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1 Introduction

Since the late twentieth century, urban gentrification has reshaped many major cities across
high-income countries (Hwang and Lin, 2016). Although no single, universally accepted defini-
tion exists (Lees et al., 2008), gentrification is commonly characterized by demographic shifts
within affected neighborhoods, the displacement of lower-income households by higher-income
households, and sustained increases in housing prices (Guerrieri et al., 2013; Baum-Snow and
Hartley, 2020).1 The gentrification process is also related to the emergence of new consumption
hubs, marked by a growing supply of amenities – such as restaurants, bars, and a wide range
of entertainment venues – that disproportionately cater to higher-income residents (Glaeser
et al., 2018; Behrens et al., 2024). However, it remains unclear why some cities experience
more extensive gentrification than others and what factors determine the pace at which these
transformations unfold.

We know even less about whether, and through which mechanisms, rent control policies in-
teract with the gentrification process.2 Regulation in housing markets, particularly in the
form of rent control, has been shown to reduce housing supply either through decreases in
quantity or deterioration in quality (Olsen, 1988; Diamond et al., 2019; Kholodilin, 2024).
Moreover, distortions arising from the inefficient allocation of housing across households can
generate additional welfare losses (Glaeser and Luttmer, 2003; Buurma-Olsen et al., 2024).
As a result, urban housing markets are shaped by the interaction between market forces and
public policy (Sims, 2007; Autor et al., 2014; Diamond and McQuade, 2019). Various forms
of rent regulation, including public housing provision, can therefore operate as barriers to
gentrification and substantially influence both the extent and the pace at which gentrification
unfolds. This paper examines how rent control, and publicly provided housing in particular,
affects the dynamics of urban gentrification.

This paper combines individual panel data for the Copenhagen Metropolitan Area (CMA) from
1986 to 2016 with a quasi-experimental setting – the privatization of publicly owned housing
by the City of Copenhagen – to provide evidence on how public housing shapes the dynamics
of urban gentrification. The CMA is an ideal context for this analysis. First, it contains a
substantial public housing sector, accounting for approximately 20% of the total residential
housing stock. Second, like many cities worldwide, the CMA has undergone pronounced
gentrification in recent decades. Third, following a severe municipal budget crisis, the City of
Copenhagen unexpectedly privatized its municipally owned public housing, which at the time
represented about 7% of the municipality’s residential housing stock.

This policy shock generated an unexpected and sizable reduction in the supply of public
housing. We exploit this quasi-experimental shift in the availability of rent-regulated units
to estimate our model and examine how regulated rental housing affects the spatial patterns
of gentrification. The quasi-natural experiment, combined with high-quality Danish registry

1Well before the term gentrification was introduced, analogous processes occurred, for example, Hauss-
mann’s redesign of Paris (1850s–1870s), which replaced dense working-class districts with boulevards and
bourgeois housing. Contemporary observers such as the poet Charles Baudelaire noted the resulting social
and spatial dislocation.

2Modern rent control was first introduced in the United Kingdom in 1915 through the Increase of Rent
and Mortgage Interest (War Restrictions) Act, prompted by rent strikes in Glasgow. Vienna followed shortly
after, implementing rent freezes in 1917 under the Austro-Hungarian Empire, later expanded during the early
Austrian Republic.
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data, enables analysis at a granular geographic scale. We begin by documenting three stylized
facts.

First, the reduction in public housing provision induces a gradual shift in neighborhood com-
position, reflected in a rising share of highly educated residents and increasing disposable
incomes. Second, these sorting patterns place upward pressure on local housing prices. Third,
changes in access to public housing significantly reshape the provision of consumption ameni-
ties: the number of supermarkets, greengrocers, and kiosks increases, whereas the number of
restaurants, general practitioners, and primary schools decreases.

We combine the reduced-form evidence with a dynamic quantitative urban model that enables
us to analyze the general equilibrium effects of public housing in a setting where private and
public housing coexist, and where access to public housing is rationed by non-price allocation
mechanisms such as lotteries. While private markets clear via the price mechanism, the market
for public housing clears via a household-type dependent average utility shifter. These shifters
are a reduced form of the underlying mechanism via which public housing is offered to some
individuals but not others.

Public housing allocation affects neighborhoods through endogenous amenities. In our model,
consumers consume not only in their own residential location but also in nearby locations.
Firms endogenously sort to take advantage of home market effects, catering to the spending
patterns of nearby residents. Building public housing in a location changes local household
types, and thereby the products that are offered by local firms. When local firms change, it
changes the relative attractiveness of living nearby across household types.

We take advantage of the Danish micro data to estimate the structural parameters of this
model. We use the estimated model to assess the relative importance of public housing for
the dynamics of gentrification. A natural question is how much of the observed changes in
household sorting, housing prices, and the provision of consumption amenities is related to the
presence and location of public housing. To address this, we conduct a series of model-based
counterfactual exercises.

We simulate outcomes under alternative levels of public housing provision. In one scenario,
all public housing is converted to private housing. In another, we move all public housing to
one of the richest municipalities in Denmark, Gentofte municipality, just to the north of the
central city. We show that removing public housing, and moving it out of the core of the city
to Gentofte both serve to increase gentrification. In our privatization counterfactual, the ratio
of rental prices in the core of Copenhagen rises by 29% against the periphery.

Related Literature Our paper is related to a number of literatures. First, our paper
contributes to the spatial equilibrium literature by studying the effect of the provision of
public housing on the rate and scale of neighborhood change. We build on the literature on
the drivers of urban gentrification (Gyourko et al., 2006; Hwang and Lin, 2016; Brueckner
and Rosenthal, 2009; Ellen and O’Regan, 2011; Lee et al., 2022; Baum-Snow and Hartley,
2020; Guerrieri et al., 2013; Couture and Handbury, 2020; Behrens et al., 2024; Su, 2022;
Moreno-Maldonado and Santamaria, 2024). As the causes of gentrification are not the focus
of our study, we remain agnostic about the deep roots of urban gentrification. We instead
generate gentrification through exogenous growth of center city amenities, which will interact
with income-dependent preferences and the housing market to push low-income households to
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the periphery.

Second, our paper contributes to the literature studying neighborhood composition and neigh-
borhood change. Our model builds explicitly on the quantitative spatial equilibrium tradition
recently synthesized by Redding (2025), extending it by incorporating spatial spillovers and
a lottery-based public housing allocation mechanism. Within this literature, our work is pri-
marily related to two branches. The first is the branch studying spatial inequality (Kline
and Moretti, 2014; Diamond, 2016; Couture and Handbury, 2020) and spatial sorting on so-
cioeconomic characteristics (Diamond, 2016; Almagro and Domínguez-Iino, 2025; Bayer and
Timmins, 2007; Kuminoff et al., 2013; Eeckhout et al., 2014; Diamond and Gaubert, 2022;
Behrens et al., 2014). The second branch we build on studies the effects of housing policy
on urban structure (Ahlfeldt et al., 2015; Diamond and McQuade, 2019; Heblich et al., 2020;
Almagro et al., 2023; Redding and Sturm, 2024).

Third, this paper also contributes to a literature on the relationship between neighborhood
businesses and neighborhood composition. Couture and Handbury (2020) and Baum-Snow
and Hartley (2020) argue that changing tastes for services over the last couple of decades are
important drivers of the observed movement into neighborhoods that provide those amenities.
Schiff (2014) and Davis et al. (2019) show how the variety and density of restaurants correlates
with neighborhood composition. Glaeser et al. (2018) and Behrens et al. (2024) identify
several categories of local services that predict gentrification. Finally, we build closely on
the literature which endogenizes the provision of services and household sorting in general
equilibrium (Almagro and Domínguez-Iino, 2025; Couture and Handbury, 2020). We employ
a similar setting to these papers, but add spatial spillovers, which allows us to model locations
at a fine level.

Fourth, at a broad level, our paper contributes to the study of mixed public-private markets,
where public providers compete with the private sector. Early theoretical work shows that
inserting a public firm into an oligopoly fundamentally reshapes equilibrium prices, output
and welfare (De Fraja and Delbono, 1989; Cremer et al., 1989). Mixed provision is present in
education through competition between public school districts and private alternatives, which
has been shown to increase productivity and test scores (Hoxby, 2000), and in health insur-
ance, where the introduction of public or publicly subsidized plans alters enrollment, pricing
and welfare in private coverage (Einav et al., 2013; Mahoney, 2015). Together these studies
underscore the common insight that when access to a publicly provided good is governed
by non-price allocation rules, it disciplines private-sector prices and reshapes who participates
and where. Our paper extends this literature by investigating the effect of the public option in
urban housing markets. In particular, we extend the traditional discrete choice framework of
McFadden (1974) for housing market equilibrium modeling by achieving total market clearing
through access lotteries in the public housing sector.

This paper contributes to the emerging literature on gentrification in several ways. First,
by exploiting a large-scale natural experiment – the privatization of public housing – we are
able to disentangle the effects of neighborhood composition from the effects of changes in
the provision of local urban amenities. Second, we provide an empirical assessment of the
consequences of public housing privatization and evaluate its significance for the supply of
local amenities. Third, our quantitative model enables us to examine the interaction between
public housing and urban gentrification, highlighting the role of rent-regulated housing in
shaping the geography and pace of gentrification, housing affordability, and neighborhood
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composition.

