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Abstract
We develop a model of monopolistic competition in the rental housing market for low-
income households with endogenous tenancy default. Identical suppliers choose the
number of rental units to supply and the rental price to charge to maximize expected
profits. Potential tenants who differ in their incomes and face an uninsurable income
risk choose whether to engage in a costly search for rental housing. If they search
and find a rental unit, then they must commit to a rental agreement before their
income uncertainty is resolved. Consequently, some tenants may default on their rental
payments. We show that tenancy default can explain persistent excess demand in the
low-income rental housing market without any government price regulations, and that
such excess demand can lead to nonstandard effects of government regulations. We
also test whether the excess-demand equilibrium is behaviorally plausible by designing
a laboratory experiment. Our experimental results reveal that, with feedback and
repetition, the excess-demand equilibrium that requires landlord participants to restrict
supply is no more difficult for participants to reach than a market-clearing equilibrium.
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1 Introduction

Availability of ‘affordable rental housing’ and lack thereof has been an ongoing societal
concern recently worsened by increasing housing prices. The persistent shortage of rental
housing for low-income households is often thought to be a result of government regulations!T]
In this paper, we show that if some low-income tenants default on their rent, an equilibrium
with excess demand (i.e., shortage) can exist in the low-income rental housing market in the

absence of any government regulations.

Lack of affordability can be interpreted to mean different things. The following are all

reasonable definitions:

e Shortage of units: People are financially able to rent homes at the current market
prices, but some are unable to find houses to rent. Under this definition, there is

excess demand for rental housing at the current rental prices.

e Zero consumption: Some individuals simply cannot afford to rent homes at market

prices and therefore do not consume rental housing.

e Financial strain: Individuals are able to afford to rent homes at the current prices but

doing so places a financial strain on them.

In the academic literature and for governmental agencies, the ‘financial strain’ definition
is the preferred one. Empirical evidence using this definition is therefore widely available.
In practice, it is common in Canada and in the United States to define housing as affordable
if the household spends less than 30% of its gross income on housing-related expenses (rent
or mortgage and associated operating costs, such as repairs, utilities, heat) and as unaf-
fordable if spending exceeds 30%. The evidence shows that lower-income rental households

are disproportionately under greater financial strain. In 2021, 69.2% of Canadian renters

!Price regulations and other forms of rent control that restrict the rental price could generate excess
demand in the rental housing market. Land-use and zoning regulations may also inhibit the development
of new construction and thereby cause an undersupply of rental housing [Arnottl [1995]. Other government
interventions such as building codes may also create an undersupply of rental housing. |Quigley and Raphael
[2004] argue that government building standards reduced the stock of affordable rental housing in the US
during the 1980s and 1990s.



with incomes below Canada’s official poverty line were living in unaffordable rental housing

compared to 33.2% of all Canadian renters [Thurston, 2023, |Statistics Canaday, 2022].

The simple model we build in this paper generates ‘unaffordable’ rental housing under
all three of the above definitions without relying on government regulations. Our model
is based on the possibility that when households spend a disproportionate amount of their
income on housing they may end up defaulting on their rent if they face an increase in other
non-housing needs. Indeed, for households at the bottom of the income distribution, the lack
of access to financial means can severely restrict their ability to self-insure against adverse
income shocks. In the event of an (uninsurable) adverse income shock, such households
face the very real risk of defaulting on their rent, which may result in eviction from their
homes. Our contribution is to explain how the possibility of involuntary rental default can
translate into a shortage of rental housing in a monopolistic competitive housing market and

to examine the impact of government regulations in such a market.

How important an issue is default in the rental housing market? Unfortunately, there
is limited direct evidence on actual defaults of rental payment] Much of the evidence on
actual defaults comes from records of forceful residential tenant evictions where a court-order
was applied for and possibly issued [Canada Mortgage and Housing Corporation, 2021, |Zell
and McCullough, 2020]E] Most of these forceful evictions are a result of the non-payment of
rent [Gromis et al.| 2022]. For example, about 75% of formal evictions in Toronto, Canada
between 2010-2018 were linked to late or non-payment of rent [Leon and Iveniuk| 2020].
Survey data also suggests that evictions result from tenants’ inability to pay their rent.
Among all households in Canada that reported experiencing an eviction in the past year,
18% reported not being able to pay their rent as the reason for their eviction [Statistics

Canadaj, 2024]5] Interestingly, almost 60% of those who experienced an eviction reported

2Tenants may also be late in their rental payments. Termed rent arrears, survey data shows that nationally
across cities with more than 10,000 in Canada, 7.8% of purpose-built rental units were in rent arrears in
2023 up from 6.5% in 2022 [Canada Mortgage and Housing Corporation 2024].

3Evidence based on eviction court proceedings likely understates the true number of evictions as some
tenants might voluntarily leave their homes before being forcibly removed [Hartman and Robinsonl, 2003)|.

4Data comes from three waves of the Canadian Social Survey from April to December 2023. Tenants
may also be legally evicted if they engage in some form of anti-social behavior or if the rental unit is to be
renovated or converted to an alternative use. The latter was the most commonly cited reason for eviction.



difficulty in meeting their financial needs compared to 32% of the total population. Data from
the 2021 Canadian Housing Survey also found that among households who had previously

been evicted, 8% were evicted for not being able to pay their rent [Statistics Canadal, 2021].

How many evictions occur is relatively more well studied. Between 2016-2021, the Cana-
dian national eviction rate was estimated to be 6% with wide geographical variation in
eviction rates across provinces |[Xuereb and Jones, 2023], ranging from 2.1% in Newfound-
land and Labrador to 10.5% in British Columbial] In the United States between 2000 and
2018, \Gromis et al.| [2022] found that there were nine eviction cases per one hundred renting
households on average annually, with the highest concentration of evictions in states with

relatively inexpensive rental housing markets [Gromis et al., 2022].

Evictions are costly for landlords. Landlords lose rental income when tenants fail to pay
their rent and during the time it takes to legally evict the tenant from their rental property.
Landlords also incur legal fees and time costs from the eviction process itself. Using data
from low-income rental housing markets in the U.S., [Humphries et al.|[2024] estimated that
the cost of evicting a tenant is 2 to 3 times the monthly rent, and that the majority of
evictions are due to nonpayment of rent. Overall, the legal procedures for evictions vary
across countries and the time it takes to legally evict tenants can be substantial [OECD)
2024]. We can conclude from the available evidence that some tenants default on their rent

and are subsequently evicted at a cost to the landlords.

The impacts of eviction on tenant outcomes have been studied by economists. For ex-
ample, (Collinson et al| [2024a] use administrative data from two U.S. metropolitan areas
to examine the impact of evictions on homelessness, hospital visits and earnings. Partly
in response to government policies affecting the rental housing markets adopted during the
COVID-19 pandemic, there has also been a recent growth in economic research looking at
the effectiveness of policies to reduce evictionsff] [Corbae et al[2024] build a structural model

with endogenous evictions and housing quality investments and use data from rental mar-

5Variation in eviction rates exists even within cities. For example, across the metropolitan Toronto area
the estimated eviction rates in 2016 ranged from less than 3% to more than 15% |Leon and Iveniukl 2020].

6For example, [Collinson et al. [2024b] study the impact of the significant pandemic-response expansion
of U.S. federal rental assistance and |An et al.| [2022] examine the effects of the implementation of eviction
moratoriums during the pandemic.



kets in below-median income neighborhoods to examine the welfare impact of policies that
restrict a landlord’s ability to evict tenants, such as temporary moratoriums on evictions,
as well as rental supports. Abramson [2024] examines the impact of similar policies in a
dynamic equilibrium model and |Abramson and Van Nieuwerburgh! [2024] examine the adop-
tion of rent guarantee insurance policies which pay landlords rent on behalf of tenants who

are unable to pay their rent themselves. Our paper complements this growing literature.

The market structure of rental housing markets has also been studied. Landlords or
suppliers of rental housing often have local market power. For example, in Montréal less
than 0.05% of the 130,000 landlords in the city’s rental housing market owned close to 32%
of the city’s 566,000 rental units in 2020 (St-Hilaire et al.| [2024]). The existence of such local
market power in the rental housing market has recently been explored in a series of papers.
Using evidence on the pass-through of housing costs from tax policy changes, Watson and
Ziv| [2025] demonstrate that individual owners of multi-unit housing in New York City have
pricing power whereas Costal [2026] uses information on move-in and move-out elasticities to

provide evidence of market power in the city’s rental housing market.

In our paper, we incorporate local market power in the rental housing market and the
possibility that low-income rental households who receive an adverse income shock may
default on their rent. To do this, we build a model of the rental housing market for low-income
individuals who face some income uncertainty and must commit to a housing decision before
this uncertainty is resolved. Therefore, once their final income is known, some individuals
with a rental unit will be unable to pay their rent and will be evicted. Further, we assume
that income is private information. Because some tenants may default, a landlord’s expected
revenue per housing unit is not a monotonically increasing function of the rental rate. Rather,
since the probability of default increases with the rental rate, expected revenue per housing
unit follows an inverted-U shape: starting from a zero rental rate, expected revenue first
increases, but eventually reaches a maximum and then declines. As we will show, expected
profit-maximizing monopolistic landlords find it advantageous to set their rental rate so as
to maximize expected revenue per housing unit. Thus, the equilibrium profit-maximizing

rental rate corresponds to the peak of the inverted-U-shaped expected revenue function.



Together, the possibility of default and the behaviour of profit-maximizing monopolistic
landlords have profound implications on the rental housing market, the most important
being that excess demand can be an equilibrium phenomenon. To understand why, it is
useful to go back to a standard economy in which there is no default and a large number
of perfectly competitive price-taking firms. In such an economy, with the usual downward-
sloping demand and upward-sloping supply, in starting with excess demand, competitive
forces drive up the rental rate. This reduces the quantity demanded and increases the
quantity supplied. This adjustment mechanism continues until there is no excess demand.
In this standard model, the supply curve is upward-sloping because revenue per unit is

monotonically increasing in the rental rate.

In our model in which some tenants default and the expected revenue per unit does
not increase monotonically in the rental price, this standard adjustment mechanism is not
necessarily at work. Indeed, if there is excess demand at the rental rate corresponding to the
top of the expected revenue function, then landlords are not willing to increase the rental rate
because the associated increase in default would translate into a decline in expected revenue
per unit. It follows that excess demand may be an equilibrium phenomenon in which some

individuals who choose to look for a rental unit are unable to find one.

Given tenancy default can generate an equilibrium with excess demand, we then examine
the impact of government policies on the housing market. We show that changes in govern-
ment policies (e.g., regulation on the quality of housing or regulation impacting the cost of
default for the housing suppliers) may well exacerbate the problem of the lack of affordable
rental housing. We also explain how rent control can have a significantly different impact
when the economy rests in an excess-demand equilibrium due to tenancy default as opposed

to in a standard market-clearing equilibrium without tenancy default.

That competitive suppliers or demanders may find it in their interest to charge an effi-
ciency price different from the market-clearing price was established by, among others, Weiss
[1980], |Stiglitz and Weiss| [1981], and Shapiro and Stiglitz [1984]. The paper closest to ours
is|Stiglitz and Weiss| [1981]. They show that banks may prefer to keep interest rates on loans

at a low level to avoid attracting only high-risk borrowers. In our paper, a similar “sorting”



effect is also present, but it works in the opposite direction for suppliers (landlords): by
charging a low rent, suppliers reduce the probability of default for a given set of tenants
yet worsen the pool of tenants as lower rents attract relatively poorer tenants. By focusing
on the rental housing market, we are also able to examine the impact of housing market
regulations and policies on the equilibrium outcomes[’] Importantly, in our analysis the level
of excess demand affects both demand and supply, a phenomenon which is absent in [Stiglitz
and Weiss [1981]E] As we show, the responses of demand and supply to excess demand are
essential in establishing the impact of policies like rent control on the key variables of inter-
est. Interestingly, in the context of restaurant pricing, Becker| [1991] shows that if individual
decisions are influenced by aggregate demand, excess demand can result in equilibrium. His
model simply assumes that individuals care about the aggregate demand for a particular
good. We instead provide a rationale for why they care about aggregate demand and supply

and subsequently why suppliers will also care about excess demand in the market.

To determine whether the excess-demand equilibrium is solely a theoretical outcome or
is also a behaviorally plausible one, we design a laboratory test of this equilibrium. Our
experiment duplicates the assumptions of the theoretical model with monopolistic landlords
deciding the number of rental units to supply and the rental rate to charge. Experimen-
tal ‘landlord’ participants repeat these decisions over 50 rounds of play with end-of-round

feedback about the number of defaulting tenants and their profits.

