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1 INTRODUCTION

The increase in rental prices has reduced the accessibility of housing in many large cities and prompted
much political debate. One increasingly popular measure has been the introduction of rent controls. This type
of policy has a long history. The Increase of Rent and Mortgage Interest Act of 1915 introduced rent controls
in the United Kingdom, something that was subsequently replicated by several countries around Europe. Over
the last 40 years, some U.S. cities, including New York City, Washington, San Francisco, Boston, and Los
Angeles, have also introduced various forms of rent control. In contrast, 36 U.S. states forbid rent control laws
entirely. Most commonly, the United States and many other countries have used what is often referred to as
“third-generation” rent controls, which cap rent increases within tenancies. However, some European countries
have recently implemented “second-generation” rent controls, limiting rent increases both within and between
tenancies. !

There is also a long history of studying the effects of rent controls among economists. Since Friedman &
Stigler (1946), much economic research has used theoretical arguments to emphasize the potential negative
consequences of keeping rents below market prices. As we discuss in more detail later, arguments against
rent controls include the fear of distortions in the housing rental and sales markets, mismatches between types
of housing units and types of tenants, and inefficient levels of consumption of housing services. On the plus
side, rent caps might be an effective tool to preserve a neighborhood’s social capital and to weaken landlords’
bargaining positions. This is why rental cap policies are sometimes advocated as a way to help low income
families, who are disproportionately represented among renters.

In contrast, the empirical literature on the effects of rental price controls has been scarce. As noted in
Diamond et al. (2019), “we have little well-identified empirical evidence evaluating how introducing local rent
controls affects tenants, landlords, and the broader housing market.” The reason for this lack of evidence is
twofold. First, microlevel data on house prices and rents are mostly available for recent periods, whereas sources
of potentially exogenous variation are available for earlier times. Second, there are various ways in which rental
cap policies are implemented; hence, we have only a partial understanding of how certain types of rental cap
policies can affect the market. Recent empirical evidence in the United States has either evaluated the removal
of price caps or, as in the case of Diamond et al. (2019), evaluated third-generation rent control policies.

In this paper, we analyze the effects of a second-generation rent control regulation that was introduced in
Catalonia, Spain, in September 2020. This policy established a maximum rental price (reference price) for each
housing unit in the market, which depended on the prevailing rental price of the 25 closest units at the time.

The policy affected only some municipalities, but not others, providing us with additional sources of variation,

1. Arnott (1995) defined second-generation rent controls as any mechanism that is not a rent freeze.



as it allows us to compare various groups of treated and non treated municipalities. Moreover, unlike other
studies, we have detailed housing unit microdata on rental housing in Catalonia. That is, we have information
about each rental contract signed, its start date, its end date (in cases where the contract terminated), the
rental price, and some house unit characteristics, such as size.

Using these data, we report several empirical results. First, we document that the policy led to price decreases
in the rental market. On average, rental prices dropped approximately 5% in treated municipalities relative to
non treated ones. The estimates are precise, and we find no evidence of systematic differences in the trends
leading to the policy change — even when we compute pre-trends using more than 50 months of data. We obtain
these results using both nonparametric approaches that rely on comparing histograms of “excess prices” — i.e.,
the price relative to the reference price set by the government for each housing unit — and those that rely on
standard difference-in-differences comparisons. Interestingly, we also find a strong convergence of prices toward
the reference price in treated municipalities. While price increases are uniform across the entire excess price
distribution in non treated municipalities, we find a strong gradient in price changes along this distribution in
treated municipalities. “Low-price” units experience price increases above those seen in control municipalities,
while “high-price” units experience strong price declines.? Studying the effects of rental cap policies along the
entire excess price distribution is the most novel empirical contribution of this paper, something that can be
done because we have information on the rental cap price in both treatment and control municipalities computed
by the policy makers for each individual rental unit. This is, to our knowledge, the first time that this type of
analysis has been applied for the analysis of a rental cap policy.

As we discuss in more detail later, the (mostly theoretical) literature has argued that price caps can result
in changes in the supply of units to the rental market. These changes might be driven by both a change in the
composition of the units and a change in the overall number of units available in the market. We document that
the overall supply of units in the market declines around 10%, mostly explained by a large decrease in units

available at prices above the reference price, which is not compensated by the increase in units below. These
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estimates allow us to compute an elasticity of rental unit supply, which we define as
around 2.
From the perspective of a standard perfect competition model of the rental housing market with homogeneous

housing it is, in principle, straightforward to evaluate the welfare consequences of rental cap policies. In this

2. We apply some of the insights in Autor et al. (2015) and Cengiz et al. (2019), who study the effect of minimum wages along

the wage distribution, to study the effect of rental price caps along the house price distribution.
3. We discuss in detail below why we think that our measure of supply in the rental market accurately reflects changes in the

total supply of housing units in the rental market. For instance, we document that there doesn’t seem to be a change in the duration
of contracts or in the time between contracts, suggesting that there is a fraction of rental units that leave the rental market, and

hence, that new contracts signed is a good approximation of changes in the overall supply of housing in the rental market.



standard model, as long as the supply of rental units is not perfectly inelastic, rental caps lead to a reduction
in rental prices and reduced welfare among owners. Rent caps also generate a gap between supply and demand.
All renters who participate in the market, however, are better off. Overall, the perfect competition framework
also predicts a deadweight loss which, from a policy perspective, can be viewed as the cost of redistributing
welfare from landlords to renters.

Much of the empirical evidence that we document, however, does not fit well with this perfect competition
framework. For instance, in perfect competition models with homogeneous housing, there is only one rental
price. Hence, the standard model is not able to reproduce price dispersion in equilibrium nor the heterogeneous
effects of the policy along the excess price distribution, two central empirical features. Instead, we argue that the
facts that we document are best understood through the lens of a perfect competition framework with quality
differences. We think of quality differences as different types of housing. Some rental units are of high-quality
and some of low-quality. Potential renters substitute across these types of housing imperfectly. This means
that renters may see two housing units facing the sea in Barcelona as perfect substitutes, whereas, substituting
toward a unit in a basement maybe more difficult. An analogy to the labor market may help to build intuition.
Two workers may be different in that they can both produce the exact same product but one is faster than the
other. We could then say that the faster worker is of higher “quality”. However, despite the speed differences
they are still the same factor of production. In contrast, there could be two workers with different skills that
know how to produce things differently. We could consider the one producing more complex goods as being of
higher “quality”. In this case, however we would talk about two different types of worker. We think of quality
differences in the rental market as the latter case, i.e. we think that housing units of different qualities offer
different type of housing services that can be substituted only imperfectly. This is a fundamental change relative
to how most of the prior literature has thought about quality differences in the rental market in particular, or
the housing market more broadly.*

Specifically, in the model we assume that there are two types of quality, high and low. Potential renters
decide which housing type they prefer, or whether they prefer an outside option — say buying a housing unit or
living with their parents —, taking into account the utility they derive from living in a unit of either high- or
low-quality, the prices of the two types of units, and an idiosyncratic taste shock.? Landlords either own a unit

that is of high- or low-quality. Given the different prices for quality, landlords decide whether to supply the unit

4. The crucial innovation is to study how the demand for quality differences shapes the market, rather than how quality differences
affect or determine the supply of rentals, as studied, for example in Frankena (1975). Our model is related to models where part
of the market is under a price cap, while part is uncontrolled. The difference is, again, how we model this through imperfect

substitution across markets from the view point of potential renters.
5. We model only one outside option, but the model can accommodate two outside options that are imperfect substitutes to

each other.



into the market or not. The model generates price dispersion in equilibrium. High quality units, to the extend
that are valued more in utility terms, are going to be more expensive. Higher costs of supplying units into the
market are naturally going to lead to lower supply and higher prices.

We study how a price cap that is binding for high quality units affects the market equilibrium. The model
predicts that the price of high-quality units will decline. At the prevailing new price there are some landlords
of high-quality units that leave the market. With the cap, the supply of high quality housing does not satisfy
the demand. Some of this demand substitutes toward low-quality units and some to the outside option. As a
result of this increased demand for low-quality units, low-quality prices increase. Whether the total size of the
rental market (i.e. adding high- and low-quality units) decreases or not depends on whether there is an outside
option. We argue that this model delivers predictions that are completely in line with our empirical findings.
Hence, this model provides a clear explanation for why it is important to examine how price caps affect prices
and supply along the entire (excess) price distribution, rather than focusing on average prices or total supply —
as is more common in the existing literature.

In principle, assuming perfect competition in our model with quality differences may be too restrictive.
Perfect competition assumes both that landlords do not internalize the demand for their units (i.e. that they
take prices as given instead of setting prices optimally) and that there is perfect information (or more broadly,
no search frictions). Often times, rental cap policies are justified as a way to limit market power. Rental cap
policies may also be effective in solving search frictions, as argued by Galenianos & Kircher (2009) in the case of
labor markets. For these reasons, it is worth investigating whether models that allow for market power or search
frictions alone can explain our empirical results, and whether incorporating these elements makes our model
with quality differences more realistic or leads to fundamentally different conclusions. If the rental market in
Catalonia was characterized by market power and quality differences, a rental cap policy, which would be likely
more binding for high-quality units, would lower prices and expand supply among high quality units. This is
contrary to what we see in the data. Similarly, if all the price dispersion that we see in the data was due to search
frictions, rather than quality differences, then, after the policy, we would not observe price dispersion below the
cap, something that, again, is not what we observe in the data. For these and other reasons that we discuss in
detail below, we argue that our perfect competition model with quality differences, while intentionally simple,
captures the essential forces that help us rationalize the empirical evidence and study the welfare consequences
of the policy.

The model predicts that, if we abstract from misallocation and rent-seeking considerations (Glaeser &

6.In the model, to preserve simplicity, we assume that the rental housing supply elasticity is the same in the low- and high-
quality markets. In a more general model, the total size of the market would also depend on the relative shape of these two rental

housing supply elasticities.



Luttmer, 2003; Bulow & Klemperer, 2012), we can approximate the welfare change for renters in high-quality
units by estimating the percentage change difference in high-quality prices in treated municipalities (relative
to control) and multiply this by the size (in Euros) of the market. Similarly, we can approximate the welfare
cost of the policy for renters in low-quality units by estimating the percentage change difference in low-quality
prices scaling, in this case, by the size of the low-quality market. Finally, we can also calculate the deadweight
loss of the policy by multiplying the percentage change in high-quality prices and quantities, and the size of
the high-quality market, all this multiplied by one half. Using our data we estimate that the policy lead to a
welfare equivalent gain of around 300 million Euros per year for renters of high-quality units, a loss of around
75 million Euros per year for renters in low-quality units, and a deadweight loss of about 36 million Euros per
year. These exercises highlight once more the importance of evaluating rental cap policies by studying what
happens to prices and supply along the entire distribution, new in this paper relative to prior literature.
Overall, these results provide empirical support for the notion that rental price caps are effective at reducing
rental prices but also affect supply and welfare, potentially in richer ways than what the standard perfect

competition with homogeneous housing framework suggests.

Related literature

There is a rather large theoretical literature that has identified several channels through which rental caps
can lead to unintended consequences. For instance, rent controls can lead to mismatches between tenants and
rental housing units. Once a tenant has obtained a rent-controlled apartment, the household might decide to
reside in that dwelling longer than would have been optimal based on their needs for housing services, a point
made by Suen (1989), Glaeser & Luttmer (2003) and Bulow & Klemperer (2012) among others.” Similarly, if
rental prices are below market prices, renters might choose to consume excessive amounts of housing (Olsen,
1972; Gyourko & Linneman, 1989). Rental price caps can also cause rental housing to deteriorate. Landlords
might decide not to invest in maintenance because they cannot recoup the investment when rental price growth
is limited (Sims, 2007; Downs, 1988; Moon & Stotsky, 1993). Rent controls can also affect the relative size of
the rental and home-ownership markets (Fetter, 2016). On the positive side, rent control also offers potential
benefits for tenants and the neighborhood. For example, longer-term tenants might develop specific social
capital, such as a network of friends and family or proximity to a job or a local school, which may result in
positive spillovers for the neighborhood. All of these papers explore mechanisms that may result in a change
in the composition and, potentially, the overall number of units available in the rental market. The arguments
in these papers apply mostly for third-generation rent control type policies, where part of the market is under

7. One example of these mismatches is households with adult children who might decide to stay in family-size apartments, and,

hence, displace families with young children into crowded accommodation and small studios.



rent control (old tenants), while another part is not (new tenants). However, we study a second-generation rent
control policy, where rental price limits apply both within and across tenancies, and we focus on the short-run,
while most of the mechanisms discussed in the literature are likely to operate over the longer term.