The paper proceeds as follows. Section 2 presents the data and the stylized facts. Section 3
outlines the dynamic quantitative spatial model with a mixed housing system and endogenous
consumption amenities. Section 4 discusses the identification strategy, estimation, and result-
ing parameter estimates. Section 5 presents counterfactual exercises based on the estimated
model to assess how changes in public housing shape city structure, with a particular empha-
sis on gentrification dynamics and residents’ welfare. Finally, Section 6 provides concluding
remarks.

2 Data and Stylized Facts

2.1 Data

Our data consists of an individual-level panel dataset of all residents in the Copenhagen
Metropolitan Area (CMA), as defined in Ahlfeldt et al. (2025), covering the period 1986–2016,
see Figure 1.3 For each individual, we observe the residential location at a spatial resolution
of 100-by-100-meter grid cells, the type and price of the residential property, and detailed
demographic characteristics, including age, educational attainment, family type, number of
children, and income. The hectare cells can be aggregated to larger geographical units, in-
cluding four-hectare (200-by-200-meter) cells, parishes, and municipalities.4

We restrict the dataset to individuals aged 18 years or older. The sample comprises more than
2.7 million unique individuals and over 43 million person-year observations. We sometimes
refer to the core of the CMA – the municipalities of Copenhagen and Frederiksberg – yielding
more than 15 million observations representing approximately 1.5 million unique individuals.
We observe the universe of residential units in the CMA in each year and can link each unit
to its occupants. The data on residential units include information on tenure type. We also
use these data to identify privatized public housing units. In our sample, the mean annual
residential relocation rate is approximately 19%. Moreover, the probability that an individ-
ual transitions from public housing to the private market is 6.7%, while the corresponding
probability of moving from the private market into public housing is 2.2%.

Table 1 presents descriptive statistics for individuals in the CMA, split between the core and
suburban areas. Overall, the population is middle-aged (average is about 47 years) with a
roughly even gender distribution. Clear spatial differences emerge. Residents in the core are
younger, have lower incomes, smaller households, and fewer children, while suburban residents
are older, wealthier, and more likely to live in larger family units. Housing conditions also
differ, with more floor space per adult in suburban areas. The core has a higher share of highly
educated individuals, whereas suburban areas have relatively more medium- and low-educated
residents. Finally, public housing is more prevalent in suburban areas. These patterns are
consistent with urban sorting.

3The definition of the CMA in Ahlfeldt et al. (2025) is based on commuting flows and thus reflects integrated
local labor and housing markets. The resulting CMA encompasses 3,038 square kilometers, and 92% of
individuals employed within this area also reside there.

4For confidentiality reasons, precise coordinates are not disclosed. Instead, locations are reported at the
100-by-100-meter (one-hectare) grid-cell level.
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Figure 1: Copenhagen Metropolitan Area (CMA)
Notes: The red colored areas are populated cells within the CMA.

Table 1: Sample descriptives by residential location
Total Core area Suburban area

Age, years 46.540 43.957 47.907
(18.150) (18.944) (17.562)

Female, share 0.520 0.525 0.518
(0.500) (0.499) (0.500)

Annual income (1,000 DKK) 166.783 146.553 177.483
(229.985) (197.114) (244.923)

Household size (number of persons) 2.898 2.804 2.948
(9.424) (14.521) (4.923)

Number of children in household 1.148 0.791 1.338
(1.167) (1.094) (1.159)

Floor space per adult (m2) 59.478 53.085 62.964
(26.032) (24.776) (26.038)

Low education, share 0.250 0.222 0.266
(0.433) (0.415) (0.442)

Medium education, share 0.518 0.462 0.548
(0.500) (0.499) (0.498)

High education, share 0.096 0.131 0.078
(0.295) (0.337) (0.268)

Public housing, share 0.231 0.198 0.249
(0.422) (0.398) (0.432)

Number of observations 43,574,560 14,978,672 28,595,888
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Signs of gentrification dynamics are evident in Figures 2 and 3. First, Figure 2 shows that the
share of highly educated residents increases over time in both the core and suburban areas, but
substantially more in the core, resulting in a widening gap. In the initial period, the shares are
relatively low and similar across locations. However, over time the core diverges markedly, such
that by 2016 it exhibits a significantly higher concentration of highly educated individuals.
This pattern reflects a pronounced increase in human capital across the metropolitan area,
with a particularly strong acceleration in central locations.

The divergence between the core and the suburbs is indicative of intensified skill sorting,
whereby highly educated, and by implication higher-income households, increasingly concen-
trate in central areas. This process is a defining feature of gentrification (Hwang and Lin,
2016). While suburban areas also experience improvements in educational attainment, the
comparatively slower pace suggests that they are less directly exposed to these upgrading
dynamics.

Figure 2: Share of higher-educated population by area and year
Notes: High education includes bachelor, long-cycle higher education and PhD-degree.

Second, we construct parish-level house price indices for the period 1986–2016 using Danish
administrative register data on real estate transactions. These data include detailed struc-
tural dwelling characteristics from the Building and Dwelling Register (BBR), such as unit
size, number of rooms, housing type (e.g., single-family or multifamily), and building age.
Because transaction data are spatially sparse, we follow Ahlfeldt et al. (2023) and apply their
methodology to estimate house price indices for arbitrary spatial units based on repeated
cross-sections of geocoded microdata. Transaction-level price information is available for the
period 1993–2016. For the earlier period, 1986-1992, we impute neighborhood-level price in-
dices by combining the evolution of dwelling-level property assessments with the estimated
price levels in 1993.5

Figure 3 documents a substantial and spatially pervasive increase in housing prices over time,
5For parts of the reduced-form analysis, we additionally use house price indices at the 200-by-200-meter level

from Ahlfeldt et al. (2025), which are constructed using the universe of real estate transactions in Denmark
combined with detailed property characteristics, following the methodology of Ahlfeldt et al. (2023).
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with especially pronounced growth in the core area.6 Comparing 1992 to 2015, the distribution
of housing prices becomes both higher on average and more spatially compressed, reflecting
a general upward shift in the price level across locations. This pattern is consistent with
increased demand for central locations, likely driven by the inflow of high-income and more
educated residents, which in turn exerts upward pressure on housing prices. Taken together,
the two figures highlight the central mechanisms underlying gentrification: the reallocation of
high-skill households toward the urban core and the associated increase in housing prices.

Figure 3: HPI (DKK/sqm) by parish for years 1992 and 2015

Our dataset also includes annual information on business locations at the hectare level from
1992-2014, enabling us to identify local consumption amenities and public services, such as
supermarkets, restaurants, greengrocers, general practitioners, and schools, at a high level of
spatial precision of 100-by-100-meter grid cells. Finally, we use walking times (measured in
minutes) for the year 2015 between all 200-by-200-meter cells in the CMA. These travel-time
measures are used to construct accessibility indices and to analyze potential spatial spillover
effects.7

6Figure B.1 in Appendix B replicates the maps using identical quantiles of the house price index (HPI) for
scaling.

7To reduce computational complexity, Ahlfeldt et al. (2025) aggregate 100-by-100-meter cells to 200-by-
200-meter cells. In total, 30,150 such cells in the CMA have at least one resident or worker during the sample
period. Ahlfeldt et al. (2025) compute 2015 walking-time distances (in minutes) for all approximately 909
million bilateral cell pairs.
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2.2 Privatization of Public Housing Owned by the City of Copen-
hagen

Copenhagen’s housing stock consists of several major tenure types: private housing (owner-
occupied or privately rented, 42%), cooperative housing (28%), and public housing (20%).
Privately owned housing is subject to the least regulation, while private rental housing is par-
tially regulated through rent control, particularly for units constructed before 1992 (Køben-
havns Kommune, 2024). Cooperative housing constitutes a distinct form of private ownership
in which a resident-controlled association owns the building, and individual members own
a share of the association’s equity along with the exclusive right to occupy a specific unit.
Although cooperative units are generally less expensive than non-cooperative private units,
their prices largely follow the dynamics of the private market, as most associations base max-
imum sales prices on market-value appraisals. In practice, access to cooperative housing is
governed by paid waiting lists or priority arrangements through social networks (Københavns
Kommune, 2024).

Public housing primarily consists of government-subsidized, non-profit cooperative housing
operated by local housing associations, historically supplemented by municipally-owned public
units. Housing associations receive government subsidies for new construction and are required
to set cost-based rents. In principle, access to public housing is universal, although roughly
one-fourth of vacancies are reserved for municipalities, which allocate these units to households
with special needs.8 Otherwise, public housing is allocated via waiting lists, typically with
modest annual fees. Public housing is relatively evenly distributed across Copenhagen, with
the exception of the historical city center, which is more heavily dominated by commercial
activity.9

In the early 1990s, the Municipality of Copenhagen faced a substantial and persistent budget
deficit.10 At the time, the city had a disproportionately large share of pensioners, unemployed
individuals, single-person households, and socially vulnerable residents relative to other Dan-
ish municipalities. This demographic composition placed considerable pressure on municipal
expenditures, while tax revenues grew more slowly than in the rest of Denmark.

In 1996, the Municipality of Copenhagen unexpectedly decided to divest of its entire stock
of publicly owned rental housing, comprising more than 19,000 units in 235 properties (Ras-
mussen, 2002). The sale formed part of a broader financial agreement between the municipality
and the central government. Its immediate purpose was to prevent the municipality from be-
ing placed under state administration. In the longer run, the divestiture aimed to restore
fiscal sustainability. The rental stock represented approximately 8% of the municipality’s to-
tal housing supply and accounted for a sizeable share of public housing (22%) as well. Tenants
were granted the opportunity to purchase their dwellings, and by 2001 the majority of units
had been sold to incumbent residents who converted the properties into cooperatives.