At least three forces suggest that the excess-demand equilibrium may be difficult for
participants to reach. First, the excess-demand equilibrium is unintuitive: suppliers’ natural
instinct is to increase output to meet the quantity demanded. Second, the stochastic nature
of renters’ income shocks implies that better choices of rental price and units to supply may in
fact lead to lower realized profits. This type of misleading feedback may impede convergence
to the equilibrium. Third, a robust result from the experimental search literature is that

laboratory subjects tend to display ‘satisficing’; namely, they under-explore the parameter

TBasu and Emerson| [2000, 2003] demonstrate that a similar ‘efficiency rent’ can exist when there is private
information about how long a tenant will stay in the rental unit and there is a monopolistic landlord. In
their model, individuals are not allowed to be evicted and there is no tenancy default.

8Note that in|[Shapiro and Stiglitz [1984], labour supply (effort) depends on excess supply (unemployment).
However, [Shapiro and Stiglitz [1984] is a moral hazard model while our model and that of |Stiglitz and Weiss
[1981] are adverse selection models.



space, content with sub-optimal profits (see, e.g., [Simon| [1955], Caplin et al. [2011]).

Overall, 32% of participants’ decisions coincide with the excess-demand equilibrium. If
we restrict attention to the last 10 rounds, this percentage grows to 47%, with another 32% of
decisions matching either the equilibrium rental rate (20%) or equilibrium number of rental
units (12%) and the choice of the other variable adjacent to the equilibrium choice. For
comparison, we conduct a second treatment with the same price and quantity decision space
and identical incentives and a ceteris paribus reduction in the construction costs of rental
units which yields a unique market-clearing equilibrium. Our experimental results reveal
similar percentages of equilibrium choices in this second treatment. Together these findings
demonstrate that with appropriate feedback and opportunities to learn, the excess-demand
equilibrium that requires landlord participants to heavily restrict supply is attainable and

in fact no more difficult for participants to find than the market-clearing equilibrium.

The remainder of the paper is as follows: The next section outlines our model of the low-
income rental housing market. We characterize the equilibrium with excess demand arising
in this market in Section 3. We then examine changes in government policies affecting the
cost of default to suppliers and the quality of rental housing as well as rent control, and
present some numerical examples to illustrate the impact of these policies in Section 4. In

Section 5, we present our experimental design and results. Section 6 briefly concludes.

2 The Model

The model we construct should be envisioned as reflecting the rental housing market for
its lowest quality segment and for individuals at the bottom of the income distribution
(e.g., those belonging to the lowest decile of the income distribution). We assume that in
this particular market, there are N individuals who differ in terms of ex ante income y
distributed on [y, y] with y > 0 according to the cumulative distribution G(y) with density
G'(y) = g(y) > 0 for all y, and with G(y) = 1 and G(y) = 0. Individuals obtain utility v



from the consumption of housing H and of some composite good ¢ where
v(H,c) =u(H) + b(c)

with v’ > 0 > u”, b(c) = cfor ¢ > ¢,, and b(c) — —oo for ¢ < ¢, where ¢, > 0 is some minimal
consumption level of the composite good needed for survivalﬂ Utility v is assumed to be
bounded below for non-negative levels of housing, that is, v(H,c > ¢,) > v > —o0, V H > 0.

It follows that in choosing their consumption bundle all individuals ensure that ¢ > c,.

Final or ez post income is uncertain. Individuals face an i.i.d. shock conditional on ex
ante y. The income shock s is drawn from the cumulative distribution F(s) with density
F'(s) = f(s) > 0 for all s, unit mean E(s) = 1, and support [s, 5] with s > 0. Thus, post-
shock final income of an individual with ex ante income y who has drawn shock s is simply
sy, so expected income is F(sy) = y. We assume that this income shock is uninsurable. As
we are considering individuals at the bottom of the income distribution, it is reasonable to
assume these individuals have limited ability to self-insure against adverse income shocks,
that is, they have no savings and lack the means to borrow moneym There is also no moral
hazard: individuals cannot affect the value of shock s that they draw. We also assume that

both ez ante and ex post income are the individual’s private information.

Individuals must decide whether to look for rental housing. Rental housing can only be
consumed in a single discrete amount h. Since we focus on the rental market for those at the
bottom of the income distribution, the level of housing h should be envisioned as the lowest
level of housing available for rent. Individuals who do not have access to a rental unit either
because they did not look for housing, could not find any, or defaulted on their rent receive
a level of housing h, > 0, which is strictly less than A but is freeB Therefore, H € {h,, h}

with h > h, > 0. The actual value of h represents both quality features, such as location

9 Assuming separability simplifies the analysis but the same qualitative results should hold without sepa-
rability provided v.g > 0.

10 Adverse income shocks could result from loss of employment income due to injury or illness, from price
increases in necessities, or from the loss of income from a supporting person or government program. Some
of these adverse shocks may be publicly insured. But even so, there are often waiting times before public
benefits are received and it is during this period with no benefits that default could occur.

UThis alternate housing could be living with family/friends, in a shelter or on the street. The utility
derived from such housing would obviously depend on the specific alternative.



and state of disrepair, and quantity features, such as square footage, of the rental unit. In
what follows, we will assume that the government, through regulation, can affect the value
of hH Indeed, as often done in the past in Canada or in the U.S., a government can increase

the value of h by introducing modifications to the building code.

The price of rental housing, or rent, is denoted by r and the price of the composite good
is unity (that is, ¢ is the numeraire). Searching for housing entails a fixed utility cost k& > 0,
which can be interpreted as time spent looking.ﬁ If individuals search and are successful
in finding a rental unit, they must sign a lease before the income shock, s, is realized. We
assume that there is no voluntary default, that is, the difference between u(h) and u(h,) is
large enough so that u(h) — k + sy —r > u(h,) — k + sy or u(h) —r > u(h,). Individuals
default ex post only because they are forced to. For individuals who find rental housing and
are lucky enough to draw a good shock (i.e., those for which sy > r + ¢,), there is no need
to adjust H and the final consumption of ¢ is ex post income minus spending on housing:
¢ = sy — r, so final utility is v = u(h) — k 4+ sy — r. However, some individuals draw a
bad shock and have to default ex post on their rent to ensure that they satisfy ¢ > ¢,. This
happens if sy < r 4+ ¢,. In this case, H is revised to h,, final consumption is ¢ = sy and final
utility is v = u(h,) — k + sy. In other words, defaulting automatically leads to evictionE
The worst shock s is large enough so that ¢, can always be purchased, yet not so large
as to preclude the possibility that any individual may default on their rent. Allowing all

individuals to default reflects our focus on the rental market for low-income tenants.

Excess demand is a possible outcome in this rental market, in which case we assume that
rental units are allocated randomly among those who have chosen to search according to

a pure Bernoulli mechanism. Let p denote the probability that an individual will not be

12The parameter h being determined by some form of regulation is not crucial for obtaining an equilibrium
with excess demand. We are, however, interested in determining how such a policy would affect the rental
housing market when there is equilibrium excess demand in the market as we explore later in the paper.

BIncorporating a positive search cost generates an elastic demand for housing. Alternatively, a secondary
rental housing market with rental units of higher quality/quantity could be assumed. Having rental units
of differing quality, however, would greatly complicate the analysis without changing the possibility of an
excess-demand equilibrium. Another way to generate elastic demand would be to assume that there is some
utility cost from defaulting on one’s rent. In this case, both demand and supply would be independent of
excess demand in the market but an equilibrium with excess demand could still be obtained.

140ur results hold Provided defaulting leads to eviction with some probability between zero and one.



allocated a rental unit given that they have opted to look for housing. This probability will
be equal to the proportion of total demand for rental housing that is not met in equilibrium,
i.e., the ratio of excess demand for rental housing to the total demand for rental housing
or the rate of excess demand. The rate of excess demand, p, is determined endogenously in
equilibrium. Those who look for housing or demand rental housing, but are unsuccessful at

obtaining a rental unit, simply end up consuming h, and receive final utility u(h,) — k + sy.

On the other side of the market, there is a large number of risk-neutral suppliers. All
these suppliers are identical and face the sarneE positive fixed cost ¢ of operating in the
marketm The total variable cost of producing n housing units of quality /quantity h for any
supplier is hC'(n), where C" > 0, C” > 0. A supplier operating in the rental housing market
acts as a monopolist in their market segment and chooses both the number of rental units

to supply and the rental price to charge that maximizes expected profits.

Since both ex ante income y and final income sy are private informationm suppliers
can only charge a single rental price to all their tenants.ﬁ Further, since all monopolistic
suppliers have the same production technology, there will only be one price in the rental
housing market, denoted by r. Suppliers know the distributions of both income and income
shocks. Therefore, they can compute the probability of default of their tenants. In fact, each
monopolistic supplier recognizes that the probability that their tenants will default on their
rent depends on the rental price they charge, and take this into account when they choose
their rental price. Suppliers, however, view themselves as having a negligible effect on total
market supply and therefore on excess demand in the market. In other words, monopolistic
suppliers take the rate of excess demand, u, as given. Effectively the monopolistic suppliers

act as if they can rent as many units as they want at their chosen rental price.

15We could allow for heterogeneous fixed costs without changing our qualitative results.

16Some costs of operating in the rental housing market are indeed independent of the number of units one
wants to rent. For example, the time costs associated with learning how to legally operate in the market are
fixed. Further, assuming that the units are all located in a tall building — with one unit per floor — the
costs of maintaining the entrance or the roof are independent of the number of units.

1"Landlords may have more information about potential tenants than we assume. For example, landlords
might run credit or eviction histories. Information is still likely to be imperfect, however, and unanticipated
income shocks can still occur (marriage breakdown, involuntary job loss, medical condition, etc.).

18Re-negotiation of the rent ex post is not possible even if that would be beneficial for the owner and the
tenant given neither income nor the income shock is verifiable. The fact that defaults occur in the real world
suggests that such re-negotiation is either not possible or not successful.

10



The timing of events is as follows:

1. Individuals choose whether to look for housing, taking the rental price and the proba-
bility of finding a rental unit as given. Housing suppliers acting as monopolists decide
on both the number of rental units to supply and the rental price to charge to maximize

expected profits, taking as given the rate of excess demand.

2. Equilibrium in the housing market is obtained, which determines the number of mo-
nopolistic suppliers operating in the housing market, the rental price, the quantity of

rental housing supplied and consumed, and the rate of excess demand in the market.

3. Income shock is realized and individuals who succeeded in finding a rental unit will

default if sy < ¢, + 7.

2.1 Demand Side of the Rental Housing Market

An individual with ex ante income y must decide whether to look for a rental unit. If they

search and find one, they will default on their rent if sy < ¢, + r, or if

Co+ T
Yy

s < =3 (1)

and they will not default if s > §(r; ¢,,y). The cut-off income shock § is increasing in both r
and ¢,, and decreasing in y. For a given income level, individuals are more likely to default
the higher the rental price or the higher the minimum consumption level. For a given rental

rate, higher income individuals are less likely to default.

An individual’s expected utility if they look for rental housing is given by:
on =(1— ) {/g[u(ho) ket syldF + /S[u(h) Cktsy— r]dF}
+ {/S[U(ho) —k+ sy]dF} : (2)
The first term on the right-hand side of (2) is the expected utility of an individual when

11



they find a housing unit, an event which occurs with probability (1 — u). In this case, the
individual defaults on their rent for realizations of the shock below s and does not consume
any rental housing. For realizations of the shock larger than s, the individual consumes the
rental unit. The second term on the right-hand side of represents the expected utility of

the individual when they cannot find a unit, an event which occurs with probability .

An individual’s expected utility if they choose not to look for rental housing is given by:

w= [ “ulh) + syldF = u(hy) + . 3)

Therefore, an individual with a given expected income y will look for rental housing if
the expected utility differential between looking and not looking for rental housing is non-

negative, v, — v, > 0, or if
(1= = F(3)][u(h) —r —u(ho)] — k = 0. (4)

We assume there exists some income level in [y, %) such that left-hand side of (4) is equal to
zero. Denote this level of income by g(r, 1). Differentiating the expected utility differential
given by With respect to y yields:

O(vp, — v,)

5 = (1 —p)[u(h) —r —u(h,)]f(8)

> 0. (5)

< | »»

It follows from that all individuals with y > ¢(r, u) will look for rental housing and
all individuals with y < §(r, u) will not search for rental housing. Total demand for rental
housing will be given by D(r,u) = [1 — G(y(r,n))|N and will depend on the endogenous
variables {r, u} and the exogenous parameter h. We can now obtain the following partial

derivatives (see Online Appendix A for details):
Jr >0, 9u>0, §n<0 (6)

D, <0, D,<0, D,>0 (7)

Total quantity demanded in the market is decreasing in the rental price. For a given

12



rental rate, individuals are more likely to look for housing the higher the quality /quantity
of the rental housing units, h, and the lower the probability that an individual does not find

rental housing given they searched for rental housing, pu.

