimates are from difference-in-differences
specifications that compare the outcome trajectory of adults residing in TOR units to the outcome trajectory of
adults residing in public rental housing in Aarhus, Odense or Aalborg. Standard errors are reported in
parentheses.

* p<0.1; ** p<0.05; *** p<0.01



Table A.2: Changes to Moving Patterns and TOR Policy Effects on Non-TOR Neighborhoods

(1) ()
Rank of Type A contributor, -0.020* -0.020%*
where residents who would have moved to high-concentaration TOR (0.009) (0.009)
neighborhoods live
Rank of Type B contributor, 0.046*** 0.046%**
where residents who move to high-concentaration TOR neighborhoods (0.009) (0.009)
would have lived
Pre-policy neighborhood characteristics X
Observations 1,628 1,628

Note: The table shows estimates from regressing neighborhood specific effects on earnings rank in 2001 on
the proxies of being a type A and type B contributor for non-TOR neighborhoods. Column (1) shows the
estimation results when regressing neighborhood specific estimates on the two proxies. Column (2) shows
the corresponding results while controlling for neighborhood pre-policy characteristics (average earnings
rank, share employed, share studying, share aged 18-24, and share aged 35-49). Estimates have been
weighted by the inverse of the p-value for the neighborhood specific policy effects to place higher weight on
the most precise estimtes. To estimate the degree to which a neighborhood is a type A or B contributor, we i)
separate the data in a pre-policy period (1991-1994) and post policy period (1998-2001), ii) estimate the
share of residents moving from each neighborhood to high-concentration TOR neighborhoods in the pre-
period and the post-period, iii) estimate the neighborhood specific propensity to receive residents in the post-
policy period, from neighborhoods that were sending to high-concentration TOR neighborhoods in the pre-
policy period (proxying type A moves), and iv) estimating the propensity to receive residents in the pre-
policy period, from neighborhoods that send residents to high-concentration TOR neighborhoods in the post-
policy period.

* p<0.1; ** p<0.05; *** p<0.01



Table A.3: Child Outcomes from Exposure to Neighborhood Policy Effects on Earnings

Rank (5 Rank Points)
©)) 2) 3)

Exposure (10 ranks), Stayers 0.093** 0.058%** -0.019

(0.030) (0.012) (0.015)
Exposure (10 ranks), Movers 0.070* 0.032 -0.042

(0.030) (0.017) (0.046)
Movers -0.070%** -0.040%** 0.060%**

(0.014) (0.007) (0.015)
Mean (s.d.) 0.049 (1.001) 0.524 (0.499) 0.263 (0.869)
Observations 198,079 198,079 198,079

Notes: The table shows estimates of child outcomes regressed on the children's exposure to the
neigborhood specific policy effects on residents' earnings rank (scaled to an increase in 5 rank
points) from 1995-2001 separately for children who have lived in the same neighborhood from
1994-2001 and children who have moved between neighborhoods during the period. The row
"Movers" show the estimated difference between the sample average and the children who moved
between neighborhoods. Column (1) shows estimates on children's 9th grade GPA (standardized
to mean of 0 and sd=1 at the national level), (2) shows estimates on children's high school
completion, and (3) shows estimates on children's crime charges from age 15-18. All estimates are
controlling for pre-policy (1992) characteristics of residents in the neighborhoods the children
lived in from 1995-2001. Effects are estimated at the child-year level using the neighborhood
specificempirical Bayes posterior means of the estimated TOR policy effects. Estimates are
clustered at the neighborhood level.

* p<0.1; ** p<0.05; *** p<0.01



B. The TOR Policy and Co-ops

B.1 Co-ops

A co-op (co-operative) is a form of collective property ownership by a group of individuals. The
group collectively purchases a set of residential units, such as a building or apartment complex, with
each member owning a share that reflects their proportional contribution to the property's purchase—
typically equivalent to the relative size of their unit within the total property. Consequently, co-op
owners do not own a specific house or apartment outright (even though they are typically responsible

for the day-to-day maintenance of their own unit), but instead own a portion of the entire property.

The co-op members jointly contribute to the property's running costs, which include maintenance
expenses, interest on loans (such as those taken out to purchase the property or for renovations), and

costs related to common areas.

The price of co-op shares is determined by the co-op itself (and during the period in question, was
subject to strict regulations), based on the initial down payment made when the co-op was formed,
ongoing running costs, and anticipated future renovations. As a result, co-op prices during this period
did not align with fluctuations in the broader real estate market. Depending on the initial collective
down payment, the cost of a co-op share might be relatively low, with most expenses directed towards

running costs, such as interest on the original loan.

