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I estimate the impact of new housing supply on the local rent distribu-
tion, exploiting delays in housing completions caused by weather
shocks. A 1% increase in new supply (i) lowers average rents by 0.19%,
(ii) effectively reduces rents of lower-quality units, and (iii) dispropor-
tionately increases the number of second-hand units available for
rent. Moreover, the impact on rents is equally strong in high-demand
markets. Employing a quantitative model, I explain these results by
second-hand supply: New supply triggers moving chains that free up
units in all market segments. The estimate translates into a short-
run demand price elasticity of 20.025.
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I. Introduction
In this paper, I study the impact of newmarket-rate housing supply on the
local distribution of private-market rents in Germany.1 I rely on two differ-
ent approaches: a causally identified empirical analysis and a structural
model of a local housing market.
Housing markets are to a large extent second-hand markets. In fact,

the data used in this study indicate that a mere 5.2% of rental units of-
fered in Germany are new, whereas 94.8% are second-hand units. Most
second-hand units are of considerably lower quality than—and may thus
be poor substitutes for—newhousing. Although a lack of substitutability is
a potential barrier to the propagation of a supply shock, in second-hand
markets such as the housingmarket, substitutability is not a necessary con-
dition for market integration across different market segments. The rea-
son is that adjustment costs prevent households from updating frequently
their housing choices. As a consequence, many renters moving into new
housing leave vacant units of relatively low quality, which then become
available to the second-handmarket. This triggersmoving chains that free
up additional housing. The results in this paper suggest that this mecha-
nism is central to market integration and to the propagation of shocks in
the housing market.
The paper makes three main contributions: First, it provides causal es-

timates of rent price elasticities based on a nationally representative sam-
ple. According to the baseline reduced-form estimate, a 1% increase of
annual new supply lowers average rents by 0.19%.2 This estimate trans-
lates into a short-run demand price elasticity of20.025. It is highly policy
relevant, since it helps local governments to assess by how much rental
prices are going to decrease when issuing a larger number of building
permits. Moreover, changes in housing costs are a key component of
consumer price inflation, and they are captured particularly well by rental
prices. Finally, the demand price elasticity is an important ingredient for
quantitative models of the housing market. Yet, causal estimates are re-
markably scarce.3
1 The German homeownership rate is low by international standards, 45.7% according
to the 2011 census. I explore the role of the homeownership rate for the findings below.

2 I corroborate the magnitude of this estimate using the structural model. The model-
based elasticity is somewhat larger with 20.44 when the supply shock is to new owner-
occupied housing, and 20.79 when it is to new rental housing.

3 The only existing estimates that treat observed (rental) prices as endogenous date
back to an experiment conducted in Phoenix and Pittsburgh between 1973 and 1976
(Hanushek and Quigley 1980; Friedman and Weinberg 1981). There is an extensive liter-
ature that estimates long-run demand price elasticities from observed prices, with prices
taken to be exogenous. Loosely speaking, there are two main approaches. The first ap-
proach exploits time-series or cross-sectional variation in housing costs and relates this var-
iation to housing demand (e.g., Polinsky and Ellwood 1979; Eberts and Gronberg 1982;
Albouy, Ehrlich, and Liu 2016). This literature mostly finds long-run elasticities between
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Second, this paper is the first to provide clean, quasi-experimental ev-
idence on the impact of new housing supply on the tails of the local rent
distribution. It documents that new housing supply effectively enhances
the affordability of housing for renters across the board, even in markets
experiencing strong demand growth. This finding has significant impli-
cations for housing policy in general. It demonstrates that new housing
benefits low-income households even when it is not targeted at low in-
comes and that supply-side interventions are an effective policy tool
for local governments. This is particularly important in light of the fact
that many demand-side policy responses to rising housing costs in high-
demand locations around the world have proven to be distortionary and
mostly ineffective (Metcalf 2018).
Third, the paper proposes second-hand housing supply as a key deter-

minant of market integration between rental and owner-occupier mar-
kets. The degree of segmentation plays an important role in models of
dual housing markets, for example, Favilukis, Ludvigson, and Van Nieu-
werburgh (2017), Greenwald and Guren (2020), and Kaplan, Mitman,
and Violante (2020). In a nutshell, moving costs restrain households from
making gradual adjustments to their housing arrangements. This loosens
the relationship betweenhousehold incomeandhousing quality, which in
turn creates cross-connections between submarkets and thus fosters mar-
ket integration without requiring substitutability. In other words, it is not a
necessary condition for a large cross-price elasticity between two given
market segments that there exist marginal agents who are indifferent be-
tween buying or renting in the two segments. This also suggests that treat-
ing housing as a homogeneous product is a sensible modeling choice in
many circumstances, especially if the main interest is in house price or
rent dynamics.
In the reduced-form empirical analysis, I exploit unusual weather con-

ditions during the construction phase that cause long-lasting delays as an
exogenous supply shifter.4 The analysis builds on a unique administra-
tive dataset comprising the universe of housing completions in Germany
between 2010 and 2017,5 in conjunction with grid-level weather data and
data on 6.9million housing units offered for rent between 2011 and 2018.
20.4 and20.8. The second approachuses household-level panel data and estimates demand
equations, again taking observed price as exogenous (e.g., Ermisch, Findlay, and Gibb 1996;
Rapaport 1997; Goodman 2002; Barrios Garcia andRodriguezHernandez 2008; Fontela and
Gonzales 2009). This delivers somewhat smaller long-run elasticities that fall in the range
20.1 to 20.8.

4 The weather-induced delays have a long-lasting impact on aggregate new housing sup-
ply in the local market, consistent with tight capacity constraints among housing develop-
ers during the most recent housing boom in Germany starting in 2010, and with evidence
for the United States (Coulson and Richard 1996; Fergus 1999).

5 I do not observe whether the newly built units are owner or renter occupied.



000 journal of political economy macroeconomics
The baseline estimate of20.19 does not vary much across housing unit
types or local markets. First, there is no statistically significant difference
between the impact on rents of high- versus low-quality units, as measured
by the unit’s position in the local rent/square meter (sqm) distribution.
Effects at the lower end are somewhat weaker with 20.13 and increase
in magnitude up to 20.28 at the upper end. Hence, new supply of market-
rate housing affects the entire rent distribution. Second, consistent with
this result, the effect size varies onlymodestly with building age and hous-
ing unit size. Overall, these patterns cannot be explained by substitution
relationships between new housing and existing units in the rental mar-
ket. Rather, second-hand supply triggered by the shock to new supply ex-
plains well why the effect spreads swiftly across the entire local market. In
line with the second-hand supply channel, the number of second-hand
rental units that appear on the local market increases by a factor of 4 for
every newly constructed housing unit, arguably due to moving chains trig-
gered by the new units.
Local markets experiencing increasing housing demand are of particu-

larly high policy relevance. The study period, 2011–18, is well-suited to ad-
dress the question of whether new supply is an effectivemeans for curbing
rent growth in such markets. During this period, fueled by a robust eco-
nomic development in Germany with employment growing from 28.6 to
32.9 million persons, rental prices increased strongly in many locations.
When restricting the sample to locations with above-median growth in em-
ployment, average gross labor income, and household income, respec-
tively, the estimates remain close to the baseline estimate of 20.19.
Arguably, the weather shocks affect rents only through the supply of

new housing. I address potential concerns regarding this assumption in
a series of robustness checks. First, the baseline estimate remains robust
when excluding years with large flood events, indicating that the results
are not driven by the potentially long-lasting impacts of local floods. Sec-
ond, specific sectors such as tourism and agriculture, as well as buyers
and sellers in the housing market, could be directly affected by weather
shocks.6 Yet, the baseline estimate is robust to controlling for housing de-
mand factors thatmay be correlatedwith theweather shocks. Additionally,
the weather shocks are uncorrelated with the pretreatment outcome and
with potential observable confounders prone to being affected directly by
6 Deng et al. (2021) show that temperatures above 32.27C lead to a greater number of
nonrecourse mortgage defaults in the United States, most likely because high tempera-
tures affect the borrowers’ home valuation. However, the argument does not apply to re-
course loans, as common in Germany where the number of hot days is much lower than in
the United States and exhibits much less regional variation; see https://www.umwelt
bundesamt.de/bild/anzahl-der-tage-einem-lufttemperatur-maximum-ueber.

https://www.umweltbundesamt.de/bild/anzahl-der-tage-einem-lufttemperatur-maximum-ueber
https://www.umweltbundesamt.de/bild/anzahl-der-tage-einem-lufttemperatur-maximum-ueber


impact of new housing supply 000
the weather, such as total work hours. Finally, I exploit the fact that Febru-
ary frost depth is almost orthogonal to the summer rainfall instrument,
which makes it highly unlikely that the two variables share important un-
observed confounders. The results are very similar when using either of
the two instruments, and when using alternative definitions of the rainfall
instrument.Overall, these results lend strong support to the claim that the
weather shocks are plausibly exogenous.
In the second part of the paper, I develop a structural model of a local

housingmarket in which housing units differ by quality and size. The pur-
pose of the model is to investigate more deeply why rental prices for low-
quality housing are affected swiftly by shocks to new housing supply,
even if new supply is catering mostly to homeowners. The model charac-
terizes both housing demand and supply of second-hand rental housing
and is estimated using data from the German Socio-Economic Panel
(SOEP).
In the model, renters who move appear simultaneously on both the

demand and the supply side—the latter because they add vacant units
to the market. In this way, each move triggers a series of adjustments
across rental submarkets until all submarkets clear. As a result, second-
hand supply creates strong cross-connections between different market
segments. Moreover, renters tend to “jump up the housing ladder” rather
than take small steps because they face moving costs and therefore re-
frain from making small adjustments to their housing consumption.
This mechanism contributes to the tight integration of all segments in
the rental market, and of the owner-occupied and rental markets, irre-
spective of the substitutability between particular segments. That is, be-
cause of the second-hand market effect, the cross-price elasticity between
units may decrease with substitutability because the utility difference be-
tween two similar units may be too small to justify a move when faced
with high moving costs. Thus, a price shock in a particular segment may
affect the prices of close substitutes less than the prices of less similar
alternatives.
The paper ties into the following strands of the literature: First, it adds