In the short-term, rental caps potentially lower prices but may also affect housing supply. We contribute to
this theoretical literature by exploring the shorter-term effects of the introduction of rental caps in a perfect
competition model with quality differences. We show that allowing for quality differences leads to richer empirical
predictions that match what we observe in the data. As such, ours is the first model that studies rental price cap
policies when there is imperfect substitution of rental units with different underlying quality. To some extent
our model is closely related to Couture et al. (2023). Couture et al. (2023) develop a model with heterogeneous
quality across neighborhoods to explain why households of various income groups sort across space. In our
case, we consider housing unit qualities rather than neighborhoods. We simplify their framework in that we
do not link heterogeneous income levels to residential choices, although this is something we could incorporate.
Couture et al. (2023) do not analyze the effect of a rental cap in a model with quality differences, since their
focus is on household sorting. Our model is also related to the work by Landvoigt et al. (2015) and Piazzesi et
al. (2020). Like them, we consider that the housing market is better understood as a collection of submarkets.
Landvoigt et al. (2015) and Piazzesi et al. (2020), however, focus on the homeownership market, and use their
framework to study why within metropolitan areas we see price change heterogeneity. Their analysis relies on
search frictions rather than perfect competition, a point we discuss in detail both in the main text and in the
appendix.

More recently, the availability of reliable microdata at the level of individual rental units has allowed re-
searchers to study rent control policies empirically in some more detail. In a seminal contribution, Sims (2007)
analyzed the end of rent control in the Boston metropolitan area using data from the American Housing Survey.
He found that rent control induced landlords to remove units from the rental market and lowered rents. In
addition, Sims (2007) showed that there was no effect on construction, but that rent control reduced mainte-
nance in controlled units, and the spillover effect reduced the rental price of noncontrolled units. In a similar
vein, Autor et al. (2014) analyzed the impact of the unexpected elimination of rent control in Cambridge,
Massachusetts, finding that the market value of properties no longer subject to rent control increased 45%. In
addition to the direct effect of removing rent caps, Autor et al. (2014) showed that removing rent control had
significant, indirect effects on neighboring properties, also increasing their value. Unlike our paper, these two
papers analyze the removal of rental price controls, rather than its introduction. Their focus is also on the
long-term consequences of price controls, rather than the shorter-term impact on the rental market. Moreover,
they study a third- rather than second-generation rent control policy.

Diamond et al. (2019) discusses the consequences of an expansion of rent control on tenants, landlords, and



the overall San Francisco housing market. In 1979, San Francisco imposed a third-generation rent control on
buildings with five or more apartment units. This policy included regulated increases indexed to the Consumer
Price Index (CPI) within tenancies, but the regulation did not apply between tenancies. New and smaller build-
ings were exempt from control. However, in 1994, the exemption for buildings with fewer than five apartments
was eliminated. Diamond et al. (2019) showed that, while rent control appears to help ordinary tenants in
the short term, it decreases affordability in the long term. Rental units are sold to very high-income buyers,
increasing gentrification. We differ from Diamond et al. (2019) in that we analyze a second- rather than a third-
generation rental cap policy and we show, both empirically and theoretically, how third-generation controls may
have heterogeneous effects along the entire distribution of the rental units in the market.

Our paper also contributes to the recent literature on rent control in Europe. Breidenbach et al. (2022)
uses detailed rental price microdata and a triple differences event study to show that the initial success of rent
caps in reducing rental prices vanished after one year. Some of the empirical findings in our paper resonate
with theirs; however, we provide a more complete study of how the policy affects the rental market along the
entire price distribution, and we provide a novel theoretical framework which allows us to estimate the welfare
consequences of the policy. Mense et al. (2019) and Mense et al. (2023) also analyze the introduction of what
can be considered a second-generation rental cap in Germany, but where the policy does not apply to new
construction. Their emphasis is, as a result, slightly different. Mense et al. (2019) show that land prices grow
faster in municipalities where rent caps are implemented than in the control group, while Mense et al. (2023)
document a positive spillover effect of rent control on units not subject to rent caps within municipalities.
Relative to these two papers, we provide evidence from a new policy change that affected all units within each
municipality and a new framework to analyze these types of policies. In our case, moreover, we do not detect
spillovers in rental prices across municipalities. In a contemporaneous paper, Jofre-Monseny et al. (2022) study
the same policy that we analyze in our paper but use a purely empirical approach to study the effects of the
policy on average outcomes. We argue that not studying what happens along the entire distribution misses
important insights on the impact of the policy.

To summarize, in this paper we contribute to the literature in two ways. First, we provide well-identified
short run evidence on the effect of second-generation price controls along the entire distribution of rental units.
Second, we provide a novel framework, which relies on quality differences, to interpret the empirical evidence
and to estimate welfare consequences of this type of policy. This analysis relies on the fact that we have been
able to obtain the reference price for each rental unit, which is something missing in the data that supports the

results of previous literature.



2 RENT CONTROL IN CATALONIA

The Spanish housing market is characterized by a large proportion of homeowners. In 2011, homeowners
represented 79% of the market, while renters amounted to 11%.% After the financial crisis, the demand for rental
housing increased significantly in a very short period of time. In 2018, tenants at market price represented 16%
of the market, while homeowners decreased to 75%. Several factors explain this change. First, banks reduced
lending and increased the requirements for obtaining a loan. Second, young people likely realized that obtaining
a mortgage to buy a house before obtaining financial stability could lead to financial distress and a high risk of
foreclosure. However, the large increase in the demand for rental housing was not met with a sufficient increase
in supply, and rental prices increased. Other factors, such as rental platforms, might have also played a role, at
least in some specific neighborhoods (Garcia-Lopez et al., 2020; Almagro & Domiinguez-Iino, 2022).

To contain the increase in prices and following the experiences of some European cities, such as Berlin and
Paris, the Parliament of Catalonia approved, quite unexpectedly, a system of rent ceilings that was implemented
at the end of September 2020.° The law considered two types of areas: tight housing markets and the rest of the
territory. “Stressed” municipalities were initially defined as those where rental prices had grown more than 20%
during the period 2014-2019, which, as we show below, comprise many municipalities around Barcelona plus
others dispersed over the territory. It is worth mentioning, however, that despite these considerations, there
do not seem to be large differences in price trends between stressed and non stressed municipalities, especially
when we compute prices relative to the reference price, as we show later.

The Catalan law imposed second-generation rent caps, limiting rent increases within and between tenancies.'®
After the approval of the law, reference prices became the highest prices that the rental price per square meter
could reach, at least on paper. To construct the reference price for each unit, the pool of comparison units was
stratified by size in two groups: units above and below 90 square meters. That is, if the size of a unit was larger
than 90 square meters, then the reference price was calculated as the mean of the 25 closest units between 90
and 250 square meters. For units of less than 90 square meters, the reference price was calculated as the mean
of the 25 closest units with a size plus/minus 10 square meters. An interesting feature of these reference prices
is that they were calculated not only for the 61 areas that were declared stressed markets but also for most

municipalities where the policy was not implemented.'!

8. These two numbers do not total 100% because some tenants have reduced rents and some units are rented free of charge.
9. Act 11/2020 of September 18, 2020. The law passed unexpectedly on September 8, 2020, after the center-right party Junts per

Catalunya, which traditionally opposed these type of policies, voted in favor. See https://elpais.com/cat/2020/09/09/catalunya/

1599663147_337105.html.
10. The Spanish regulation already capped rents within tenancies using CPI inflation.
11. There a few municipalities where the density of rental prices was so low that made it impossible to compute the reference

price.
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3 DAtTA

Our data cover more than half a million rental contracts from the beginning of 2016 until June 2021. In
Catalonia, there is a legal obligation to report rental contracts to the INCASOL in the form of a bail. Our
data come from the AHC (Agencia de I'Habitatge de Catalunya, the Housing Agency of Catalonia), which took
the information available in INCASOL and cleaned, curated, and complemented it.'?> The AHC is the public
agency that was responsible for setting the methodology and performing the calculation of the reference price
for each rental unit and as such, it had to make sure that the information was accurate and reliable since there
were legal consequences for mistakes in the computation of the reference price. The AHC checked for mistakes
and inconsistencies in the original data,'® imputed the adequate measure of the size of the houses and added
interesting information like the geographical coordinates of each residential unit.

The final dataset contains information on the closing price of each rental contract, the start date of the
contract, the end date (if it had already ended),'* the area in square meters of the unit,'® and the reference
price per square meter. The AHC computed the reference price for multiple periods prior to the implementation
of the policy and for both treated and control municipalities.'6

One key feature of these data is that we have information about rental market prices, rather than the asking
price or an imperfect measure of the agreed price. Hence, we can measure potential price effects more accurately.
This difference, for example, is important with respect to the research that evaluated the impact of rent control
in Germany, which used posted rents (Mense et al., 2019, 2023). These data are also more accurate than the
online price data used sometimes in other research that are widely available through scrapping. As seen in
Figure A.1, in the Appendix, prices posted by online intermediaries are much more volatile, with faster declines
in downturns and faster growth in upturns.'”

Our data cover two types of municipalities. We denote as the rental contracts of units in municipalities that
were subject to the rent cap “treated” and call our control group, the ones that were not subject to the rent
control cap, as “non-treated”. It is worth emphasizing that only contracts signed after September 22, 2020,
were subject to the new regulation. Figure I shows a map of the distribution of the municipalities subject to

rent caps. As anticipated before, many of the treated municipalities are in the metropolitan area of Barcelona,

12. Jofre-Monseny et al. (2022) used first, aggregated data, and then data directly from INCASOL. Hence, they could not use

the reference price calculated by the AHC which is very important for our analysis.
13. For instance the INCASOL data contains many supposed rentals of less than 100 euros that are actually an increase in the

bail and not a new contract.
14. The start and end date of each rental contract was merged with the main dataset from a different data source.
15. We have the habitable surface, which is a better indicator than the built surface.
16. Unfortunately, after the rent caps were declared unconstitutional, INCASOL stopped sharing the data with the AHC since

there was no need to update the reference prices. This meant that we could not update our data.
17. Online prices correspond to Idealista, which is the leading online real estate intermediary in Catalonia.



although some are in other areas of Catalonia.

Treated and non treated municipalities are markedly different in a number of dimensions, beyond their
proximity to Barcelona. Table I reports a number of summary statistics. Treated or “regulated” municipalities
tend to be larger, more expensive, and denser. Since our empirical design depends on comparisons in the trends
across municipalities, systematic differences in the level of outcomes of interest do not necessarily pose a threat
to our identification strategy. The major thread to our identification is systematic differences in the trends of
the outcome variables of interest. To mitigate these concerns we show data many months prior to the policy
change, as we discuss in what follows.

Finally, it is worth noting that the ownership of rental units is remarkably dispersed, as we document in
Table II. Contrary to what happens in other countries, the fraction of owners who have many units in a market
is small. We use this information to justify the introduction of a perfect competition model that helps us to

rationalize the evidence that we present in what follows.

4 EMPIRICAL EVIDENCE

In this section, we evaluate the impact of the policy change that took effect in late September 2020. We
analyze various dimensions through which the policy affected the rental housing market. First, we study how
the policy affected rental prices using a number of empirical strategies. Second, we study whether the policy

also affected the supply of housing.

4.1 The effect of the policy on rental prices
4.1.1 Nonparametric evidence

We start our analysis of how the policy change affected rental prices by providing nonparametric evidence.
As we explained before, the rental cap implied that rents could not exceed the reference price computed for

each particular unit. Hence, we can define the excess price as:

Excess price;(,,) , = In {M
, DPi(m),t

where p;(,,),; denotes the rental price per square meter in unit ¢, located in municipality m, at time ¢, and where
Di(m),+ 1s the price cap calculated for this housing unit based on the surrounding units in that time period — this
is computed directly by the AHC, as explained above.'® The excess price measures the percentage deviation

of the actual rental price from the cap. That is, if the rental price is at the cap, then this measure is equal to

18. Note that this reference price is fixed after the implementation of the policy in treated municipalities.
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0. Any negative number means that the rental price is less than the cap. If the excess price is equal to -0.1, it
indicates that the rental price is approximately 10% less than the rental cap.