8There are also types of public housing that specifically target students or the elderly.
9The supply of public housing has tended not to vary much from year to year, with the percentage of

individuals living in public housing increasing slowly from around 17% in 1986 to 23% in 1995 and this figure
holding steady at around 18-19% from 1996 onward. The smooth trend in the share of people in public housing
is broken by an extensive privatization event in 1995-1996.

10The municipality’s budget deficit amounted to DKK 2.9 billion (EUR 363 million) in its 1995 budget
proposal.
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Resident demand for cooperative ownership were substantial. By 2000, out of roughly 19,000
dwellings, 16,500 had been sold as cooperatives, 600 to non-profit housing associations, and
1,400 to private landlords. The remaining 500 units took longer to sell due to their small
size, relatively unattractive locations, limited development potential, or high prices resulting
from previous urban renewal initiatives. The policy thus played a central role in altering the
composition of the city’s housing stock and contributed materially to preventing municipal
insolvency. Moreover, the initiative was explicitly designed to attract and retain residents with
higher taxable incomes, although no direct causal link between demographic changes and the
sale of municipal dwellings has been formally established.

The divestiture generated an unexpected and substantial reduction in the supply of public
housing in Copenhagen. We exploit this quasi-experimental shift in the availability of rent-
controlled units to estimate our model and examine the effects of regulated rental housing on
patterns of gentrification. Appendix A2 provides a detailed account of the privatization of
municipally owned public housing.

2.3 Public Housing and City Structure

2.3.1 Public Housing, Neighborhood Composition, and Housing Prices

We begin by exploring whether and how rapidly neighborhood-level outcomes adjust follow-
ing the privatization of public housing. Specifically, we investigate whether the privatization
induced changes in neighborhood composition and local housing prices. We treat the priva-
tization of public housing as an exogenous event and estimate the dynamic effects of public
housing privatization using an event-study specification:

ln ylt =
∑
τ ̸=−1

βτ · 1[t− Tl = τ ] + λl + δt + εlt. (1)

Here, ylt denotes the outcome of interest in neighborhood l at time t, and Tl is the year in
which neighborhood l is first exposed to privatization. The indicator 1[t − Tl = τ ] captures
event time τ , defined relative to the year of treatment, with τ = −1 omitted as the reference
period. The coefficients βτ trace out the evolution of outcomes before and after privatization.
The specification includes neighborhood fixed effects λl and year fixed effects, δt, to account
for common shocks. εlt is an idiosyncratic error term.

We estimate the effects of public housing privatization using the event-study methodology of
Borusyak et al. (2024). This approach is based on a counterfactual estimator that separates
the estimation of treatment effects from the estimation of neighborhood fixed effects. By
construction, it avoids the issues of forbidden comparisons and negative weighting that can
arise in conventional two-way fixed effects estimators (Callaway and Sant’Anna, 2021; Sun
and Abraham, 2021). In this specification, we restrict the sample to neighborhoods located
within 10 km of the city center in order to exclude suburban areas from the control group.

We plot the estimated coefficients βτ from Equation (1) in Figure 4. First, consistent with
a large body of evidence showing that housing prices capitalize neighborhood composition
and quality, we find that the privatization reform had a positive effect on local housing prices
(upper-left panel). The effect builds gradually over time and continues to increase for at least
a decade after the reform, in line with the slow adjustment dynamics typical of residential
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sorting. The magnitude is economically significant. Ten years after the treatment, the average
effect amounts to approximately 17%, i.e., exp(0.152)− 1 (see Table 2).
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Figure 4: Impact of Public Housing Privatization
Notes: Each panel illustrates the impact of public housing privatization defined in Eq. (1).

The results further indicate that privatization led to a relative increase in the share of highly ed-
ucated residents in treated neighborhoods compared with untreated ones (upper-right panel).
We also observe a corresponding increase in disposable income (lower-left panel), reflecting the
inflow of higher-income households. Finally, the estimates point to a decline in the number of
children (lower-right panel).

Overall, the adjustments occur gradually, with neighborhood characteristics continuing to
evolve for several years following the reform, indicating that the full effects of privatization
materialize only in the medium to long run.11

The impact of privatization on neighborhood composition is also substantial and economically
meaningful, see Table 2. The results indicate that the share of higher-educated residents had
increased by 2.5 percentage points, the number of children had declined by 6% (exp(−0.062)−
1), and average income had risen by 12% (exp(0.114) − 1) in treated neighborhoods relative
to the control group.12

11Figure B.2 in Appendix B presents additional event-study results. These estimates show a significant
decline in the share of lower-educated residents in treated neighborhoods. Moreover, although the border-line
significant pre-trend warrants some caution, the reform appears to have halted the growth in the share of
non-Western immigrants in treated neighborhoods.

12We additionally estimate the same models using different radii (<5 km and <20 km). The results remain
robust across these alternative specifications. Finally, we estimate specifications analogous to Equation (1) in
which the treatment indicator is interacted with the share of public housing privatized in each neighborhood.
The estimated coefficients are shown in Figure B.3 in Appendix B. The results remain robust to this alternative
specification.
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Table 2: Impact of Public Housing Privatization for Neighborhoods Located within 10 km of
the city center, post treatment average

(1) (2) (3) (4)
log HPI Share of high log income log number

educated of children
Treatment (privatization) 0.152*** 0.025*** 0.114*** -0.062***

(0.009) (0.002) (0.034) (0.012)
Neighborhood FEs, λl yes yes yes yes
Year FEs yes yes yes yes
R-squared 0.836 0.817 0.941 0.974
Observations 19,167 19,167 19,167 19,167

Notes: Treatment is a binary variable equal to one if at least one public housing property
in neighborhood l was privatized. λl are neighborhood fixed effects, and δt are year fixed
effects. The treatment coefficient capture the treatment effects comparing treated and
untreated neighborhoods relative to the year of treatment. Std. errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.

2.3.2 Public Housing and Consumption Amenities

To analyse the impact of privatization on local consumption amenities, we rely on an accessi-
bility measure. The accessibility index we use captures the proximity of a given location to all
other locations and has its roots in the literature on agglomeration economies (Rosenthal and
Strange, 2001, 2004; Lucas and Rossi-Hansberg, 2002; Melo et al., 2009; Redding and Rossi-
Hansberg, 2017). Redding (2025) uses a closely related measure as a standard indicator of
residential and workplace commuting market access. H. Hanson (2005) similarly applies this
index to capture locations’ proximity to consumer markets. We follow this general approach,
but we weight connections by walking travel time. The value of the public housing proximity
of neighborhood l at time t, Proxl(t, ξs), is:

Proxl(t, ξs) =
∑
l′∈L

ωl′(t) exp(−ξsdll′)

where ωl′ is the share of public housing in overall floor space in neighborhood l′, ξs is the
spatial decay parameter, and dll′ is the walking travel time between neighborhoods l and l′.

We identify the effect of public housing on locally provided consumption amenities (business
types) through changes in public-housing accessibility across Copenhagen that are induced by
the privatization of public housing. We regress the log number of firms in business sector s in
neighborhood l at time t, msl(t), on the public housing proximity of neighborhood l:

ln(msl(t)) = γs,ω ln (Proxl(t, ξs)) + γsl + γst + ηl(t) (2)

where γsl is the sector specific neighborhood fixed effect, γst is the sector specific year fixed
effect, and ηsl(t) is an i.i.d. error term. Since we have panel data for neighborhoods, we can
control for all differences in amenities that remain constant over time using neighborhood-fixed
effects. This allows us to deal in a general way with the concern that the level of consumption
amenities may be correlated with the level of public housing, for instance because more central
neighborhoods tend to have less public housing than those in suburban areas. We also estimate
a sector specific distance decay parameter ξs. By treating ξs as one of the parameters to be
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estimated we allow the scope of the effect of public housing on local business sectors to be
determined by the data.13

There are several issues that deserve further discussion when estimating the relationship be-
tween public housing and local amenities as given by (2). First, a typical concern in studies
analyzing the location of public housing is that these are often constructed in response to ex-
isting neighborhood characteristics, raising concerns about endogeneity. Moreover, given the
way we constructed our measure, it also depends on the complete distribution of the evolution
of local public housing. Suppose for example that the more public housing was constructed
in response to an expected change in neighborhood characteristics, then this might lead to re-
verse causality. However, because legislation requires that the share of public housing within
each municipality be at least 20%, and because the construction of new public housing is
constrained by land availability, public-housing units are relatively evenly distributed across
Copenhagen. They are therefore not constructed in response to anticipated changes in neigh-
bourhood characteristics. More importantly, our identification strategy relies on a natural
experiment – the unexpected privatization of public housing – which substantially reduces
concerns about potential endogeneity in our setting.

Table 3 presents the estimation results. The main takeaway is that an increase in public-
housing accessibility has a positive effect on the number of supermarkets, greengrocers, and
kiosks, and a negative effect on the number of restaurants, general practitioners, primary
schools and non-consumption amenities. All estimated elasticities are economically meaningful
and precisely measured. For example, a 1% increase in accessibility to public housing raises
the number of supermarkets by 0.17% and reduces the number of restaurants by 0.19%. The
only exception is the elasticity for primary schools, which, although precisely estimated, is
economically negligible (< 0.01).