B.2 The TOR policy

The TOR policy was implemented in eight steps:

1. In the first half of 1994, the Danish state and the Municipality of Copenhagen (MoC)

negotiated what would later become the TOR policy.



2. In June 1994, an agreement was signed between the Ministry of Housing and the MoC: the
state and MoC would jointly establish a company, TOR I/S, with the state holding 15%
ownership and the MoC holding 85%. The state also guaranteed coverage of the first DKK 3
billion in deficits.

3. Over the following months, the MoC evaluated potential candidate buildings for inclusion in
the sale. A total of 234 buildings, encompassing approximately 19,000 housing units, were
selected for the final group.

4. On November 14, 1994, TOR I/S was officially formed.

5. Shortly thereafter, leaflets were distributed to residents, informing them of the sale and their
preemption right to purchase their units if they wished to form a co-op. If they chose not to
buy, the units would be offered to third-party buyers.

6. On January 1, 1995, all the housing units were sold from the MoC to TOR I/S at a price
determined by the state and the MoC. The units were then put up for sale at a price
recommended by realtors to reflect the market value of similar units.

7. By 1998, almost all of the TOR units had been sold, with the majority converted into co-ops.

8. In 2000, TOR I/S was dissolved with a deficit of around DKK 800 million, which was covered

by the state.

B.3 Consequences for the Original Tenants in TOR Units

B.3.1 Sale of TOR Properties

The TOR policy concerned the sale of 234 properties which included around 19,300 rental housing
units. Of these properties 169, which included around 90% of the rental housing units, were sold to
the original tenants and converted into co-ops. The remaining properties were sold to a third party

(57 or 24%) or to public housing organizations (8 or 3%). An important component of the policy was



that the sale of the properties to the original tenants were conducted at market price. In most cases
(43%) this was achieved by selling the properties to the original tenants at a price set by two
independent real estate agents. In 40% of cases the properties were instead sold to the original tenants
after an agreement was reached with a third party at the price negotiated by the third party. In the
remaining 17% of cases the original tenants first formed a co-op housing association, after which they
negotiated the price with TOR. Together this led to prices that broadly reflected market prices and an

average price per property of around $2 million.!

B.3.2 Buying Co-op Shares

The formation of co-ops allowed residents to share the risks associated with loan-taking and real
estate purchase. Yet, individual residents still had to buy their share of the co-op, which usually
corresponded to the co-ops net-value (the difference between the value of the property and the co-
op’s mortgage) times the size of the share of the co-op (i.e., relative apartment size). Because of the
condition of the properties, the average price of these co-op shares was relatively low, and an average

sized apartment (62 sqm) has been estimated to have cost around $4,500 in 2020-prices.?

To make participation in co-ops feasible, even for low-income residents who were overrepresented
in TOR units, residents were allowed to use their original deposit for when they moved into the flat
as down payment. Furthermore, if residents had made advanced rental payments or if there was a
surplus on the building’s maintenance account these surpluses could be also used as down payments.
A survey conducted among original tenants shows that around 90% of the original tenants who bought
co-op shares financed at least some of their co-op share this way, and that around 50% of got at least

50% of the co-op share financed this way. Importantly, individuals who did not want to participate in

! These numbers are based on 143 properties sold before 1998.
2 The average price per sqm was estimated to be $73 in 2020-prices (COWI, 2001) and the average apartment size 62
sqm.



the co-op were allowed to remain in their original apartment as renters, but now rented their apartment

from the co-op rather than the municipality of Copenhagen.

Annual data on individual level wealth (assets — liabilities) further allows us to investigate what
happens to the wealth of original tenants when the co-ops are created, and in particular if they take

up large loans to finance the purchase of their co-op share.

Figure B.1 shows the change in average liabilities of the original TOR residents who remained in
their TOR unit in the period surrounding the conversion to co-ops occurring between 1995 and 1998,
relative to the change in liabilities over the same time period for TOR residents in co-ops converted
in 1999.3 Figure B.1 shows little change in the liabilities of original TOR residents around the
conversion to co-ops, suggesting that the purchase of the co-op share was primarily covered through

other means than loan taking.

In addition, Figure B.2 shows that among the residents in TOR units in 1994, the fraction of
individuals moving during the subsequent years closely follows the churn observed in the control

units in Aarhus, Odense, and Aalborg, and the overall moving rate in Copenhagen.