to the growing empirical literature on the impact of new housing supply
on housing costs (Pennington 2021; Li 2022; Asquith, Mast, and Reed
2023) and filtering (Rosenthal 2014, 2019; Nathanson 2019; Bratu,
Harjunen, and Saarimaa 2023; Mast 2023). The most closely related pa-
pers are Pennington (2021), Li (2022), and Asquith, Mast, and Reed
(2023). All three papers study the effects of new supply of multifamily
housing on income-based sorting, gentrification, and housing costs at
the neighborhood level, capturing a direct supply effect, externalities,
and effects of income-based sorting. These papers do not, however, con-
sider the aggregate effects of new housing supply at the level of the
local or regional housing market, where externalities and income-based
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sorting responses are fully internalized.7 Moreover, they do not investi-
gate the role of second-hand housing supply.
Second, the results complement work studying housing choices of

homeowners and renters and the relationships between different hous-
ing market segments (Landvoigt, Piazzesi, and Schneider 2015; Epple,
Quintero, and Sieg 2020; Piazzesi, Schneider, and Stroebel 2020). Land-
voigt, Piazzesi, and Schneider (2015) and Epple, Quintero, and Sieg (2020)
develop a structural framework in which households optimize their con-
sumption of housing and goods without frictions in each period. Un-
der standard assumptions, this implies perfect sorting of households by
income into housing units ordered by quality. The dynamic framework
proposed in this paper breaks up this perfect sorting and explicitly mod-
els second-hand supply. These two ingredients allow for complex interde-
pendencies betweenmarket segments, whichhelp to explain high degrees
of market integration, as observed, for example, between local markets in
the United States prior to the Great Financial Crisis (Cotter, Gabriel, and
Roll 2015).
Third, the paper contributes to the large literature on the role of hous-

ing supply and housing supply constraints for prices and rents, housing
affordability, and the local housing market more generally (Quigley
and Raphael 2004, 2005; Glaeser, Gyourko, and Saks 2005; Saks 2008;
Saiz 2010; Van Nieuwerburgh and Weill 2010; Gyourko, Mayer, and Sinai
2013; Hilber and Vermeulen 2016; Büchler, Ehrlich, and Schöni 2021;
Hilber and Mense 2021; Almagro, Chyn, and Stuart 2022; Molloy, Na-
thanson, and Paciorek 2022; Anagol, Ferreira, and Rexer 2023). Most
of this literature examines the impact of demand shocks on house prices
in locations that differ in terms of their housing supply constraints. More
recent papers also consider the impact on rents, for example, Büchler,
Ehrlich, and Schöni (2021), Hilber and Mense (2021), and Molloy, Na-
thanson, and Paciorek (2022). However, the evidence from these papers
on the impact of new housing supply on housing costs is only indirect.
Moreover, these papers do not address the question of whether new sup-
ply at market rates is an effective means for achieving housing affordabil-
ity for low-income households and in locations experiencing strong de-
mand pressures.8

The remainder of this paper is structured as follows: In section II, I
first describe the housing supply, weather, and rent data, and motivate
7 However, Nathanson (2019) considers an endogenous response of city-level amenities
to a housing supply shock through income-based sorting across markets.

8 Credit constraints may represent a barrier between the owner-occupied and the rental
housing segments (Ortalo-Magné and Rady 2006), and out-of-town buyers may step in to
occupy the newly built units (Favilukis and Van Nieuwerburgh 2021). These factors may
limit the degree to which new supply can reduce housing cost pressures for vulnerable
groups.



impact of new housing supply 000
the instrumental variable strategy. Then, I analyze the effects of new hous-
ing supply on the local rent distribution. Section III is devoted to the struc-
tural model, which is used to investigate the underlying mechanism. The
final section draws conclusions and offers suggestions for policy and fu-
ture research.
II. Reduced-Form Evidence: The Impact
of New Housing Supply on Rents

A. Data
For the reduced-form analysis, I rely on three data sources: the adminis-
trative Building Completions Statistic, data on posted rents from online
platforms, and weather data.
The Building Completions Statistic reports information on all new

housing units completed in Germany between 2010 and 2017, including
municipality and month of completion.9 Unfortunately, it is not possible
to identify new affordable housing in the data. In recent years, only a small
share of new supply in Germany was subsidized.10 In all other cases, devel-
opers can sell units at any price.Moreover, as I show below, the instrument
mainly affects the supply of single-family housing, a type of housing that
rarely qualifies for subsidies in the German institutional setting.
The rent data were web-scraped from three large online real estate

market places between July 2011 and December 2018, covering around
80%–90% of the units offered in the German rental housingmarket. The
data capture the rent distribution of vacant units, rather than the overall
rent distribution. Variables include the net rent, the size in squaremeters,
the post code, the month of the first appearance, and housing character-
istics. Themainoutcome is a loghedonic index capturing constant-quality
rents per square meter net of utilities and heating costs. In addition, I em-
ploy data on listing prices of single- and multifamily units web-scraped
from the same platforms, to compute imputed prices of the rental hous-
ing units based on hedonic regressions. Appendix A (apps. A–D are avail-
able online) provides details on the data and the construction of the he-
donic rent index.
The instrumental variables are derived from data on rainfall and frost

depth from 2010 to 2017, provided by the German Weather Service for
1 � 1 km2 grid cells.11
9 Source: Research Data Centres of the Federal Statistical Office and Statistical Offices of
the Federal States, Statistik der Baufertigstellungen, survey years 2010–17.

10 According to a parliamentary interpellation fromMarch 2017, about 6% of new hous-
ing supply was subsidized in 2013 and 2014 (Deutscher Bundestag, 18/11403).

11 Sources: Deutscher Wetterdienst (DWD) Climate Data Center (2010–17): REGNIE
grids of daily precipitation; DWD Climate Data Center (2010–17): Monthly grids of the
maximum frost depth under uncovered soil at midday.
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The main analysis is conducted at the level of local housing markets,
using German planning regions (PRs) (Raumordnungsregionen). Housing
units and weather shocks are assigned to PRs based on their geocodes
and the municipality identifier. For each PR, I employ ordinary and
quantile hedonic regressions to compute quality-adjusted local rent in-
dexes. The resulting yearly panel is balanced and covers 94 PRs over
8 years.12 To these data, I add variables capturing important determi-
nants of local housing demand from the INKAR database of the Federal
Institute for Research on Building, Urban Affairs, and Spatial Develop-
ment (BBSR). Table 1 provides summary statistics.
B. Quality of New Housing
Renters’ decisions to move are key for understanding spillovers between
rents and prices more generally both because they are more mobile than
homeowners and because they are the largest group of buyers of owner-
occupied housing: According to the SOEP, moves of renters make up
about 90% of all moves in Germany. In 5% of all moves, a homeowner
moved to another owner-occupied housing unit, whereas about 15% of
moves were from rental to owner-occupied housing. Moreover, 49% of
new unsubsidized units in Germany are absorbed by renters becoming
homeowners, but only 19% are bought by former homeowners. The re-
maining 32%are rental units.13 These numbers underscore that themodal
person occupying newly built housing in Germany is a former renter.
To describe the housing quality of newly built and existing rental hous-

ing, I compare prices of newly built units offered for sale to the imputed
prices of existing housing offered for rent. The price as ameasure of qual-
ity captures the quality of all housing characteristics, including the unit’s
location. The direct impact of new supply on rents should be confined to
quality segments where the two price distributions overlap.
Figure 1A shows the residualized log price distributions, netting out

the average price by PR and year to account for differences across local
markets and time. The distribution of imputed prices for existing rental
housing has far more weight at lower qualities, and it overlaps only partly
with the distributions for newly built single- and multifamily housing.
12 In total, there are 96 PRs. The month of completion is not reported in the Building
Completions Statistic for Bremen and Saar. Since this is a key variable in the empirical strat-
egy, I exclude these two PRs from the analysis.

13 These numbers refer to mover households for which the year of construction equals
the year of observation, between 2010 and 2017 (excluding subsidized housing); 56 such
moves were observed in the SOEP. The 2011 census reports very similar shares for housing
built between 2009 and 2011, with 61% owner-occupied housing, and 39% rental housing
(including subsidized housing).
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Figure 1B translates these distributions into the share of new housing sup-
plied at each quality level, by evaluating the densities shown in figure 1A
and scaling by overall market sizes in each group. The dashed gray lines
mark the points where the share exceeds 1% and 10%, respectively. Less
than 1%of units in the 38% lowest-quality segments are new, and the share
exceeds 10%only in the top-23%quality segments. Overall, the vast major-
ity of new units exhibit a housing quality comparable to or beyond the top
end of the second-hand rental market.
TABLE 1
Descriptive Statistics for PR Panel (N 5 94, T 5 8)

Minimum Mean Q25 Median Q75 Maximum

A. Rents and Hedonic Rent Indexes, 2011–18

Real monthly rent/sqm 4.33 6.57 5.49 6.27 7.37 15.48
Log mean real rent index 2.045 .059 .003 .043 .095 .322
Log real rent index 1st decile 2.164 .042 .000 .026 .070 .322
Log real rent index 3rd decile 2.034 .055 .001 .038 .091 .344
Log real rent index 5th decile 2.040 .063 .002 .046 .105 .379
Log real rent index 7th decile 2.044 .073 .006 .053 .118 .394
Log real rent index 9th decile 2.081 .086 .006 .063 .140 .516

B. New Housing Completions and Weather
Shocks, 2010–17

New supply Oct–Dec .047 .492 .374 .457 .579 1.130
Log new supply (whole year) 4.70 7.28 6.78 7.28 7.79 9.29
Average summer rainfall spell 26.355 2.001 21.247 .022 1.258 6.171
February frost depth 213.900 .001 25.040 22.853 .596 41.304
Longest rainfall spell 23.279 .000 2.735 2.086 .536 4.320
Number of spells with 51 days 21.113 .003 2.280 2.057 .280 1.825