It is worth noting that the reference price is also calculated for the control area — something that was
justified for transparency purposes.'® Using this information we can construct excess price histograms for both
treated and non treated areas. In Figure II we show histograms of excess prices for both treated and control
municipalities. On the left-hand side of the figure, we display the histogram of excess prices before and after
the rental cap policy in treated municipalities. The right-hand side of the figure shows the same histograms for
the control group.

There are several things to note from Figure II. On the one hand, we see that the histogram of prices
among treated municipalities is “distorted.” In treated municipalities, there is a much greater mass of units
with prices immediately below the cutoff and even close to but just above it. This outcome contrasts with the
histogram for the control municipalities. The histogram in control municipalities does not have any bunching
around 0. Moreover, during the post-policy change period, excess prices are shifted to the right, something we
do not observe in treated municipalities. Figure II is the first indication that the policy change might have had
some effect on rental prices, although not necessarily the exact consequences that were intended by the policy.
For instance, it seems clear that not all the new contracts complied with the legislation. Many new contracts
were signed at prices above the reference price. It is also difficult to assess whether the rightward shift in the
distribution of rental prices in control municipalities is the natural evolution of rental prices in those locations
or whether it is some sort of spillover from treatment to control locations.

One of the aspects that makes Figure II difficult to interpret is that it pools all contracts signed before and
all those signed after the policy change. When pooling all of the data, it is difficult to determine what part
of the observed changes is due to differential trends between treated and control municipalities and what part
might be a consequence of the policy change. To examine this point further, it is worth showing the histogram
of prices for a narrower set of new contracts.

Figure I1I shows four histograms for two specific periods around the months of the policy change and around
the same months in the previous year. Specifically, the graphs on the left show histograms for September
and October 2019, when the policy was still not in place, and the graphs on the right show September and
October 2020, the first month with the new rental cap policy. Panel A includes the contracts in the treated
municipalities, while Panel B shows the distributions of rental prices for the contracts in the control areas.

Comparing figures on the left and on the right indicates that the control municipalities do not show much

difference in rental prices before and after the policy change. However, in treated areas there is a clear movement

19. There are a few missing reference prices because the reference price cannot be computed for some units in control areas that

are too isolated.
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of the distribution of excess rents to the left. It is also interesting that, after the policy change, almost half of
the rental prices are greater than the corresponding reference price, which seems to suggest that landlords found
ways to charge renters a price greater than the reference price by finding loopholes in the regulation or through
informal agreements with tenants. Alternatively, some tenants may not have been aware of the policy change.
The narrower time window makes the pre- and post-policy graphs in the control group much more similar.
While the histograms presented in this section are indicative of the effects of the policy, it might be useful

to quantify the results using various specifications. We turn to this in what follows.

4.1.2 Two-way fixed effects estimates

A second way to look at how the policy affected rental prices is to compare treated and non treated mu-
nicipalities, following a standard two-way fixed effects or difference-in-differences approach. These types of
research designs crucially depend on whether the trends in the outcomes of interest between the treated and
control groups are parallel before the treatment. This condition is usually checked visually by running dynamic
difference-in-differences specifications such as the following — ideally with multiple time periods prior to the

treatment:

(1) Yim),t = Om + At + Zﬁklt:k X Rent Cap,, + €i(m),
%

where y;(m),+ 18 an outcome of interest, such as the excess price defined earlier, and where Rent Cap,, is a
dummy variable taking the value of 1 if municipality m ever faces a rent cap. The coefficients §; estimate the
differential effect of the treatment at various points in time. In this and subsequent equations, ¢ indicates units,
m municipalities, and ¢ time — usually at a monthly frequency. In some specifications we aggregate the outcome
of interest at the municipality level.

Figure IV plots these §j coefficients for three different outcomes of interest for each month around the
policy change, with a window of more than 50 months prior to the change and 9 afterward. The three outcome
variables that we consider are the excess price (i.e., the log ratio of the rental price divided by the reference
price), the price per square meter, and the proportion of rental prices greater than the reference price. In each
of these three cases, we consider the baseline specification (1) and a second specification that includes flexible
province trends — i.e. non parametric trends common for a larger geographic units (provinces) that group various
municipalities.

Using the baseline specification, we see in Panel A that the average excess price drops immediately after the
introduction of the rent cap. It is also worth emphasizing that all of the coefficients prior to the policy change

fluctuate around zero and are never significantly different from zero. We get very similar patterns when we
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include provincial trends. If anything, including province-specific flexible time trends makes the trends prior to
the policy change even more parallel. When we include these flexible province trends, the drop in prices after
the implementation of the rental cap is of the same magnitude.

Panel B of Figure IV shows the results for the rental price per square meter. In this case, we observe a slight
upward trend in the price per square meter in treated relative to control municipalities. This is what we would
have expected from a policy that tries to reduce housing prices in places where rental prices are increasing.
Still, the differential trend is small, and even smaller when we control flexibly for province trends. In contrast,
the drop after the policy change is sharp and substantial. Comparing these estimates to the ones in panel A
suggests that a benefit of using excess price rather than price per square meter as the outcome variable is that
the computation of the reference price effectively removes the differential trends between treatment and control.

Panel C of Figure IV shows yet another way to measure whether the policy was effective at reducing rental
prices. In this case, the dependent variable is the fraction of rentals that are above reference prices in each
municipality. Again, trends leading to the policy change are remarkably parallel between treatment and control
municipalities, and the effect of the policy is clearly visible.

We can quantify the results observed in Figure IV by running the following difference-in-differences specifi-

cation:

(2) Yi(m),t = Om + At + BRent Cap,, ; + €im) ¢

where Rent Cap,, , is a dummy variable taking the value of 1 if municipality m has a rent cap in place at time
t.

Table IIT shows the results using the same three outcome variables: excess prices, price per square meter,
and the fraction of prices greater than the index or reference price. Across the three panels, column 1 shows the
baseline specification, which includes only municipality and month fixed effects. Column 2 includes province
times month fixed effects, which allows for each of the four Catalan provinces to evolve flexibly over time.?°
Column 3 includes rental unit fixed effects. Hence, this column identifies the effect of the policy by comparing
the outcome of interest for the same unit before and after the policy change. Columns 4 and 5 repeat the
specifications in columns 1 and 3 but with only municipalities that have fewer than 40,000 inhabitants. This
specification should mitigate, to some extent, concerns about the treatment and control groups being markedly
different, as explained above. Finally, column 6 repeats the estimation of column 2 but using quarterly instead
of monthly fixed effects.?! Standard errors reported in Table III and in the rest of the paper are always clustered

20. We can also include flexible county-specific flexible trends and the results are almost identical. We prefer province flexible

trends because there are counties that consist of only one municipality.
21. Appendix A.2 shows additional graphs for quarterly frequency.
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at the municipality level to account for serial and group correlation.

Panel A presents the results for the outcome excess price. All of the specifications show that rent caps
reduced excess rental prices. Excess prices are estimated to decrease by between 4% and 8%. Several things are
worth noting. First, when we include flexible province trends, the point estimate is only slightly lower than in our
baseline specification, suggesting that differential trends across provinces are not particularly pronounced. The
point estimate is somewhat smaller (in absolute terms) when restricting the sample to comparable municipalities
(at least in terms of size). This outcome can be explained by somewhat differential trends between Barcelona
and the other smaller municipalities in our sample, or, most likely, by a smaller effect of the policy in smaller
municipalities. It is interesting to explore how point estimates change once we include unit fixed effects. When
we compare columns 1 and 2 to column 3, we see that the point estimate increases somewhat in absolute terms.
This outcome indicates that the policy change seems to have a disproportionate effect on the units that stay in
the market.

Panel B shows the same specifications as Panel A but using rental prices as the outcome variable.?? Estimates
fluctuate between -0.08 and -0.037.2% Moving from column 1 to column 2 shows that differential province-specific
trends may be a larger concern when studying rental prices than deviations of those from the reference price, as
one could expect from the fact that the reference price removes part of the differential trend. Moving to column
3, we again observe that the point estimate is substantially larger when conditioning on unit fixed effects.

Panel C shows another way to look at the data, akin to panel C of Figure IV. For each municipality-month
pair, in this panel we compute the fraction of housing units that is above the reference price. The estimates
corroborate the evidence presented in Panels A and B. The decline in the fraction of units with prices above
the reference price, which was around 50% before the policy, fluctuates between 13 and 22 percentage points
— both statistically significantly different from 0 and from 50% —, depending on the types of comparisons in
each specification. Hence, again, the policy was followed to some extent but not fully. Noncompliance with the

policy is estimated to be as high as 74% ((50 — 13)/50).

22. 1t is worth mentioning that we have a number of units in control for which reference prices are not computed, hence, we have

a smaller number of observations in Panel A than in Panel B.
23. The results are also robust to using the estimator proposed in de Chaisemartin & D’Haultfoeuille (2020) (see Table A.1 in

the Appendix), which delivers a main estimate of -4.3%, and other estimators that allow for dynamic effects, such as Callaway &
Sant’Anna (2021). In this case, the estimation is -4.8%. Using the recently proposed synthetic diff-in-diffs estimator (Arkhangelsky
et al., 2021), the estimation is -4.1%.
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4.2 The effect of rent caps on the supply of rental units
4.2.1 Overall supply of rental units

We start our empirical investigation of the effect of the policy on the overall housing supply by running
an ordinary least squares (OLS) and a Poisson model (PPML), using a pseudo-maximum likelihood algorithm
for multiple high-dimensional fixed effects, following equations (1) and (2). Our dependent variable is the (In)
number of new contracts signed in each municipality each month.?* Hence, this measure of volume is a flow
measure. The main reason for using this variable rather than the stock of rentals in the market is that we have
good data on the new contracts signed, but we lack data on the initial stock in the market at the beginning of
our sample.

In Figure V, we show the evolution of the volume of new contracts for rentals, both in total and below and
above the reference prices. The number of new contracts fluctuates around zero during the months prior to the
policy. This is so when we allow for municipality linear time trends, otherwise there is a small upward trend
in treatment municipalities relative to control. After the policy is implemented, however, we observe a very
substantial drop of around 20%. The graph that shows the evolution of rental contracts above reference prices
declines by substantially more than this 20%. In contrast, the series for the new contracts below reference
prices experiences a substantial increase after the policy change in treated relative to control municipalities.
This increase is smaller, and hence does not compensate, for the drop in the volume of new contracts above
the reference price, explaining the overall drop in the graph showing the effects on the overall volume of new
contracts.?

We quantify these estimates in Table IV, using OLS (in Panel A) and PPML (in Panel B). The effect of
rent caps on the number of new contracts is negative and statistically significant. The reduction is large for
contracts above the reference price. There is also a significant increase in contracts below the reference price,
but this effect does not compensate for the decrease in contracts above it. The estimates are stable to the
inclusion of flexible province trends and to restricting the estimation sample to municipalities with fewer than
40,000 inhabitants. When comparing across panels, we see that taking the Os, in Panel B, into account reduces
the point estimates somewhat, but the estimates are still precise and always statistically different than zero.

24. Tt is worth noting that when we use OLS, we miss roughly 50% of the observations, namely, the municipality - month pairs with

zero new contracts. PPML estimates take into account this potential concern by including the zeros in the estimation. Montalvo

(1997) discussed the use of pseudo-maximum estimation procedures for dynamic count data models.
25.1In the Appendix we explore an alternative measure of the supply of rental units, see Figure A.3. For this figure we compute

the share of units that are rented in our data set at each point in time, and we compare this share across treated and control
municipalities. The window for this exercise is smaller because we need some months to stabilize the overall number of units in our
data, due to the left censoring that emerges from the fact that many units are under contracts that started before our data begins.

This measure more closely reflects changes in the stock of units in the market.
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Using the results reported so far, we can obtain estimates of the elasticity of new contracts with respect
to price changes. We show these results in Table V. Panel A of Table V displays the “naive” least square
estimates, for various specifications and subperiods. In general, however, when we regress the (log) number
of new contracts on (log) rental prices, we obtain small point estimates. The small estimates likely reflect the
standard endogeneity problem when estimating demand or supply curves. For example, when demand increases,
the supply may react and increase as well, resulting in small equilibrium price changes. Our setting, however,
allows us to estimate the supply of rental units by exploiting the policy change. That is, the policy changes the
price of housing. By tracking how this change affects the overall number of new contracts, we can estimate the
rental market housing supply curve.