B.3.3 Changes to the Running Costs

While there appear to have been a limited financial burden for residents associated with the
conversion to co-op’s, the running costs associated with residing in a TOR housing unit changed as a
result. Prior to the conversion the running costs consisted of a monthly rent, while the conversion to

co-ops meant that the running costs now included interests on the co-op’s joint mortgage, costs

3 Specifically, Figure B.1 shows estimates of & for k € (—5; 0) from the following regression: y;; = %15 . 4 8, DE +
f- + f: + e where y;, is the total liabilities of individual i in the end of year t. The DX’s are indicators equal to one if t
is k years after the conversion to co-op, f are co-op conversion year fixed effects and f; are year fixed effects. The sample
covers the years between 1991 and 1998, the event time indicators are binned at -5 and 1 and set to zero for residents in
housing converted to co-ops in 1999, such that these individuals are used to identify the year fixed effects.



associated with building management as well as potential interest payments on any loan taken to buy
the co-op share (Figure B.1 suggests that this was not very prevalent). According to survey evidence
(COWTI, 2000) the annual payments related to the co-op mortgage and maintenance corresponded to

on average $95 per sqm in 2020-prices, which would correspond to a monthly payment of $493.

B.3.4 Returns from Selling Co-op’s

We investigate if there were substantial financial returns to selling the co-op share, by investigating
changes to original tenants’ wealth when they move away from the co-op. Specifically, we compare
the wealth of original tenants in TOR units converted to co-op’s between 1995 and 1999, who move
away in the first year following the conversion, to the wealth of original tenants in the same housing
units who sell one year later. Figure B.3, showing the estimates from this exercise, shows that there
are no significant changes to the wealth of original TOR residents when they move away from their
co-op. This suggests that the original residents had no financial gains to forming co-ops and selling

the housing units.



Figure B.1: Liabilities and Co-op Purchase
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Note: The figure shows estimates of the change in labilities among original TOR residents in the
period surrounding the conversion of the TOR housing units to co-ops, among those converted
between 1995 and 1998. Estimates are from difference in differences specifications that compare
the Labilities of origmal TOR residents in housing units converted to co-ops between 1995 and
1998 to the liabilities of original residents in TOR units converted to co-ops in 1999. Vertical lines
indicate 95% confidence intervals.



Figure B.2: Fraction of Households that Stay in Same Housing Unit, From 1994
Onward.
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Note: The figure shows, from years 1991 to 2001, the fraction of individuals living in the same
housing unit as they do in 1994 for residents in TOR units, in the rest of Copenhagen, and in the
three control cities (Aarhus, Odense, and Aalborg).



Figure B.3: Wealth around Sale of Co-op
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Note: The figure shows estimates of the change in wealth (assets-liabilities) of original TOR
tenants who sell their co-op share in the first year after their housing unit is converted to co-op
housing, among residents in TOR units converted to co-ops between 1995 and 1999. Estimates
are from a difference in differences specification that compares the wealth of original TOR
residents who sell their co-op share in the first year after the housing unit is converted to co-op,
to the liabilities of original TOR residents who sell their co-op one year later. Vertical lines
indicate 95% confidence intervals.



C. Data Appendix

Data Construction:

Housing Data and TOR Units:

Using the BOL register, which includes information for all properties in Denmark with unique
(anonymized) addresses, we identify the entire residential housing stock in Denmark from 1991 to
2001. The register provides details such as municipality of location, property use (residential,
business, industrial), ownership type (public by municipalities, public by the state, private, co-op),
status (rental by private person, rental by company, rental by municipality or state, owner-occupied),
property type (e.g., apartment or house), and year of construction. TOR units are identified based on
ownership (the Municipality of Copenhagen), use (residential), status (rental by municipality), and
year of construction, following the identification strategy used in previous reports on TOR units

(VIVE, 2002).

Adding Individual-Level Data:

We merge housing data with individual-level data using the demographic register BEF, which
contains unique address and individual identifiers for the entire population, along with demographic
characteristics such as age. We supplement this with income and wealth data (earnings and disposable
income, assets, and liabilities) from the income register IND, based on tax records and public transfer
records, and information on labor market status and educational enrollment from the labor market
register RAS. The sample is limited to individuals aged 18 and above. Based on this data, we calculate
earnings and assets ranks (for the entire population each year) and construct indicators for whether
individuals are employed, studying, neither employed nor studying, and categorize individuals by age

groups: 18-34, 35-49, or 50 and older.