C. Control Variables in Year of Weather
Shock, 2010–17

Employment (thousands) 62 311 155 214 356 1,426
Unemployment rate .021 .065 .040 .060 .083 .148
Students per 1,000 residents .0 27.1 11.1 26.9 38.6 100.0
Share without school degree .028 .062 .046 .056 .074 .159
Hours worked per worker in year 1,252 1,336 1,304 1,320 1,355 1,680
Gross average labor income 1,765 2,488 2,243 2,444 2,690 3,745
Dummy: Heavy flood .000 .114 .000 .000 .000 1.000
Note.—The real monthly rent per sqm is based on the average rent per sqm as observed
in 2011 and the real average rent index, deflated by the CPI (2018 5 1). The log rent in-
dexes are constant-quality hedonic indexes (2011 5 0); see app. A for details. New supply
in October–December is expressed relative to the yearly average number of new builds.
The weather variables are measured as deviations from the local average. Control variables
are taken from the INKAR regional data base. Data on hours worked are not available for
four PRs (1601, 1602, 1603, 1604) in the years 2010–13. The share without school degree
is the share of children leaving school without a school degree. The heavy flood dummy
captures years with severe floods in the federal state the planning region belongs to
(2013: Lower Saxony, Hesse, Rheinland-Palatinate, Baden-Wuerttemberg, Bavaria, Saxony,
Saxony-Anhalt, Thuringia; 2017: Lower Saxony, Saxony-Anhalt, Thuringia).
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C. Weather Shocks as Instrument for New Housing Supply

1. Technical Mechanism
In order to identify shifts in new housing supply, I exploit fluctuations in
housing completions at the end of the year, caused by unfavorable weather
conditions during spring and summer. Previous studies have found that
local weather conditions influence the number of housing completions,
creating persistent supply shocks (see, e.g., Fergus 1999 for the United
States). Moreover, poor weather conditions are recognized by German
building law as a reason for an extension of building time (§ 6 Abs. 2 Nr. 1
VOB/B).
As soon as the soil has thawed out, developers can begin groundwork,

usually erecting the building walls until midsummer.14 During the summer
months, heavy rainfall may cause delays for multiple reasons. First, certain
building materials, such as concrete and mortar, require a sufficient drying
period, which is prolonged by unfavorable weather conditions. In the ab-
sence of adequate drying, residual moisture can damage the building fabric
and facilitate the growth of mold. Second, in the summer, sunny weather
allows for extended work hours during the day without the use of electric
FIG. 1.—Quality of existing rental housing and newly built housing. A, Residualized log
price distributions (net of PR- and year-average prices) for existing rental housing (black),
newly built single-family housing (gray dash-dotted), newly built multifamily housing (gray
dotted), and overall newly built housing (gray solid). B, Share of overall new supply at each
quantile of quality distribution of existing rental housing. It is constructed using the black
and gray solid lines from A, scaled by the number of observations in each group.
14 There is no official statistic on building starts in Germany, and I am not aware of a
dataset that documents the timing of the construction process. However, various newspa-
per and magazine articles suggest that most housing starts occur in late winter or early
spring, and that walls are erected within approximately 4–5 months, e.g., https://www
.immonet.de/service/zeitplanung-hausbau, https://www.hausausstellung.de, or https://
www.n-tv.de/ratgeber.

https://www.immonet.de/service/zeitplanung-hausbau
https://www.immonet.de/service/zeitplanung-hausbau
https://www.hausausstellung.de
https://www.n-tv.de/ratgeber
https://www.n-tv.de/ratgeber
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light, enabling construction work from the early morning until the late eve-
ning. Conversely, rainy weather reduces effective daytime hours, impedes
construction workers, and diminishes their motivation when working out-
doors. Third, concrete, bonding agents, and certain other materials cannot
be applied when there is heavy or continuous rainfall over multiple days.15

Fourth, muddy and sodden soil impedes the setup of cranes and the oper-
ation of heavy vehicles on-site. Consequently, profit-maximizing construc-
tion firms operating in different regions may either shift their attention to
sites with more favorable conditions16 or temporarily lay off workers (Bosch
and Zühlke-Robinet 1999).
The climatic conditions in Germany during winter time are typically

unsuitable for outdoor construction work on buildings, so that construc-
tion work is usually suspended during that time.17 Consequently, a de-
layed start in the spring and/or less favorable conditions in the summer
may result in delays that extend building times beyond the winter pe-
riod. Crucially, if capacity constraints in the construction sector are bind-
ing, developers are unable to make up lost time in the following year. In
such cases, delays result in persistent supply shifts that can last months or
even years. I demonstrate below that this accurately characterizes the sit-
uation studied in this paper.
2. Definitions of the Instrumental Variables
I use four instrumental variables that build on these considerations. The
main instrument is the average longest spell of consecutive rainfall days
(>20mm per sqm) in each summermonth.Alternative definitions are the
longest total spell, and thenumber of spells with at least 5 consecutive days
of rain between July and September. All of these instruments capture the
idea that builders respond to prolonged periods of rainfall by stopping or
relocating construction activity.18
15 See https://www.nwzonline.de/bauen-wohnen/hausbau.
16 According to theLeibniz-Institut fürWirtschaftsforschungHalle (IWH)ConstructionSec-

tor Survey 2011 conducted in East Germany, 57% of East German firms have projects in West
German states (Loose 2012). Moreover, collective bargaining agreements in the construction
sector define compensation for the distance between the construction site and the residential
address of theworker, for distances up to 500 km(see chap. 5.4 inBosch andHüttenhoff 2022),
suggesting that it is common for firms to operate on an interregional scale.

17 Many construction materials require outside temperatures above 5–10 degrees Celsius.
Although it is technologically feasible to build also in a cold winter, this increases tremen-
dously the construction costs (see, e.g., F. Wilke, “Fünf Grad, die magische Grenze” [five de-
grees Celsius, the magic threshold], Süddeutsche Zeitung, January 1, 2016, https://www.sz.de
/201601/bauen).

18 In contrast to many consecutive rainy days, a large total number of rainy days scattered
throughout the summer is unlikely to have much effect on construction activity. Therefore,
I do not consider the total amount of rainfall or the total number of rainy days during the
summer as instruments.

https://www.nwzonline.de/bauen-wohnen/hausbau
https://www.sz.de/201601/bauen
https://www.sz.de/201601/bauen
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The fourth instrumental variable is frost depth in February. Rainfall has
the advantage of being a relevant factor in all parts of Germany, unlike
snow and frost, which are rare in the northern and northwestern regions.
However, February frost depth is largely unrelated to summer precipita-
tion and thus provides a valuable alternative source of variation.
The rainfall instruments are constructed from daily rainfall data on a

1 � 1 km2 grid. I remove time-constant differences in weather conditions
between locations, as well as differences in seasonal patterns, by subtract-
ing the grid cell mean of the respective calendar month. Thus, the iden-
tifying variation comes from weather conditions that are unusual for the
location. Thefinal step is to aggregate to thePRand year. FigureB1 (figs. A1,
B1, B2, C1, and D1–D6 are available online) shows that the instrument has
significant spatiotemporal variation. The alternative instrumental vari-
ables are defined in an analogous way.
3. First-Stage Relationship
Table 2 summarizes the results of a series of regressions with the three
rainfall instruments and the frost depth instrument as explanatory vari-
ables. In this table, all instruments are scaled to have a standard deviation
of 1 and a mean of 0. The unit of observation is the municipality by year.
In columns 1–5, the dependent variable is the number of new units com-
pleted in the 3 months following the rainfall shock (October, November,
and December), relative to the average number of new units built per
year. Using the summer rainfall shock in column1, the coefficient is highly
significant and negative, with an F-statistic of 16.4. An increase in the rain-
fall shock by 1 standard deviation (2.4 days) reduces the supply of new
housing at the end of the year by about 1.42% of the average annual new
supply.
The other two variants of the rainfall instrument yield comparable re-

sults, albeit with lower F-statistics. Deeper frost depth in February also re-
duces the number of units completed at the end of the year, as demon-
strated in column 4. When the average summer rainfall spell and frost
depth are included jointly in column 5, both coefficients are significant
and stable, arguably due to the very low correlation between the two var-
iables of 0.09.19
19 Figure B2 displays estimates for the impact of the rainfall and frost instruments on hous-
ing completions in eachmonth of the year, analogous to col. 5 of table 2. There is virtually no
effect between January and September, but both instrumentsmarginally increase the number
of completions in October. This is consistent with builders shifting from projects that are af-
fected bybadweather tonearly completedprojects that they can safely finish before the endof
the construction season, despite poorer weather conditions in the fall and winter. In Novem-
ber and December, both types of weather shocks strongly reduce new supply.
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One question not addressed so far is whether the impact of the weather
shocks varies by building type. Larger buildings have longer construction
times, so that it may be easier for builders to make up for weather-related
delays.20 In column 6, the dependent variable is the number of units in
multifamily buildings completed between October and December. De-
spite the signs of the instruments remaining unchanged, both instru-
ments have a much smaller impact. Therefore, the weather shocks mainly
identify shocks to the supply of single-family housing.
During a housing boom, when the construction sector is operating at

full capacity, a temporary decline in construction output can lead to a
TABLE 2
Weather Shocks and End-of-Year Completions

Dependent Variable: New Housing Units Completed

Oct–Dec as Share of Average Annual New Supply

in All Types of Buildings in MFHs

(1) (2) (3) (4) (5) (6)
OLS OLS OLS OLS OLS OLS

Average summer
rainfall spell 2.0142*** 2.0151*** 2.0011

(.0035) (.0035) (.0011)
Longest summer
rainfall spell 2.0109***

(.0034)
Number of rainfall
spells 51 days 2.0122***

(.0034)
Frost depth in
February 2.0153** 2.0185*** 2.0041*

(.0067) (.0067) (.0023)
Year fixed effects Yes Yes Yes Yes Yes Yes
Municipality fixed
effects Yes Yes Yes Yes Yes Yes