Panel B of Table V presents the instrumental variables (IV) estimates. Given the results shown so far, it
should not be surprising that we obtain a positive estimate when using the policy change as an IV strategy. In
the baseline specification with the full sample, a decrease of 1% in rental prices implies a decrease of around 2%
in the supply of rental housing. We obtain a similar point estimate when we allow for flexible province-specific
time trends (column 2) and when we restrict the sample to municipalities with fewer than 40,000 inhabitants
(column 3). In Columns 4 to 6, we present estimates of this key elasticity when removing the lockdown period
from the sample, as is also done in Table IV. Point estimates are, if anything, slightly larger than in the full
sample, reaching an estimate of approximately three.

Overall, the evidence presented in this section suggests that the supply of housing units reacts to price

changes in the market; i.e., it suggests that the supply of housing units in the rental market is upward sloping.

4.2.2 The effect along the distribution of excess price

While the previous subsections suggest that the supply of rental units is upward sloping, they also hint at
the idea that the overall distribution of housing units in the market might have changed with the rental cap
policy. We investigate this point in detail in what follows.

For that, we group all the contracts in our data by sextiles of excess price within treated and control

26

municipalities, once we have removed municipality and time fixed effects. This creates six equally sized

groups of housing units for both the treated and control municipalities as a function of its price relative to the

reference price. The municipality and time fixed effects make these excess prices fully comparable across time

and space.?”

26. As can be seen in Figure A.8, in the appendix, removing municipality and time fixed effects has little impact on the results,

highlighting that normalizing prices by the reference price makes excess prices comparable across periods and locations.
27.In practice, it doesn’t matter much whether we condition on time and location fixed effects, because we are essentially

normalizing the rental prices by the reference price, hence excess prices are comparable across time and space. This approach is

inspired in the work on minimum wages by Autor et al. (2015) and Cengiz et al. (2019).
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Once we have these six groups, or sextiles, which summarize the entire distribution of excess prices, we
plot in Figure VI the change in prices and quantities, before and after the policy change, for each of these
six groups. The price change results are shown in the graph on the left of the figure, Panel A. The results
suggest something that we could have perhaps anticipated from the histograms shown in Figure II: prices in
the control municipalities increase uniformly along the entire distribution, by around 7%. In contrast, there is
a clear gradient in rental price changes along the distribution in the treatment municipalities. Prices decline at
the top of the distribution by as much as 4% in absolute terms and by close to 10% when we compare them to
the control group. In contrast, prices increase above the control group at the bottom of the distribution.

In the right-hand graph of Figure VI, in Panel A, we investigate whether the policy induced changes in the
overall number of monthly contracts along the excess price distribution. The figure suggests a movement towards
higher priced units in control municipalities. This movement is also observable in treatment municipalities up
until the third sextile. After this, i.e., at the top of the distribution, we see a clear decline in the number of new
contracts signed. Since all the groups are roughly similar, we can add up the different estimates to check that
the overall supply in treatment municipalities declined relative to control ones. This graph shows very clearly
the missing mass of new contracts that we estimated in the previous section above and below the reference price
(see Figure V and Table IV). These results indicate that high-price units leave the rental market in treated
relative to control municipalities.

Panel B of Figure VI repeats the exact same exercise as panel A, but assumes that the policy took place one
year prior to the true implementation of the policy (and using the same post-treatment period length, but one
year earlier). Hence, it provides placebo estimates that should reassure that the effects estimated in Panel A
are a consequence of the policy and are not driven by pre-existing trends in different parts of the distribution.
Both the left and the right hand side graph show that price and quantity changes were similar in treatment and
control municipalities along the entire excess price distribution prior to the implementation of the policy.

Overall, the evidence in this section suggests that the introduction of reference prices leads to heterogeneous

effects along the excess price distribution, both in prices and supply.

4.2.3 Lack of spillovers

Arguably, the most important result in Mense et al. (2023) is the evidence of spillovers from units facing
price caps to those that did not. In this section, we investigate whether there are also spillovers in our context,
although in our case across rather than within municipalities. We do so using two strategies. First, we examine
whether there is a gap in excess prices before and after the reform in rental units in treated municipalities that
share a border with non treated ones. Figure A.9 shows that there is no gap in excess prices at the border prior to

the policy reform. After the policy, a gap opens for units on each side of the border. With spillovers from treated
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to non treated municipalities, one would expect the gap around the border to be larger than suggested by the
difference-in-differences estimates (as long as demand moves to non treated municipalities). We estimate a gap
of similar magnitude than with our difference-in-differences estimates, which indicates an absence of spillovers.
Our second strategy is to compare the price and volume changes for units in non treated municipalities but close
to treated ones, relative to non treated municipalities that are far from the treatment. Figure A.10 provides
evidence which is, again, consistent with minimal spillovers between treatment and control.2® These results are
important, as we discuss later, for our estimates of the effect of the policy on the welfare of various groups in

the economy.

5 MODEL

In the previous section we have presented empirical evidence documenting how the policy affected rental
prices and supply. We have shown that both prices and supply declined with the policy. We have also docu-
mented rich patterns along the entire excess price distribution of both prices and supply. Relative to the control
group, low-price units’ prices increased with the policy, while high-price units’ prices declined. At the same
time, we docummented that the supply of rental units declined mainly due to high price units exiting the rental
market.

In this section, we introduce a model that rationalizes these empirical results and allow us to evaluate
the welfare consequences of the policy. In a standard perfect competition model with homogeneous housing,
introducing a binding price cap has several consequences. A cap on prices generates a gap between the amount of
units that potential tenants would demand and how many units landlords would be willing to offer in the rental
market. As a result, at the price cap, some potential renters would want to rent, but the supply does not satisfy
this demand. Moreover, as long as the supply of rental units is not perfectly inelastic, there is a deadweight loss
associated with the policy. Hence, a rental price cap policy can be understood as a trade-off between efficiency
and redistribution from landlords to renters (who stay in the rental market), as shown graphically in Appendix
B.%? These type of policies can be justified in terms of equity, since homeowners tend to be richer than renters.

While the standard perfect competition model with homogeneous housing may provide a useful benchmark,

there are several aspects of the evidence presented above that do not fit well into the framework and justify

28.1In Figure A.4 in the Appendix, we investigate whether there is any heterogeneity in our results for units where we observe
multiple contracts and for units where we only observe one contract in our data. We show no meaningful difference in the estimates,
in line with the idea that there was no scope for spillover effects in the case of our policy given that reference prices were applied

to all units in treated municipalities.
29. We show a graphical representation of the perfect competition model in Appendix B. The graph shows the initial equilibrium

{p®,Q°} and how a cap on price moves the equilibrium to {p, @}, leaving an unsatisfied demand from Q to QPb.
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expanding this standard model. First, in the data we see substantial heterogeneity in prices across units in the
market, whereas in the standard framework there is a unique price. This is a well known feature in many data
sets which is robust to conditioning on a large host of observable characteristics (see for example Bierdel et al.
(2022)), or, in our case, when we deflate prices by rental prices of nearby units, as we do with our measure
of excess price. Second, the results indicate interesting effects of the policy along the entire distribution, both
in terms of price and supply changes. A simple homogeneous housing framework with perfect competition is
ill-suited to speak to these findings since, again, there is a unique price in the market.

For these and potentially other reasons, it may be useful to depart from the simple benchmark. In this
section, we extend the standard perfect competition model by considering quality differences. This assumes
that the observed price heterogeneity in the data is due to heterogeneity in unit characteristics that is valued
(and perfectly observed) in the market, and that units with different quality are imperfectly substitutable from
the view point of renters. We use this model to quantify the welfare consequences of the policy change.

The perfect competition model with heterogeneous housing makes two, potentially restrictive, assumptions.
On the one hand, the model assumes perfect competition, i.e. that renters and landlords in the model take prices
as given. While the ownership structure of housing units is not very concentrated in Catalonia, as documented
in Table II, it may still be the case that preferences for particular units are very specific, in which case, landlords
could potentially internalize the demand for their units. On the other hand, there may be search frictions that
make reality depart from the perfect competition and perfect information framework. Perhaps renters do not
fully know the price and characteristics of all the units in the market and this can be exploited by landlords to
set prices differently than how prices are set with full information. We explore these two possibilities formally

in Appendix C and D and we summarize the findings in subsection 5.7, below.

5.1 Demand for rental units

We assume that there are two types of rental units, high- and low-quality, and an outside option, such as
buying or moving to another economy. Potential tenants decide among high- and low-quality units and the

outside option based on the utility they obtain from each option. This can be represented as:

(3) Inu? —Inp? + ¢4

where u? denotes the utility of living in a unit of quality ¢, p? denotes its price, and ¢;4 is an individual (indexed
by ¢) idiosyncratic taste shock for quality ¢ drawn from an extreme value distribution. Under this assumption,

by the law of large numbers, the number of potential tenants that demand quality ¢, indicated as DY, is given
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by the following expression:3°

._ (u?/p?)*
= G i Gy

where N denotes the total number of persons in the economy and b indicates the value of the outside option —

denominated in low-price metric. A governs the rental demand elasticity, i.e. by how much demand changes for
a given change in rental prices.

To ease exposition, we keep quality differences to two categories. However, it is worth emphasizing that the
model can easily accommodate multiple quality categories. In that case the denominator would be the sum over

all these quality categories. The results that we derive in what follows would be almost identical.

5.2 Supply of rental units

Landlords either own a high- or a low-quality unit and put their unit of quality ¢ in the rental market

according to an upward sloping supply function:

p4
S = (E)l/’yl’q

where C' is the cost of supplying a unit in the rental market and L, is the mass of landlords who have a unit
of quality ¢. To simplify, and without loss of generality, we assume L, = 1.3! Also to simplify, we assume that
the rental housing supply elasticity () is the same across quality types. We discuss later the places where this

simplification matters for the results.

5.3 Equilibrium

The equilibrium is determined by equating the demand and supply equations in both the high- and low-

quality markets:

(ul/pl)l/A

p" 1/~
A+ i+ "

(uh/ph)l/A p"

pl 1/~ _
=(%) / 7((ul/pl)1//\ + (uh/ph)V/> + (b/pl)l/,\)N o (C

c

30. Anderson et al. (1992) provide an early and beautiful introduction to discrete choice models.
31. Note that Ly and C can be used interchangeably. This equation can also be micro-founded using discrete choice theory. In

that case, C would also include p; which makes it a little bit inconvenient for the derivations to follow. This explains why we

assume directly an iso-elastic rental supply curve.
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By dividing the two equilibrium conditions we obtain that relative prices depend on relative utilities:>?

Hence, we obtain that p" = Qp!, with Q = (‘;—};)%ﬂ > 1 (as long as u" > u!). This means that, in equilibrium,

high quality units are more expensive.

We can now substitute for p in the equilibrium condition for the low-quality market and obtain:

u
=)

- /e NTCO
p=(3

where U = (u')7 + (u")? + (B)?, p = A+7, and B = b(u') 57
With this expression we can also obtain the equilibrium price in the high-quality submarket:
h u" /
— (= )Y/PNYC
rt=(g)

and the equilibrium quantities, which are given by:

ut

I _

These four equations determine the equilibrium in the market as function of exogenous parameters (funda-

h
YON,Q" = (37) VN

mentals and elasticities). They also capture many standard forces. For instance, more people in the market will
lead to more housing services and higher prices in equilibrium. Similarly, higher costs for landlords to supply
units to the rental market will translate into higher equilibrium prices. Better outside options (i.e. higher B)

will translate into lower prices and quantities in the rental market.