2.2 Supply Side of the Rental Housing Market

To solve the problem of the representative monopolistic housing supplier, we first need to
establish the default rate in the rental market. To do this, we simply have to work out
the average probability of default of those individuals who demand rental housing. This
average probability of default, which we denote by 7, can be determined by summing up
the probability of default for all individuals who demand rental housing and dividing by the
total demand for rental housing.ﬂ Doing this, we obtain:

w(r, p) = g / / dFdG
1

- m/g(w) " <CO;T) 16 8

~—

Differentiating yields
m, = By + Bgym Ty, = BQQM <0, m= Bgyh >0 (9)

where

oot [ (557 o
e [ (52 (52) 0- 0] <o

A change in the rental price r has both a direct and an indirect (or selection) effect on the

average probability of default. These two effects work in opposite directions. The direct

effect, denoted by By, is positive. An increase in r increases the probability of default for a

19The actual size of the population N does not affect the average probability of default as N appears in
both the numerator and denominator of expression on the right-hand side of (8).
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given set of tenants. The indirect or selection effect of an increase in r» works through changes
in the demand for rental housing or in the set of individuals looking for rental housing, .
The higher is g, the higher is the average income of those looking for rental housing and the
lower is the average probability of default as given by the negative term B,. An increase in r
reduces the demand for rental housing or increases y which reduces the average probability
of default. Therefore, the net effect of a change in r on the average probability of default is
ambiguous. The interesting and relevant case we consider in this paper is that in which the
direct effect dominates the selection effect. In this case, the average probability of default is

increasing in the rental price. We assume this to be the case for the remainder of the paper:
Assumption 1: 7. > 0.

If Assumption 1 does not hold, then the expected revenue per rental unit will always be
increasing in the rental rate and there would never be an equilibrium with excess demand.
Monopolistic housing suppliers would always want r to be as large as possible. In such a

case, the standard analysis of the rental housing market would apply.

From equation @D, it follows that only r has a direct effect on the probability of default.
Any change in the probability of not finding rental housing, u, or the quality of rental
housing, h, only has an indirect effect on the average probability of default. Hence, as an
increase in p reduces the demand for housing whereas an increase in h increases the demand

for housing, the average probability of default is decreasing in y and increasing in h.

The cost to the monopolistic supplier of having a tenant default on their rent is denoted
by z > 0. This could be interpreted as time or money cost of evicting tenants. In what
follows, we assume that the government can influence this cost through housing market

regulations, for example, by lengthening the procedure for eviction.

Consider now a representative monopolistic supplier whose expected profit is given by:
nR(r, 1) — hC(n) — (10)

where

R(ryp) =1 —m(r,pu)(r+ 2) (11)
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is the monopolistic supplier’s expected revenue per rental unit, which is decreasing in both
housing quality A and the default cost z. Note that the fixed cost ¢ is only incurred when
a landlord chooses n > 0. Thus, with probability 7, the tenant of a rental unit defaults

thereby causing a loss of (r + z) for the supplier of the rental unit.

The representative monopolistic supplier chooses the number of rental units n to supply
and the rental price r to charge to maximize expected profits. The first-order conditions for

n and r are

R(r,u) — hC'(n) =0, (12)
W, (1) = 0, (13

respectively. These first-order conditions yield the optimal number of rental units n(x) and
rental rate p(u), both being independent of qu From , it is clear that the rental price
p(u) that maximizes expected profits is simply the rental price that maximizes expected
revenue per rental unit R(r, ), and that it is independent of the number of rental units
supplied. It is also instructive to note that the expected revenue per rental unit will be

decreasing in r for any rental price larger than p(u).

To simplify the exposition for the rest of the paper, we assume that the marginal expected

revenue per rental unit is increasing in u:@
Assumption 2: R,, > 0.

As illustrated in Figure[l, R(r, 1) as a function of 7 follows an inverted-U shape. Further,
because R, = —m,(r + z) > 0, a larger p translates into the inverted U-shaped function
shifting up. Thus, for g3 > po the function R(r, 1) lies everywhere above R(r, po) and by

Assumption 2 is also steeper everywhere.

20To ensure the second-order conditions are satisfied, we assume that R, = =27, — m..(r + 2) < 0.
21This assumption is not crucial for our main results and is only required to sign p, and p, in . See
Online Appendix A for details.
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R(r, )

R(Tv :U’O)

r

Figure 1: Expected Revenue per Rental Unit R as a Function of r and p, with 1 > puo.

Totally differentiating the above first-order conditions, we obtain (see Online Appendix A)

77u > 07 TIh < 07 P < 07 (14)

pp>0, pp<0, p,<O. (15)

The optimal number of rental units provided by a given monopolistic supplier is increasing
in the (endogenous) probability of not finding a rental unit, u, and decreasing in the other
exogenous parameters. Increases in g make it more costly to look for housing so only those
with higher incomes will search. The average probability of default will be lower and the
monopolistic supplier’s expected revenue per rental unit will be higher, incentivizing the
supplier to produce more rental units. Therefore, the optimal number of rental units is
increasing in p. An increase in h has the opposite effect. Higher quality housing induces
more people to look for housing which increases the average probability of default, and
reduces the supplier’s expected revenue per rental unit. In addition, higher quality housing
is more expensive to produce. The optimal number of rental units will also be decreasing
in z since a higher cost of default reduces the expected return from each rental unit. The
expected profit-maximizing rental price is increasing in the probability of not finding a rental

unit, and decreasing in the quality of rental housing and the cost of default.
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The supplier’s maximized expected profits is given by:

(p) = n(p)R(p(p), ) — hC(n(p)) — ¢ (16)

where, from the envelope theorem, we have
I, >0, I,<o0, II,<0, II,<0. (17)

A supplier will choose to operate in the rental housing market provided

TI(1) > 0. (18)

3 Market Equilibrium with Excess Demand

To demonstrate that there can be a market equilibrium with excess demand, we proceed in
two steps. First, we show that with a fixed number of suppliers there can exist excess demand
in equilibrium. Second, we allow for an endogenous number of suppliers and demonstrate

that for a sufficiently high fixed operating cost an excess demand equilibrium will be obtained.

3.1 Fixed Number of Suppliers

Consider first the market equilibrium with a fixed number of suppliers, denoted by me]
Each supplier is identical and so chooses the same number of rental units to supply, n(u)
and the same rental price to charge, p(u). Total quantity supplied in the market (for a given
w) will be S(m, 1) = mn(p) and total quantity demanded will be D(p(u), p).

If an equilibrium with excess demand exists, then there must be some positive level of

i, the rate of excess demand, that ensures that total quantity demanded (for the proportion

220ne could think about the rental housing market in the very short run.
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(1 — u) of demanders who obtain a housing unit) equals total quantity supplied. That is,

(L= p)D(p(p), p) — S(m, p) = 0. (19)

The rate of excess demand p that solves equation is a function of the number of firms
m: = A(m). Note that given p(u) is increasing in u, the left-hand side of the equilibrium
condition is strictly decreasing in p. This has two implications. First, there should
be some p = A(m) € (0,1) such that condition (19) is exactly satisfied| Second, by the
implicit function theorem, it is easily shown that \' < 0, implying that when the number of

firms m increases, the rate of excess demand p solving equilibrium condition ((19) decreases.

We next show that there may exist a rental price for which there is excess demand, p > 0,
in the rental housing market and that no supplier has an incentive to charge another price.

We now state and prove the following proposition.

Proposition 1: Given a fized number of suppliers m in the rental housing market, there is

an equilibrium with excess demand if D(p(0),0) is greater than S(m,0).

Proof: Consider the case in which there is excess demand at p(0). From (L5), the expected
profit maximizing rental price is increasing in u. Hence, for any p > 0, the expected revenue
per housing unit R(r, p) is decreasing in r for all » > p(u). We can pick some 7 such that

7> p(p) and let n = argmax, nR(7, u) — hC(n). Then, for some

we have

n’R(p(p), p) — hC(n°) = AR(F, p) — hC(n°) > R(7, ) — hC(R)

where the inequality follows from n® < n. So suppliers are better off producing n° rental

units at p(p) than any number of rental units at 7 > p(u). Of course, if the rental price is

ZNote also that if A(m) exists it will be unique. For the case when Assumption 2 doesn’t hold and p(u) is
decreasing in p, a sufficient (non-necessary) condition for excess demand (i.e., the left-hand side of equation
(19)) to be decreasing in pu is that the direct effect of an increase of u (i.e., =D + (1 — u)D,, — mn, < 0)
outweighs the indirect effect of the increase in p through the rental rate p (i.e., [(1 — p)Dy]p, > 0).
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p(), then each supplier produces n(u) = arg max, nR(p(u), p) —hC(n). Thus, by definition,

n()R(p(p), 1) — hC(n(p)) = n°R(p(p), 1) — hC' (n°) > nR(F, u) — hC(R).

The supplier earns a larger expected profit by charging p(u) rather than charging any higher

rental price, even with excess demand in the rental market.

Now given there is a fixed number of firms m in the market, the equilibrium rate of
excess demand will be 1 = A(m) given by equation . Provided maximized expected
profits at 1 = A(m) are non-negative, the m suppliers profitably operate in the market

charging p(A(m)) for each of the n(A(m)) units they build. This completes the proof. =

The proof of Proposition 1 shows that a monopolistic supplier earns a larger expected unit
return and therefore larger expected profits by charging the price that maximizes expected
revenue per housing unit, p(A(m)), rather than charging any higher rental price, even with
excess demand in the rental market. This proof is similar in nature to the argument presented
in Weiss [1980]. Weiss showed that if the expected revenue from hiring a worker is an
increasing function of the wage, then competitive firms may choose not to lower wages (hire
more workers) even when there is excess supply in the labor market. Here, we have shown
that if the expected revenue from renting out a housing unit is a decreasing function of the
rental price, suppliers will not want to increase the rental price even when excess demand
is present in the rental housing market. Charging p(A(m)) and having excess demand is

therefore consistent with competitive monopolistic behavior.

Note that if the condition in Proposition 1 does not hold and total quantity supplied is
larger than total quantity demanded at p = 0, then there will not be an equilibrium with
excess demand. Suppliers would be forced to compete with one another for tenants and the

market equilibrium rental price would be competed down below p(0).

3.2 Endogenous Number of Suppliers

Now suppose the number of monopolistic suppliers m is determined endogenously as is the

case in the long run. Recall that monopolistic suppliers operate in the rental housing market
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provided their maximized expected profits are non-negative. The equilibrium number of

suppliers is denoted by m™* and it is simply the solution to[QE]

II(A(m*)) = 0. (20)

The equilibrium number of monopolistic suppliers m* then determines the equilibrium
rate of excess demand given by p* = A\(m*), which in turn determines the equilibrium rental
rate 7* = p(u*) and the equilibrium total quantity supplied S(m*, p*). Finally, together u*

and r* determine the equilibrium total quantity demanded D(r*, u*).
We now state and prove the following proposition.

Proposition 2: With an endogenous number of monopolistic suppliers, there can be an

equilibrium with excess demand provided the fixed operating cost is above some cut-off.

Proof: From Proposition 1, it has already been shown for any fixed number of firms m
there can be an equilibrium with excess demand provided D(p(0),0) > S(m,0). Suppose
maximized expected profits were greater than zero with no excess demand in the market:
I1(0) > 0. In this case, it would be profitable for all suppliers to operate in the rental
housing market and all demand would necessarily be served. Therefore, for any ¢ such that
I1(0) > 0 there cannot be an equilibrium with excess demand. Suppose instead maximized
expected profits are negative when evaluated at ;1 = 0. Then, given this level of fixed cost,
no supplier would want to operate in the market. With no suppliers in the market, there is
certainly excess demand, which contradicts p = 0. Therefore, for any ¢ such that I1(0) < 0

an equilibrium must entail p* > 0, i.e., there is an equilibrium with excess demand. =

It should be noted that in our framework, the dissipation of expected profits occurs when
entry takes place. In a standard supply and demand model with perfectly competitive price-
taking firms and no default, profit dissipation occurs because entry leads to a reduction in the
equilibrium price. Here, the mechanism is different: starting from positive excess demand
i > 0 and positive expected profits, entry (i.e. a larger m) leads to a reduction in excess

demand g (recall that X' < 0) which in turn leads to a reduction in expected profits. In a

24How the equilibrium number of suppliers changes with h or z is ambiguous. See Online Appendix A.
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long run equilibrium, entry takes place until excess demand has reached the point u* where
expected profits are fully dissipated. Of course, the key point here is that expected profits

may be fully dissipated at a strictly positive level of excess demand: pu* > 0.

The excess-demand equilibrium cen be illustrated graphically. Recall, expected profit
maximization yields the optimal choice of rental rate, which is independent of the number
of rental units supplied. Therefore, for a given expected revenue per rental unit R, the

representative monopolist supplier’s optimal choice of rental units solves:
maxnRk — hC(n) — ¢ (21)

which yields the expected profit-maximizing choice of rental units 7(R) for a given expected
revenue per rental unit R. Let V(R) be the maximum value function of the above problem

in :
V(R)=n(R)R — hC(R(R)) — ¢ (22)

and define R* as the level of expected revenue per rental unit that ensures zero expected
profit; that is, R* is such that V(R*) = 0. Recall the definition of expected revenue per unit
R(r,p) given by (11)). Let p* be the solution to R(p(p*),u*) = R*. Thus, p* is such that
the maximum of the inverted U-shaped function R(r, ) — the maximum being attained at
p(p*) — is tangent to the horizontal line R*. Figure [2| illustrates the manner in which p* is

obtained.