Furthermore, we find that the impact of public-housing proximity on greengrocers and kiosks,
as well as on primary schools, is much more localized relative to its impact on the other
consumption amenities considered. While the effect on greengrocers and kiosks declines by
50% within just 2 km and becomes negligible beyond 10 km (with a decay parameter of
ξ = 0.30), the effect on supermarkets remains at 90% of its initial magnitude at 2 km and
only falls to around 50% at approximately 25 km (with ξ = 0.03).14

2.4 Summary of Stylized Facts

Section 2.1 highlights the central mechanisms underlying gentrification, namely the realloca-
tion of high-skill households toward the urban core and the concomitant increase in housing
prices. Sections 2.3.1 and 2.3.2 document the role of public housing in shaping gentrifica-
tion dynamics through four empirical facts. First, a reduction in public housing provision
led to a gradual increase in the share of highly educated residents and in average disposable
income. Second, this contraction in the public-housing stock generated upward pressure on
local housing prices. Third, changes in accessibility to public housing affected the provision
of consumption amenities. Increases in public-housing accessibility induced by privatization

13We apply a grid-search over different values of ξs for the model (2). The objective is to identify the decay
parameter ξs that maximizes R2.

14Figure B.4 in Appendix B shows how the weights in the accessibility measure vary with different values
of the decay parameter.
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Table 3: Consumption Amenities and Accessibility to Public Housing
(1) (2) (3) (4) (5) (6)

Supermarkets Restaurant GP Primary Greengrocers Non-cons.
schools and kiosks amenities

log of public housing 0.170*** -0.163*** -0.191*** -0.006*** 0.011*** -0.283***
proximity, Proxl (0.011) (0.007) (0.016) (0.002) (0.002) (0.024)

Decay, ξ 0.03 0.10 0.03 0.16 0.30 0.12
Neighborhood FE, γl yes yes yes yes yes yes
Year FE, γt yes yes yes yes yes yes
Constant -1.473*** 1.156*** 1.684*** 0.051*** -0.035*** 2.439***

(0.095) (0.050) (0.136) (0.010) (0.009) (0.009)
R-squared 0.849 0.768 0.868 0.938 0.663 0.853
Observations 367,755 367,755 367,755 367,755 367,755 367,755

Notes: The table shows the estimates for the effect of the log of the public housing proximity of neighborhood
l on the log number of firms in business sector (consumption amenities) for specification (2). Std. errors
are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. See Figure B.4 in Appendix B to see how the weight
changes with distances for the above decays.

raised the number of supermarkets, and greengrocers, while reducing the number of restau-
rants, general practitioners, and primary schools. Taken together, these findings indicate
that adjustments to the stock of rent-controlled public housing have substantial effects on
neighborhood sorting, local housing prices, and the composition of consumption amenities.

3 Theoretical Framework

In this section we present a dynamic model of a mixed housing market with movement costs,
uneven random access to public housing in each location, and sectoral spatial spillovers. Assign
each individual i to a group, where each group is defined by some characteristics, with the set
of groups being K. Let L be the set of neighborhoods and let Ω be the set of housing types
(e.g., private or public housing). Define the set of residential choices J = L × Ω, such that
each j ∈ J corresponds to a pair (l, ω), where l ∈ L and ω ∈ Ω.

3.1 Deterministic Flow Utility

The deterministic component of flow utility for any individual in group k residing in j is given
by:

uj(k, t) = Aj(t)Cl(k, t)
ϕ(k)Hj(k, t)

1−ϕ(k), ϕ(k) ∈ [0, 1]

Here Aj(k, t) is the value of amenities in pair j. Hj is the amount of housing services consumed
and Cl aggregates consumption such as restaurant spending, groceries, etc. ϕ describes the
relative preference for non-housing expenditure. Assume that deterministic utility is the same
for all individuals i within each group k. Let Uj(k, t) denote the indirect deterministic flow
utility:

Uj(k, t) = Aj(t)y(k, t)Pl(k, t)
−ϕ(k)rj(t)

ϕ(k)−1 (3)

Here y(k, t) is exogenous income which is independent of the residential choice, Pl(k, t) is
the non-housing consumption price index in location l, and rj(t) is the price of housing in
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residential choice j. The price of housing is the same for all groups, while the price index
can differ across types, as the underlying preferences for different consumption goods may be
different between groups.

3.2 Dynamics of Residential Choice

Individuals pay an iceberg movement cost τjj′(k, t) = τ(k) ln djj′ , where djj′ is the travel time
between residential choices. At t− 1, each individual i draws a random utility shock for each
j at t, ϵj(t). These shocks are drawn independently from a Gumbel distribution with unit
shape parameter.

Let Vj(k, t) be the value to and individual in group k ∈ K of residing in j at time t, net
of movement costs and the idiosyncratic shock. When moving from j′ to j at time t, this
individual receives Vj(k, t) − τj′j(k, t) + ϵj(t). Denoting the individual’s stochastic choice set
by Ji(t+ 1), the individual’s Bellman equation satisfies:

Vj(k, t) = Uj(k, t) + ρE
[

max
j′∈Ji(t+1)

{Vj′(k, t+ 1)− τjj′(k, t+ 1) + ϵj′(t+ 1)}
]

(4)

3.2.1 Rationing of Public Housing

Public housing differs from private housing in that rents do not adjust to clear the market.
Let ω = 0 denote private housing and ω = 1 denote public housing. For each location l, the
public housing rent, r(l,1)(t), is treated as an administratively determined cost rent. At this
rent, desired demand generally exceeds the available stock. The allocation of public housing
is therefore governed by non-price rationing.

We treat rationing as a waiting-list and priority-allocation mechanism. This is intended to
be consistent with four institutional features of the Danish system: ordinary external waiting
lists, internal waiting lists for current public-housing tenants, municipal assignment of units
to households with urgent housing needs, and local flexible letting criteria. The model does
not require us to observe individual waiting-list positions. Instead, waiting-list priority is
summarized by an offer probability that depends on household type, origin housing type, and
location. Let P(j′|j, k, t) be the probability that a group-k individual that resided in j at time
t− 1 gains access to public housing in j′ at time t through any of the channels.

3.2.2 Transition Probabilities

Generically, each individual will have access to a subset of the housing in each period. Hence,
the choice set is itself individual-specific. In this case, the probability that any individual i
from group k who resides in j moves to j′ at time t is given by:

µjj′(k, t) =
∑

J ′∈P(J)

P(J ′|j, k, t)1{j
′ ∈ J ′} exp(Vj′(k, t)− τ(k)djj′)∑
j′′∈J ′ exp(Vj′′(k, t)− τ(k)djj′′)

Here P(J) denotes the power set of J and P(J ′|j, k, t) is the probability that an individual i
from group k residing in j has access to the choice set J ′ ⊆ J at time t.
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This power set is generically very large, and the researcher does not typically observe an
individual’s choice set. We therefore work with a tractable reduced form of this problem.
Intuitively, if a household-type is less likely to get access to public housing, the econometri-
cian will be less likely to observe them moving into public housing. There is a utility shifter
equivalent, αjj′(k, t), that rationalizes the transition probabilities, µjj′(k, t), of all types of
individuals under rationing in the public housing sector:15

µjj′(k, t) =
exp(Vj′(k, t)− τjj′(k, t)− αjj′(k, t))∑

j′′∈J exp(Vj′′(k, t)− τjj′′(k, t)− αjj′′(k, t))
(6)

We impose three core assumptions on the utility shifter equivalents, αjj′(k, t). Firstly, it is
always possible for households to stay where they are:

αjj(k, t) = 0

Secondly, it is always possible to move into private housing:

j′ = (l, 0) ⇒ αjj′(k, t) = 0

Thirdly, the utility shifter depends on the source housing type ω, not the source residential
choice j:16

αjj′(k, t) = αωj′(k, t)

The utility shifter equivalents are group specific, which describes the different priorities given
to different groups.

3.2.3 Migration into the City

Let the value of living outside of the city be Vout,t. To move into the city, individuals must
pay a type-specific moving cost χ(k, t) before they draw their idiosyncratic preference shock
ϵj(i, t). The entry indifference condition is that the expected value of moving into the city
much be equal to the value of remaining outside:17

Vout,t = γ + ln

(∑
j∈J

exp (Vj(k, t)− αout,j(k, t))

)
− χ(k, t) (7)

15In the special case that there is only a negligible probability that an individual has access to public housing
in more than one location in any period, the following approximation holds (see Appendix C1.2):

P(j′|j, k, t) ≈ exp(−αjj′(k, t)) (5)

16This reflects the Danish system in which public housing is allocated differently for those already living in
public housing and those living in private housing.

17γ is the Euler-Mascheroni constant.
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3.3 Housing Market Clearing

In our baseline model, we will assume that the total available floor space, Ll(t), and the total
floor space of private and public housing respectively, H(l,0)(t) and H(l,1)(t), are exogenously
given under the following binding constraint.

Ll(t) = H(l,0)(t) +H(l,1)(t) (8)

Let Ij(k, t) be the number people in the residential choice j from each group. No exclusively
price-driven market clearing condition can be imposed on the market for public housing. In-
stead, the option to move to public housing is given to individuals in different groups receiving
different levels of priority. We will assume that both the private and public housing markets
clear through the following relationship:18

Hj(t) =
∑
k∈K

Ij(k, t)
(1− ϕ(k))y(k, t)

rj(t)
. (9)

The total mixed housing market clears through the housing prices, rj(t), and the utility shifter
equivalents, αjj′(k, t), that describe the access to housing types for different groups.

Since housing prices are fixed in the public housing sector and all αjj′(k, t) ≥ 0, it is the-
oretically possible that the public housing sector will not clear through any allowed utility
shifter equivalents. Therefore we assume that the public housing prices are fixed unless all
αjj′(k, t) = 0 for some j′, in which case the local housing market in j′ clears through the public
housing price, reflecting the notion that owners of public housing will generally rather accept
a lower price than leave it vacant.