F-statistic 16.4 10.0 12.6 5.2 12.4 2.0
Observations 83,632 83,632 83,632 83,632 83,632 83,632
20 In Germany, abou
12 months after havin
The shares are substan
t 25%–30% of newly built single-family homes are complet
g obtained the building permit, and 58%–65% within 18
tially lower for multifamily homes, with 7% and 28% (Schwa
Note.—Standard errors are clustered by municipality. In cols. 1–5, the dependent vari-
able is the number of housing units completed in October, November, and December as a
share of average annual supply in the municipality. In col. 6, the dependent variable is the
number of housing units in multifamily housing completed in October, November, and
December, as a share of average annual supply. The explanatory variables are scaled to have
a mean of 0 and a standard deviation of 1.
* p < .1.
** p < .05.
*** p < .01.
ed within
months.
rz 2018).
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sustained reduction in new supply. This accurately reflects the situation in
Germany since the start of the most recent boom in 2010. Waiting times
for construction firms (the time between the signing of a contract and
the start of its execution) more than doubled, from 6.5 weeks in 2009 to
13.4 weeks in 2019, and never declined significantly after 2010 (fig. 2A).
The ratio of skilled jobseekers to vacancies fell by a factor of 3 (installations
subsector) to 5 (construction) (fig. 2B). In particular, skilled workers were
extremely scarce in the installations subsector, with only about three skilled
jobseekers for every ten open positions in 2018 (fig. 2C). This picture is in
FIG. 2.—Delayed housing completions and capacity constraints in building sector. A, Av-
erage waiting times in construction industry, from signing of contract to start of execution
(source: ZDH Konjunkturbericht). B, Indexes for number of skilled job searchers per
open position in building construction and installations subsectors, and for overall unem-
ployment rate in Germany (base year 2008; source: Federal Employment Agency). C, Num-
ber of skilled job searchers per open position in installations subsector (source: Federal
Employment Agency). D, Estimated share of delayed units completed by month m of sub-
sequent year (cumulative) with 90% confidence intervals; standard errors clustered by
municipality.
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line with reports of severe capacity constraints in the construction sector
during the most recent boom (Gornig, Michelsen, and Bruns 2019).
To investigate the aggregate effect of weather-induced delays on local

new housing supply in the subsequent year, figure 2D shows the impact of
one unit not being completed due to bad weather at the end of the pre-
vious year, on the number of units completed between January and the
given month. The estimates are based on IV regressions of the number
of housing completions between January andmonthm of the year follow-
ing the rainfall shock, on the number of completions in the 3months fol-
lowing the rainfall shock, conditional on year and municipality fixed ef-
fects. The graph shows that fewer completions at the end of the year due
to unusually bad weather conditions only marginally increase the num-
ber of completions in the following year. The aggregate catching-up
never exceeds 25% and falls close to zero when looking at the whole year.
This strongly suggests that additional projects were delayed as the initially
delayed projects were completed. Overall, figure 2 suggests that the ef-
fects of the weather-induced supply shocks are well captured by the re-
duction in end-of-year completions and last longer than 1 year, consistent
with earlier evidence for the United States.
4. IV Balance
Figure C1 summarizes a series of balancing tests that scrutinize the iden-
tifying assumption, namely that the local rental housing market is af-
fected by summer rainfall only through its impact on newhousing supply.
These tests confirm that the rainfall shock is uncorrelated with the hedonic
rent index in the year of the rainfall shock, with pretreatment housing
completions, and with several other potential confounders. Appendix sec-
tion C.1 provides further details.
D. Estimation Results

1. Baseline Effects on Average Rents
I first examine the impact of new housing supply on average local rents in
panel fixed-effect IVregressions at PR level. PRs are a fairly broad definition
of a local housing market, so that local spillovers triggered by the supply
shock are contained within the location. The estimating equation is

lnIndexrt 5 g
SOct–Dec
r ,t21

Hr

� �
1 wr 1 ft 1 x 0

r ,t21b 1 εrt , (1)

where Indexrt is a hedonic rent index for PR r in year t, SOct–Dec
r ,t21 is the num-

ber of units completed in the final 3months of year t 2 1,Hr is the average
number of new units supplied per year in r, and SOct–Dec

r ,t21 =Hr is instrumented
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by the rainfall shock. Here wr and ft denote PR and year fixed effects, and
xr ,t21 are controls for important determinants of local housing demand. In
the baseline regression, these are log employment, the log unemployment
rate, and the number of university and college students per capita, all mea-
sured in the year of the rainfall shock. Students are likely to be renters,
and they were an important demand factor in many medium-sized cities
during the sample period. Similarly, employment opportunities drive local
housing demand, while the unemployed are constrained in their housing
demand. Standard errors are clustered at PR level.
Panel A of table 3 displays the results. Column 1 includes as controls

log employment and the fixed effects only. The coefficient of main inter-
est is negative and highly significant. Adding the log unemployment rate
in column 2 and the share of university and college students in column 3
hardly affects this estimate. Column 3 suggests that a 1% increase in yearly
new supply lowers rents by about 0.2%, hence a rent price elasticity with
respect to the flow of new supply of 20.192.
The first-stage relationships are summarized in panel B. Notably, the

coefficient of the rainfall shock is very stable when adding further con-
trols. Moreover, the Kleibergen-Paap F-statistics do not indicate weak in-
strument problems.
2. Robustness of Baseline Results
The identification strategy relies on variation that is arguably exogenous
to local housing market conditions. Even though the local housing mar-
ket cannot possibly affect the weather in the previous summer, the weather
may influence the local economy in ways that could—in theory—induce
a spurious correlation between weather conditions and local rents 1 year
later. I therefore investigate the robustness of the results in more detail
in appendix section C.2.
In particular, I test whether the results are confounded by larger floods

or spurious correlations with local demand factors, whether they depend
on the functional form, and whether they are robust to the use of alter-
native weather instruments, definitions of the endogenous variable, and
delineations of local housingmarkets. I also consider regressions in changes.
These tests support the conjecture that the weather shocks are valid in-
struments and that the results are robust.
3. Interpretation as a Demand Price Elasticity
and Comparison to the Literature
The baseline estimate captures the effect of a change in supply on rental
prices in the first year, which can be transformed into a demand price



TABLE 3
Impact of New Housing Supply on Average Rents

A. Second-Stage Relationship

Dependent Variable: Log Hedonic

Rent Index

(1) (2) (3)
IV IV IV

Units completed Oct–Dec in t 2 1 per aver-
age number of units completed annually 2.199*** 2.204*** 2.192***

(.072) (.072) (.065)
Log employment, year t 2 1 .991*** 1.009*** .949***

(.143) (.145) (.142)
Log unemployment rate, year t 2 1 2.028 2.050

(.038) (.040)
University and college students
per 1,000 inhabitants, year t 2 1 .002**

(.001)
Year fixed effects Yes Yes Yes
PR fixed effects Yes Yes Yes
Kleibergen-Paap F 17.4 17.4 19.0
Number of PRs 94 94 94
Observations 752 752 752

B. First-Stage Relationship

Dependent Variable: Units Completed

Oct–Dec in t 2 1 per Average Number of

Units Completed Annually

(1) (2) (3)
OLS OLS OLS

Rainfall spell instrument (average
length, Jul–Sep of year t 2 1) 2.009*** 2.009*** 2.010***

(.002) (.002) (.002)
Log employment, year t 2 1 .653** .663** .508*

(.282) (.290) (.271)
Log unemployment rate, year t 2 1 2.019 2.086

(.081) (.080)
University and college students
per 1,000 inhabitants, year t 2 1 .007***

(.002)
Year fixed effects Yes Yes Yes
PR fixed effects Yes Yes Yes
Adjusted R2 .855 .853 .863
Number of PRs 94 94 94
Observations 752 752 752
Note.—Standard errors are clustered by PR. The instrument in cols. 1–3 of panel A is
the rainfall shock in year t 2 1. Panel B shows the respective first-stage regressions.
* p < .1.
** p < .05.
*** p < .01.
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elasticity. The average annual new supply at PR level is 0.48% of the stock.
Thus, the baseline estimate of20.192 translates into a short-run demand
price elasticity of 20:48% =19:2% 5 20:025, with the 95% confidence
interval ranging from 20.074 to 20.015.21

This estimate is smaller in magnitude than earlier causal estimates of
the short-run demand price elasticity in Hanushek and Quigley (1980)
and Friedman and Weinberg (1981). Both papers analyze data from a
field experiment conducted in Phoenix and Pittsburgh between 1973
and 1976. Hanushek and Quigley (1980) report 1-year elasticities of 20.12
and 20.16 for the two cities, respectively, whereas Friedman and Weinberg
(1981) find a 2-year elasticity of20.22 for movers. The latter estimate trans-
lates into an overall 2-year elasticity of 20.145.
There are at least three important differences between the setting stud-

ied in this paper and the Phoenix and Pittsburgh experiment that likely
account for the smaller magnitude. First, the experiment sampled only
low-incomehouseholds, whereas the underlying demand for rental hous-
ing in the present setting is representative of the population as a whole.
To the extent that low-income households are more price sensitive, this
contributes to a larger elasticity in the experiment. Second, according
to the SOEP, only 10.1% of renters and 1.4% of homeowners in Germany
moved in a given year between 2011 and 2017, but over 30% of the par-
ticipants in the experiment did so. This relatively lower mobility should
translate into a lower demand price elasticity, all else equal. Third, the ex-
periment focused exclusively on urban residents, while the present study
includes both urban and rural areas. To the extent that households with
particularly strong preferences for housing services such as floor space
or gardens both exhibit a lower demand price elasticity and choose to live
in rural areas, housing demand in rural areas should be less elastic.22 Over-
all, these differences are likely to explain why housing demand is relatively
less price elastic in Germany than in the United States.
4. Impact in Markets with Increasing
Housing Demand
Aparticularly policy-relevant question is whether new housing supply can
effectively reduce rents in markets experiencing sustained demand
21 I thank an anonymous referee for pointing this out. A regression using the log change
in the housing stock as the outcome variable yields an elasticity of 20.024 (see table C5;
tables A1, C1–C9, D1–D7 are available online).
Li (2022) estimates that a 1% expansion of supply decreases rents of nearby units by

0.1%. Using a similar approach, Asquith, Mast, and Reed (2023) find a reduction of
around20.3% in low-income areas. Both papers consider highly local impacts that are dif-
ficult to compare to a market-level elasticity.