R(p(p"), 1) = R*

R(r,p*)

= p(p)

Figure 2: Given R*, Excess-Demand Equilibrium with r* = p(u*).
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Thus, we have seen that for given ¢, there is a unique level of expected revenue per rental
unit R* that is compatible with zero expected profits. And given R*, each monopolistic
landlord constructs n* = n(R*) rental units. For these n* rental units, landlords then charge
the equilibrium rental rate r* = p(u*) which is compatible with the equilibrium rate of excess
demand p*. The model is then closed by solving for the equilibrium number of landlords

m*. Given R*, n*, r* and p* have all been pinned down, equilibrium m* ensures that the

proportion of demand being served equals supply:

(1= 1) D( 7) = m*n* = 0 (23)

Remark: A competitive equilibrium with monopolistic suppliers and excess demand can
exist in our model without government regulation. In the above analysis we have assumed
that the quality of rental housing, h, and the cost of default to suppliers, z, are exogenous
and can be influenced by government policies. There is no need, however, for specific values
of h or z for Propositions 1 and 2 to hold. Regarding z, it is easily seen that the analysis
above would go through if z = 0. Turning now to A, the model could be re-formulated so
as to endogenize h, but this would have been at the cost of simplicity and heavy exposition.
Alternatively we could re-write the model without h. All that is required for Propositions 1
and 2 are the following three elements: (i) Two discrete levels of housing consumption; (ii)
The low level of housing is free — or at least cannot lead to default — while the high level
of housing is costly and can lead to default; and (iii) A strictly positive utility differential
between consuming the low and high levels of housing. Thus, if the above analysis was re-
written with u(h,) = ug, u(h) = u; > wug, and the supplier’s cost was independent of h, then
the above analysis would go through. We are interested, however, in determining the effect
of government policies on a rental housing equilibrium with excess demand. Therefore, we
have chosen to include the exogenous parameters h and z in our analysis, but again, their

inclusion is not required for our Propositions /]

25 A positive fixed cost of operating in the rental housing market is necessary to obtain an equilibrium with
excess demand when the number of suppliers is endogenous but not when it is fixed. The case of a fixed
number of suppliers is similar to that considered in [Weiss| [1980] and |Stiglitz and Weiss| [1981] in which one
side of the market is taken as given.
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4 Impact of Government Policies

We now examine how changes in government housing policies, including both regulations
and rental control, affect the market equilibrium, and undertake some numerical simulations

to illustrate the welfare effects of these policy changes.

4.1 Housing Regulations

We first examine the impacts of changes in government regulations affecting the quality of

housing, h, and the cost of default, z, and obtain the following result:

Result 1: The equilibrium rate of excess demand, p*, is increasing in both the quality of

housing h and the default cost z.

Thus, our analysis is in line with that of |Quigley and Raphael [2004]: an increase in the
quality of housing can make it more difficult for households to find affordable housing. To
understand Result 1, suppose the rental housing market is in an equilibrium with excess
demand. From Propositions 1 and 2, the equilibrium probability that someone looking for
a rental unit does not find one, p*, can be determined from the expression II(u*) = 0.
Determining how p* is affected by changes in the quality of rental housing, h, and in the
cost of default, z, simply amounts to determining how these parameters (and ) affect the
maximized expected profits of the housing suppliers. As shown in ([17)), maximized expected

profits are increasing in y and decreasing in both h and z. Result 1 follows directly /Y

Although we obtain unambiguous comparative statics on the equilibrium value of the
probability of not finding rental housing, the effect of changes in policies on the equilibrium

values of the rental rate, quantity demanded and quantity supplied are all ambiguoust

26Note also that an increase in the fixed cost will increase the equilibrium rate of excess demand in the
rental housing market which increases the equilibrium number of rental units per supplier. Not surprisingly
an increase in the fixed cost reduces the equilibrium number of suppliers in the market. This reduction in
the number of suppliers more than offsets the increase in the number of rental units per supplier and total
supply of rental units in equilibrium decreases with the fixed cost. See Online Appendix A for details.

2"The comparative statics on the number of rental units per supplier are unambiguous. An increase in
either z and h has a (negative) direct effect on n* and a (positive) indirect effect on n* through p*. In the
case of an increase in z, the two effects exactly offset one another and there is no change in the equilibrium
number of rental units per supplier. In the case of an increase in h, the (negative) direct effect outweighs the
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One interpretation of default costs in our model are forms of eviction prevention policies.
An increase in default costs has a direct negative effect on rental rates and a positive indirect
effect through changes in the equilibrium excess demand in the market. One type of eviction
prevention policy is free access to legal assistance for tenants in eviction court. |Collinson et al.
[2024¢| show that the introduction of this ‘right to counsel’ policy in New York City increased
monthly rents, with larger increases in areas with higher baseline eviction rates, providing

suggestive evidence that this indirect equilibrium effect on rental rates can dominate.

4.2 Rent Control

By definition, rent control imposes a maximal rental price or rent ceiling in the rental housing
market. If rent control is binding, then the rental price ceiling, r¢, will be less than the

equilibrium rental price, 7*, and the following can be shown (see Online Appendix A).

Result 2: A binding rent control rate r¢ will result in higher excess demand, lower probability
of default, no change in the number of rental units per supplier and will have an ambiguous

effect on the equilibrium number of monopolistic suppliers and total quantity demanded.

To see these results, suppose rent control rate r¢ is set at a level less than the rental
price in the equilibrium with excess demand, ¢ < r*. Graphically, one can see that the
inverted U-shaped function R(r, ;) must go up to ensure that at the rental rate r¢, expected
revenue per unit corresponds to level R*, i.e., expected profits are zero given the optimal
choice of rental units. Of course, for the R(r,p) function to shift up, it must be that u
increases. The new equilibrium level of 1, which we denote by u¢, is obtained by identifying
the R(r, ) function that passes through the point with coordinates (r¢, R*). Thus, u¢ > u*
solves R(r¢, u°) = R*. This is illustrated in Figure [3|

(positive) direct effect and the equilibrium number of rental units per supplier falls. In both cases, the effect
on the equilibrium number of suppliers in the rental housing market is ambiguous and thus total quantity
supplied in the market could go up or down with an increase in either h or z.
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R(rc, pu¢) = R* / ’
: : R(r, p1°)
| | R(r, )
L 1* "f'

Figure 3: Impact of Rent Control Set at ¢ < r*.

Note that with r¢ < r* and p® > p*, it follows directly that we have:

(e, u) < m(r',p’) (24)
D(r¢, 1) £ D(r*, ") (25)

Since landlords obtain an expected revenue per rental unit of R(r¢, u¢) = R*, all of them
still choose to construct n* units, and we are left with solving for the equilibrium number of

landlords under rent control me. It solves:
(1= u)D(r*, ) — mn* = 0 (26)

It follows from equations — that both m¢ > m* and m® < m* are possible.

Thus, starting from some excess-demand equilibrium, imposing rent control will increase
the level of excess demand, but the closer r¢ is to r*, the smaller this increase will be.
Interestingly, and as noted earlier, an increase in the rate of excess demand p reduces the
rate of default and increases the number of rental units per supplier. Any increase in r¢ will
also increase rental units per supplier. It turns out that this direct (positive) effect of an
increase in ¢ on n* will exactly offset the (negative) indirect effect through p°. Consequently,
the number of rental units per supplier does not change. The effect of an increase in r¢ on

the equilibrium number of suppliers is ambiguous and thus, paradoxically, rent control and

25



its associated increase in p can lead to an increase in the total quantity supplied and to an
increase in the total quantities exchanged. These effects are absent in the standard textbook
analysis of rent control, which ignores the possibility of tenancy default. Such an analysis
can therefore lead to an incorrect assessment of the full (welfare) impact of rent control,

something that we turn to next using numerical simulations.

4.3 Welfare Effects

Using numerical examples, we illustrate how the various parameters affect equilibrium ag-

gregate welfare as defined by the following direct utilitarian social welfare function:@@

W :N{ /y lu(ha) + 9]+ /y ! / “lulhy) — b+ syldFdG (27)
+ (1= ) /:/j[u(ho) ket syldFdG + (1 — ) /ﬂy/:[u(h) sy — r*]dFdG}

We assume the following: the utility of housing is given by u(h) = ah; the distribution of
income is uniform on the interval [y, 7]; the distribution of shocks is uniform on the interval
s,5]; and the cost of producing n housing units of quality i is hn?/2. The parameters are
set as follows: N =100; y =2;y=4;5s=038;5=12;¢, =05 k=0.1; h = 0.8; h, = 0;

z=0.1; ¢ = 1.98; and o = 4.5. Our numerical examples are presented in Table [1]

We denote the level of excess demand by F = D — S = p*D and the rate of homelessness
(i.e., the proportion of individuals not consuming rental housing of quality h) by M. There
are three reasons individuals do not consume rental housing of quality A: they did not look
for rental housing [N — DJ; they looked for rental housing but were unable to find any
("D = EJ; or they looked for and found rental housing but defaulted on their rent and were
evicted [D(1 — p*)m = Sm]. Thus, M =1 — (D/N) + (D/N)(u* + (1 — p*)m) [

281n equilibrium, suppliers earn zero expected profits and therefore do not receive any weight in the social
welfare function. If we had heterogeneous fixed costs, then all the infra-marginal suppliers would be earning
positive returns and would have to be taken into account somehow.

29Unambiguous welfare comparative statics cannot be obtained analytically. See Online Appendix A.

39The equilibrium levels of p*, r* and ¢ are independent of N as shown in Online Appendix A. Therefore,
since D = (1 — G(g))N, the rate of homelessness will also be independent of the size of the population.
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The number of evictions is S7 and its complement, S(1 — 7), reflects the number of
units effectively consumed after the uncertainty and evictions have taken place. To relate
our model to the discussion about access to ‘affordable’ housing, we also calculate the ratio
of the average income of those who look for rental housing to the equilibrium rent, A =
[(+9)/2]/r*. The larger A is, the smaller the financial strain on those who consume rental
housing and the more affordable the available rental housing is. Of course, the average rate

of default 7 also reflects to some extent the ‘unaffordability’ of rental housing.

One of this paper’s main messages is that excess demand, i.e., a lack of access to rental
housing, can be an equilibrium phenomenon in the housing market. Column (a) of Table
confirms that such an equilibrium can exist. Our benchmark equilibrium is characterized
by a rate of excess demand (u*) of 6.0%. Pinning down numerically an equilibrium with
excess demand was not difficult — such equilibria result for a large set of parameter values.
The example we report is simply an illustration. In this example, each of the 41.09 suppliers
provides 2.22 housing unitsT| The maximal demand is for 100 units 7] Because of the search
cost, only 97.26 units are demanded, out of which only 91.42 will be served (hence a rate
of excess demand of 6.0%). Further, for the 91.42 units for which a transaction takes place,
there is a possibility of default. With a rate of default of 6.65%, there will be default in
6.08 units. Thus, the rate of homelessness M is at 14.66% |[= 2.74 (no demand) + 5.84
(excess demand) + 6.08 (default)]. Post-evictions, 85.33 units are effectively consumed. The
affordability of housing expenditures is 1.58. Note that the equilibrium rent represents 63.2%
of the average income of those who demand housing as given by 1/A. Finally, the level of

welfare attained in our benchmark is 434.16.

The impact of government policies affecting housing quality and the cost of default for
the benchmark economy are shown in Columns (b) and (c) of Table[l] Column (b) shows
that an increase in housing quality h exacerbates the problem of access to rental housing

as measured by the increase in 7 (defaulting) and M (no consumption of housing) and the

31As in the model, we are allowing for the number of rental units to be a continuous variable.