3.4 Consumption Amenities

Households have Cobb–Douglas preferences across sectors S and, within each sector, constant-
elasticity-of-substitution (CES) tastes over goods differentiated by the location of production.
Let csll′(n, k, t) be the quantity of a sector-s good of variety n produced in l′ and consumed
in l by a group k individual at time t. The within-sector aggregator is:

Csl(k, t) =

∑
l′∈L

∑
n∈Nsl′ (t)

csll′(n, k, t)
σs−1
σs


σs

σs−1

(10)

Overall composite consumption is:

Cl(k, t) =
∏
s∈S

Csl(k, t)
βs(k) (11)

Each individual chooses a consumption bundle to maximize utility under the budget constraint.
Assume each firm posts a single price, psl(n, t), and individuals face a sector-specific iceberg
trade cost δsll′(t) ≥ 1.

18Public housing does not require paying a market-based rent, but it is not free. Residents must still pay
for the cost of maintaining the apartment building.
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3.4.1 Individual Optimization

Consumers face local prices {δsll′psl′}l′∈L. Demand is given by:

c∗sll′(n, k, t) = ys(k, t)
(δsll′psl′)

−σs

Psl(t)σs−1
, (12)

ys(k, t) ≡ ϕ(k)βs(k)y(k, t), Psl(t) ≡

∑
l′∈L

∑
n∈Nsl′ (t)

(δsll′psl′)
1−σs

 1
1−σs

Assume that the trade cost is an increasing function of the travel time, dll′ . We will assume
the following functional form:

δsll′ = exp(ξsdll′) (13)

This specification ensures that δsll′ ≥ 1 for any ξs ≥ 0, since dll′ ≥ 0.

3.4.2 Technology and Pricing

Assume that each firm faces a marginal cost cs that is the same for all firms within a sector.
Plugging the demand expression into the firms’ profit function and solving for the optimal
factory-door price, we get the standard markup rule:

p∗sl′ =
σs

σs − 1
cs ≡ p∗s (14)

That is, all firms within a sector charge the same markup over marginal cost regardless of the
location of the firm.

The sectoral price index is therefore a distance weighted sum of firms across the economy:

Psl(t) = ps

(∑
l′∈L

(msl′(t)δsll′)
1−σs

) 1
1−σs

, msl′(t) ≡ |Nsl′(t)| (15)

Due to the Cobb-Douglas structure of Cl, we have:

Pl(k, t) =
∏
s∈S

Psl(t)
βs(k) (16)

Plugging this into the indirect utility function, we get:

Uj(k, t) = Aj(t)
y(k, t)

rj(t)1−ϕ(k)
Pl(k, t)

−ϕ(k) (17)

Here the right hand side is a function only of the non-consumption amenities, the consumption
price indices, and the preference parameters.
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3.4.3 Fixed Costs and the Number of Firms

The full profit function for a firm in sector s in location l is given by scaled revenues minus
fixed costs:

πsl(t) =
1

σs

[∑
l∈L

∑
k∈K

∑
ω∈Ω

p∗sδsll′c
∗
sll′(n, k, t)I(l,ω)(k, t)

]
− fsl(t,ml(t)), ml(t) =

∑
s∈S

msl(t) (18)

We follow Almagro and Domínguez-Iino (2025) and assume that fixed costs are given by:

fsl(t,ml(t)) = ΛslΛtml(t)
ψνsl(t) (19)

Here νsl(t) is a unit mean lognormal independent random variable. Assuming free entry,
Equation 18 and Equation 19 together pin down the number of firms.

3.5 Equilibrium

Fix an initial distribution of households {Ij(k, 0)}j∈J,k∈K and a sequence of exogenous fun-
damentals {Aj(t), Hj(t), y(k, t), δsll′(t), cs,Λl,Λt, νsl(t), χ(k, t)}0≤t≤T . An equilibrium path is a
sequence

E = {Vj(k, t), µjj′(k, t), Ij(k, t), rj(t), αω,j(k, t), Psl(t),msl(t)}j,j′∈J,k∈K,s∈S,l∈L,0≤t≤T

such that, for every t, the following conditions hold:

1. Vj(k, t) and µjj′(k, t) are consistent with household utility maximization given prices,

2. msl(t) and Psl(t) are consistent with profit maximization and free entry,

3. The sequence of residential choice populations Ij(k, t) are consistent with the law of
motion µjj′(k, t),

4. Total city population I(k, t) is consistent with the entry indifference condition,

5. The floor space market clears.

4 Estimation

In order to estimate our structural model, we further aggregate our locations to parishes. A
parish is a sub-municipal unit of geography which corresponds to the area served by a single
Danish state church. Parishes tend to be smaller in historically densely population areas.
In the CMA, there are 318 parishes. In order to estimate the model, we need sectoral firm
numbers by parish, so this limits our sample to 1992-2014.

Private housing prices are the stock weighted mean square meter assessed price of housing
by parish. As we do not have information on the price of public housing, we set it to one
half of the observed private housing price.19 We use annual wage income terciles to define

19Since we estimate amenities separately by housing type in each location, any measurement error in public
housing prices will be absorbed into the amenities estimate for public housing.
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three household types, and set the model income to the average annual wage income within
the tercile. A firm is taken to be an establishment tax id, and we divide firms into the same
sectors as Table 3.

We use the structure of the model to split estimation into two parts. We first estimate the value
of each choice at each time, the cost of moving, and the public housing access parameters using
observed transition probabilities. Having estimated those objects, we estimate the components
of flow utility.

4.1 Estimation Strategy

4.1.1 Values, Movement Costs, and Utility Shifter Equivalents

Define the deterministic part of the next-period payoff as:

Wj′j(k, t+ 1) = Vj(k, t+ 1)− τj′j(k, t+ 1)

The transition probabilities, µjj′(k, t), are given by:

µjj′(k, t) =
exp(Wjj′(k, t))∑

j′′∈J exp(Wjj′′(k, t))
, Wjj′(k, t) ≡ Vj′(k, t)− τjj′(k, t)− αjj′(k, t)

We use the following assumptions on Wjj′(k, t) for identification:

Wjj′(k, t) =


Vj′(k, t), if j = j′

Vj′(k, t)− τjj′(k, t), if j ̸= j′ and j′ = (l, 0)

Vj′(k, t)− τjj′(k, t)− αjj′(k, t), if j ̸= j′ and j′ = (l, 1)

(20)

Intuitively, when individuals rarely make a particular residential choice, it is hard to know if
it is because the residential choice has low value, or because it is unlikely to be available.20 We
solve this problem with the assumption that an individual can always remain in their current
residential choice. An individual will be unlikely to leave a high value residential choice, but
likely to leave a low value residential choice.

We estimate Wjj′(k, t) using PPML on transition counts, with Vj′(k, t), τjj′(k, t), and αjj′(k, t)
as fixed effects.

4.1.2 Flow Utilities

Next we estimate the components of the flow utility function. We back out flow utility Uj(k, t)
as:21

Uj(k, t) = Vj(k, t)− ρ

[
γ + ln

(∑
j′∈J

exp (Wj′j(k, t+ 1))

)]
(21)

20The identification challenge might be called the “sour grapes problem”, after Aesop’s fox who assumed that
the grapes were sour, when they were actually sweet but unavailable. Spatial economists estimating models
without access constraints might make the same mistake regarding the desirability of locations.

21As is typical in discrete choice models, we must normalize our utility estimates. We set the flow utility of
living outside the city to unity for all types and years.
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4.1.3 Aggregate Consumption Parameters

We have already estimated the distance elasticities of consumption ξs in our public-housing pri-
vatization natural experiment summarized in Table 3. For our type-dependent Cobb-Douglass
parameters βs(k), we calibrate using consumption shares from the Danish Household Budget
Survey which are reported by income bands (Statistics Denmark, 2026). We take the simple
mean values 1994-2014 for the three income bands which correspond to our terciles. We also
calibrate the housing expenditure shares for the low, middle, and high income terciles to 0.35,
0.3, and 0.25 respectively.22

4.1.4 Fixed Costs Estimation

Since we don’t have information on production costs, we normalize cs = 1 for all sectors.
At this point we have estimated (or calibrated, or normalized) all parameters necessary to
calculate gross profits in the firm’s profit function (Equation 18). By the free entry condition,
these gross profits must be equal to fixed costs. We recover the parameters in 19 using OLS
with the estimating equation:

ln(f̂sl(t)) = ln(Λsl ) + ln(Λt) + ψ ln(ml(t)) + ln(νsl(t)) (22)

4.2 Estimation Results

In this section we summarize the key empirical objects recovered from the estimation procedure
outlined above. We have access parameters α for each location and type in each year. To
summarize these parameters, Panel A of Figure 5 plots the mean access parameter by type.
The lower is the access parameter, the easier it is for the household to get into public housing.
As can be seen, the low-income type have the easiest time accessing public housing, and
the high-income type has the hardest time. Additionally, it is more difficult to get into
public housing from private housing than from another public housing. This last pattern is
expected, as public housing organizations often own several units, and have internal waiting
lists. In Panel B of Figure 5 we show the mean access parameter by core (Copenhagen and
Frederiksberg municipalities) and periphery (everything else). It is more difficult to get access
public housing in the center of Copenhagen, as the waiting lists for housing in these desirable
areas are longer than in other parts of the city.