22 To test this, I run again the baseline regression for PRs with below- and above-average
population density in table C7. The results suggests somewhat lower elasticities in rural areas.
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growth. In such markets, one concern is that increased supply could be
absorbed by incoming households. Therefore, this section considers
PRs with above-median demand growth over the sample period, as cap-
tured by the long difference (from 2011 to 2018) in log employment at
workplace, log average labor income, and log household income. The
German economy experienced a sustained boomduring this period, with
amedian PR-level change in log employment of10.14 from2011 to 2018.
Table 4 reports the results for these high-demand PRs.
As column 1 shows, the impact of the supply expansion on rents is sig-

nificantly negative and of a similar magnitude to that in the baseline re-
gression in PRs with a strong positive trend in log employment. This also
holds for locations with strong growth of average gross labor income in
column 2, and of average household income in column 3. Overall, these
results show that expanding new housing supply is a very effective means
for improving housing affordability in such markets.
5. Effects on the Local Rent Distribution
Baseline results.—To investigate the extent to which new housing supply
affects the tails of the local rent distribution, I replace the hedonic index
TABLE 4
Effect of New Supply in Markets with Increasing Housing Demand

Dependent Variable: Log Rent

per Square Meter

(1) (2) (3)
IV IV IV

Sample restricted to locations with
above-median growth of

Employment Average gross
labor income

Average household
income

Units completed Oct–Dec in t 2 1 2.176** 2.191* 2.265**
(.069) (.111) (.106)

Year fixed effects Yes Yes Yes
PR fixed effects Yes Yes Yes
Other controls Yes Yes Yes
Kleibergen-Paap F 19.0 10.2 13.4
Number of PRs 47 47 47
Observations 376 376 376
Note.—Standard errors are clustered by PR. All regressions control for PR and year
fixed effects, and the controls used in table 3. The endogenous variable is the number
of units completed October–December in t 2 1 per average number of units completed
annually. It is instrumented by the summer rainfall shock. The functional form for all three
regressions is identical to that of the baseline regression, col. 3 of table 3. Demand growth
is measured as the logged long difference between 2011 and 2018 in the variable indicated
in each column.
* p < .1.
** p < .05.
*** p < .01.
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in equation (1), which captures average conditional rents, with condi-
tional rent quantile indexes. The quantile indexes are estimated fromhe-
donic quantile regressions and are therefore quality adjusted. The regres-
sion is otherwise identical to the baseline regression.
Figure 3A shows the impact of the housing supply shock on the first to

ninth deciles of the PR-level rent distribution. The gray horizontal line
shows the impact on average rents reported in column 3 of table 3. All
coefficients are negative and significant at least at the 5% level. The im-
pact is stronger at the top of the distribution, but this variation is not
large, ranging from20.13 at the first decile to20.28 at the ninth decile,
with the differences not being statistically significant. Overall, this sug-
gests that the markets for new (single-family) homes and all quality seg-
ments of the rental market are tightly integrated. Moreover, the pattern
is consistent with filtering.
External validity.—The impact of new supply on the rent distribution

could depend on the size of the rental housing market, and the home-
ownership rate in Germany is relatively low by international standards.
Given the large rental market, it seems likely that the range of housing
qualities in the rental market in Germany is wider than in countries with
higher homeownership rates and smaller private rental markets.
To examine this point, I split the sample of PRs by homeownership rate

at the median of 51%, based on the 2011 census. Figure 3B shows that
the effect is uniform in PRs with homeownership rates above 51%, while
it is more skewed toward higher qualities in PRs with homeownership
rates between 15% and 51%.
FIG. 3.—Impact of new housing supply on distribution of rents per sqm. A, Coefficient
estimates for equation (1), using indexes for conditional quantile of local rent/sqm distri-
bution (constant quality) as outcomes. Housing completions at the end of the year are in-
strumented by the rainfall shock. Vertical bars represent cluster-robust 95% confidence in-
tervals. B, Results for PRs with above- and below-median homeownership rates in 2011,
with horizontal lines representing respective impact on mean.
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In PRs with below-average homeownership rates in 2011, rents are
7% higher than in other PRs, and the local rent distribution is more dis-
persed, with the difference between the ninth and the first decile being
12% larger. Figure A1 shows the distributions of (imputed) prices for
new single-family homes and existing rental housing. In PRs with below-
average homeownership rates, new single-family homes are relativelymore
expensive than existing rental housing. Thus, an average first-time buyer is
likely to free up a rental unit further up the quality distribution. In addi-
tion, a greater dispersion of the rent distribution implies a greater quality
distance between higher- and lower-quality units.23 Given the second-hand
supply mechanism, these patterns are consistent with the more heteroge-
neous effects in PRs with below-median homeownership rates.
6. Heterogeneity by Housing Unit Type
The data on housing completions do not allow for the identification
of built-to-rent units. Although the instrument primarily affects the sup-
ply of new single-family housing, the results could still be driven by a
direct effect of built-to-rent completions. Moreover, larger units may be af-
fected more strongly if they are closer substitutes for newly built single-
family homes. Appendix section C.4 explores whether build-to-rent units
and larger units aremore strongly affected. This is not the case, suggesting
that substitution relationships cannot explain the observed pattern.
E. Impact on the Quantity of Rental Housing Traded
in the Market
The second-hand supplymechanism implies that newly built units trigger
moving chains in the rental market. This should increase the number of
second-hand units offered for rent. To test this conjecture, I regress the
number of second-hand rental units offered on the market in each year
on the number of new housing completions at the end of the previous
year. Both variables are expressed as a share of the average annual supply
of new housing. Although I do not observe movers, the number of exist-
ing units offered for rent is closely related to moves within the rental
market. Table 5 displays the results.
In column 1, when controlling for log employment only, the coeffi-

cient is positive with 4.384 and significant at the 10% level. This suggests
23 To the extent that the quality of existing housing in gentrifying neighborhoods is
much lower than the quality of new single-family homes, rents in these neighborhoods
may be less strongly affected.
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that onenewly supplied housing unit triggers about 4.4moves in the rental
housing market over the following 12 months. The coefficient remains
significant when adding the share of university and college students in
column 2. Controlling for the log unemployment rate in column 3 does
not affect the point estimatemuch, but the p-value is slightly above 10% in
this regression.
The remaining columns of the table show the results from an analo-

gous set of regressions using built-to-rent units as the outcome. To the ex-
tent that the rainfall shock affects newly built rental housing, one would
expect a positive effect on the number of new rental units in the following
year. This does not appear to be the case, as the main coefficient is small
and insignificant in all three regressions.
III. Quantitative Model of a Rental Housing Market
with Second-Hand Supply
This section develops and estimates a second-hand supply model of a lo-
cal rental housing market to further investigate the channels through
which new supply affects the rent distribution. In themodel, renters deter-
mine the demand for rental housing, but they also contribute to the supply
when they move. Thus, the model is well suited to capture the supply-
demand shifts induced by shocks to new supply and thereby comple-
ments the reduced-form analysis, which focuses mainly on price effects.
A. Second-Hand Supply Model: Setting and Definitions
The model is populated by renter households indexed by n. Each house-
hold lives in one of 40 rental housing types characterized by combina-
tions (q, s) of quality q ∈ f1, ::: , 10g and size s ∈ f1, ::: , 4g. The choices
of these households determine aggregate second-hand supply of and de-
mand for rental housing in each submarket. In addition, households can
leave the local market or become homeowners.
Aggregate supply.—Rental supply of units with quality q and size s is

Sq,s(r) 5 Snew
q,s 1 S second-hand

q,s (r): (2)

Here, r ∈ R40
1 is a vector of rents, Snew

q,s is exogenously given new supply,
and

S second-hand
q,s (r) 5 o

n

1(sn 5 s) 1 2 p0(r , qn, sn, rn, tn; x
2
n )½ �‘(q ∣ qn, tn)qn (3)

is second-hand supply, where 1 2 p0(r , qn, sn, rn, tn; x2
n ) is the probability

that a household with characteristics x2
n facing rent vector r and currently
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occupying a unit with quality qn and size sn at rent rn for tn years chooses to
move out of the current housing unit. Landlords upgrade a unit of qual-
ity qn occupied for tn years to quality q with probability ‘(q ∣ qn, tn), where
‘(q ∣ qn, tn) 5 0 if qne2dtn < :8, which represents a “minimum quality re-
quirement.”24 The term qn is a sampling weight.
Aggregate demand.—Aggregate demand consists of local and external

demand,

Dq,s(r) 5 D local
q,s (r) 1 Dexternal

q,s (r), (4)

D local
q,s (r) 5 o

n

p(q,s)(r , qn, sn, tn; x
2
n )qn, (5)

Dexternal
q,s (r) 5 o

n

p(q,s)(r , qn, sn, tn; x
2
n )q

0
n : (6)

Here, p(q,s)(r , qn, sn, tn; x2
n ) is n’s propensity to move into a unit with qual-

ity and size (q, s) when facing rents r.
External households do not contribute to second-hand supply in the

local market when moving. The weight q0
n reflects external household

n’s propensity to move to the local market, and q0
n 5 0 for households al-

ready living in the local market.
Market equilibrium.—The equilibrium rent vector r* satisfies

Dq,s(r*) 5 Sq,s(r*)  8(q, s) ∈ 1, ::: , 10f g � 1, ::: , 41f g: (7)

I also require that the demand for new and existing owner-occupied
housing matches the exogenously given supply of these housing types.
1. Dynamic Discrete Choice Model of Housing
Quality and Tenure Choice
To parameterize p0 and p(q, s), I employ a dynamic discrete choice model
in discrete time with moving costs. I omit the n subscript in this section
for ease of exposition.
Choice set.—In each period, the household faces a set of J 5 44 mutu-

ally exclusive alternatives j 5 0, . . . , 43. The baseline choice j 5 0 is to
stay in the current dwelling. Rental units differ in quality q ∈ f1, ::: , 10g
and number of rooms s ∈ f1, 2, 3, 41g. Quality q is measured as the nor-
malized rank in the local distribution of rents per square meter, binned
into deciles. This definition is akin to that in Landvoigt, Piazzesi, and
Schneider (2015) and Epple, Quintero, and Sieg (2020) and does not in-
volve value judgments about unit characteristics, including neighborhood
24 I rule out that landlords self-occupy rental units. The probability ‘( � jqn , tn) accounts
for depreciation and scrappage of units at the bottom of the quality distribution. Appen-
dix D provides details.
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characteristics, some of which are unobserved. In contrast to Landvoigt,
Piazzesi, and Schneider (2015) and Epple, Quintero, and Sieg (2020), it
allows for separate valuation of quality and size, consistent with the reduced-
form analysis.
Households can buy and occupy an existing ( j 5 41) or a new unit