32The size of the population N only affects the equilibrium number of suppliers in the market. See Online
Appendix A. If the population increased by x%, the equilibrium number of landlords, m*, would also increase
by %, while the other variables would remain at the equilibrium values reported in Column (a) of Table
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Table 1: Benchmark and Impact of Government Policies

(a) (b) (c) (d) (e)
Benchmark Building Code Default Cost Rent control Rent control
1% 1 in h 1% 1 in z r¢ =99%r*  r¢=97%r*
Endogenous Variables
r* 1.91389 1.93245 [+] 1.91332 [ 1.89475 [ 1.85647 [
n* 2.22486 2.21382 [-] 2.22486 (0] 2.22486 [0] 2.22486 [0]
w 0.06007 0.2457 [+] 0.06164 [+] 0.062964 [+] 0.08699 [+]
m* 41.0891 32.692 [-] 41.0297 [] 41.3134 [+]  40.9192 []
Quantities
N-D 2.73966 4.05123 [+] 2.71834 [-] 1.19072 [ 0.28637 [-]
D 97.2603 95.9488 [-] 97.2817 [+] 98.0928 [+]  99.7136 [+]
E=D-S=uD 5.84279 23.5746 [+] 5.99645 [+] 6.17627 [+]  8.67409 [+]
S=((1-u")D 91.4175 72.3741 [-] 91.2852 [-] 91.9166 [+]  91.0395 [-]
S(1—m) 85.3347 67.2576 [-] 85.2383 [-] 86.6237 [+]  87.4758 [+]
St 6.08284 5.11653 [-] 6.04691 [] 5.29282 [-] 3.56372 [-]
Interesting Measures
7r 0.06654 0.07069 [+] 0.06624 [-] 0.05758 [-] 0.03914 [-]
M 0.14665 0.32742 [+] 0.14762 [+] 0.13376 [-] 0.12524 [-]
A 1.5818 1.5734 [ 1.5822 [+] 1.59339 [+] 1.61751 [+]
W 434.158 404.982 [] 434.042 [] 437.906 [+]  442.545 [+]

Note 1: Endogenous variables: r*, n*, p*, and m™* are, respectively, the rental rate, the number of housing
units per supplier, the rate of excess demand, and the number of suppliers in equilibrium. Quantities: N —D
measures the number of households who do not search for a unit; D is the quantity demanded; F is the level
of excess demand; S is the quantity supplied and it corresponds to the quantity exchanged; S(1 — =) is the
number of units effectively consumed after evictions have taken place; and S7 is the number of evictions.
Interesting measures: 7 is the average probability of default, M is the rate of homelessness, A is our measure
of affordability, and W is welfare.

Note 2: In Columns (d) and (e), the reported variables are those obtained when rent control is set at r°.

Note 3: [+]/[] indicates an increase/decrease in the value of the variable relative to its value in Column (a);
and [0] indicates no change.

reduction in A (affordability) ¥ These facts, together with the fact that an increase in h
leads to an increase in the equilibrium rental price, explain why welfare goes down as the
quality of rental housing goes up. A regulated increase in the minimal quality of housing

worsens the housing market outcomes for this low-income segment of the population.

33Gimilar links between the minimum quality of rental housing and homelessness have been empirically
documented. See, for example, |Quigley and Raphael| [2004]
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Column (c) reports the impact of increased protection of tenants from eviction which
increases the cost of default to suppliers, z. Increased protection could result from the
imposition of a legal delay before a tenant can be evicted, or by forbidding eviction in the
winter. Such policies are often observed in practice and the numerical analysis shows that
they lowers the equilibrium rent. In terms of access to affordable housing, the results are
mixed: the probability of default (7) goes down and affordability (A) improves, but the
rate of homelessness (M) increases as a result of the contraction in quantity supplied. An

increase in tenant protection, however, ultimately leads to a decrease in welfare.

In Columns (d) and (e) of Table [I} we report the impact, relative to the benchmark in
Column (a), of implementing a rental price ceiling equal to 99% and 97% of the equilibrium
rent in the benchmark. As was explained in Section 4, rent control leads to an increase in
the rate of excess demand p — this is expected when rent control is implemented. What is
more surprising, and completely contrary to the standard analysis, are the other measures. In
Column (d), rent control leads to more rental units being supplied (and thus exchanged), to a
lower probability of default, to less homelessness, to increased affordability, and, ultimately,
to an increase in welfare. Further, note that an increase in the quantity supplied is not
necessary for rent control to be welfare improving. Indeed, when, as in Column (e), the
maximal rent is set at 97% of equilibrium rent and quantity supplied (S) goes down; but
because of the lower price and the lower probability of default, we observe an increase in post-
eviction housing consumption (S(1 — 7)), reduced homelessness, improved affordability, and
ultimately an increase in welfare. Our key message is that rent control should be analyzed
taking into account the possibility that tenants may default on their rent and, consequently,
that quantity demanded and quantity supplied will both adjust to the excess demand in
the rental housing market. That rent control is detrimental to tenants because it creates
excess demand — may not be valid in a monopolistic housing market equilibrium when one
introduces the possibility of tenancy default. As we have just illustrated, any increase in the
rate of excess demand in the market can be more than compensated for by the lower rental

rate and the accompanying improvement in terms of affordability.

We now turn to the laboratory experiment we conducted to assess whether an excess-

demand equilibrium is behaviorally plausible.
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5 Rental Housing Market Experiment

5.1 Experimental Design

In our model, an excess-demand equilibrium occurs because monopolistic landlords do not
find it in their interest to increase the rental rate above the expected revenue-maximizing
level, that is, the rental rate r* that maximizes R(r). Therefore, the rental rate does not in-
crease above r* even if quantity demanded exceeds quantity supplied at r*. As the mechanism
underlying an excess-demand equilibrium originates from the supply side of the market, our

experiment focuses on landlords’ decisions and reduces the demand side to its bare elements.

Three factors make convergence to the excess-demand equilibrium non-trivial. First, in
a search environment far simpler than ours, Caplin et al. [2011] show that most participants
employ “satisficing” rather than maximizing behavior; that is, they stop searching when they
obtain some reservation level of utility. Second, the 7id income shock and resulting stochastic
nature of defaulting tenants means that a rental rate-units pair with a higher expected profit
than another pair may yield lower realized profits. We will explore the role of this type of
‘misleading’ feedback on subsequent rental rate-unit choices in section Third, restricting
output below the number of tenants in unintuitive: landlords’ natural instinct is to increase

output to meet the quantity demanded.

We conduct two separate experimental treatments. One excess-demand equilibrium treat-
ment in which all three of these factors are a potential hindrance to convergence and a second
treatment with a more intuitive outcome in which landlords ought to set the number of rental
units to equal the total number of tenants (i.e., no-excess-demand equilibrium). A partici-
pant in the experiment is a landlord who faces their own rental market and does not interact
with other participants. They face a simplified demand side composed of 850 computerized
tenants who sign a lease whatever the rental rate. Thus, demand is perfectly inelastic and

computerized. Tenant search is therefore ignored in our experimental setup.

A landlord-participant has to choose the number of units n to put on the market and a
unique rental rate r to charge for these units. Because there are 850 computerized tenants

(with an inelastic demand), if a landlord-participant chooses n < 850, then all units will be
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filled with a tenant, but (850 — n) tenants will not find a unit (excess demand). On the
other hand, if n = 850, then 850 units will be filled and supply will equal demand. Finally,
if a landlord-participant chooses n > 850, then 850 units will be filled with a tenant, but

(n — 850) units will be vacant and yield no revenue.

The computerized tenants all have an initial (pre-shock) income of 4. After signing their
leases and moving into a unit, each tenant incurs an #d multiplicative income shock drawn
from a uniform distribution on [0.25,1.75]. Thus, the post-shock distribution of income for

the computerized tenants is uniform on [1,7].

Suppose a landlord-participant chooses a rental rate of . Then, if the post-shock income
of a tenant is greater than or equal to r, the landlord-participant receives r from this tenant.
However, if the tenant’s post-shock income is strictly less than r, the tenant defaults and the
landlord-participant receives no rental revenue from this tenant. Further, it is assumed that

the landlord-participant incurs an administrative cost of 1 for each tenant who defaults.

In both treatments, each experimental session consists of 50 rounds. In each round, a
landlord-participant chooses n from the set {100, 300,475,625, 750,850,925} and a rental
price r from the set {1,2,3,4,5,6}.

The profit-maximizing choice of r solves:

1 _
max ER(r) = max EZ — 1; [—1] + E; — 3 7]
The first-order condition of this problem is:
L Gl 0 B A

which implies that r* = 3. It is easily verified that FR(r*) = 1.67 and that the expected per

unit revenue is strictly concave with a unique maximum at r* = 3.

Putting n units on the market is costly. We consider two different values for the cost of
building n units. In our first treatment, we assume that total construction costs are 0.002-n?,

whereas in the second treatment total construction costs are 0.0007 - n?.
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In the first treatment, the profit-maximizing number of units is the solution to:
max ER(r*)n — 0.002n* = max 1.67n — 0.002n>

and, given the set of choices for n, expected profits are maximized at n* = 475.

Table 2| shows the expected profit for all possible participant choices in the first treatment
with the maximized expected profit (r* = 3, n* = 475) in bold. With 850 tenants and profit-
maximizing choices of only 475 units built at a rental rate of 3, an excess-demand equilibrium
results. The first treatment of our experiment therefore tests whether landlord-participants
are able to restrict supply and select the profit-maximizing choices that underlie an excess-

demand equilibrium.

Table 2: Expected Profit by Rental Price and Number of Rental Units — Treatment 1

r/n ‘ 100 300 475 625 750 850 925
1 82.46  142.11 79.17  -60.31 -236.84 -417.54  -651.10
2 13246  292.11  316.67 252.19 138.16 7.46  -226.10
3 149.12  342.11 395.83 356.36  263.16 149.12 -84.43
4 132.46  292.11  316.67  252.19 138.16 746  -226.10
5 82.46  142.11 79.17  -60.31 -236.84 -417.54  -651.10
6 -0.88 -107.89 -316.67 -581.14 -861.84 -1125.88 -1359.43

Notes: Each entry displays the landlord-participant’s expected profit for the given rental rate (r) and number
of rental units (n) pair. The bold entry reflects the equilibrium choice.

In our second treatment, the profit-maximizing number of units is the solution to:
max nR(r*) — 0.0007n* = max 1.67n — 0.0007n>

and, given the set of choices for n, expected profits are maximized at n* = 850.

Table |3| shows the expected profit for all possible participant choices in the second treat-
ment with the maximized expected profit (r* = 3, n* = 850) in bold. The second treatment
of our experiment therefore tests whether landlord-participants are able to choose the profit-

maximizing choices when there is no underlying excess-demand equilibrium.

Our parameters for both treatments were chosen such that a participant could reasonably

be expected to find the expected profit-maximizing choice of (r*, n*) in a relatively “small”
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Table 3: Expected Profit by Rental Price and Number of Rental Units — Treatment 2

r/n ‘ 100 300 475 625 750 850 925

1 93.00 237.00 317.06 351.56 356.25  344.25  251.06
143.00 387.00 554.56 664.06 731.25  769.25  676.06
159.67 437.00 633.73 768.23 856.25 910.92 817.73
143.00 387.00 554.56  664.06 731.25  769.25 676.06
93.00 237.00 317.06 351.56 356.25  344.25  251.06

9.67 -13.00 -78.77 -169.27 -268.75 -364.08 -457.27

See Notes for Table

ST W N

number of rounds, as explained in detail in Appendix B. Feedback at the end of each round
regarding the number of defaulting tenants and the round profit earned is intended to facil-
itate learning and convergence to the equilibrium. However, due to the stochastic income
shock, the realized number of defaulting tenants is not necessarily monotonically increasing
in the rental rate. Misleading end-of-round feedback occurs when a rental rate-number of
units pair (r,n) with a higher expected profit than a different pair, (r',n), has a lower re-
alized profit. When this happens, the participant may be encouraged to choose a pair that
is farther away from (rather than closer to) the equilibrium pair in the next round. We will

test whether the presence of such misleading feedback slows convergence to the equilibrium.

The payment made to participants at the end of the experiment in each treatment is

based on their cumulative profits earned over the 50 rounds, along with a $5 show-up fee.

Our experimental design was preregistered at Open Science Framework (URL) and ethics
approval obtained from both McMaster University and Université du Québec a Montréal@
Experimental sessions for both treatments were conducted between May 2025 and Novem-
ber 2025 at the Mestelman-Muller McMaster Decision Science Laboratory (McDSL). Par-
ticipants were recruited through the SONA participation pool management system and re-
stricted to one session per participant. We had 90 participants in Treatment 1 and 95 in
Treatment 2. After reading the experimental instructions and before the experiment began,

participants completed an incentivized comprehension quiz to test their understanding. Af-

34The Certificate of Ethics Clearance to Involve Human Participants in Research for this project was
obtained from the McMaster University Research Ethics Board (MREB) under MREB# 6107 “Program of
Research: In-person Laboratory Experiments Conducted at McDSL” on January 28, 2025, and approved by
Le Comité d’éthique de la recherche avec des étres humains at UQAM on February 7, 2025.
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ter 50 rounds of play, participants completed a brief survey that elicited, among other things,
their risk preferences, their ex post perceptions about the optimal price and quantity choices,

how confident they were in their choices, and basic demographic informationF_g]

5.2 Summary Statistics

Table [4| displays summary statistics over all 50 rounds of play for the excess demand (Treat-
ment 1) and no-excess demand (Treatment 2) treatments. For both, the means, standard
deviations and minimum /maximum are shown for the main outcome variables: chosen rental
price, chosen number of units, number of tenants who defaulted, and realized profits. As can
be seen, in both treatments the mean rental price chosen was close to the theoretical predic-
tion (r* = 3) and the mean number of units chosen was slightly higher than the predicted
number of units in Treatment 1 (n* = 475) and lower than the predicted number of units in

Treatment 2 (n* = 850).