Neighborhood Classifications:

We add neighborhood identifiers from Damm and Schultz-Nielsen (2008). These classifications are
based on grid data for the entire country, dividing it into clusters that are: 1) compact (i.e., without
borders such as lakes or highways separating parts of the area), ii)) homogeneous in housing types
(i.e., not a mix of residential and industrial or a mix of apartment complexes and villas), and iii)
containing around 150 households. We also include parish information (larger units of around 2,000-

4,000 households) for illustrating TOR exposure in Figure A.1.

Sales Prices:

Sales price data is obtained from the EJSA register, which includes information on all real estate sales,
property addresses, and sale prices from 1992 onward. We convert sales prices to logs and calculate

the average sales prices within each neighborhood on an annual basis.

Final Study Sample:

The study sample is restricted to the municipalities of Copenhagen, Frederiksberg, Gentofte,
Gladsaxe, Herlev, Glostrup, Redovre, Hvidovre, Tarnby (Greater Copenhagen), and Aalborg, Aarhus,

and Odense. This results in a sample of approximately 700,000 housing units.

Neighborhood Types in Greater Copenhagen:

In Sections 5.2 and 6, we consider three neighborhood types:

1) High-Concentration TOR Neighborhoods: Neighborhoods where more than 20% of residential

units are TOR units.



i1) Low-Concentration TOR Neighborhoods: Neighborhoods where no more than 20% of residential

units are TOR units.

iii)) Non-TOR Neighborhoods: Neighborhoods with no TOR units. Since the Municipality of
Copenhagen introduced the TOR policy, all neighborhoods in other municipalities are categorized as

non-TOR by default.



D. Further Information on Econometric Framework

D.1 Synthetic Control Estimation and Validation

We are interested in estimating the impact of the TOR policy on housing units within each of the
2,055 neighborhoods in Greater Copenhagen. Let Y]‘i denote the potential outcome of neighborhood
J,inyear t, if the TOR policy happened (d = 1) and in the case where the TOR policy did not happen
(d = 0).* For each neighborhood in Greater Copenhagen, we are interested in A = Y]% - ng, that is
the change in y;; due to the TOR policy. For each neighborhood in Copenhagen, we observe Y]% in
the post policy period, but never Y](t’ Hence, we must estimate Y](t’ to obtain an estimate of a;;. We

estimate Y](t) by constructing a synthetic control for each neighborhood in Copenhagen (see e.g. Abadie

and Gardeazabal, 2003; Abadie, Diamond and Hainmueller, 2010).

Assume that we have a set of N neighborhoods that are unaffected by the TOR policy to which we
refer as the donor pool. The Synthetic control for a given neighborhood j, is a weighted average of

the outcomes of the neighborhoods in the donor pool:

N
?j?t = Z WnYne (D1)

o =Y =V} (D2)

The core of the synthetic control method is to select a set of nonnegative weights (wy, ... wy) summing

to one, satisfying that ¥, = Y0_; wy Yy ..

4 Hence, Y,? = Nijzie j yi, where N; denotes the number of housing units in neighborhood j, and yi denotes the potential

outcome of housing unit i in year t as described in Section 4.



D.1.1 Computing the Synthetic Control Weights

Because all neighborhoods in Copenhagen may be affected by the TOR policy, we use 1,191
neighborhoods in the three largest cities in Denmark excluding Copenhagen, namely Aarhus, Odense
and Aalborg as the donor pool. We construct a synthetic control separately for each neighborhood in
Copenhagen. As proposed by Abadie and Gardeazabel (2003) and Abadie, Diamond and Hainmueller
(2010), we choose the set of weights (W* = (wy, ...,wy)') that minimizes the Euclidean norm

between a given Copenhagen neighborhood (j) and neighborhoods in the donor pool:*

1
k =

2
1%; - xow|| = (Z VR (Xnj = W1 Xn1 - ---—wNXth) (D3)

h=1

subject to the restriction that weights are nonnegative and sum to one. In Eq. D3 X},; denotes one of
the k predictors in X;, and vy, the relative importance of the synthetic control put on reproducing the
value of predictor k of the treated neighborhood. We include earnings rank, employment rates and
average age of the neighborhood as separate predictors for each year between 1991 and 1994 as
predictors and we choose V = (v4, ..., Vy)’ to minimize the mean squared prediction error between
the synthetic control on the observed earnings rank of the treated neighborhood in the years leading

up to the TOR policy.