( j 5 42), or leave the local housing market ( j 5 43). The subsequent
choice path following one of these three choices is not explicitly mod-
eled; that is, these choices are terminal. This greatly simplifies the estima-
tion, without compromising the purpose of the model, which is to iden-
tify the preferences that shape rental demand and supply of existing
homes. The lifetime utility associated with these choices still captures
the possibility that the household will become a renter again in the future.
State space.—Households have an unobserved type z that captures pref-

erences for residential mobility and for the two types of owner-occupied
housing (strong/weak, 23 5 8 combinations).
The observable state of the household in period t is xt 5 (rt , qt , st ,

tt , yt , wt , at ,mt , kt , (r
q
t )q51, :::,10). The first set of observables is specific to

the housing unit, namely the net rent rt, housing quality qt ∈ f1, ::: , 10g,
size st ∈ f1, ::: , 41g, and length of tenure tt. The second set describes
the household, where yt is household income net of taxes and social secu-
rity contributions, wt is financial wealth,25 at is the age of the household
head, mt ∈ f0, 1g is an indicator for couple households, and kt ∈ f0, 1, 2g
is the number of dependent children.26 Finally, r qt is the current market
rent per square meter for a unit of quality q. These observables capture
both housing characteristics and important determinants of individual
housing demand over the life cycle.
State transitions.—Household income, financial wealth, the couple indi-

cator, and the number of children follow a stochastic transition path. The
income transition depends on current income, the number of adults and
children, and the age of the household head, incorporating life-cycle ef-
fects, earnings persistence, and labor supply effects of having children.
The wealth transition is a function of disposable income net of housing
costs, the expected change in income, and an indicator for moving, the
latter because moving costs may reduce the amount saved. The transi-
tions of the couple indicator and the number of children depend flexibly
on household composition and age. Appendix section D.1 provides de-
tails. The other state variables evolve in a straightforward way: at11 5 at 1
1, and tt11 5 tt 1 1 if j 5 0, and tt11 5 1 otherwise.
25 I use financial assets reported in the 2002, 2007, and 2012 SOEP “wealth modules”
and savings reported in each survey year to calculate financial wealth forward and back-
ward. For simplicity, I ignore potential returns through interest, as well as withdrawals.

26 Size st 5 4 for units with at least four rooms, and kt 5 2 if there are at least two depen-
dent children.
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Furthermore, I assume that the household expects the real rent of the
currently occupied unit to remain constant in the future, motivated by
the fact that rent regulation in Germany prevents (large) rent increases
during a tenancy. Since data on rent expectations are not available, I also
assume that households expect real rents of vacant units to remain con-
stant. This latter assumption should reduce the propensity tomove today,
since tenants do not expect to face higher rents if theymove in the future.
Flow utility of rental housing.—The deterministic flow utility from living

in rental housing of quality and size (q, s) is

ujt(xt) 5 v0 log dispincjt 1 v1qualjt 1 v2 log
sjt

1 1 mt 1 kt
1 v3tjt ,

  j ∈ f0, ::: , 40g:
(8)

Households receive utility from equivalized disposable household income
net of housing costs, dispincjt ≔ ½yt 2 rjt 2 2:5 S(sjt)�(1 1 mt 1 kt=2)

20:5,
where rjt is the rent, 2:5 S(sjt) captures expenses for heating and utilities,27

and S(s) is the floor area of a unit with s rooms. They also value housing
quality, qualjt ≔ qjt e2 d tjt , d > 0. Attachment to the unit is assumed to be lin-
ear in length of tenure tjt.
For j > 0, (qjt, sjt) equals the pair (q, s) corresponding to j, and the rent

is rjt 5 r
qjt
t S(sjt). I followCalder-Wang (2019) in assuming that households

take r
qjt
t as given because they face a competitive housing market with an

atomistic demand side.
Moving costs.—Moving costs are key to rationalizing why households

move only infrequently, which in turn affects the distribution of second-
hand supply. Following Kennan and Walker (2011) and Buchinsky, Got-
libovski, and Lifshitz (2014), moving costs (MCs) are household specific:

MCjt(xt , z) 5 1( j > 0) mz
0 1 m1at 1 m2a

2
t 1 m3mt 1 m4ktð Þ: (9)

In contrast to Kennan andWalker (2011) and Buchinsky, Gotlibovski, and
Lifshitz (2014) these moving costs reflect renters’ costs of moving within a
local housingmarket. They depend on the age of the household head, the
presence of a partner and of children, and the unobserved type.
Lifetime utility of terminal choices.—The valuations of the terminal choices

are modeled in reduced form. The total deterministic payoff of choosing
j ∈ f41, 42, 43g is

vjt(xt , z) 5 gz
j0 1 gj1 ln(yt) 1 gj2wt 1 gj3w

2
t 1 gj4at

1 gj5a
2
t 1 gj6mt 1 gj7kt :

(10)

For j ∈ f41, 42g, gz
j0 is specific to the unobserved household type.
27 Heating and utility costs are assumed to be 2.5 EUR per square meter, the average cost
for heating and utilities of German renters in 2009 (deflated to 2018 EUR), according to
the German Renters’ Association (Deutscher Mieterbund; press release March 30, 2011).
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Idiosyncratic component of utility.—I assume that the payoffs for each
choice have an idiosyncratic component ejt, which represents household-
and period-specific preferences for alternative j. The preference shocks
are distributed type I extreme value, independent over time and alterna-
tives. Due to the unobserved heterogeneity across household types, the
model does not suffer from “independence of irrelevant alternatives,”
as the unobserved heterogeneity introduces dependence over choices.
Choice problem.—The household maximizes lifetime utility by selecting

an optimal choice sequence d*(t) ≔ (dt 0*)t 0≥t , where dt 5(d0t , ::: , d43t) and
djt is an indicator for choosing alternative j in period t. Letting xt,t 0 5Qt 021

~t5t (1 2 o43
j541dj~t) be an indicator for not having made a terminal choice

between periods t and t 0 2 1, and defining ~ujt 5 ujt 2 MCjt and ~vjt 5
vr
jt 2 MCjt , the expected discounted sum of payoffs for choice j is

max
d(t)
o
T

t 05t

xt,t 0b
t 02t o

40

j50

djt 0Et ½~ujt 0(xt 0) 1 ejt 0 � 1 o
43

j541

djt 0Et ½~vjt 0(xt 0 , z) 1 ejt 0 �
" #

: (11)

Here, b is the discount factor and Et represents the expectation at time t.
2. Discussion of Model Mechanisms
In the model, an increase in new supply in one segment attracts demand
from other segments. Close substitutes experience the largest decrease
in demand.
At the same time, part of the new supply is absorbed by former “stayer”

households who now decide tomove. This increases second-hand supply,
in line with table 5. The distribution of the second-hand supply effect de-
pends on the types of dwellings occupied by the former stayer house-
holds.28 However, households rarely adjust their housing arrangements,
so that the unit currently occupied need not be a close substitute for
the unit the household wishes to move to.
One reason why prospective first-time buyers may prefer relatively

cheaper rental housing and move only infrequently is the desire to save
for a down payment. Themodel incorporates this channel, as bothmoving
and high housing costs slow down the accumulation of financial wealth.29
28 Moving chains are implicit rather than explicit in this framework. This differs from
Bratu, Harjunen, and Saarimaa (2023) and Mast (2023). Both papers model the probabil-
ity that a moving chain will end, to then calculate the number of second-hand units along
all moving chains. When all moving chains have ended, this implicitly defines a newmarket
equilibrium. In contrast, the model developed here determines the new equilibrium di-
rectly, which implies that all moving chains have ended.

29 In a setting with rent control and/or sticky rents during tenancies, second-hand sup-
ply in segment q does not necessarily increase when rents in segment q increase. This am-
plifies the second-hand effect of a supply shock since only one side of the market moves
toward the new equilibrium as rents adjust. In that case, the change in rents required to
restore equilibrium needs to be larger.
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Finally, because of the idiosyncratic component of utility, observation-
ally similar households may prefer different housing options. This con-
tributes to a more dispersed impact of the supply shock. Among other
things, the idiosyncratic term is likely to capture unobserved barriers to
household mobility.
B. Estimation of Structural Parameters

1. Household Panel Data
Themain data source for themodel is the Socio-Economic Panel (SOEP).
I use waves 2001 to 2017 because an improved indicator for residential
moves became available in 2001. Housing quality is captured by the unit’s
position in the local distribution of rent/sqm. To measure the rent distri-
bution going back to 2001, I employ rich data on rents from the Mikro-
zensus, a large repeated cross section of about 400,000 households.30

The sample consists of renter households who moved at least once
between 2001 and 2017. There are 2,945 such households with complete
information on all variables. Table 6 reports summary statistics, and tableD1
shows the number of households by number of consecutive years ob-
served;31 640 households appear in the data for 10 or more consecutive
years, and 280 renters move into existing and 117 into new units to be-
comehomeowners. There are 2,422moves within the local rentalmarket,
and 399moves to other local markets. Households are removed from the
sample when they make a terminal choice, that is, when they leave the lo-
cal market or become a homeowner.
Figure D1 shows that the quality of rental housing units occupied by

subsequent first-time buyers of new homes is relatively dispersed, partly
due to deprecation. Likewise, a substantial share of renters moving into
high-quality rental housing previously lived in units of rather low quality,
as shown in figure D2. In fact, 22% of renters moving into the top seg-
ment came from units of below-median quality. This figure is strikingly
similar to the findings in Mast (2023), who reports that 20% of movers
into newly built housing come from areas with below-median income.
It suggests that the expansion of second-hand supply in response to a
shock to new supply is relatively dispersed across quality levels.
30 Source: Research Data Centres of the Federal Statistical Office and Statistical Offices
of the Federal States, Mikrozensus, survey years 2006, 2010, 2014, and 2018. Details can be
found in app. sec. D.2.