Table 4: Summary Statistics for (r,n) Choices, Defaults and Profits in Treatments 1 and 2

Variable Treatment 1 Treatment 2

Mean (std dev) Min Max | Mean (std dev) Min Max
Rental Price 3.18 (0.85) 1 6 3.14 (0.89) 1 6
Number of Units | 484.08 (157.75) 100 925 | 794.48 (141.01) 100 925
Defaults 173.83 (90.52) 0 776 | 281.59 (123.50) 0 808
Realized Profits | 229.16 (189.10) -1593 518 | 768.50 (244.30) -704 1113
Observations 4500 4500 4500 4750 4750 4750

Summary statistics for the chosen rental price, chosen number of units and realized profits
are also shown for all 50 rounds, the first half of the 50 rounds (1-25) and for the last half of
the 50 rounds (26-50) in Table [f] for Treatment 1 and in Table [6] for Treatment 2. There is
clear evidence that participants learn over the course of the experiment in both treatments.
In Treatment 1, both the chosen rental prices and the number of units supplied converge
from above to the predicted levels over the course of the experiment. In Treatment 2, rental

rates also converge from above, whereas the number of units converges from below, reaching

35See Online Appendix C for the experimental instructions for Treatment 1 and Online Appendix D| for
screenshots of the instructions for Treatment 2 as well as the comprehension quiz and post-experiment
questionnaire, which are common to both treatments.
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821 units in the last half of play.

Table 5: Summary Statistics for Choices of (r,n) and Profits in Treatment 1 by Rounds

Rental Price Number of Units | Realized Profits
Rounds | Mean (std dev) | Mean (std dev) | Mean (std dev)
1-50 3.18 (0.85) 4841 (157.8) 229.2 (189.1)
1-25 3.20 (1.00) 503.1 (177.5) 185.4 (223.2)
26-50 3.17 (0.67) 465.1 (132.5) 272.9 (133.7)

Table 6: Summary Statistics for Choices of (r,n) and Profits in Treatment 2 by Rounds

Rental Price # of Units Realized Profits
Rounds | Mean (std dev) | Mean (std dev) | Mean (std dev)
1-50 3.14 (0.89) 7045 (141.0) | 768.5 (244.3)
1-25 3.17 (1.04) 768.0 (160.3) | 715.7 (270.4)
26-50 3.11 (0.72) 820.9 (112.6) | 821.3 (201.8)

These learning effects in participant choices of rental price and number of units can
visually be seen in the heatmaps of Figures [ and 5, which show the percentage of participants
choosing each possible rental price-units pair over all 50 rounds in panel (a), over the first
half in panel (b), and over the last half in panel (¢). For Treatment 1 (excess demand),
21.9% of the participants chose the equilibrium rental price-unit pair in the first 25 rounds,
increasing by 20 percentage points (p.p.) to 41.3% in the last 25 rounds. For Treatment 2
(no excess demand), these observed percentages were 25.9% and 41.5%, respectively. Over
all 50 rounds of play 31.6% of participants in the excess demand treatment (Treatment 1)
chose the equilibrium (7%, n*) versus 33.7% in the no excess demand treatment (Treatment

2). Together these observed percentages suggest there may be some treatment differences in

equilibrium play in early rounds, but that these differences diminish in the later rounds.

Figures 4] and [5| also highlight the concentration of participant behavior around the equi-
librium rental price-unit pair. Overall, two-thirds (66.6%) of participants in Treatment 1
chose either the (r*,n*) equilibrium or a rental price or rental units one choice away from
the equilibrium. In the first half of the experiment, 56.1% of participants are within one
discrete choice away from the equilibrium, increasing to 77.0% in the last half. Treatment 2
obeys a similar trend: 57.4% of participants are within one discrete choice of the equilibrium

in the first 25 rounds, rising to 79.0% in the last 25 rounds and 68.1% over all rounds.
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Figure 4: Distribution of (r,n) choices in Treatment 1

100 300 475 625 750 850 925 Total 100 300 475 625 750 850 925 Total 100 300 475 625 750 850 925 Total

1 0.4% | 0.8% | 0.5% | 0.4% | 0.2% | 0.5% | 0.2% | 3.1% 1 0.6% | 0.9% | 0.8% | 0.8% | 0.3% | 0.8% | 0.3% | 4.6% 1 0.1% | 0.7% | 0.2% | 0.1% | 0.0% | 0.3% | 0.1% 1.6%
2 0.4% | 2.8% | 3.6% | 2.4% | 0.9% | 0.8% | 0.0% | 11.0% 2 0.4% | 2.9% | 4.4% ([ 3.9% 1.5% 1.4% | 0.1% | 14.6% 2 0.3% | 2.8% | 2.8% | 0.9% [ 0.4% | 0.3% | 0.0% | 7.4%
3 0.7% | 10.4% [F316% 11.6% | 1.8% | 1.6% | 0.1% | 57.7% 3 1.0% | 6.4% | 21.9% | 12.3% | 2.8% | 1.9% | 0.2% | 48.5% 3 0.4% | 12.4% [ 41:3% ] 10.8% | 0.7% | 1.3% | 0.0% | 66.8%
4 0.6% | 6.2% [ 9.4% ( 5.1% | 1.1% | 0.4% | 0.0% | 22.8% 4 0.8% | 5.6% [ 9.1% ([ 6.1% | 1.8% | 0.6% | 0.0% | 24.0% 4 0.4% | 6.8% | 9.7% | 4.1% | 0.5% | 0.1% | 0.0% | 21.7%
5 0.4% 1.0% 1.2% | 0.6% | 0.2% | 0.2% | 0.0% | 3.7% 5 0.6% 1.4% 1.9% | 0.8% | 0.4% | 0.4% | 0.0% | 5.5% 5 0.2% | 0.7% | 0.6% | 0.4% [ 0.0% | 0.0% | 0.0% | 2.0%
6 0.6% | 0.3% | 0.2% | 0.2% | 0.2% | 0.2% | 0.1% 1.7% 6 1.1% | 0.4% | 0.4% | 0.2% | 0.3% | 0.3% | 0.1% | 2.8% 6 0.2% | 0.1% | 0.0% | 0.1% | 0.0% | 0.0% | 0.0% | 0.5%
Total | 3.1% | 21.6% | 46.6% | 20.3% | 4.4% | 3.7% | 0.5% | 100% Total | 4.5% | 19.7% | 38.5% | 24.0% | 7.2% | 5.3% [ 0.8% | 100% Total | 1.7% | 23.4% | 54.6% | 16.5% | 1.6% | 2.0% [ 0.2% | 100%

(a) Rounds 1-50 (b) Rounds 1-25 (c) Rounds 26-50
Notes: Each entry indicates the percentage of choices that correspond to each (r,n) pair aggregated across
all participants in Treatment 1 for: (a) all 50 rounds; (b) first 25 rounds; and (c¢) last 25 rounds. Shading
intensity reflects the concentration of choices, ranging from white (lowest) to dark green (highest).
Figure 5: Distribution of (r,n) choices in Treatment 2

100 300 475 625 750 850 925 Total 100 300 475 625 750 850 925 Total 100 300 475 625 750 850 925 Total

1 0.1% 0.1% 0.3% 0.4% 0.5% 1.7% 1.0% 4.0% 1 0.2% 0.1% 0.4% 0.5% 0.7% 2.8% 1.0% 5.7% 1 0.0% 0.1% 0.1% 0.2% 0.3% 0.7% 1.0% 24%
2 0.2% 0.6% 0.5% 1.6% 1.9% 3.8% 1.5% | 10.1% 2 0.3% 0.9% 0.7% 2.0% 2.9% 5.3% 1.8% | 13.9% 2 0.0% 0.2% 0.4% 1.2% 0.5% 2.4% 1.1% 6.3%
3 0.1% 0.3% 1.1% 4.5% | 11.9% | 33.7% | 11.8% | 63.3% 3 0.1% 0.9% 1.7% 5.6% | 10.8% [25.8% | 6.6% | 51.2% 3 0.0% 0.0% 0.4% 3.4% | 12.9% [ 41.5% | 17.0% | 75.3%
4 0.0% 0.3% 1.1% 1.9% 2.7% 6.9% 2.0% | 14.9% 4 0.1% 0.5% 1.8% 2.3% 3.6% 8.7% 2.1% | 19.1% 4 0.0% 0.1% 0.4% 1.4% 1.7% 5.2% 1.9% | 10.7%
5 0.1% 0.4% 0.3% 0.7% 1.0% 2.8% 0.3% 5.7% 5 0.2% 0.7% 0.4% 1.0% 1.4% 3.0% 0.4% 7.1% 5 0.1% 0.1% 0.2% 0.5% 0.5% 2.6% 0.2% 4.2%
6 0.4% 0.2% 0.1% 0.1% 0.1% 0.8% 0.4% 2.0% 6 0.4% 0.4% 0.1% 0.1% 0.2% 1.2% 0.7% 3.0% 6 0.3% 0.0% 0.0% 0.0% 0.0% 0.4% 0.2% 1.1%
Total | 0.9% 1.9% 3.4% 9.1% | 18.0% | 49.8% | 17.0% |100.0% Total | 1.3% 3.1% 5.1% | 11.4% | 19.7% | 46.8% | 12.6% |2100.0% Total | 0.5% 0.6% 1.6% 6.8% | 16.3% [ 52.7% | 21.4% [100.0%

(a) Rounds 1-50

(b) Rounds 1-25

Notes: See Notes for Figure

(c¢) Rounds 26-50

In the next subsection, we test whether the frequencies of equilibrium choices in the

two treatments are similar or significantly different from one another across different time

horizons. Our regression analysis includes a number of control variables reported in Table

and described below.

5.3 Regression Analysis

Table [§ reports the results of a linear probability model (LPM) with the dependent measure

equal to 1 if subject 7 chose the equilibrium pair, (r*,n*), in round ¢, and 0 otherwiseﬂ Re-

36 As robustness tests, we ran analogous Logit regressions for all the LPM regressions reported in Tables

and @ The significance and non-significance of all our regressors across the two models are identical (with
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Table 7: Summary Statistics for Control Variables in Treatments 1 and 2

Variable Treatment 1 Treatment 2
Mean (std dev) (Min, Max) | Mean (std dev) (Min, Max)

initial distance 2.48 (1.77) (0,7) 2.41 (1.57) (0,7)
choice distance 0.95 (1.32) (0,11) 0.93 (1.47) (0,11)
misleading 0.07 (0.26) (0,1) 0.05 (0.22) (0,1)
quiz 7.53 (1.25) (4,9) 7.46 (1.09) (4,9)
risk 5.49 (2.26) (0,10) 5.85 (1.89) (0,10)
male 0.31 (0.46) (0,1) 0.26 (0.44) (0,1)

Notes: Initial distance refers to the participant’s round-one distance from the equilibrium pair. Choice
distance is the distance between the participant’s round ¢t — 1 and ¢ — 2 choices. Misleading is an indicator
variable for misleading feedback in comparing the realized profits from rounds ¢t — 1 and ¢t — 2. Quiz refers
to the number of correctly answered questions (out of 9) on the incentivized quiz. Risk is the participant’s
self-reported risk attitude. Male is an indicator for male participants.

gressors include measures for the participant’s initial understanding of the decision problem
(i.e., initial distance, quiz), a state variable that proxies for the participant’s current un-
derstanding (i.e., choice distance) and their response to misleading between-round feedback.
Summary statistics of these control variables are provided in Table [7] The ‘initial distance’
variable equals the number of discrete choices the subject’s round-one rental price and rental
unit choices are away from the equilibrium pairﬂ Since this involves their choice before
receiving any feedback, it offers a measure of their initial understanding of the choice envi-
ronment. The highly significant coefficient of —.037 in (1) indicates that for every additional
unit the subject’s initial (r,n) choice is away from the equilibrium in round 1 of Treatment

1, they are about four p.p. less likely to choose the equilibrium pair in the current round.

By comparison, the ‘choice distance’ variable captures the subject’s current level of under-
standing of the choice environment. It measures the discrete distance between the subject’s
round ¢t — 1 and round ¢ — 2 choices. The highly significant coefficient of —0.032 in (1) implies
that the farther apart a subject’s decisions are from one another in the previous two rounds,
the less likely they are to find the equilibrium in the current round. Our interpretation is
that choices far from one another in the two preceding rounds suggest the participant is still

exploring the parameter space, whereas choices near to one another may reflect fine tuning

one exception noted in footnote and the computed marginal effects differ minimally.