5 For computational feasibility, we draw a 20% random subsample of all the neighborhoods in Aarhus, Odense and
Aalborg to use as a donor pool for each neighborhood in Copenhagen.



E. Benchmarking the Number of Affected Housing Units

In Sections 5 and 6 in the main text, we show that the TOR policy led to substantial changes in the
composition of residents across housing units and neighborhoods in the subsequent years. For
example, the fraction of 18-34-year-olds increased by more than 10 percentage points and the
earnings ranks increased by around 6 percentile ranks among residents in TOR units, the earnings
ranks in low- and high-concentration TOR-neighborhoods increased on average by 2 and 3 percentile
points, respectively, and the average earnings ranks of residents changed among several non-TOR

neighborhoods.

This appendix presents a simple framework, which benchmarks the number of housing units affected
by a shock across time and illustrates the potential role of spillovers between the directly affected

housing units and the surrounding city.

E.1 Framework

Let Ngpocr be the number of housing units in the policy shock, Nr,; the total housing mass in the city,
7 the ratio Ngpocr/Nror- Each year a fraction r of households are replaced. Following the shock, the
inflow changes completely in the directly affected housing units while there is a spillover to the
housing units where the new residents come from by 0 < p < 1. Time since the shock is t. The

fraction of housing units in the city affected by the shock at time t equals:

= 1-—r)tt + Vieip * + Yio1p * D"
Vip T*r*( ) | Ve 1,p. p Ye-1p *D E1)
Direct ef fect Direct spillovers  Indirect spillover

where y,,, = 0. The number of housing units affected at a given time depends on three terms.

The first term, N =7 % (1 — r)¢~1, is the direct effect on the housing units subject to the shock. At
each time t, a fraction of residents, 7, are replaced out of the original residents, (1 — )1, who are

still residing in the units.



The second term, y;_q, * p, is the direct spillovers capturing that the changed residents from the

direct effect of the shock would have resided elsewhere leading to changed composition in those

housing units as well.

The third term, y,_ , * p*, captures indirect spillovers when, for example, some housing units not

directly affected by the shock become more or less attractive to live in. To capture this, an addition

layer of spillovers given by a fraction pt < p is introduced at each time t.

E.2 Simulation
The TOR policy targeted approximately 19,000 housing units in Copenhagen with a total housing
mass around 300,000 housing units providing Ngpock, Nrot» and m in Equation (D.1). Furthermore,

we set 7 = 0.1 as Figure A.2 shows that around 11 percent of residents move each year.

The final parameter is p, which captures spillovers to the other housing units than the TOR units.
While the effects of the shock in principle will continue indefinitely according to Equation (E1), the
peak in the yearly fraction of housing units in the city affected by the shock is given by p, which we
can use to obtain a reasonable range of p. Figure 6 shows that the effects of the TOR policy on non-
TOR housing units in TOR neighborhoods gradually taper off between year 1999 and 2001, which
corresponds to 4-6 years after the policy introduction. Setting r = 0.11 and = = 19000/300,000
thereby implies that p falls between 0.55 and 0.75. We chose the midpoint in this range in the figures

below and set p = 0.65.

Figure E.1 shows the fraction of housing units affected by the shock across a 15-year period. The
figure shows that all changes are driven by the direct effect during the first year following the shock.
However, within a few years the spillover effects begin to dominate — initially the direct spillover
effects and subsequently the indirect spillover effects. Finally, in the longer run, all effects die out

gradually.



Summing over all years until year 6 (corresponding to 2001) implies that approximately 12 percent
of all housing units have changed residents due to the policy. Around 3 percent of all housing units
are the directly affected units (TOR units). The direct spillovers from the shock hit 4 percent of the

housing mass, and the remaining 5 percentage points can be attributed to indirect spillovers.



Figure E.1: Fraction of housing units with new residents following a shock.
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Note: The figure shows the simulated values of Equation (1) setting T = %, r=0.11,

p = 0.65. The grey area shows the direct effects on the housing units hit by the shock: 1 *
r#(1—r)"" The light blue area shows the direct spillovers, which have been estimated as
the term y,—, p * p in a model ignoring the indirect spillovers: m* r* (1 — )™ T 1p*P
to avoid that the direct spillovers are gradually inflated by the indirect ones through y,_, ;.
Finally, the read area shows the indirect spillovers, which have been estimated as the
difference betweenm*r* (1 —r)" ' +y,_ *pandm*r* (1 —r)" ' +y. 1, *p+

Ye-1p * D"