31 Table D2 compares the means and standard deviations for the model variables of all
renters interviewed in SOEP waves 2001–17 with the renters in the analysis sample, show-
ing that the analysis sample is fairly representative of the overall population of renters.
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2. Discount Factor and Housing Quality Decay
I follow the literature and assume a discount factor of b 5 :95. In the pre-
sent context, b is only relevant one period ahead. Discount factors in pe-
riods beyond t 1 1 are included in the nonparametric control factor; see
appendix section D.5. Thus, the estimation allows for downward-sloping
discount rates over long horizons (Giglio, Maggiori, and Stroebel 2014;
Giglio et al. 2021).
Depreciation of housing quality captures the change of the unit’s position

in the local rent/sqm distribution and is estimated from the rent data. The
estimateddepreciation factor is 3.9%per annum,which captures pure depre-
ciation without the impact of maintenance. Appendix section D.3 provides
details.
3. Dynamic Discrete Choice Problem
The discrete choice model is estimated using the maximum-likelihood-
based EM algorithm of Arcidiacono andMiller (2011); see appendix sec-
tion D.5 for technical details.
Flow utility of rental housing and moving costs.—Table 7 shows parameter

estimates for the flow utility of rental housing in panel A and for the
TABLE 6
Descriptive Statistics for SOEP Household Sample

Quantile

Mean

Standard

Deviation .25 .5 .75 Minimum Maximum

Housing quality 5.85 2.92 3.00 6.00 8.00 1.00 10.00
Housing unit size 2.88 .86 2.00 3.00 4.00 1.00 4.00
Length of tenancy 2.41 2.76 .00 2.00 4.00 .00 15.00
Rent 559.2 265.8 396.3 504.2 669.1 15.5 7,799.8
Rent/m2 7.25 2.31 5.80 6.93 8.32 .28 35.71
Adjusted rent/m2 7.20 2.26 5.76 6.86 8.24 .27 34.74
Monthly net income 2.48 1.44 1.52 2.21 3.10 .22 44.17
Yearly savings 2.60 5.25 .00 .72 3.11 .00 150.00
Accumulated savings 52.4 416.0 1.7 12.3 40.9 .0 33,350.8
Age of household head 44.14 15.37 32.00 41.00 54.00 18.00 94.00
Couple household .55 .50 .00 1.00 1.00 .00 1.00
Children (0/1/21) .61 .82 .00 .00 1.00 .00 2.00
Year 2010 4 2007 2010 2013 2002 2017
Note.—Sample of SOEP households used in the estimation, excluding the period when
the household was first observed. Housing quality is determined by the position in the local
rent/sqm distribution when moving in. The adjusted rent/m2 is corrected for the correla-
tion between size and rent/m2, using a regression estimated from the rent data employed
in sec. II. Accumulated savings were imputed from SOEP waves 2002, 2007, and 2012
(“wealth module”), using the savings variable (reported in all waves). Euro values refer
to the price level in 2017. Monthly net income, yearly savings, and accumulated savings
are expressed in 1,000 EUR.
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moving cost component in panel B, for two versions of themodel.Model 1
does not allow for unobserved heterogeneity, while model 2 is the un-
restrictedmodel. Panel C reports the log likelihood and a likelihood ratio
test that supports model 2. The distribution of unobserved types is dis-
played in table D4.
Regarding the parameter estimates for model 2 in panel A, flow utility

increases with log disposable income, housing quality, and with the num-
ber of rooms per person. It also increases with the time since the last
move, which captures attachment to the unit. Panel B reveals that older
renters are less mobile, while couples and renters with children move
more often.
Terminal utility.—The coefficients in equation (10) are generally diffi-

cult to interpret because they capture the valuation of the three terminal
choices relative to the lifetime utility of alternative choice paths. It is there-
fore useful to considerhow the variables in equation (10) affect the relative
TABLE 7
Estimated Flow Utility Parameters and Model Summary Statistics

Model 1: Model 2:
No Unobserved

Household Types

Eight Unobserved

Household Types

Coefficient
Standard
Error Coefficient

Standard
Error

A. Rental Housing Utility Parameters, Equation (8)

Log equivalized disposable income .313*** .025 .344*** .015
Housing quality .044*** .009 .044*** .004
Log rooms per person 1.249*** .070 1.382*** .029
Tenancy duration .154*** .010 .078*** .006

B. Moving Cost Parameters, Equation (9)

Intercept (high-MC type) 4.903*** .198 4.880*** .134
Intercept (low-MC type) 2.886*** .137
Age/100 .620 .889 2.441*** .607
(Age/100)2 .522 .913 2.440 .628
Couple household 2.251*** .047 2.212*** .033
Number of children in household 2.254*** .027 2.205*** .020

C. Model Summary Statistics

Log likelihood 218,544 217,594
Likelihood ratio statistic
(critical value x2

11 5 21:92) 1,899.7
Note.—Standard errors were obtained by block bootstrapping over individuals, with 500
repetitions. Panel A displays parameter estimates for the flow utility of rental housing, eq. (8).
Panel B shows estimates for the moving cost component, eq. (9). For model 1, the uncertainty
related to estimating the conditional choice probability of j 5 42 is taken into account in
the calculation of the standard errors. For model 2, the bootstrap procedure takes the dis-
tribution over unobserved types and the model for the conditional choice probability of
j 5 42 as given; see the technical details in app. D.
*** p < .01.
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valuations of the three terminal choices. Table D5 shows the differences in
parameter estimates between the terminal choices. Households are more
likely to buy a new rather than an existing home when they have a higher
incomeor are older. Compared tobuying an existinghome, the propensity
to make a long-distance move decreases with household wealth and age,
the latter at an increasing rate. In addition, the presence of a partner
and of children reduces the propensity to leave the local market relative
to buying an existing home.
Transition functions.—Estimates are reported in appendix section D.5.
C. Model-Based Simulations
Parameterization and data.—I use the discrete choicemodel to parameterize
p in the system defined by equations (2)–(7). The population of model
households is constructed from the SOEP in 2014, the middle of the sam-
ple period of the reduced-form analysis. Since the rent distribution is PR
specific, I focus on the PR of Berlin, Germany’s largest city. In the analysis
sample, there are 91 renter households observed in Berlin in 2014.
To obtain a smoother distribution of the housing variables—quality,

size, and length of tenure—I create a larger simulation sample based
on the 91 sample households. To do so, I first estimate OLS models with
observed quality, size, and length of tenure as outcomes, using the renters
observed in Berlin as the underlying data. I then perturb 100 times the
income, wealth, and age for each of the 91 households. This results in
a total of 9,100 simulation households. Employing the OLS models, the
initial housing arrangements of the 9,100 model households are given
by the OLS predictions plus randomly drawn regression errors. I drop
161 cases with housing expenditure shares below 5% or above 80%. The
final simulation sample has a total of 8,939 model households. Finally,
I draw the unobserved household type from the estimated conditional dis-
tribution over household types. Further details on the simulation sample
can be found in appendix section D.6.
To ensure that the distributions of income, wealth, age, and household

composition, as well as the rent distribution in the baseline equilibrium,
match the distributions observed in the data, I reverse-engineer sample
weights qd

~n for each underlying SOEP household ~n and draw d such that
the baseline rental price vector solves the equilibrium equation (7). In
doing so, I require that each of the 91 SOEP households receive the same
total weight, odq

d
~n 5 �q 8 ~n.32
32 The population of households moving in from other locations is a copy of the simu-
lation sample, but the weight of each external household is equal to the probability of
making a long-distance move as predicted by the discrete choice model. I fix these weights
throughout.
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New housing supply consists of new supply of rental and owner-
occupied units. I calibrate new supply in the following way: (i) New sup-
ply of quality (q, s) rental housing is set to exactly match the fraction of
new rental units of quality q and size s in the rent data from section II.
(ii) oq,sSnew

q,s makes up 31.6% of new supply, the share of new rental hous-
ing supply in the SOEP data. This also ensures that the share of total new
supply to owner-occupiers is the same as the corresponding share in the
SOEP data. (iii) The number of new units supplied to owner-occupiers is
set to match demand in the baseline equilibrium. These three constraints
pin down the number of rental units supplied in each quality bin, and of
new owner-occupied units.
Scenarios.—The model counterpart to the reduced-form analysis is an

exogenous change in the supply of new housing. The rental price vector
adjusts to bring the model economy back into equilibrium. This allows
one to determine a simulation-based elasticity of the rental price with re-
spect to new supply, the impact on quantities traded in each housing
quality segment, and distributional consequences.
I consider two sets of scenarios. The first set features a reduction of new

supply of owner-occupied housing. Arguably, this type of housing is not a
close substitute for low-quality rental housing, so that these scenarios
help to better understand the transmission channels. I present results us-
ing the full model, and using a version of the model with reduced uncer-
tainty about future paths of income, wealth, and household composition.
In the second set of scenarios, the supply shock is to new rental supply.
These scenarios employ different quality distributions of the supply
shocks to examine how expanding the supply of more and less affordable
housing can help to reduce price pressures.
1. Scenario 1: Reduction of New Supply
to Owner-Occupiers
Scenario 1(i) features a shock to the supply of new owner-occupied hous-
ing, while the supply of existing owner-occupied housing is perfectly in-
elastic. Figure 4 shows the impact on rents and quantities traded by qual-
ity bin.33 It relates the percentage change in rental prices and quantities
to the percentage change in total new supply to themarket, which closely
mimics the setting in the reduced-form analysis.34
33 Figure D5A shows the case of perfectly elastic supply.
34 Total new supply includes new supply to owners and renters, accounting for the fact

that new supply to owners consists of new supply to first-time buyers and to other buyers.
The group of other buyers is not explicitly modeled. I assume that the size of this group
corresponds to the German average of 19.3% of total new supply.
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The rent elasticity in figure 4A is larger than the reduced-form baseline
estimate, with an average across all quality segments of20.46. All segments
are affected, and the elasticities are larger inmagnitude for lower qualities.
This is plausible given the main mechanism of the model: Higher-income
households have stronger demand for new owner-occupied housing and
high-quality rental housing. Thus, for many households currently occupy-
ing a high-quality rental unit, the utility differential between the current
unit and new owner-occupied housing is too small to offset the high mov-
ing costs. For this reason, the typical buyer of new owner-occupied housing
is a high-income household occupying a medium-quality rental housing
FIG. 4.—New housing supply: price and quantity elasticities by housing quality bin in
scenario 1. The figure displays the impact of a shock to new owner-occupied housing sup-
ply on rental prices (A), demand and supply elasticities at initial prices (B), and equilib-
rium quantities traded (C), aggregated by housing quality bins. The effects are represented
as an elasticity with respect to the total flow of newly built housing in the location. The sup-
ply of existing owner-occupied housing is constant. D, Rent elasticities for scenario with re-
duced uncertainty.
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unit. This also implies that greater substitutability can reduce the cross-
price elasticity between two goods, relative to other less similar alterna-
tives, when the second-hand effect dominates.
This can be seen in figure 4B, which plots the initial changes in de-