We present normalized fixed costs in Panels C and D of Figure 5. These fixed costs are
normalized by the unit cost of production, which we have set to one for all sectors. We find
that fixed costs are lower in the core than in the periphery, which is likely due to the model
explaining the large number of firms in the core of the city relative to the periphery. In Panel D
we split mean fixed costs by sector. Supermarkets have relatively high fixed costs, restaurants
have lower fixed costs and green grocers the lowest. Doctors, who often run small clinics, have
even lower fixed costs, and primary schools the lowest of all.23 We find the catch-all category
other has the highest fixed costs. This is likely because there are a relatively large number of

22In the next iteration of our estimation we will more carefully target housing expenditure shares from our
data.

23It is a bit difficult to interpret the primary school fixed costs, but during our data period heavily subsidized
but private schools are quickly expanding in Copenhagen.
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Figure 5: Access parameters and normalized fixed costs
Notes: Panel A plots mean access parameters α by household income type, pooling years. Lower α
implies easier access. Panel B reports mean α in the core and the periphery, again pooling years,
where the core is defined as Copenhagen and Frederiksberg municipalities. Panels C and D report
mean normalized fixed costs, pooled over years. The normalization is that production cost is one in
all sectors. Panel C aggregates normalized fixed cost by zone, and Panel D aggregates it by sector.
In Panels C and D, values are reported in millions of current DKK.
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other firms in many parishes, and our parameter estimates suggest that the more firms there
are in a parish, the higher are fixed costs.

Table 4: Low-dimensional parameters
Expenditure share βs(k) Distance decay Substitution

Sector k = 1 k = 2 k = 3 ξs σs
Supermarket 0.231 0.187 0.175 0.030 2
Restaurant 0.073 0.061 0.059 0.100 2
General doctor 0.024 0.023 0.018 0.030 2
Primary school 0.00035 0.0013 0.0020 0.160 2
Greengroc./kiosk 0.026 0.021 0.019 0.300 2
Other 0.646 0.708 0.727 0.120 2
Distance slope, τk 0.216 0.265 0.287
Fixed costs power, ψ 0.311
Discount factor, ρ 0.92

Notes: Each sector row reports the type-specific expenditure shares βs(k) together with the sector
distance decay ξs and substitution elasticity σs. The three k columns correspond to income groups
below 250,000 DKK, 250,000–449,999 DKK, and 450,000–699,999 DKK. The βs(k) entries are cali-
brated from Danish HBS FU05 averages over 1994–2014. The combined food-at-home share is split
90/10 between supermarket and greengrocer/kiosk. In the maintained parish branch, σs = 2 for all
sectors, while ξs is fixed at reduced-form commuting-for-purchase decay values. The penultimate row
reports the type-specific distance slopes τk estimated from observed residential transitions and route
times. The next row reports the common firm fixed-cost exponent ψ scaling the contribution of the
number of other firms in the market. The final row is the household discount factor.

Lower dimensional parameters are presented in Table 4. Our Cobb-Douglas expenditure shares
show that in all categories except early school and other, the poor spend a higher share of their
budget than do the rich. The slope of this expenditure is, however, different. The poorest
type spends around 33% more on doctors and 32% more on grocery stores as a share of income
than our richest type, but only 24% more on restaurants.24 We find that supermarkets and
doctors serve people far away, while restaurants, our catch-all category, and especially primary
schools and kiosks serve people mostly nearby. Since we have no way to identify the elasticity
of substitution within sectors, we simply fix them at two. Richer people face lower distance
elasticities to moving their home than do poorer people, likely reflecting that richer people
tend to move farther when they do move. We find that fixed costs increase with the number of
firms in a location, reflecting competition for commercial floor space which we do not model.
We fix the discount factor at 0.92, which implies that individuals care about their own welfare
eight years in the future about half as much as they care about their welfare today.

5 How Changes in Public Housing Shape City Structure

Here we carry out a series of counterfactual exercises. We take the non-consumption amenities
Aj(t) as exogenous primitives, and start the city as it was observed in 1992. We then shock
the economy with counterfactual changes in public housing stock. We consider two shocks:

24We cannot separate expenditures on green grocers and grocery stores in the consumer expenditure data
we use to calibrate these expenditure shares, so we just assign 90% of spending on food at home to grocery
stores, and 10% to greengrocers/kiosks for each type.
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conversion of all public housing to private housing and concentrating all public housing in a
peripheral municipality (Gentofte).

5.1 Simulating the Counterfactual Equilibrium Path

This section describes how we construct counterfactual equilibrium paths. Our approach
follows directly from the dynamic structure of the model and the estimated parameters sum-
marized in Section 4.2. Given these inputs, the counterfactual simulations quantify how alter-
native public-housing policies reshape the spatial distribution of households, private housing
prices, public-housing scarcity, and local consumption amenities over time.

The counterfactual equilibrium path is constructed jointly over the three core components of
the model: (i) household location choices, (ii) housing-market clearing, and (iii) firm entry
across consumption-amenity sectors. At each date t, and for a given candidate path of rents,
public-housing scarcity, and firm counts, the household side is solved using the same dynamic
choice structure as in the estimated model. In particular, transition probabilities are implied
by the counterfactual flow utilities, movement costs, and public-housing access terms, together
with the dynamic continuation values from the Bellman equation.

The algorithm has an outer and an inner loop. In the outer loop, households take the evolution
of private housing rents, public housing access parameters, and firm locations as given, and
optimally choose their location choices. If the housing markets do not clear, we adjust rents
and access parameters in the direction of clearing each market.25 We also allow firm numbers
to adjust reflecting the locations of consumers. We also allow migration into and out of the city
in the direction of clearing the entry indifference condition. The equilibrium path is therefore
a fixed point in the joint evolution of household allocations, private rents, public-housing
scarcity, and firm counts.

One important issue is that our baseline estimation relies on the transition probabilities in the
final year of data to pin down the ending continuation value. We do not have to take a stand
on what happens after that year, since that continuation value summarizes all the relevant
beliefs of individuals. In the counterfactual, we have to take a stand on what happens in the
final year. We assume that future non-consumption amenities, costs of entering the city, and
all other time varying parameters become fixed at their last estimated value. In order to make
these counterfactuals comparable to our baseline, we also simulate a version of our baseline
under the assumption that our final estimated parameters become fixed forever.

We have neither a proof of uniqueness, nor do we believe that our equilibria are unique.
In practice, we start with our baseline, and then smoothly change the baseline distribution
of public housing towards our counterfactual distribution, solving the model repeatedly and
iteratively along the way. In each iteration of this process, we use the last equilibrium as
an initial guess for the next equilibrium. Our idea is that this will stop our estimation from
jumping to an unlikely but possible counterfactual equilibrium (such as moving the downtown

25We have access parameters for each household type by origin type in each location, but we only need to
clear the single public housing market. We assume that rents paid for public housing do not adjust in our
counterfactuals. In order to clear the market, we adjust all access parameters in a location up or down by a
scalar. We set a floor on all access parameters of zero, to reflect free mobility into public-housing. Because
even at that price, there may be excess supply, we allow the rent for public housing to fall, capturing the idea
that the public housing organizations would prefer rent lower than cost rather than no rent at all.
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of Copenhagen to a distant suburb).

5.2 Counterfactual Results

In this section, we present the results of our counterfactual experiments with public housing.
First we discuss how these experiments affect the overall population of Copenhagen. The first
panel in Figure 6 shows that our counterfactual experiments tend to drive population out of
the CMA. The experiments also change the relative shares of household types living in the
CMA. The lowest income type sees its population share increase in both experiments, while
the two higher income types see their population share fall.

Figure 6: CMA population paths and household-type share changes
Notes: The left panel reports total in-area CMA household population paths. The right panel reports
counterfactual minus baseline CMA household-type shares in percentage points in 2013.

To show how sorting is affected in each of our experiments, in the first two panels of Figure 7 we
show the change in shares of household types in the last year of our experiment relative to the
baseline. In both of our experiments, low and middle income households are pushed out of the
center. The richest type of household also increases its share in the core in both experiments,
which both involve removing public housing from the city’s core. The experiments both lead
to more low income in the periphery and less middle income (who leave the city). In the
last panel, we show the effect of firm sorting on the privatization counterfactual – the bars
represent privatization with sectoral adjustment relative to without. While the effects are
small, allowing firms to adjust increases the high income share in the core, and decreases the
high income share in the periphery.

We show the effect of our counterfactuals on rents in Figure 8. For our privatization exper-
iment, and our concentration of all public housing in Gentofte, the core becomes relatively
expensive. Core vs periphery property prices are sometimes taken as a measure of gentrifica-
tion. Under this definition, we see that privatization of public housing, or removing it from
the core of the city, increases gentrification.

Finally, we zoom in on our experiment of moving all public housing to Gentofte municipality
(incidentally one of the richest municipalities in the CMA). In Figure 9, Gentofte is the area
on the right of Panel E with the massive fall in private rents. In order to clear the market, the

25



Figure 7: Zone household-share changes across counterfactuals
Notes: The first two panels report counterfactual minus baseline household-type shares in percentage
points for the final comparison year 2014. The right panel reports remove- public minus remove-
public-with-fixed-sector-shares household-type shares and uses its own y-axis scale. The center is
defined as municipalities 101 and 147; all other in-area municipalities are in the periphery.