37For example, a subject in Treatment 1 who chose 7 = 2 and n = 925 in round one is one discrete choice
away from the rental-price equilibrium choice of » = 3 and four discrete choices away from the rental-units
equilibrium choice of n = 475, resulting in an initial distance of 5 (=1+4).
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Table 8: OLS Regressions by Treatment

Variables Treatment 1 Treatment 2
(1) (2) (3) (4)
initial distance -0.037** -0.033* -0.059*** -0.056***
(0.017) (0.018) (0.018) (0.017)
choice distance -0.032%** -0.024** -0.031*** -0.022%**
(0.012) (0.011) (0.008) (0.008)
misleading -0.102%** -0.116%** -0.165*** -0.145%**
(0.031) (0.030) (0.034) (0.033)
quiz 0.056*** 0.004
(0.021) (0.027)
risk 0.003 -0.000
(0.014) (0.016)
male 0.009 0.209***
(0.072) (0.076)
rounds 11-20 0.101%** 0.108*** 0.137*** 0.141%*
(0.023) (0.024) (0.024) (0.024)
rounds 21-30 0.148*** 0.157*** 0.183*** 0.191%**
(0.028) (0.028) (0.030) (0.031)
rounds 31-40 0.234*** 0.244*** 0.189*** 0.199***
(0.037) (0.037) (0.036) (0.036)
rounds 41-50 0.293*** 0.304*** 0.255%** 0.267***
(0.043) (0.043) (0.038) (0.039)
constant 0.292%** -0.172 0.366*** 0.258
(0.056) (0.204) (0.050) (0.243)
Observations 4,320 4,320 4,560 4,560
R-squared 0.092 0.113 0.099 0.135

Notes: Linear probability model for each treatment with the dependent measure equal to 1 if subject ¢
chose the (r*,n*) equilibrium pair in round ¢ and equal to 0 otherwise. Regressors include the distance of
subject i’s round-one choice from the equilibrium, the distance between subject i’s (r,n) choices in rounds
t — 2 and t — 1, whether the feedback received in rounds ¢t — 2 and ¢t — 1 was misleading as well as controls
for performance on the knowledge-testing quiz, risk preferences and gender. Standard errors clustered by
participant in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

and thus a higher likelihood of reaching the equilibrium in round ¢.

Learning is not always straightforward in this stochastic environment. For example, even
though a participant’s round ¢ — 1 choice may have a higher expected profit than their round
t — 2 choice, their realized profit may be lower due to the stochastic nature of defaulting
tenants. The ‘misleading’ variable equals 1 whenever subject i makes different (r,n) choices

in rounds t—1 and t—2 and the difference between the expected profits from these two choices
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has the opposite sign as the difference between the realized profits, and equals 0 otherwise.
Directional learners who shift their decisions in the direction of higher, recently observed
payoffs (see, e.g., [Selten and Buchta [1998] and [Anderson et al. [2004]) may be thrown off
by misleading feedback and respond in round ¢ by selecting an (r,n) that is farther from —
not closer to — the equilibrium. In fact, the estimate of —0.102 in (1) reveals that misleading
feedback is associated with a 10 p.p. drop in the likelihood of choosing the equilibrium pair

in round ¢.

These estimates and their significance are robust to the inclusion of a number of individual
controls and 10-round block indicators in (2). The variable ‘quiz’ measures the number of
knowledge-check questions (out of 9) that the participant answered correctly on the first
attempt. Its highly significant coefficient of 0.056 implies that each additional correctly
answered question is associated with a 5.6 p.p. increase in the likelihood of finding the
equilibrium in round ¢. Like the initial distance variable, quiz captures the importance of a

participant’s initial understanding of the choice environment for reaching the equilibrium.

Regressions (1) and (2) also include 10-round block fixed effects that attest to strong
learning. Participants in rounds 11-20 are about 10 p.p. more likely to choose the equilibrium
pair than in rounds 3-10 and participants are 16 p.p., 24 p.p. and 30 p.p. more likely to reach
the equilibrium in rounds 21-30, 31-40 and 41-50, respectively, compared to rounds 3-10.

Parallel regressions for Treatment 2 are displayed in (3) and (4). The initial distance
from the equilibrium, the choice distance between rounds ¢ — 1 and ¢ — 2 and misleading
feedback all continue to be highly significant and negatively associated with the likelihood
of choosing the equilibrium pair in round ¢. Subjects also improve over time: they are about
14 p.p., 19 p.p., 20 p.p. and 27 p.p. more likely to choose the equilibrium pair in rounds
11-20, 21-30, 31-40 and 41-50, respectively, compared to rounds 3-10.

Table [9] pools the data across treatments to evaluate possible treatment differences in
equilibrium-choice frequencies. The coefficient on the Treatment 2 indicator is close to, and
not significantly different from, zero in all three regressions. Initial distance from the equi-
librium, choice distance between rounds t — 1 and ¢ — 2, and misleading feedback continue

to be highly significant negative predictors of the likelihood of choosing the equilibrium in

39



Table 9: OLS Regressions Pooled Data

Variables | (5) (6) (7)

Treatment 2 0.015 0.023 0.026
(0.043) (0.043) (0.029)
initial distance -0.047**  -0.046***  -0.046***
(0.012) (0.013) (0.013)
choice distance -0.033***  -0.027***  -0.027***
(0.007) (0.007) (0.007)
misleading -0.129***  -0.125"**  -0.124***
(0.023) (0.023) (0.023)

quiz 0.033* 0.033*
(0.017) (0.017)

risk -0.000 -0.000
(0.010) (0.010)

male 0.111** 0.111**
(0.052) (0.052)
rounds 11-20 0.118**  0.122***  0.105***
(0.017) (0.017) (0.025)
rounds 21-30 0.164***  0.170***  0.153***
(0.020) (0.021) (0.029)
rounds 31-40 0.209***  0.216™**  0.238***
(0.026) (0.026) (0.038)
rounds 41-50 0.271*%*  0.279***  0.298***
(0.028) (0.028) (0.043)

Treatment 2 x rounds 11-20 0.034
(0.036)

Treatment 2 x rounds 21-30 0.034
(0.044)

Treatment 2 x rounds 31-40 -0.044
(0.055)

Treatment 2 x rounds 41-50 -0.038
(0.060)

constant 0.322%** 0.027 0.026
(0.041) (0.153) (0.152)

Observations 8,880 8,880 8,880

R-squared 0.094 0.112 0.113

Notes: Linear probability model for the pooled data from both treatments with the dependent measure equal
to 1 if subject ¢ chose the (r*,n*) equilibrium pair in round ¢. Regressors include a dummy variable for
Treatment 2 and interactions between this treatment dummy and 10-round block fixed effects. See the Notes
of Table[8]for explanations of the other regressors. Standard errors clustered by participant in parentheses.

p < 0.01, ™ p <0.05, * p<0.1.
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these pooled regressions. When individual controls for quiz performance, risk attitude and
gender are added in regression (6), the Treatment 2 indicator continues to be not signifi-
cantly different from zero (p = .59) | Regression (7) also includes interactions between the
treatment indicator and 10-round block fixed effects. The non-significant estimate of 0.026
on the Treatment 2 dummy now reflects the lack of a significant difference between the two
treatments in equilibrium play in the first 10 rounds (p = .37). T-tests of coefficients reveal
that the likelihood of choosing the equilibrium does not differ significantly between the treat-
ments in rounds 11-20 (p = .16), rounds 21-30 (p = .24), rounds 31-40 (p = .75) or rounds
41-50 (p = .85). The absence of a difference in equilibrium play frequencies, particularly in

later rounds, confirms our earlier observations from the heatmaps in Figures [4] and [f|

6 Concluding Remarks

We have shown that if some tenants involuntarily default on their rent, then a monopolistic
competition market equilibrium could exhibit excess demand in the absence of government
interventions. Tenant default could explain the shortage of rental housing. We test exper-
imentally the model’s plausibility with a simplified version involving monopolist landlords.
In a between-subjects design, we demonstrate that convergence to the excess-demand equi-
librium is as likely as convergence, in an almost identical parametrization, to an equilibrium

without excess demand.

Further, we have shown theoretically that an increase in the protection of tenants from
eviction, by imposing a delay before a tenant can be evicted, or by forbidding eviction in the
winter, makes it less likely a household finds a rental unit. We also find surprising implica-
tions from the imposition of rent control. Recall that in standard textbooks, under perfect
competition and with no possibility of default, rent control is presented as an undesirable
policy as it generates excess demand and reduces the number of rental units exchanged.
As our analysis showed, things are not so simple when tenancy default is introduced in a

monopolistic competition environment. The main reason is that in our framework, the rate

38 The reported quiz coefficients of 0.033 in (6) and (7) are significant at the 10% level (p = .052). In the
analogous Logit regressions, the computed marginal effect is 0.34, significant at the 5% level (p = .047).
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of excess demand in the market directly affects the quantity demanded and indirectly affects
the quantity supplied through the average probability of default. Thus, rent control may
lead to a larger quantity supplied (and thus exchanged), to a lower probability of default,
to less homelessness, and to better affordability. In the end, rent control may be a welfare

increasing policy in the presence of tenancy default.

There are several housing policies we did not consider in this paper. For example, the
framework we developed could be used to study the provision of public housing, rental
allowances and rental subsidies. Some of these policies would require financing, so extra
ingredients would have to be added to our model to account for this requirement. We leave

these investigations for future research.
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Online Appendix A

Comparative Statics of Market Demand

To determine how market demand changes with the various parameters, we can differentiate

v, — U, given by the expression on the left-hand side of with respect to the various

parameters.
A0 te) — —a— fu(h) = = (k) G) — (1= )l = F(S)) <0
a('l}h - UO) . A
= —[1 = F(8)][u(h) —r —u(h,)] <0,
a@fé_;”o) — (= w)u(h)—r - u(ho)]f(é)é <0,
a(v% - % _ 3<Uha - %) _ (1 w1 — P& (h) > 0. (28)

Using and (f]), we obtain the following partial derivatives for §(r, i; ¢,, k., h)

- R 1-FE) 1
R T ey o 177 R Gl sy 15 T R i R
- | vo, um o AP
0= k)~ — al)F @) (k) = — alh /(3
(20)

which yields (6). From the definition of market demand D = [1 — G(9)]N it follows that

Dy = =g(9)3:N <0, Dy=—g(yj.N <0, Dy=1-G(j) >0, (30)
De, = —9(y

)yCON < 0, Dk = —g(ﬂ)@kN < 0, Dh = —g(gj)g)hN >0 (31)

which yields .
Comparative Statics of the Supplier’s Problem

To determine how the average probability changes with the various parameters, we differen-
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tiate to obtain:

7TT:B1+BQgT, Te, :Bl—f—ngco, W“:BQ@M<O, ﬂ-k:Bng <07 Wh:ngjh>0
(32)
where

et [ (557) o
e [ (55 (55 o

and yields @D We now state and prove the following Lemma.

Lemma 1: If m,. > 0, then m., > 0.

Proof:

From , Ur > Yo, > 0 which implies from that 7, < 7., . Therefore, if m, > 0 it follows

that m., > 0. Therefore, we have Lemma 1. =

To determine how the supplier’s optimal choice of n and r changes with the various param-
eters, we first differentiate the supplier’s expected revenue per rental unit R(r, y; ¢, k, h, 2)

given by (11)). Doing this and using ([32)), Assumption 1 and Lemma 1, we obtain

R=Q-7n)—(r+2)n,s0, R,=—(r+2)m, >0,
R, =—(r+z)m., <0, Ry=—(r+z)m >0,
R,=—(r+2)m, <0, R,=-m<0. (33)

It is also instructive to determine how the marginal expected revenue per rental unit R,
changes with the various parameters. Using the expression for R, (r, i, c,, k, h, z) from (33))

and differentiating, we have

R, = 2m, — (r+2)my, R,,=-mm <0, R,=-—m—(r+2)m, (34)
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for j = p,co, k, h.
We now state and prove the following Lemma.
Lemma 2: If R, > 0, then R,; > 0 and R,;, <O0.

Proof:

Using and and given that the order of differentiation is irrelevant for cross-partials,

we have that

dB2 N N dB2 R N dBQ N A
Moy = Tpr = ~5 = Yn + Balur,  Tork = Tpr = L + Balkr,  Ton = Tpr = 2 U + Bayns-

We can write the expression for ¢, as follows:

H (3) 1 )
s wu(h)—r— u(ho)y

. o 1
yTEY(h7r787y) :§+

where H(5) = (1 — F(8))/f(38), 5(r,co,y) = (¢, +7)/y and §(r, i, ¢y, k, h). We do not make

any assumptions on the sign of H'(s). Differentiating Y, we obtain

= —HAg(S) [u(h) —ur(ﬁ)U(ho)]Z =

Y= H() ulh) - rl— ath)P " :

Y= _éAJF o u(h) - = u(h,) 2 u(h) - = u(ho)
Yy = HS) u(h) — rl— ufiy) "

We can then determine the following second partial derivatives:

f‘)w = ?)w = (Yéé’y + Yy) gw
grk = gkr == (Yv§§y + Y;,?) Qk,
Urh = Unr = (Ysby + Yy) U + Y.
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Using the above, we have

. dBsy . .
T+ (r+2)m, = By, + (r + 2) (d—:yu + Bgyw>

R dBy U
= B —= 4 B,ZE
yu{ 2—|—(T‘+Z)<dr+ QQM)},

dr
dB Uy
= Ug {Bz +(r+2) (d—2 +Bzz{k)} ,
r Yk

dB
T+ (r + 2)7 = Bagy + (r + 2) (—Zﬁk + Bz@m)

X dBs X
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dr Un

I
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I
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Since Urp/Yu = Urk/ Uk Yu > 0 and g > 0, it follows that 7, + (r + z)m,, < 0 if and only
if 7, + (r + 2)m, < 0. Given g, > 0 and gy, < 0, the condition 7, + (r + z)m,, < 0 implies

that 7, + (r + 2)m,, > 0. Therefore, we have Lemma 2. =

In what follows, we focus, without loss of generality, on the case in which the effect on the

average probability of default dominates the effect on the marginal probability of a change

in pu.
Assumption 2: R,, > 0.
By Lemma 2, we can then sign R, and R,,. The sign of R, , however, remains ambiguous.