mand and supply in response to the supply shock, that is, before rental
prices adjust to restore equilibrium. Demand initially falls most sharply
for high-quality rental housing. This confirms that, in the model, high-
quality rental housing is a closer substitute for newly built owner-
occupied housing. However, the resulting change in supply ismuchmore
uniform across quality bins, with the largest increase for the seventh bin.
This change in rental supply is due to units being vacated by renters who
now prefer tomove into new housing. The figure also reveals that the ini-
tial shift in supply is much larger in absolute terms than the initial shift in
demand. This is because a large part of the demand for the newly built
owner-occupied units comes from former “stayers.”
Figure 4C displays the change in quantities traded by segment in the

new equilibrium. Consistent with the explanation given above, the low-
to medium-quality segments of the rental market experience the largest
increases in quantities traded as new supply to the owner-occupied mar-
ket increases. Higher-quality segments are less affected, despite the fact
that the initial change in demand was relatively stronger in these seg-
ments. Moreover, when comparing figures 4B and 4C, the equilibrium
quantities increase by a factor of 2–3 beyond the initial change in second-
hand supply. Although the moving chains triggered by the new units are
not explicitly defined in this framework, this discrepancy between quantity
changes at initial prices and equilibrium quantities can be understood
as consisting of (simultaneous) moving chains that quickly reach all seg-
ments of the local rental market. This is consistent with findings by Bratu,
Harjunen, and Saarimaa (2023) and Mast (2023), who show that around
60%–70% of moving chains triggered by new supply eventually reach a
residential location with below-median average income.35

With less uncertainty about future states of the world, a larger number
of households should be willing to adjust their housing consumption in
response to a supply shock. Arguably, in this case, rental prices need to
react less strongly to the shock to restore equilibrium. Moreover, as ar-
gued above, such adjustment costs contribute to market integration. Fig-
ure 4D shows the impact on rents in scenario 1(ii), where all stochastic
35 As noted above, the modeling approaches differ in important respects, making it hard
to compare the findings more directly. For example, Mast (2023) treats migration into the
local market as an event that ends the moving chain, the counterfactual being that such
migration would not have occurred without the supply expansion. In contrast, the present
paper allows for migration into the local market in the baseline equilibrium, and immigra-
tion reacts endogenously to supply.
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state variables are deterministic and constant between the current and
next period. This lowers the opportunity costs ofmoving. The rent changes
are less pronounced, as compared to figure 4A. Across quality levels, they
are lower by about 16% for the bottom segments and by about 8% for
the top segments. This lends support to the conjecture that high adjust-
ment costs contribute to a larger overall effect and to a swift propagation
of the effects across the entire rent distribution.
2. Scenario 2: Reduction of New Rental
Housing Supply
Scenario 2 features a supply shock to new rental units. In the baseline
equilibrium, new supply in each of the 40 segments is equal to the share
of new rental units in each quality-size bin in the rent data. I consider
three types of supply shocks: (i) a shock that proportionally reduces sup-
ply in each segment, (ii) a shock to the supply of high-quality rental units,
and (iii) a shock to the supply of low-quality rental units. In each case, the
supply of existing and new owner-occupied housing is fixed.
Proportional shock.—Figures 5A and 5B show elasticities for the propor-

tional shock to new rental supply. The rent elasticities in figure 5A are
larger than in scenario 1, but exhibit a similar pattern. Figure 5B shows
the impact on the total quantity traded including the supply shock as a
black line, and on the quantity traded net of the supply shock as a gray
dashed line. The difference between the two lines represents the distribu-
tion of the supply shock. It is larger for high qualities because new supply
of rental housing is predominantly of higher overall quality. The impact
on the quantity traded net of the shock is again stronger at the lower end,
as was the case in scenario 1.
High-quality rental supply shock.—Figures 5C and 5D show results for a

supply shock concentrated on the top two quality segments, with the over-
all size of the shock being identical to the proportional shock. The impact
on rental prices for high-quality units is now much stronger, but there is
again a considerable reduction of rents at lower qualities. This is due to a
broad distribution of the second-hand supply effect across quality seg-
ments, shown as the gray dashed line in figure 5D.
Low-quality rental supply shock.—Finally, figures 5E and 5F display the

case of a supply shock to the bottom two segments. This case is particu-
larly policy relevant, as subsidized housing is typically of lower overall
quality. It thus addresses the question of whether affordable housing pol-
icies are capable of reducing the overall price pressure in the local mar-
ket. Not surprisingly, increasing exogenously the supply in the bottom
two quality segments has a far larger impact on these two segments. How-
ever, rents in adjacent segments also decrease considerably: Whereas the
elasticities in segments 3 and 4 were around 20.88 for the proportional



supply shock considered in scenario 3(i), they are still at 20.72 in the
present case. This suggests that new low-quality housing effectively im-
proves housing affordability also in moderate-quality segments.
Figures D6A and D6B present additional results using alternative as-

sumptions regarding second-hand supply. In these simulations, 50% of
FIG. 5.—New housing supply: price and quantity elasticities by housing quality bin in
scenario 2. The figure displays the impact of a shock to new rental housing supply on rental
prices (A, C, and E), as well as equilibrium quantities traded (B, D, and F ), for three dif-
ferent types of shocks to new rental supply. In B, D, and F, the black line shows the overall
change in quantities traded. The gray line shows the endogenous change net of the exog-
enous supply shock, representing the second-hand supply effect. All effects are expressed
as elasticities with respect to the total flow of newly built housing. The supply of new and
existing owner-occupied housing is held constant.
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second-hand units in the bottom quality segment and 25% in the second-
lowest segment are taken off themarket, reflecting the possibility that some
low-quality housing is refurbished and sold to owner-occupiers, a channel
not captured in the estimation of ‘. This reduces somewhat the rent im-
pact at the lower end of the market. Figures D6C and D6D repeat this sim-
ulation, but for amore dispersed high-quality supply shock. In this case, the
impact is much less pronounced at lower qualities, and increasesmonoton-
ically between the third and the tenth segments, albeit still being largest
at the bottom of the market.
3. Change in Household Utility
The estimated valuations from the discrete choice model can be used to
assess which households benefit from the supply shocks. To do so, I sim-
ulate the expected utility change for each household in response to an
expansion of new housing supply by 1%, by drawing 1,000 times the idi-
osyncratic preference terms from an extreme-value type I distribution.
This yields maximum utility values under the initial and adjusted rents,
respectively. The average over the 1,000 repetitions is an estimate of the ex-
pected utility change.
I express this change in terms of the expected utility difference that

would result from increasing household income by 1 EUR and run re-
gressions to characterize which households benefit the most in each sce-
nario. The explanatory variables are the age of the household head, a
dummy for couple households, the number of children, log income, a
dummy for being in the top quartile of accumulated savings (> 55.9k
EUR), housing quality, the number of rooms, and tenancy duration. Ta-
ble 8 summarizes the results.
In scenario 1(i) shown in column 1, younger households, couples, and

households with children benefit more strongly from the supply expan-
sion, likely because they have a relatively stronger preference for owner-
occupied housing and are more mobile. Households with longer tenancy
duration and in larger and higher-quality units experience smaller utility
increases, arguably because new owner-occupied housing is a relatively
closer substitute to large rental housing, making a move less worthwhile
given thatmoving costs are high, and because longer tenancy duration im-
plies stronger attachment to the current unit. With lower uncertainty of
future income, wealth, and household composition in scenario 1(ii), all
of these differences are somewhat more pronounced.
Columns 3–5 display results for the three types of rental housing supply

expansions simulated in scenarios 2(i)–2(iii). In column 3, the supply
expansion is proportional across quality segments. Here, younger house-
holds, couples, and lower-income households benefit more strongly.
The latter is in contrast to the first two scenarios, where the relationship
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between household income and change in utility was positive. It is consis-
tent with stronger preferences for renting among lower-income house-
holds.Housing quality is againnegatively associatedwith the change inutil-
ity, arguably because households already occupying a high-quality unit
have little to gain from moving to a new unit.
Scenario 2(ii) features an expansion of high-quality rental housing

supply. The overall pattern is similar to scenario 2(i), with a less negative
coefficient for log income, but more negative coefficients for housing
quality and the number of rooms. This is consistent with higher demand
for high-quality housing fromhouseholds with higher incomes, and from
households that do not already occupy a large or high-quality unit. Fi-
nally, column 5 shows results for scenario 2(iii), where the supply shock
is to low-quality rental housing. Here, these patterns are reversed, with a
slightly more negative coefficient for log income and less negative coeffi-
cients for housing quality and number of rooms.
Overall, these results show that expanding housing supply in general,

and rental housing supply in particular, alleviates housing problems
among low-income households.
IV. Conclusions
Market integration in second-hand markets with heterogeneous prod-
ucts—such as the housing, car, and smartphone markets—depends cru-
cially on direct links created by buyers of new and used products who si-
multaneously act as sellers on the second-hand market. This paper
investigated the role of such interactions for the propagation of supply
shocks across market segments by identifying the impact of new housing
supply at market rates on rental prices in different segments of the local
housing market.
The channel through which these effects operate is second-hand hous-

ing supply: Units freed up by renters moving into the newly built hous-
ing trigger a cascade of moves. Through this cascade, the supply effects
quickly reach all parts of the local rent distribution. This contributes cru-
cially to tight market integration, despite potentially low substitutability
between two given market segments.
The results imply that restrictions tomarket-rate housing supply can be

harmful to low-income renters, as even the supply of single-family homes
can lower this group’s housing cost burden. According to the model-
based simulations, the supply of newmultifamily housing has even greater
potential to reduce housing costs of low-income households in expensive
locations. Policymakers should thus focus on removing barriers to the sup-
ply of new housing, and on creating a tax system that provides incentives
encouraging optimal land use.
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The effectiveness of other housing policies likely depends both on the
forward-looking nature of housing choices and on the peculiarities of the
housing market as a second-hand market. Taking into account these fac-
tors and their distributional consequences when studying housing mar-
kets and housing policy seems to be a promising avenue for future
research.
Data Availability
Data and code replicating the tables and figures in the paper, as well as
information about the restricted-access data used in section III of this ar-
ticle, can be found in Mense (2025) in the Harvard Dataverse, https://
doi.org/10.7910/DVN/LWRXA9.
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