Figure 8: Relative change in core to periphery private rents across counterfactuals
Notes: Bars report the percent change in the core-to-periphery average private-rent ratio. Average
rents are weighted by baseline housing stock. The core is defined as municipalities 101 and 147.
All other in-area municipalities are assigned to the periphery. The comparison year is 2013.
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access parameters adjust so that it becomes easy to get access to public housing in Gentofte.
For the private market to clear, the rent has to fall. The top three panels show changes in
population by household type relative to the baseline. The richest flee Gentofte as the lower
and especially middle income types migrate in. Private rents increase in two parts of the
CMA. They increase in the downtown area just to the south of Gentofte, and also in the more
distant Northern and Western parts of the CMA. There is also subsequent sectoral sorting of
firms. In particular, restaurants leave Gentofte, and many more open in the centrally located
Copenhagen Municipality.

Figure 9: Household-share and private-rent changes under concentration in Gentofte
Notes: Panels A–C report final-year counterfactual minus baseline household-type shares for the
central Copenhagen zoom. Panels D–E report final-year private-rent changes as for the full CMA
and the central zoom. Panel F reports the counterfactual time series of restaurants by municipality.
The Gentofte concentration counterfactual concentrates all baseline public housing in Gentofte. The
central zoom contains municipality codes 101, 147, 155, 157, 159, 167, 173, 175, 185.

6 Conclusion

This paper examines how publicly provided, rent-regulated housing shapes the dynamics of
urban gentrification. Leveraging rich administrative micro data for the Copenhagen Metropoli-
tan Area covering 1986–2016 and a quasi-experimental reduction in the supply of public hous-
ing induced by the City of Copenhagen’s large-scale privatization, we document three empirical
facts linking public housing to neighborhood composition, housing prices, and the supply of
local consumption amenities. These reduced-form patterns highlight the central role of public
housing in moderating the pace and spatial incidence of gentrification.

To interpret these findings and quantify underlying mechanisms, we develop a dynamic quan-
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titative urban model in which households sort across neighborhoods subject to movement
costs, private housing prices, and non-price rationing in the public-housing sector. The model
incorporates endogenous consumption amenities and spatial spillovers, enabling a joint char-
acterization of residential choices, firm entry, and price dynamics. The estimation strategy
exploits the quasi-natural experiment to discipline key components of the model, including
access probabilities for public housing, group-specific amenities, preferences for consumption
goods, and the structure of fixed costs for local businesses.

Counterfactual simulations reveal that public housing has first-order effects on city structure.
Eliminating the public-housing stock significantly increases the rental price ratio between the
city’s core and its periphery. Redistributing public housing across space similarly produces
meaningful changes in neighborhood sorting of both households and firms, demonstrating that
both the quantity and design of public housing policy shape urban development trajectories.

Taken together, our findings show that public housing acts as a stabilizing force in urban
housing markets not merely by providing subsidized units to low-income households but by
reshaping equilibrium prices and amenities. These insights underscore the importance of
incorporating public housing into quantitative spatial models of cities and highlight the need
for urban policy frameworks that account for both allocative and general-equilibrium effects.
More broadly, the results point to a key mechanism through which housing policy can influence
the long-run distributional and spatial consequences of urban transformation.
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A Additional Background

A1 Comparative Policy Architecture

While public housing is widespread globally, the amount varies greatly, with the public hous-
ing rate (the share of the housing stock that consists of public housing) standing at between
roughly 15% and 30% in places such as Denmark, Scotland, France, and the Netherlands
(Kholodilin et al., 2024). In contrast the public housing rate has never exceeded 10% in the
US and currently stands far below that level (Kholodilin et al., 2024). The low level of public
housing in US is particularly due to the fact that the new supply of affordable housing is pri-
marily driven by private developers through the 1986 Low-Income Housing Tax Credit scheme
(Desai et al., 2010). At the same time, much of the existing US public housing was demolished
in the 1990s during initiatives such as HOPE VI (Haltiwanger et al., 2024; Almagro et al.,
2024).

There is substantial heterogeneity in the institutions governing the allocation of public housing
in different countries. In general public housing allocation mechanisms give preferential treat-
ment to low-income or vulnerable groups, but may be open to the broad population to varying
degrees. In the US, Netherlands, France, and Singapore for example public housing allocation
mechanisms target the most disadvantaged groups primarily through an income ceiling eligi-
bility criterion. In the US for example there is a general strict requirement that household
income is below 80% of the local median, often along with a points based system prioritizing
elderly, disabled, or homeless individuals and/or waiting lists or lotteries (Waldinger, 2021).
In the Netherlands there is a fixed national income ceiling eligibility criterion that applies to
at least 90% of the public housing stock. The remaining public housing is reserved for vulner-
able priority groups (Buurma-Olsen et al., 2025). In Singapore, the public housing allocation
mechanism likewise targets vulnerable low-income households with an income ceiling eligibility
criterion, but the waiting list is arranged through a lottery system (Benabbou et al., 2020).
In Denmark, in contrast, public housing is in principle open to everyone, but around 25% of
the public housing stock can be reserved for the most vulnerable groups in the municipality
and in general priority is given to low-income and vulnerable household groups (Nielsen and
Haagerup, 2017).

A2 The TOR Privatization

In the early 1990s, the Municipality of Copenhagen faced a significant challenge with its
rental apartments. With 19,000 units spread across 235 properties, comprising around 7% of
the municipality’s housing stock, these dwellings had become a financial burden. To address
this issue, the municipality took the decision in 1994 to sell off all 19,000 apartments.

The driving force behind this move was the Municipality of Copenhagen’s budget crisis. The
municipality found itself in a severe financial situation, facing a deficit of DKK 2.9 billion
in its budget proposal for 1995. The municipality had at the time a higher concentration
of pensioners, unemployed individuals, singles, and socially challenged individuals than any
other municipality in the country. This further strained the municipality’s resources, while
tax revenues failed to grow at the same rate as the rest of the country.

To address these challenges, the sale of the rental properties was part of a broader financial
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agreement between the municipality and the general government. The immediate objective
was to prevent the municipality from falling under administration. In the long term, the plan
aimed to put the municipality’s financial back on track. Overall, the decision to sell off the
rental properties was a necessary step for the Municipality of Copenhagen to alleviate its
economic burden.

The apartments were first sold to the municipal-state real estate company TOR for a public
assessed value of DKK 3.235 billion. The company TOR, was established by the municipality
and the Ministry for Housing with the aim of reselling the dwellings, which had happened in
the year 2000, so the company terminated. The majority of the amount went towards paying
off the municipality’s debt to the state. TOR was established with the aim of selling the
properties within 15 years.

The residents were given two opportunities to take over the apartments as cooperatives: first,
when TOR acquired the properties, and second, when they were resold to a third party. Shortly
after acquiring the properties, TOR sent out flyers to the tenants. These flyers served to inform
them of the opportunity to purchase their apartments through a cooperative scheme. Along-
side this information, the leaflets also included a guide describing the process of apartment
acquisition. The residents were encouraged to engage in discussions, establish an association,
elect a representative, and seek legal counsel. They were also advised to explore financing
options, maintain open communication with TOR, and be prepared to act quickly.

There was significant interest among the residents in becoming cooperative owners. By 1998,
there were only a few homes left for sale. Out of the total 19,000 dwellings, 16,500 were sold
as cooperatives, 600 to non-profit housing associations (public housing), and 1,400 to private
landlords. The remaining 500 homes took longer to sell, as they were often small properties
in unfavorable locations with limited potential for development, or they were expensive due
to prior urban renewal efforts.

Municipality owned apartments were rented out using waiting and priority lists. TOR took
over not only the properties, but also a team of 220 staff members and the responsibility
of managing waiting and priority lists. The priority list played a significant role. In the
year 1993, 1800 out of 2300 new tenancies had been allocated on the basis of social reasons.
TOR was expected to secure the highest possible selling price while ensuring the municipality’s
continued ability to provide housing for citizens with urgent needs. However, if the homes were
sold to co-operatives, the allocation through the priority list would be completely eliminated.
Christensen and Stax (2002) shows that the priority lists for standard public housing have
significantly increased from 2000 to 2002 (the number on the waiting list was 357 in 2000,
451 in 2001 and 772 in 2002). Furthermore, Christensen and Stax (2002) identified a shift
in the criteria for priority list assignments. Rather than primarily financial considerations,
other factors such as psychological issues or substance abuse problems were increasingly taken
into account. Consequently, individuals facing economic challenges, or other social or health-
related issues were more likely to be observed on standard waiting lists for public housing.

During the privatization process, the properties were classified into three categories based
on several factors including the property’s size, location, quality, condition, and rental rate.
“Prime properties” (“Gode ejendomme” in Danish) were sold without the possibility for the
municipality to rent out the apartments through priority lists. “Average properties” were
restricted to a maximum of 50% (“Mellemgode ejendomme” in Danish). For “Bad properties”
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the municipality could rent out up to 50% the apartments through priority lists (“Dårlige
ejendomme” in Danish).

TOR owned a large number of homes that were classified as "other type os housing" in 1996-
1998, see Table A.1. However, starting from 1997, the majority of these homes were sold
to cooperative housing. Only a small portion transferred to public housing associations and
private rental housing.

Table A.1: Total housing stock (1000 sqm) in the municipality of Copenhagen, by ownership
type

Year Municipality of Public Cooperative Other types Total
Copenhagen housing housing of housing

1990 1,580 3,382 4,107 15,124 24,194
1991 1,510 3,495 4,205 15,037 24,247
1992 1,501 3,547 4,339 14,908 24,296
1993 1,458 3,595 4,427 14,907 24,387
1994 1,441 3,648 4,457 14,859 24,405
1995 1,442 3,714 4,536 14,837 24,528
1996 192 3,755 4,737 16,014 24,699
1997 168 3,828 5,033 15,730 24,760
1998 158 3,942 5,650 15,091 24,841
1999 166 3,941 6,018 14,802 24,926
2000 173 3,944 6,164 14,733 25,014

Moreover, Figure A.1 shows that privatized public housing is relatively evenly distributed
across the Municipality of Copenhagen, with the exception of the historical city center, where
commercial activity is more prevalent.