5.4 A rental price cap

Suppose a policy maker introduces a price cap (P) that is only binding for high price units. Then, the supply
of high-quality units at price P is given by:
Sh — (5)1/7
C
But given this supply and high-quality prices, there will be excess demand. We can denote by p" the price
that buyers would be willing to pay if the supply of units of high quality is determined by the binding price cap
P. We can obtain p" using the following equation:
32. This result depends, obviously, on the assumption that the supply cost C' and the supply elasticity () is the same in the high-

and low-quality markets. Heterogeneity in supply elasticities is harder to handle, but heterogeneity in the cost (C) is equivalent to

re-expressing utilities in each submarket as a function of costs.
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This expression depends on the (endogenous) low-quality prices. Hence, as before we need the equilibrium

condition for the low-quality market, which is given by:

(ul/ l)l//\ ! "
((ul/pl)u/\ + (uh/%h)l/x T (b/pl)l/)\)N = (%) /

Following the same steps as before we can express the willingness to pay for quality as a function of prices

of low-quality units as follows:

Note that we can always write P = np", with n < 1. That is, the rental cap price is set at a fraction 7 of

the high price that potential renters would be willing to pay. In this case we can write:

where this p" is, again, the willingness to pay for high-quality units when supply is determined by price P.

Hence, we have that:

P =plan T

where (Q is defined as before, i.e. ) = (Z—};)ﬁ > 1.
Using this into the equilibrium condition for the low-quality market, we obtain:
1

b= (UZ); TN
S e I

Hence, we can express the equilibrium conditions with a binding rental price cap in the high-quality sub-

market with the following four equations:

l v u! v/ P NY hx l u! 1/p h P 1/~
p =T (U) N7Cp™ = P,Q ZF(E) N,Q 2(5)
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@)r+@he +(B)? 4
()P +(uh) P TR (B
Given these equations, it is easy to see that the rental cap decreases prices and quantities in the high-quality

where I' =

market and increases them in the low-quality one, since P < p;, and I' > 1. Moreover, it is worth emphasizing

that, with the outside option, the increase in the number of units in the low-quality market does not compensate
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the decline of units in the high-quality market. Without outside option, we could have no changes in the overall
number of units in the rental market, with large distributional consequences. This later result also depends
on whether the rental housing supply elasticity is the same across quality markets or not. We provide further

intuition for this model in the following subsection.

5.5 Graphical representation

The perfect competition model with quality differences can be represented in a set of simple graphs, which
are shown in Figure VII. The figure is divided into two panels. Panel A shows the equilibrium in the market
when there is no rental cap. Panel B shows the new equilibrium once a rental cap is introduced which is only
binding for the high-quality units.

Initially, the equilibrium is at points A and B. At these points, prices for high-quality units are higher than
for low-quality ones, reflecting the higher value of high-quality. A reference price P is more likely to be binding
in the high-quality market. At that price, as shown in Panel B, fewer owners of high quality units will be willing
to supply their unit into the market, hence, the amount of high quality units in the market (Q") will be lower
with the price cap.

The price cap will generate excess demand for high-quality units. This excess demand can be computed by
looking at the location of p" in panel B, which is the price that renters would be willing to pay at the limited
supply. This price helps to determine how much demand moves to the low-quality market, or, potentially, to the
outside option. This is shown in Panel B as a modest shift in the demand for low-quality units. This increase
in the demand for low-quality units leads to increases in both prices and quantities in the low-quality market.

Hence, these two sets of graphs show the essential forces behind the model. A rental cap is more likely to
bind in the high-quality market. The cap restricts supply and lowers prices among high-quality units. Some
renters that would have otherwise entered the high-quality submarket move towards low-quality units, and
others chose their outside option, i.e. buying, living with the family, or moving somewhere else. The higher
demand for low-quality units, in turn, translates into higher prices at the bottom of the rental price distribution.

The patterns in the data are well aligned with these predictions.

5.6 Welfare analysis

Following Figure VII, it is relatively simple to compute the welfare consequences of the policy using this
framework. For instance, we can compute the welfare gains of renters in the high quality submarket (i.e. those

who were and stayed in the high quality submarket), which we label by AW using the following expression:
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This expression says that the welfare change among high-quality renters is given by the percentage change in
high-quality prices multiplied by the size of the high-quality market, measured in value. For instance, according
to Figure VI, prices in the high-qualtiy market declined by around 7 to 10 percent, and the size of the high
quality market in the treatment municipalities is around 3,600 million euros in 2019.33 Hence, the welfare gain
of high-quality renters is equivalent to around 252 to 360 million euros per year (in 2019 Euros). Moreover, as
we can see following Figure VII, this welfare change is approximately the opposite of the one experienced by
owners of high-quality units (labeled as AV"). In other words, landlords of high quality units loose the welfare
equivalent of about 252 to 360 million euros per year.?*

Similarly, the renters’ welfare loss of those initially in the low-quality submarket (AW?') is similar to the

welfare gain of landlords in the low-quality submarket (AV!). They can both be approximated by:

A l
AW~ —AV! & fp—];plQl <0

This expression says that the welfare change can be approximated by the percentage change in low-quality
prices multiplied by the size of the low-quality market. In this case, the data suggest that low-quality prices
increased by around 3 or 4 percent, which we can multiply by the size of the low quality market in treated areas
which is around 75 million euros per year.

Finally we can also approximate the value of the deadweight loss in the high quality market using the
following expression:

h h
DWL" = —%Ap—i AQC,% p"Q"

In this case, the expression says that the deadweight loss in the high-quality market is equal to one half of

the percentage change in high-price units (i.e. around 7 to 10 percent), multiplied by the percentage change in

the size of the high-quality market — measured in housing units —, which is around 25 percent, all this multiplied

33. We compute the total size of the high- and low-quality market as follows. First, we take the rental prices of 2019, i.e. the
year prior to the application of the rental cap policy. We use these units to estimated the high-quality and low quality proportion
in each of the controlled municipalities, defined as units above and below the reference price. Next, we obtained from the Incasol
the stock of all the houses rented in Catalonia in 2021, and applied the estimated proportion of high-quality and low-quality to

each municipality. Finally, we summed the annual rental revenue of each of the segments of the market across municipalities.
34.1t is worth noting that we are making approximations here because we omit some of the smaller triangles, and we are a bit

loose in computing the size of the high- and low-quality market using either the period prior or post-policy change.
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by the size of the high-quality market (i.e. around 3,600 million). Hence the deadweight loss from the policy is
of around 36 million Euros per year.

It is worth noting that these numbers assume a non-random allocation mechanism, by which the renters
most willing to pay for quality are the ones allocated to high-quality units once the price cap is in place. We
could incorporate other allocation mechanisms following Glaeser & Luttmer (2003). As shown in Glaeser &
Luttmer (2003), under these alternative mechanisms, our estimates would be a lower bound, since we would also
need to take into account the potential misallocation induced by the policy.?® It is also worth noting that part
of the price dispersion observed in the data may be due to search frictions. If so, we would be overestimating
the overall welfare losses from the policy, but we would be estimating adequately the relative ranking across
groups of renters, as we discuss in the subsequent section and the appendix, where we also argue that part of

the empirical evidence is harder to rationalize with just search frictions.

5.7 Daiscussion of alternative models

As mentioned before, there are two assumptions in the perfect competition model presented in the previous
subsections that may be viewed as strong assumptions. First, there may be instances where home owners may
be able to internalize the demand for rental units, and hence, exert some degree of market power. While this
is probably more prevalent in markets where the ownership structure is more concentrated than what we see
in the data, see Table II, it may still be the case that landlords have some market power. This is important
because in contexts where market power is prevalent rental caps may lead to price declines without affecting
supply, similar to what minimum wages do in monopsonistic labor markets.

In Appendix C, we study the predictions of a model with quality differences and market power. The main
point we make is that this alternative model generates some predictions that are not in line with the empirical
exercise. With quality differences, the rental cap is likely to be more binding in the high-quality market than
among low-quality units. Hence, the rental cap is likely to eliminate market power among owners of high-
quality units. If the rental cap is binding but not too high, this should lead to price declines among high-price
units without affecting the supply of high-quality units in the market. This prediction is inconsistent with the
evidence presented above. Moreover, with the rental cap policy, high-quality units become more attractive, and
hence demand should move away from low-quality housing towards higher quality one. As a result, prices in
low-quality units should also decline, and again, this is in contradiction to what we observe in the data.

A second assumption that may be viewed as too strong is that perfect competition requires perfect infor-
mation. In other words, assuming that agents take prices as given implicitly means that any price dispersion

35. We could potentially also incorporate rent-seeking forces following Bulow & Klemperer (2012), given their analysis of controlled

and uncontrolled markets. We do not incorporate these considerations because these would require additional assumptions.

25



we observe in the data must be the result of differences in unit characteristics. While the variance in housing
prices is smaller when one controls for observable characteristics, see for example Bierdel et al. (2022), there is a
substantial amount of residual variation that may either reflect unobservable (to the econometrician) variation
in unit characteristics or that may, instead, reflect search frictions. It may be that someone would prefer a
particular unit in the market at a certain price, but that she is unaware of the existence of that unit, and hence,
settles for a different option.

In Appendix D we investigate the role of search frictions. In particular, directed search models of the labor
market have been used to show that wage differences can be sustained in equilibrium, even among identical
workers. The main idea in these models is that workers with identical characteristics may look for jobs that
pay more but are harder to find, or settle instead for jobs that pay less but are easier to find. It is also optimal
for firms to post vacancies that either pay more or less for the same type of workers, because again, it may be
to the firm’s advantage to pay little and reduce on labor costs, but have a non-filled vacancy for a longer time
period. In these models, the key is whether workers are allowed to apply to different types of jobs.

Hence, directed search models can potentially be a useful framework to analyze rental markets where, as
we also see in labor markets, there is substantial variation in prices. As such, and to build intuition, we start
in Appendix D by studying a directed search model of the rental market with homogeneous housing. We show
that in this model a rental cap policy that acts as a reference price may help to collapse the various submarkets
into a unique market, and that this may be welfare enhancing. Intuitively, if low-price rental units co-exist
in equilibrium with high-price units, with the exact same characteristics, renters may be sending too many
applications, increasing the queue length for forming matches. A reference price solves this inefficiency.

A rental price cap in a directed search model with homogeneous housing results in predictions that are to
some extend in line with the data. For instance, the model predicts that rental prices will converge to a unique
price, consistent with the empirical evidence that high-price units experience price declines while low-price units
experience price increases following the introduction of reference prices. Moreover, as long as the rental price
cap is not too high, the model also predicts that supply will change, driven primarily by the exit of high-price
units. There is, however, one piece of empirical evidence that does not fit well into the framework. In the data
we observe substantial (excess) price dispersion in treated municipalities even after the implementation of the
policy. This piece of evidence suggests that it is very likely that at least some of the price variation is due to
quality differences.

For this reason, in Appendix D we also study a directed search model with quality differences. We show
that the predictions of this more realistic model do not match what we observe in the data. In particular,
it is again more likely that rental cap policies are (at least more) binding among high-quality units. Hence,

we would expect price convergence, especially among high-price units, in contrast to what we see in the data.
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Moreover, because a rental price cap is welfare enhancing in markets where it is binding, we should see both
supply and demand move towards markets where the policy is binding, i.e. towards high-quality units. This
should alleviate price pressures among low-price units, something that we do not see in the data. Finally, we
should also see that the time between rental contracts declines and flattens — at least in the top end of the
distribution. We investigate whether this is the case in Figures A.5, A.6, and A.7. When comparing treatment
and control municipalities, we see that the time in between contracts does not seem to change differentially
between treatment and control municipalities, neither on average, nor for high- or low-price units.

Overall, we conclude that the perfect competition framework with quality differences is well equipped to
rationalize the empirical results documented in the first part of the paper, while other assumptions seem to lead
to predictions that are not supported by the data. This gives us confidence that our welfare calculations are
an accurate estimate of the consequences of the policy — as long as we abstract from potential misallocation

concerns (Glaeser & Luttmer, 2003).

6 CONCLUSIONS

In this paper, we analyze the impact of the second-generation rent control enacted in Catalonia in September
2020. We find that the introduction of rental price controls led to a reduction in both prices and the supply of
rental units. We estimate that the policy change led to price reductions of around 5%, and that the fraction of
units above the reference price, which was around 50% prior to the policy, was reduced by between 13 and 22
percentage points. This evidence suggests that the policy was effective in reducing rental prices, although there
also was some degree of non compliance.

The supply of rental units in the market also changed as a consequence of the policy. We estimate that the
overall supply of rental units declined by around 10%. This number masks substantial shifts in the composition
of rental units in the market. We document a very pronounced decline in the units above the reference price
that was not compensated by an increase in units below.