To ensure that the municipality received fair value for the properties and that residents did
not overpay, the properties were sold based on broker valuations. However, these valuations
were significantly below the public assessment values. Consequently, when the company was
dissolved in 2000, TOR incurred a deficit of DKK 1 billion, which had to be covered by the
general government. The sale of the properties was met with criticism. It was called “Den-
mark’s worst real estate transaction.” It was argued that the sale constituted hidden state
transfer to the municipality of Copenhagen. This criticism stemmed from the fact that the
state owned only 15% of the property company, while the Municipality of Copenhagen owned
the remaining 85%. Additionally, it was revealed that the state would cover potential losses
of up to DKK 3.3 billion incurred by TOR.

The majority of the apartments were ultimately sold to the residents on a cooperative ba-
sis, marking a significant shift in the housing situation for many individuals. This transition
allowed them to move from rental arrangements to cooperative housing, while also introducing
a new housing policy that had a profound impact on the municipality. As a result, this policy
played an important role in changing the composition of residents and preventing the mu-
nicipality from bankruptcy. Furthermore, this initiative attracted and retained citizens who
would positively contribute to the local economy. The agreement stressed the importance of
collaborating to keep tax-attractive individuals within the municipality. This necessitated a
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Figure A.1: Share of public housing units privatized, by parish

change in the demographic composition of the city, although no direct correlation was estab-
lished between these shifts and the sale of municipality owned dwellings.

According to Rasmussen (2002), the sale of municipality-owned dwellings in 1994 can be
regarded as a natural experiment. Furthermore, Rasmussen (2002) argues that this sale had
a significant impact on neighborhood composition and public housing within the municipality
of Copenhagen.
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B Additional Empirical Results

Figure B.1: HPI (DKK/sqm) by parish for years 1992 and 2015
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Figure B.2: Impact of Public Housing Privatization on Share of Immigrants and Lower Edu-
cated
Notes: Each panel illustrates the impact of public housing privatization defined in Eq. (1).
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Figure B.3: Impact of Public Housing Privatization: treatment indicator interacted with the
share of public housing privatized in each neighborhood.
Notes: Each panel illustrates the impact of public housing privatization defined in Eq. (1) in which the
treatment indicator is interacted with the share of public housing privatized in each neighborhood.
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C Model Proofs and Derivations

C1 Housing Market

C1.1 Derivation of the Utility Shifter Equivalent

The probability that an individual from group k who resides in j moves to j′ at time t is given
by:

µjj′(k, t) =
∑

J ′∈P(J)

P(J |j, k, t)1{j
′ ∈ J} exp(Vj′(k, t)− τjj′(k, t))∑
j′′∈J ′ exp(Vj′′(k, t)− τjj′′(k, t))

(C.1)

= ajj′(i, t) · exp(Vj′(k, t)− τjj′(k, t)),

ajj′(i, t) ≡ P(j′|j, k, t)
∑

J ′∈P(J\{j′})

P(J ′|j′, j, k, t) 1∑
j′′∈J ′∪{j′} exp(Vj′′(k, t)− τjj′′(k, t))

Here P(J) denotes the power set of J , P(J ′|j′, j, k, t) is the probability that an individual
from group k residing in j has access to the choice set J ′ ∪ {j′} ⊆ J at time t given that the
individual has access to j′, and P(j′|j, k, t) is the probability that an individual from group k
residing in j has access to alternative j′ at time t.

Rewriting ajj′(k, t) = a′jj′(k, t)bj(k, t) and imposing the constraint that the transition proba-
bilities sum to one, we get:

1 = bj(k, t)
∑
j′∈J

a′jj′(k, t) exp(Vj′(k, t)−τjj′(k, t)) ⇔ bj(k, t) =
1∑

j′∈J a
′
jj′(k, t) exp(Vj′(i, t)− τjj′(k, t))

⇔ µjj′(k, t) =
a′jj′(k, t) exp(Vj′(k, t)− τjj′(k, t))∑

j′′∈J a
′
jj′′(k, t) exp(Vj′′(k, t)− τjj′′(k, t))

(C.2)

Define αjj′(k, t) ≡ − ln(a′jj′(k, t)), which denotes the utility shifter equivalent that rationalizes
the transition probabilities, µjj′(k, t), of all groups under rationing.

C1.2 Approximation of the Choice Set Inclusion Probabilities

Assuming that P(J ′|j′, j, k, t) ≈ 0 whenever j′′ ∈ J ′ ⊆ J \ {j′} for any j′′ = (l′′, 1) ̸= j′, such
that the probability that an individual has access to public housing in more than one location
within any period is close to zero, the choice set inclusion probabilities map approximately to
the utility shifter equivalents according to (see Equation C.1 and Equation C.2):

P(j′|j, k, t) ≈ exp(−αjj′(k, t)) (C.3)

This approximation is likely to hold when the number of free public housing units is small
relative to the total number of individuals within each period.
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C2 Consumption Amenities

C2.1 Derivation of Individual Demand

Within each sector s, location l individuals consume the following Dixit–Stiglitz CES aggregate
of varieties produced at all origins l′:

Qsl(k, t) =

∑
l′∈L

∑
n∈Nsl′ (t)

(qsll′(n, k, t)/δsll′(t))
σs−1
σs


σs

σs−1

(C.4)

Each firm sets a single undifferentiated mill price psl′(n, t). The final utility from consumption
is adjusted downwards by δsll′(t) ≥ 1. Let group k individuals’ expenditure within sector s
be denoted as yCs (k, t). Finally, Nsl′(t) denotes the set of firms in sector s in location l′ at time t.

Now for a given set of prices, {psl′(n, t)}, maximize the utility from local consumption ameni-
ties consumption, Qsl(k, t), under the budget constraint:

max
{qsll′ (n,k,t)}

∑
l′∈L

∑
n∈Nsl′ (t)

(qsll′(n, k, t)/δsll′(t))
σs−1
σs ,

s.t.
∑
l′∈L

∑
n∈Nsl′ (t)

psl′(n, t)qsll′(n, k, t) ≤ yCs (k, t) ≡ ϕ(k, t)ψ(k, t)βs(k, t)y(k, t)

The Lagrangian is:

L =
∑
l′∈L

Nsl′ (t)∑
n=1

(qsll′(n, k, t)/δsll′(t))
σs−1
σs + λ

yCs (k, t)−∑
l′∈L

Nsl′ (t)∑
n=1

psl′(n, t)qsll′(n, k, t)

 , λ ≥ 0

For each location l′ and each variety n, the first-order condition is:

∂L
∂qsll′(n, k, t)

=
σs − 1

σs
δsll′(t)

1−σs
σs q∗sll′(n, t)

− 1
σs − λpsl′(n, t) = 0

⇒ q∗sll′(n, t) =

(
σs − 1

σs

)σs
δsll′(t)

1−σs(λpsl′(n, t))
−σs

Now let the constraint bind:

yCs (k, t) =
∑
l′∈L

∑
n∈Nsl′ (t)

psl′(n, t)q
∗
sll′(n, k, t) =

(
σs − 1

λσs

)σs∑
l′∈L

∑
n∈Nsl′ (t)

psll′(n, t)
1−σs ,

psll′(n, t) ≡ δsll′(t)psl′(n, t)

Define:

9



PQ
sl (k, t) ≡

∑
l′∈L

∑
n∈Nsl′ (t)

psll′(n, t)
1−σs

 1
1−σs

(C.5)

In this case we have:

yCs (k, t) =

(
σs − 1

λσs

)σs
PQ
sl (k, t)

1−σs ⇒
(
σs − 1

λσs

)σs
= yCs (k, t)P

Q
sl (k, t)

σs−1

⇒ q∗sll′(n, t) = yCs (k, t)
(
PQ
sl (t)/δsll′(t)

)σs(t)−1

psl′(n, t)
−σs (C.6)

C2.2 Derivation of the Pricing Equation

If each firm faces a marginal cost cs that is the same for all firms within a sector. The firms’
profits satisfy:

πsl′(n, t) ∝ (psl′(n, t)− cs)
∑
l∈L

∑
k∈K

q∗sll′(n, k, t) ·
∑
ω∈Ω

I(l,ω)(k, t) (C.7)

Here Ij(k, t) is the number of type k individuals in location-type pair j = (l, ω). Since there
is a continuum of firms, each firm takes demand as a given. Hence, we can simply plug in
the expression for the demand, impose the first-order condition, and solve for the optimal mill
price, which yields:

πsl′(n, t) ∝ (psl′(n, t)− cs)psl′(n, t)
−σs
∑
l∈L

(
PQ
sl (t)/δsll′(t)

)σs(t)−1∑
k∈K

yCs (k, t)I ′
l(k, t),

I ′
l(k, t) ≡

∑
ω∈Ω

I(l,ω)(k, t)

If there are enough firms that ∂PQ
sl (t)/∂psl′(n, t) ≈ 0, then we have:

∂πsl′(n, t)

∂psl′(n, t)
∝ (1− σs)psl′(n, t)

−σs + csσspsl′(n, t)
−σs−1 = 0

⇔ p∗sl′(n, t) = cs
σs

σs − 1
≡ p∗s(t) (C.8)

That is, in this case all firms in sector s charge the same price at any given time, t, with the
markup determined by the elasticity of substitution, σs.
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