Finally, we argue that a perfect competition model with quality differences can rationalize the evidence and
provides a framework to estimate the welfare consequences of the policy. Rental price caps are likely more
binding for high-quality units. With the new prices owners of high-quality units exit the market. With this
limited supply, some renters that would otherwise have been in a high-quality unity move their demand to the

low-quality market. This, in turn, leads to price increases in low-price units, as observed in the data.
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7 FIGURES

Figure I: MAP OF MUNICIPALITIES AFFECTED BY RENTAL PRICE CAPS
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Notes: These maps show treated, in blue, and control municipalities, in gray. Treated municipalities are defined as municipalities

that were subject to a rental price cap.
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Figure II: HISTOGRAMS OF EXCESS PRICES BEFORE AND AFTER RENT CAPS
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Notes: These graphs show the histograms of excess price in treatment and control municipalities. Excess price is defined as the log

difference between the rental price and the reference price calculated for each unit.
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Figure III: HISTOGRAMS OF EXCESS PRICES AROUND THE POLICY CHANGE DATE VERSUS THE PREVIOUS

YEAR
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Notes: These graphs show the histograms of Excess price in treatment and control municipalities during selected months around
the policy change and in the preceding year. Excess price is defined as the log difference between the rental price and the reference

price calculated for each unit.
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DYNAMIC ESTIMATES OF THE EFFECT OF THE POLICY ON RENTAL PRICES

Figure IV

Outcome variable: Excess price
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Outcome variable: Fraction above the index price

Panel C

Controlling for province trends
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Notes: This figure shows two types of graphs and three different outcome variables, as denoted in the titles. The graphs on the left

show our baseline specification, while the graphs on the right show our baseline specification controlling for flexible province-specific

time trends. Ninety-five percent confidence intervals of robust standard errors clustered at the municipality level are reported.
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Figure V: DYNAMIC ESTIMATES OF THE EFFECT OF THE POLICY ON THE VOLUME OF TRANSACTIONS
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These figures show graphs of the (log) number of the overall number of transactions and the overall (log) number of

Notes:

These graphs use our

transactions above and below the reference price in the treatment relative to the control municipalities.

baseline specification, controlling by flexible province-specific time trends and allowing for municipality-specific linear time trends

estimated prior to the policy. Ninety-five percent confidence intervals of robust standard errors clustered at the municipality level

are reported.
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Figure VI: PRICE AND QUANTITY CHANGES BY SEXTILE

Panel A: Price and quantity change around the policy
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Notes: The figure shows the change in prices and quantity of monthly new contracts between the pre- and the post-period for the
entire sample of units along the excess price distribution. Sextiles define six equally sized groups within treatment and control
municipalities. Panel A shows the change before and after the policy change, while Panel B shows a placebo that assumes that the

policy was implemented one year before its actual implementation.
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Figure VII: PERFECT COMPETITION MODEL WITH HETERGENEOUS QUALITY

Panel A: Equilibrium in the market with two qualities
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Notes: Panel A of this figure shows the equilibrium in the rental market without two types of units, high- and low-quality. Panel

B shows the equilibrium when a price cap at P is introduced that is only binding for the high-quality market.
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8 TABLES

Table I: DESCRIPTIVE STATISTICS

Regulated municipalities Non-regulated municipalities

Mean  Std. Dev. Obs. Mean  Std. Dev. Obs.
Rent (€/month) 745.44 355.92 474,477 525.41 236.10 118,758
Square meters 64.55 32.14 474477  71.82 31.41 118,758
Price per sq.meter  12.20 5.14 474477 7.75 3.26 118,758

Notes: This table shows summary statistics for treated and non treated municipalities. Sources: INCASOL and ACH.

Table II: NUMBER OF PROPERTIES BY OWNER IN BARCELONA

Number of houses Proportion of all houses | Number of houses Proportion of all houses
1 house 56.0 % 25 - 49 houses 3.9 %
2 houses 134 % 50 - 99 houses 2.4 %
3 - 5 houses 8.3 % 100 - 149 houses 0.8 %
6 - 10 houses 44 % 150 - 199 houses 0.4 %
11 - 15 houses 32 % 200 - 299 houses 25 %
16 - 25 houses 32 % 300 or more 2.5 %

Notes: This table shows the proportion of the number of houses by owner in the city of Barcelona. Source: Barcelona Housing

Observatory.
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Table III: EFFECT OF RENT CAP ON RENTAL PRICES

Panel A: Excess price
(1) (2) (3) (4) (5) (6)

Effect of Rent Cap  -0.076  -0.068  -0.082  -0.042  -0.067  -0.067
(0.016)  (0.012)  (0.015)  (0.010)  (0.012)  (0.012)

Observations 523844 523844 257461 112763 50857 523844
Panel B: (In) Price

) (2 (3) 4) (5) (6)

Effect of Rent Cap  -0.058  -0.048  -0.080  -0.037  -0.062  -0.048
(0.014)  (0.010)  (0.014)  (0.011)  (0.012)  (0.010)

Observations 591568 591568 286899 164337 72193 591568

Panel C: Fraction above reference price
(1) (2) (3) (4) (5) (6)

Effect of Rent Cap -0.146 -0.135 -0.186 -0.160 -0.216 -0.135
(0.012)  (0.011)  (0.015)  (0.025)  (0.033)  (0.017)

Observations 106149 106149 26957 59264 8911 4138
Specification:

Fixed effects yes yes yes yes yes yes
Province trends no yes yes no no yes
Unit FE no no yes no yes yes
Condition no no no <40k <40k no
Quarterly freq no no no no no yes

Notes: This table shows the difference-in-differences estimates of the effect of the policy on Excess price — defined as the percentage
difference between the contract price and the reference price —, the rental price, and the fraction of contracts above the reference
price. Column (1) is our baseline specification. Column (2) adds province x month fixed effects. Column (3) adds unit fixed
effects. Column (4) limits our baseline specification to municipalities with fewer than 40,000 inhabitants. Column (5) adds unit
fixed effects and limits the sample to municipalities with fewer than 40,000 inhabitants. Column (6) uses the same specification as
(3), but considers the data at quarterly frequency. In Panel C, we compute the fraction of contracts above the reference price in
each municipality conditioning in columns (3) and (5), on the sample of units with multiple contracts and in columns (4) and (5)
on the sample of municipalities with fewer than 40,000 inhabitants. Robust standard errors clustered at the municipality level are

reported.
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Table IV: EFFECT OF RENT CAP ON NUMBER OF NEW CONTRACTS SIGNED

Panel A: (In) Number of new contracts, OLS estimates

All ‘ Above ‘ Below
1) (2 (3) (4) (5) (6) (7) (8) (9) (10) (1) (12)
Effect of Rent Cap  -0.207 -0.181 -0.196 -0.093 -0.577 -0.545 -0.546 -0.449 0.166 0.146 0.171 0.233
(0.021)  (0.023)  (0.030) (0.025) | (0.042) (0.042) (0.052) (0.048) | (0.038) (0.038) (0.047) (0.049)

Observations 26176 26176 24273 26176 ‘ 26176 26176 24273 26176 ‘ 26176 26176 24273 11617

Panel B: (In) Number of new contracts, PPML estimates

All ‘ Above ‘ Below
e 2 (3) (4) (5) (6) (M (®) 9 (10) (1) (12)

Effect of Rent Cap ~ -0.111  -0.106  -0.069  -0.086 | -0.401  -0.343  -0.286  -0.359 | 0.238 0213  0.259  0.210
(0.018)  (0.021) (0.031) (0.021) | (0.044) (0.035) (0.048) (0.036) | (0.044) (0.041) (0.053)  (0.043)

Observations 56007 56007 53545 19558 ‘ 56007 56007 53545 18669 ‘ 56007 56007 53545 18669
Specification:

Fixed Effects yes yes yes yes yes yes yes yes yes yes yes yes
Province trends no yes no yes no yes no yes no yes no yes
Condition no no <40k no no no <40k no no no <40k no
Quarterly freq no no no yes no no no yes no no no yes

Notes: This table estimates the effect of the policy change on the volume of new contracts at the monthly-municipality level.
Columns (1), (5), and (9) are our baseline specifications. Columns (2), (6), and (10) add province x month fixed effects. Columns
(3), (7), and (11) limit our baseline specifications to municipalities with fewer than 40,000 people. Columns (4), (8), and (12)
consider the data at quarterly frequency. All the regressions exclude the lockdown period. Fixed effects include municipality, time

fixed effects, and municipality specific linear time trends. Robust standard errors clustered at the municipality level are reported.
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Table V: ESTIMATES OF THE ELASTICITY OF NEW RENTALS IN THE MARKET

Panel A: (In) Number of new contracts, OLS estimates

Full Sample No lockdown
1) (2 3) 4) (5) (6) (7 (8)

(In) Rental price ~ 0.068  0.065  0.068  0.064  0.068  0.064  0.067  0.066
(0.012)  (0.013) (0.012) (0.021) (0.013) (0.013) (0.013)  (0.022)

Observations 27302 27302 25303 12168 26176 26176 24273 11617

Panel B: (In) Number of new contracts, IV estimates

Full Sample No lockdown
(1 ) ®3) (4) (5) (6) (7 (8)

(In) Rental price ~ 1.987 2046  2.139 1605  3.069  3.195  3.110  2.206
(0.395)  (0.517)  (0.599) (0.512) (0.459) (0.613) (0.646) (0.571)

Observations 27302 27302 25303 12168 26176 26176 24273 11617
FS F-stat 74572  45.646  43.819  33.478  73.136  44.729  43.543  34.646
Specification:

Fixed Effects yes yes yes yes yes yes yes yes
Province trends no yes no yes no yes no yes
Condition no no <40k no no no <40k no
Quarterly freq no no no yes no no no yes

Notes: This table uses the policy change to estimate the elasticity of new contracts to price changes. Columns (1) and (5) are
our baseline specifications. Columns (2) and (6) add province x month fixed effects. Columns (3) and (7) limit our baseline
specifications to municipalities with fewer than 40,000 people. Columns (4) and (8) consider the data at quarterly frequency. Fixed
effects include municipality, time fixed effects, and municipality specific linear time trends. Panel A presents OLS estimates, while

panel B presents IV estimates based on the policy change. Robust standard errors clustered at the municipality level are reported.
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A  EMPIRICAL APPENDIX

A.1 Comparison of different price measures

Figure A.1: COMPARISON BETWEEN ONLINE POSTED PRICES AND MARKET PRICES
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Notes: The top graph shows the level of rental market prices and online posted prices. The bottom graph shows the growth rate

of rental market prices and online posted prices. Sources: INCASOL and Idealista.

A.2 Quarterly frequency
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Figure A.2: DYNAMIC ESTIMATES OF THE EFFECT OF THE POLICY - QUARTERLY FREQUENCY

Panel A: Outcome variable: Excess price
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Notes: This figure repeats some of the main graphs shown in Figures IV and V using data grouped at the quarterly frequency.

Details on each of these graphs are provided in the notes to Figures IV and V.
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A.3 Heterogeneity-robust estimates

Table A.1: HETEROGENEITY-ROBUST ESTIMATES OF FIRST STAGE

Excess price (In) rental price Fraction above excess price

153 s.e. 15} s.e. 153 s.e. I} s.e. I} s.e. 15} s.e.

t-5 -.0093 .024 011 .034 -.064 .053
t-4 -.0075 .015 -.012 .021 0052 .034
t-3 .0082 .01 .016  .012 0092 .031
t-2 0097 .011 .0091 .013 .076 .031
t-1 -.022  .013 -.03 .016 -11 .047
Main estimate -.051 .019 0 -.043 .028 0 -13 043 0

t+1 -.038 .013 -.032 .021 -.12 .04
t+2 -.022 .011 -.019 .02 -.07 .037
t43 -.045 .013 -.058  .022 -.16 .045
t+4 -04 012 -.0076 .019 -.073 .04
t+5 -.059 .013 -.039 .019 -1 .033
t+6 -.062 .015 -.047  .017 -.13 .04

Notes: This table reports the same results reported in Table III but using the estimator proposed in de Chaisemartin & D’Haultfoeuille
(2020).

45



A.4 Alternative measure of housing supply

Figure A.3: ALTERNATIVE MEASURE OF HOUSING SUPPLY
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Notes: These graphs show the fraction of units that are rented. The top graph shows the overall fraction. The bottom graphs
show the share among high and low prices respectively. We show a smaller window because of the left censoring in not having

units whose contracts started prior to when our data is available.

A.5 Units with one versus multiple contracts
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Figure A.4: PRICE AND QUANTITY RESULTS BY TYPE OF UNIT
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Notes: These graphs show the main results on excess prices and new contracts signed separating by units for which we observe

multiple contracts in our data and units for which we only observe one contract.
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A.6 Contract duration

Figure A.5: RELATIONSHIP BETWEEN CONTRACT DURATION AND EXCESS PRICE
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Notes: This figure shows two different binned scatter plots. The data points are grouped into equal-sized bins, and the selected
number of bins is optimal in minimizing the (asymptotic) integrated mean-squared error (IMSE). Each data point corresponds to

the mean of the two variables within each bin, controlling for municipality. We add a fitted line and a confidence band based on

cubic B-splines.
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Figure A.6: RELATIONSHIP BETWEEN TIME IN-BETWEEN CONTRACTS AND EXCESS PRICE
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first graphs shows the estimates for all the units in the market, the second graph for all units with prices below the reference
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Figure A.8: PRICE AND QUANTITY CHANGES BY SEXTILE
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Notes: This figure shows the same results as Figure VI but where sextiles are computed directly using the excess price, i.e. without

removing municipality and month fixed effects.

A.7 Price and quantity changes along the excess price distribution

A.8 Spillovers figures

Figure A.9: BORDER DISCONTINUITY
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Notes: The graph on the left estimates a discontinuity along the border between non-treated (left) and treated (right) in terms of

excess prices before the policy. The graph on the right repeats the exercise after the policy. Controls include province fixed effects.
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: SPILLOVERS

Figure A.10
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policy on volumes in municipalities with units on average within 1,000 meters of treated municipalities, relative to non treated

municipalities. The bottom graphs repeat the exercise on volumes for units with prices above and below the reference price.
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B PERFECT COMPETITION WITH HOMOGENEOUS HOUSING

B.1 Graphical representation

3

C MARKET POWER

Often, justifications for rental cap policies hinge on the fact that landlords have some degree of market power.
In this appendix, we explore the welfare consequences of a rental cap policy in a model with heterogeneous quality
where landlords internalize the demand for their units. We directly assume different types of units based on
quality because even with market power, a homogeneous housing model would not generate price dispersion in

equilibrium, and this is a prominent feature of the data.

C.1 Demand

The demand for rental units is the same as in the main text. Hence, we have the same expressions as the

ones shown in Section 5.1.

C.2 Supply

There are different ways to think about landlord with market power. It is standard to assume that in
these cases, landlords will internalize the demand for their units which will lead to prices being a markup over
marginal costs, which, in turn, means that charged prices will be a markup over the equilibrium price that would

prevail in the absence of market power. Similarly, quantities would be lower than the quantities prevailing in
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equilibrium without market power. Instead of deriving explicitly these markup and markdowns, we will assume

them directly into the equilibrium.

C.3 Equilibrium

The equilibrium with market power will be similar to the equilibrium without market power described in

the main text, but with higher prices and lower quantities. We can express it as:
1 l u! /
b =i (EeNe

ul

u )W/PN’YC

h h
P =
where ué and NZ are markups larger than 1 and all the other variables are as before. Equilibrium quantities,

which are given by:

1l
l_i il 1/pN
1, uh
h— — (=)YrN

where ,ué and uz are wedges with respect to the perfect competition equilibrium, i.e. larger than 1.

C.4 Rental Cap

Suppose now that a rental price cap is introduced as before. Let’s assume that it is only binding in the
high-quality submarket. Then, in that case, the rent cap will eliminate the ability of high quality owners to
internalize the demand. Hence, the equilibrium will shift to perfect competition allocation in this submarket.
This will also lower prices in the high-quality submarket, driving some renter in the low-quality submarket
towards the high-quality one. This shift in demand will also lead to lower prices in the lower-quality submarket
(at least to the extent that prices are partially tied to demand in the market, something that it is not always
true in price setting models).

It is worth noting that this produces predictions that are not in line with the data. In the data, we see that
prices of low-price units increase, whereas models with market power would predict the opposite. Similarly,
the model would predict expansions in the number of high-quality units in the market, again, contrary to the

empirical evidence.
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D SEARCH FRICTIONS

Search frictions have the potential to explain price dispersion in equilibrium, as shown by Galenianos &
Kircher (2009) and Wright et al. (2021) using a directed search model of the labor market. In this section we
show how the model can be adapted to the rental market. We start the analysis by considering homogenous
housing. This helps to build the intuition on how a rental cap policy affect allocations and prices in this model.

We show that in this model, a rental price cap that acts as a reference price leads to price convergence.
This is in line with the data, except for the fact that even after the policy there is price dispersion below the
reference price even in excess prices. In the later part of this section we consider heterogeneous housing in this

directed search environment.

D.1 Model setup with homogeneous housing

There are two types of agents in the model: unit owners or landlords and tenants. Following the terminology
in the directed search literature, we denote by “sellers” the owners of rental units, and by “buyers” the potential
tenants. Sellers post (and commit to) a single price. Posted prices are observed by buyers, who can apply to
many rental units. There is a mass N, of buyers and a mass Ny of sellers. We denote by N the ratio of buyers
to sellers, so N = N,/Ng. All buyers and sellers are ex ante homogeneous.

We denote by a(n) the probability that a mass n, of sellers meets a mass n;, of buyers for a posted rental
price p, with n = np/ns. Note that this may or may not coincide with N, depending on whether multiple prices
are posted in equilibrium. This ratio is also referred to in the literature as market tightness. We denote the
value that renters derive from renting a unit by w and the cost that sellers incur when having a unit in the
rental market by c. Hence, the (ex post) payoff for buyers to rent at price p is given by uw — p, while the payoff
for sellers is p — c.

Matches are determined by a constant return to scale (CRS) matching function u(ny,ns). We can define

the probability that a seller meets a buyer, a(n), using the matching function: a(n) = plne.ns) win,1). We

,n/‘

a(n) _ prens) o p(n,l)

can also define - = B—==2 which is the probability that a buyer meets a seller. We denote by
b n

g(n) = na(n) ¢he elasticity of the meeting probability with respect to the ratio of buyers and sellers.

a(n)

D.2 Multiple submarkets

We assume that buyers apply to two different types of units.3® Sellers, instead, can only post one price. We

denote by p and p the prices associated with each of the different submarkets and by n and 7 the ratio of buyers

36. More generally, we could consider buyers applying to an arbitrary number of different types of units, but using two types

simplifies the model, the exposition, and the intuitions that we describe in what follows.
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to sellers in each submarket.?” Hence, the number of buyers in each submarket is equal to the total number of
buyers, i.e. n, = np = Np, whereas the number of sellers in each submarket is determined in equilibrium.

With multiple submarkets, the value of the buyers can be expressed as:

(W vo= 28 gy d@e®, g

n - n

a(n)

This expression says that with probability , the buyer meets a low-price seller, in which case she accepts

the price and derives utility (u —p). With probability (1 — @), she does not meet a low-price unit, and hence

n
a(m)

is forced to consider high-price options. In the high-price market, with probability ===, she meets a high-price
seller and derives utility (u — p). With probability (1 — %)(1 - @) she does meets neither a low- nor a
high-price seller, and hence obtains her outside option, which we assume to be equal to 0.

With multiple submarkets, sellers need to decide whether to post a high or a low price. We can start
the analysis by looking into the optimization problem of sellers considering the high-price submarket. This
maximization problem can be written as follows:

a(n) a(n) a(n), a(n)

Vs = max{(a@)(1 — = =)(p - ¢))} subject to = =(u—p) + (1 - — =)——(u—p) =V

This equation says that sellers in the high-price market meet a buyer who did not find a low-price unit with
probability «(7)(1 — O‘Tﬁ)), in which case sellers obtain a payoff equal to (p — ¢). We also assume that sellers
can internalize the demand they face given the price they decide to post.

We can solve this maximization problem by substituting the constraint into the objective function and taking

first-order conditions. Doing so, we obtain that:
(5) p=(1—-em)u+emc

Equation (5) is easy to interpret. It says that sellers who decide to post in the high-price submarket, post a
price that is a weighted average between their cost of posting and buyers’ utility.
Using the equilibrium price, we obtain that the sellers’ value when posting in the high-price submarket is

given by:

a(n)

(6) Vo= am (1- 22 (- ey -

We can now turn to sellers considering the low-price submarket. Sellers in the low-price market also need

to decide what price to post given the demand they face. This can be written as:

37. Galenianos & Kircher (2009) show that there are as many submarkets as buyer applications.
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¥, = max{a(n)(p — )} subject to “ 2 —p) + (1 - 2D 5y,

This equation says that sellers in the low-price market meet a buyer with probability a(n), in which case,
given that buyers always prefer low prices, they match, and hence, sellers obtain a payoff equal to (p — c).

We can also solve this maximization problem by substituting the constraint into the objective function and

taking first-order conditions. When we do so, we obtain:

(7) p=(1-¢(n))u+e(n)c
28 (u —p).

Equation (7) is also easy to interpret. It says that sellers who decide to post in the low-price submarket post

where u = u —

a price that is a weighted average between their cost of posting and buyers’ utility, in this case, relative to the
one obtained in the high-price submarket.
As before, we can obtain the payoff of posting in the low-price submarket by introducing the equilibrium

price into the objective function:

(8) Vs = a(n)(1 - e(n))(u - ¢

_ a(n)
p = a(ﬁ)(li%). The

numerator on the right-hand side, which is the probability a seller meets a buyer in the low-price market, needs

It is worth noting that p < p, since we can use the fact that Vs = V5 to obtain

SIS

to be larger than the probability of finding a buyer in the high-price market conditional on not finding one in
the low-price market. Otherwise, there would be more entry in the high-price market, which delivers a higher

payoff to sellers.

D.3 Free entry

Entry conditions have two margins. First, landlords who participate in the rental market need to be in-
different between posting in the high- and the low-price submarkets. This leads to the following indifference

condition, which results from equating Equations (6) and (8):

) a1 - @) = am (1- 22 (1 cmyu -

The second margin of the entry decision is whether landlords want to participate in the market. One way

to model this is to assume that there is an outside option to owners, for instance to sell the unit they have or
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to enter short-term rental contracts, with payoff ks(N;). We assume that this payoff is a function that depends
on the number of sellers (N) in the rental market. This captures the idea that, when the rental market is
attractive, even owners for whom it may be very costly to offer their unit in the rental market may consider
doing so. To capture this, we assume that ks(Ng) > 0,VN;, € [0,00) and, that ks(N;) is (weakly) increasing. In
this case, the indifference condition between posting in the high- and in the low-price submarkets needs to be

equal to the outside option kg(Ny):

a(n)

(10) a1 - ) = am (1- ) (1 - sy - 9 = k()

Equation (10) defines a system of two equations and two unknowns, n and 7, that has a unique solution, as

shown in Galenianos & Kircher (2009).

D.4 Welfare implications of a reference price rule

In this subsection, we turn to study the implications of introducing a reference price rule. We can prove the

following proposition.

PROPOSITION 1.

1. A policy that forces a unique reference price P € [c, u] results in the following:

(a) Prices converge to P.
(b) The policy increases total welfare.

(¢) The policy is ex ante welfare-improving for buyers and sellers if and only if:

I—=v)ec+yu< P <(l—n)u+nc
for v > 0 and 1 > 0, defined in the appendix D.7.

(d) Ex post the policy is welfare improving or welfare declining depending on whether the reference

price is above or below existing prices in each submarket.
2. A policy that forces a unique price P ¢ [c, u] destroys the rental market.
3. Overall supply in the rental market is affected by the policy as follows:
(a) If P < ¢ then all landlords exit the rental market.

(b) If ¢ < P < (1 —v)c+ yu then some landlords exit the rental market.
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(c) If P> (1 —7y)c+ ~yu then more landlords enter the rental market.

Proof.
See Appendix D.7, for a detailed proof. m

This proposition has several implications. First, when a reference price is introduced, prices converge to the
reference price. This is similar to what we observ in the data, except that price dispersion is still prevalent
below reference prices after the policy. Second, the proposition says that there is a range of prices, determined
by the utility derived from housing and the cost of having a unit in the market, where the policy is (ex ante’)
welfare improving. This is so because the policy removes the inefficiency created by the fact that renters who
end up in high-price units also queue in low-price ones, making matching more costly. Furthermore, there is a
range of prices where the policy is welfare improving for both renter and landlords. Proposition 1 characterizes
the (smaller) range of prices where this happens.

The proposition shows that, if the reference price P is lower than (1 — )¢ + yu but still above ¢, then
landlords lose, while if the reference price is higher than (1 — n)u + nc but still below u, renters lose. Hence,
there is a range of prices that does no destroy the market and that favors either landlords or renters.

The reference price set by the policymaker has effects on the overall size of the market. A policy that sets
the price P in the range (¢, (1 —v)c+ yu), leads to lower entry in the rental market since it lowers the value
of having units in the rental market. In that case, high-price matches are the ones more likely to break. A
reference price above (1 — )¢ + yu encourages entry.

All these results can be summarized in a graph, as shown in Figure A.11. This graph provides an example
where p is above (1 —n)u + nc, and where p is below (1 —v)c + yu (something that does not necessarily need
to be the case, but is the most plausible ordering).?® In this case, we define six regions where the policymaker
could set the price P (without destroying the market). A reference price P set in region A would be good
for landlords, who value high prices, but would be detrimental to renters (both ex ante and ex post), even for
those initially in the high-price submarket. Region B is similar to region A, except that in this region the price
P is lower than the prevailing price in the high-price market, so renters matched in the high-price submarket
would have incentives to find a new match. Region C is ex ante welfare improving for both landlords and
renters. In this region the post-policy average price would be higher than prior to the policy. Region D is like
region C except that the policy leads to a lower average price, something that is in line with the data. In this
region, however, we would observe new entrants into the rental market, something that we did not observe in

the data. Region E is ex ante welfare improving for renters, but ex ante detrimental to landlords. In this region

38. Figure A.12 in the Appendix explores a reversed ordering. The empirical evidence provided in the paper rules out this

situation.
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we should observe overall exit in the rental market. In this case, however, renters in the low-price units would
have incentives to stay in the match, and landlords in the low-price submarket would have strong incentives to
stay in the market. This means that we would see matches in the high-price submarket disappear. Hence, this
region is in line with all the empirical results discussed above. Finally, Region F is similar to region E, except
that even matched landlords in low-price units would lose and hence would have incentives to leave the market,

something that we do not observe.

D.5 Quality differences

To gain intuition, we assumed thus far that housing units are homogeneous. This assumption simplifies the
exposition of the model and is adequate if reference prices correctly account for any unobserved heterogeneity. In
practice, however, there may be quality differences that are hard to take into account when computing reference
prices.

As in the main text, we assume that there are two qualities, high and low. We index quality by ¢ €
{High, Low}. Using this notation, we denote the payoff of living in a high-quality unit by ", while the payoff
for a low-quality unit is u'. We use similar notation for all the other variables in the model. We assume u" > v/
and ¢ > ¢.

As in the main text, we assume that the utility of an individual i for looking into the market of quality ¢ is

given the utility derived from the rental unit and an idiosyncratic individual-specific shock. In equations:

a(nf), a(@?)

)

ailﬂqq) (u? —p?) + (1 - =2

(11) In V¥ + ;g = In| (u? =) + €iq

nd
We further assume that € is drawn from an extreme value distribution such that a fraction of the buyers
search in the high-quality market and the rest in the low-quality market (imagine there are two online platforms

where people apply). Then:

V!

(12) quanN:(Vb)%

where V, = [(VH)> 4 (V)% + (B)*]*, in a slight abuse of notation relative to the previous sections.

Finally, as before we assume that sellers either have high- or low-quality units supply to the market depending
on a free entry condition as before. We also assume that sellers take the number of buyers in their market N?
as given. Under these assumptions, we have the same equations as in the previous section, but all depending
on each quality market. On top, we have equation (12) that governs the overall size of each quality market. In

particular, there will be four equilibrium prices in the market:
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(13) p? = (1 —e(@”))u’ +e(n?)c?

and

(14) 7= (1 — (@) ")u? + (%)

for ¢ € {High, Low}.

The logic of Proposition 1 applies in this model with quality differences. First, in equilibrium, each quality
market can be divided in two submarkets. Depending on the values of u? and c¢?, we may have overlap across
markets. That is, it may happen that the high-quality market has uniformly higher prices than the low-quality
market, or that the low-price submarket of the high-quality market has in equilibrium lower prices than the

high-price submarket of the low-quality market. In equations:

Either ﬁh>gh>]3l>]3! or T)h>ﬁl>gh>gl

Case 1 Case 2

With quality differences, a reference price P that does not distinguish between qualities will have similar
effects as the ones described in Proposition 1 within each of the submarkets affected by the policy. For instance,
if we assume that the policy affects only high quality submarkets, then prices will converge to a reference price
among high-quality markets. Moreover, because the policy is welfare enhancing in these submarkets, renters
will move towards them. Note that this would generate patterns in the data that are somewhat contrary to
what we observe. In particular the policy would shift demand toward high-quality units, and would probably

result in more (not less) high quality units in the market.

D.6 Graphical representation
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Figure A.11: GRAPHICAL REPRESENTATION OF THE MODEL
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Notes: This graph shows the original equilibrium with two submarkets, denoted by A and B in a diagram with prices on the
y-axis and market tightness in the x-axis. It also depicts the various regions where the policymaker can set the reference price P.
Entry and Exit denote whether in those regions the model predicts a higher number of rental contracts or a lower one, after the
implementation of a reference price. Region A: Welfare improving for all landlords, detrimental to renters even ex post. Region
B: Welfare improving for all landlords, detrimental to renters. Region C: Welfare improving for landlords and renters, higher
post-policy average prices. Region D: Welfare improving for landlords and renters, lower post-policy average prices. Region E:
Welfare improving for all renters, detrimental to landlords. Region F: Welfare improving for renters, detrimental to landlords even

ex post.
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Figure A.12: ALTERNATIVE THEORY GRAPH
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Notes: This graph shows the original equilibrium with two submarkets, denoted by A and B in a diagram with prices on the
y-axis and market tightness on the x-axis. It also depicts the various regions where the policymaker can set the reference price P.
Entry and Exit denote whether in those regions the model predicts a higher number of rental contracts or a lower one, after the
implementation of a reference price. Region A: Welfare improving for all landlords, detrimental to renters even ex post. Region B:
Welfare improving for landlords and renters, ex post welfare improving for all landlords. Region C: Welfare improving for landlords
and renters, higher post-policy average prices. Region D: Welfare improving for landlords and renters, ex post welfare detrimental
for all landlords. Region E: Welfare improving for landlords and renters, even low-price landlords exit. Region F: Welfare improving

for all renters, detrimental to landlords.
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D.7 Formal proof of Proposition 1

Point a) is by assumption.
To prove point b) we need to show that welfare is higher with one submarket than with two submarkets.
For this, with one submarket, when buyers are allowed to submit two applications, we have that total buyer

welfare is:

Ny, 2N,
Nvi = MR ) = (N, 2N~ P)
Total seller welfare is given by
Ng, 2N,
NV = N 2N ) = v 2m) (P - o)

Hence:

W* = u(Ny, 2Ny) (1 = P) + p(Noy 2N) (P — ) = pi(No, 2Ny) (= )
In the two-market equilibrium, total buyer welfare is given by

Ny, Np) w(ng, Ny) | p(72s, Np)

_ N B .
NpVh = No(—— " (u—p) + (1 N, )N, P
ng, N,
= g N = p) + (1= HE ) )
Likewise, total seller welfare is given by
N s Vo)
NGVG :ﬂs‘u(n;’ b) (Bic) +n9ﬂ(nﬁ b) (pfc)

Hence:

NV = ,U(ﬂstb)(B - C) + :u(ﬁSva)(ﬁ_ C)

Therefore, in the two-market equilibrium, total welfare is given by

W = (u(ng, Np) + p(ns, Np))(u —¢) —

We can compare welfare:
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W =W = [u(Ns, 2Np) — (g, No) + pa(7is, Ny))](u — ¢)

1) N ) =
= [20(5Nas Vo) — (u(mg, No) + i, N — )+
+ 188 - p)

And this is smaller than W*, since p(n,, Np) < u(Ns, Np) and p(7is, Np) < p(Ns, Np) and because of the
properties of CRS matching functions.

For point c), we have that welfare of buyers is:

whereas in the one market equilibrium is:

p(ng, No) g, No) (s, No)
V = ( —= — 1 — —
= (M2 T )y 1 - TR 1), )
Before comparing the two, it is useful to realize that from p = (1 — e(n))(u — L(ﬁm (u —Dp)) + e(n)c and

P = (1—-¢e(@))u+ (M)c we have that:

p—u=(1—-ce@)ut+e@c=c(@)(c—u)

and that:3*
39.
We have that
p-u=0—cw)u— T u—p) +ecwe-u
hence
p—u=cm)e—w (1~ e@) P w5
thus
p—u=c@ie—w - (1 - =) " Demec - w
and so:
p = (o) ~ (1~ =(0) “De(m)(e - u)
hence:
cn) )

p =

(1= (@) e e~ u)
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p—u=Qn,n)em)(c—u)

with Q(n,7) = (£ — (1 — e(n))22) < 1.

e(m) m

Using this, we can compare buyers’ welfare in the one and two submarket equilibria:

o v B((Ns,2Ny) o (g, Ne) o (g, Nb) | (s, Ny)
Hence V;* — V4 > 0 if and only if:
p(ng, No) p(ng, No)\ (s, Np) -
P<u——""F ——u—p —(1- U —
M(Ns,QNb)( 2~ Ny )M(Ns,QNb)( P)
Hence, using the expression for prices:
(1, No) (o plng, No) | pu(7is, No)
P<u——""—=0nn)em)(u—c)—(1— -
((Ns, 2Ny) (. R )~ Ny " u(Ns, 2Np)

Re-arranging we obtain:

P<u(l- mg(n,n)a(n) —(1- “(”]SV’bN”))M’zgl::;kz)s(n)w
(g, Np) o p(ng, Ny)\ pu(fis, Np)
+C(M(Ns,21\l;b)9(ﬂ7 mlem) + (1= Ny : )M(NS,QJ\I;b)g(n))

. n_,N, N\ [— n N Ns, -
And this defines n = (%Q(@, n)e(m) + (1 — u A b))u‘zgvs,g\’;b))e(n)).

For the second part, we first need to realize that:

pP—c=(1-em)(u-c)

and, after some algebra:*°

40. From

p—c=(1—em)u—e) — (1 —em) P w_p)

- n

we have:
a(n)

p—e=(1-cm)u—0) - (1-cw) " u—c—(F-c)
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p—e=(1—c)u—of - 2T 2Dy

which can be rewritten as:

p—c=(1-e@)(u—-cl(n,n)

with ['(n,77) = [(176(2)) am) (1—e(@m) @(1 —¢e(n))] < 1.

(—em) ~ 7® (-e(m) D

Now, we have that the welfare of sellers in the one market is:

o 1N 2)

: N, 79
whereas in the two submarket equilibrium is:
N :U“(ﬂs’Nb) Ng ,LL(TLS,Nb) —
‘/6 = — — —_ —_
N, m, @ Otw T, @9

Hence

_M(p_c)_%w( —c)—EM@—C)

Vo Va="y, N, n LTO9TN, A

and this is greater than zero if and only if:

(N5, 2Np) (P = ¢) = puleg, No)(p = ¢) = (75, No) (P = ¢) > 0

Hence, if and only if:

M(ﬂs’Nb) M(ﬁs;Nb) —
Pt o) @ L, 2 P

Now, using the definitions of prices:

png, Ny) _ v s, Ny
P>c+m(1 e(n))(u c)l"(@,n)—&—m(l e(m))(u—c)
And hence:
p—e= (e~ (1~ @) =0 - (1 - o) D 5 - )
Hence:
=1 = (=@ 0= o) — (1= )2 (1 — ()
poec=(1-e@)(u—c) - A-e@)—(u—c) = (1 -er)—1-e@)(u-c
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p(n, Ny) —y (s, Np) —
P>l - reons (1= e m) - o (- cm)l+
v M N (1 ()i ) 4 S

H(N2, 2N POAEIA) A

. n_,N, — s, oy
And this defines v = [%(1 —e(n))l(n,m) + %(1 —e(m))].

The rest of the proposition follows from these price ranges and welfare comparisons.
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