We can now turn to determining how a representative supplier’s choices of rental units
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and rental price change with the various parameters. The first order conditions are of the

representative supplier’s problem are
R(r, p; o, ki, by 2) — hC'(n) = 0,

nR,(r, ;o k, hyz) = 0.

Together, the above conditions yield the optimal number of units n(y; ¢,, k, h, z) and rental

price p(u; co. b, h, 2).

Totally differentiating the above system of equations and applying Cramer’s Rule we

obtain the following total partial derivatives assuming that R,, < 0

R’I‘ ch
pu:__ﬂ>07 IOCo:__O<O7

R, Ry ~
o Rrk o Rrh . er
Pk = Rrr > 07 Ph = Rrr < 07 Pz = Rrr < 07
R, R,
= >0 ey = — < 0,
T RC ) T T G
Rk Rh — O/(ﬂ) Rz

<0 (35)

- >07 = <O’ 2= "
= hem(n) "= e () = e ()

where we have used the first-order condition nR, = 0 and Assumption 2. The signs follow

from , and Lemma 2.

The supplier’s maximized expected profit is given by
(11, Cos Ky s 2, 0) = (ks cos by by 2) R(p(ps Cos Ky By 2), 1, Coy Ky Ty 2) = RC (01t €0, b, By 2)) — ¢
Differentiating and using , we obtain

II,=nR,>0, I, =nR., <0, II=nR;>0,

I, =nR,—C(n) <0, IL=nR, <0, Iy=-1<0. (36)

Comparative Statics of Market Equilibrium

49



Fixed Number of Suppliers

The equilibrium with excess demand and a fixed number of firms, denoted by m, can be

represented by the following condition:
(1 - N)D(P(% Cos k? h7 Z), 2 N7 Cos k? h) - mTl(Ma Cos k7 h7 Z) =0

which yields the equilibrium rate of excess demand p = A(m, N, ¢,, k, h, z). Totally differen-
tiating the above, and using Assumption 2, and , we obtain

Ui

A = 3 < 0,

Ay = —(1_§)DN >0,

N = (1—p) [DrpcO(; De,] — m, <0,
A\ — (1 —p) [Drﬂkq;r Dy] — mny -0,
Ay — (1 —p) [Drﬂhq:r Dp] — mnp, -0,
A= (L= @) Drp: —ma.

o

where

®=D—(1—uDp,+ D, +mn, >0.

Endogenous Number of Suppliers
The condition determining the equilibrium number of suppliers is given by
H(A(m7 N’ CO’ k? h7 Z); CO? k? h? Z’ ¢) = 0

which yields m* (N, ¢, k, h, z, ¢). Differentiating the above condition, we obtain
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my = T - » >0, o = T <0, mp= T 0,
T\ + 11 M. + 10 1
mt = “"\; h <0, m’;—%§0, my == <0 (37)

where ¥ = —II,\,;,, > 0.

The equilibrium number of suppliers m*(N, ¢,, k, h, z, ¢) determines the proportion of de-
mand not being met in equilibrium given by p*(N,c,, k, h,z,¢) = AX(m*(-), N,co, k, h, 2)
which in turn determines the equilibrium rental price r*(c,, k, h, z,0) = p(p*(+); co, k, h, 2)
and the equilibrium number of rental units each supplier produces, n*(c,, k, h, z, @) = n(p*(+); co, k, h, 2).
Finally, the equilibrium rental rate, 7*(-), and the equilibrium rate of excess demand, p*(-),

determine the demand for rental housing D*(N, c,, k, h,z,¢) = D(r*(-), u*(*); N, co, k, h).
Comparative Statics of Government Policies

The proportion of demand not being met in equilibrium is given by
/"L*(N7 CO? k? h? Z? gb) = /\(TTL*(N’ CO? k? h? Z? ¢)7 N7 CO7 k? h7 Z)'

Totally differentiating the above and using and , yields

I1. I1
[y = Ammiy + Ay =0, g5 =Apum’ +pf = —=2 >0, b= Apmj + A = ——= <0,
o o o HH H’u,
* * Hh * * HZ * *
,uh:)\mmh+)\h:—ﬂ—u>0, ,uz:/\mmz+)\zz—n—u>0, iy = Ammy > 0.

Therefore, we have Result 1. Note, also that the size of the population N has no effect on
the equilibrium rate of excess demand and therefore will affect neither the equilibrium rental
price nor the equilibrium number of rental units per supplier. Given total quantity supplied
in equilibrium is equal to m*n*, it follows from (30)) and that any increase in N increases

the equilibrium number of suppliers to exactly meet the increase in demand.

We can also determine how the equilibrium number of rental units per supplier changes
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with the various parameters.

Ny = Nuiiy =0, n. = + 1, =0, ngp=nuy, +n =0,

. 1 [Cn)
Ny, = Tukp + 1 = hC”(n) n

ny = Ny > 0. (38)

- C’(n)} <0, nl=n.u+n.=0,

From and , it follows that the equilibrium quantity of rental housing supplied in the
market is increasing in k. It can also be shown that it is decreasing in the fixed cost, ¢. We

can also determine how the equilibrium rental rate changes with the various parameters.
N = Puby =0, 1o, = putte, T pe, SO, 1 = pupty, + pr =0,
Th=pubn T on S0, 1= pupl+p. S0, 1y = pupg > 0.

Rent Control

We assume that the rental price r¢ imposed is such that r¢ < r*(c,, k, h, z, ¢). Given the
properties of the expected revenue per rental unit, R, > 0 at » = r¢. A supplier’s first-order

condition on n given a maximal rental price ¢ is given by
R(r¢, p; co, ky hy 2) — hC'(n) =0
which yields n(r°, u; ¢,, k, h, 2) where n,.. = R,/(hC"(n)) > 0and n; = n; for j = p,¢,, k, h, 2.

The supplier’s maximized expected profit is given by

H(Tc7 My Co, k7 h7 2 ¢) - ﬁ(')R(Tca 15 Co, ka h7 Z) - hC(ﬁ()) - ¢
where II,. = 2R, > 0 and ﬁj =1II; for j = p,co, kb, I, 2, 9.

The equilibrium with excess demand and a fixed number of firms, denoted by m, with rent
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control can be represented by the following condition:
(1 —m)D(re, i, co, ky h) — ma(re, p; co, k, hyz) =0

which yields i = A(m, ¢, co, k, h, z) where

< n < (1 - ,B)DTC — mﬁrc <

Am = —a <0, Ae= o 0, )\Co = D < 0,

- (1 — ) Dy — mny - (1 — )Dy, — mny, - —mn,

AL = T >0, A= > >0, A\ = > > 0,
where

®"' =D —(1-p)D, +mn, > 0.

The condition determining the equilibrium number of suppliers is given by
ﬁ(j\(m’ rC’ CO’ k? h’? Z)? CO7 k? h‘? Z? ¢) = O

which yields m®(r¢, ¢, k, h, z, ¢). Differentiating the above condition, we obtain

c f[ S\T‘c—f—]___[,,«c c ].:.[ )\CO+HC0 c ].:.[ Xk_’_]._.[k
mTc:“T§O, mcD:“T§O, mk:”T>O,

. I, + 10, . I, + 10 . 1
mh:”T§O, m, = u\Iﬂ >O, m¢:—@<0 (39)

where U/ = —l:Iu)\m > 0.

The equilibrium number of suppliers m®(r¢, ¢,, k, h, z, ¢) determines the proportion of de-
mand not being met in equilibrium given by 1¢(7¢, ¢,, k, h, 2, ¢) = A(m®(-), ¢,, k, h, 2) which in

turn determines the equilibrium number of rental units each supplier produces, n°(r¢, c,, k, h, z, ¢) =
n(re, u(+); co, k, h, z) and the equilibrium demand for rental housing D(r¢, c,, k, h, z,¢) =
D(re, p(-); o, s ).

Totally differentiating the equilibrium proportion of demand not being met in equilibrium
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yields

_ _ . : 11,
Hye = ApMye + Ape = —=— <0,  po =Apyme + A, = —=— >0,
" o o H,u,
< - —II - - —II
[ = Al + Ap = —— <0, 5 = Al + Ay = —— > 0,
T, I,
, I i
we = Apms + A, = > 0, u; = )\mm; > 0. (40)

It follows from and (40), and the above expressions for n,. = R,./(hC"(7n)) and
Il,. = nR,, that n¢ does not change with ¢ i.e., n% = f, + Nyptye = 0. From , m° may
increase or decrease in r°. This implies that the total quantity supplied of rental housing

could be increasing or decreasing in the maximal rental ceiling. Therefore, we have Result
2.

Welfare Analysis

Aggregate welfare of the relevant population is given by

g Yy s
w :N{/ [u(ho) +y] + u/ / [u(ho) — k + syldFdG
¥ g Js
I § Y 'S
+(1—u)/ / [u(ho)—k+sy]dFdG+(1—u)/ / [u(h)—k—{—sy—?"]dFdG}.
i s i Js
The change in social welfare with respect to g is

aamg/ =_N [(1 — 1) (1 —F (C; )) [u(h) — 7 — u(h,)] —k} 9(g) =0

where the equality holds from the definition of § (expression in equation equal to zero).

Consider now the partial effect of a change in the rental price r and the probability of not

o4



finding rental housing . We have

8;;/ B N/ (- + f(8)(L/y)(u(h) —r —u(h,))] dG <0,

.__:_N/X1_F@»mm)—r—mmﬂm;<o

An increase in r or p reduces social welfare. From Result 1, we know that an increase in h
or z will increase the equilibrium p* and thus reduce aggregate welfare. The impact on the
equilibrium rental rate r* of an increase in either A or z is ambiguous and therefore we are
unable to determine the indirect effect of a change in h or z on aggregate welfare. We can

also derive the direct effect of policies on aggregate welfare which are
—N/]— Y (R)AG > 0,
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Given the above analysis, it is clear that we are unable to say anything conclusive about
the total welfare effects of a change in policies when the economy is in an equilibrium with

excess demand. Therefore, we present some numerical examples in Section 4.

Online Appendix B: Learnability of the Optimum

The participants in the experiments play 50 rounds in which they make a choice (r,n). In
a given experiment, the experimental choice that pays the most is labeled the optimum O.
We are interested in ascertaining whether the participants will converge to O (at least in the
latter half of the experiment) or if they will instead stick to a sub-optimal choice that pays

less on average.

Let A be an alternative choice. In practice, in each experiment, four alternatives have
payoffs that are relatively close to O. To ensure that participants in our experiments have
a reasonable chance to identify and choose O, the difference in payoffs between O and any

of these four alternatives must be large enough in expectation. Thus, we have chosen the
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parameters of our experiments so that one can, on average, discern that O is better than

any alternative A within a “small” number of rounds (in a sense defined below).

Procedure

Let the participants be indexed by p. We run the procedure below for 1000 participants, so
p=1,2,...,1000.

For a given choice (r,n) of participant p, Mathematica generates n iid random tenants’
incomes and thus a realization of the total payoff associated with (r,n). Let yo, and ya,
be the realization of the total payoff associated with choices O and A for participant p,

respectively.

Let rounds be indexed by j and let R; denote round j. For a participant p in round R;, a

“gain” variable g;, is defined that takes a value of 1 if yo, > ya4,, and a value of 0 otherwise.

For a participant p after J rounds, it is possible to calculate the sum of the gains Sy, realized

so far:

J
Sp = Z 9jp-
j=1

Next, for a participant p after J rounds, the sum of the gains Sy, is divided by the number
of rounds J to yield Sj,/J, i.e., the proportion of J rounds in which participant p received

a signal directing them correctly towards O rather than A.

A participant p is said to have received “correct” information after J rounds if S;,/J > 50%.
Thus, for a given participant p after J rounds, a variable Cj, takes a value of 1 if S;,/J >

50%, and a value of 0 otherwise.

The last step is to calculate, after J rounds, for all 1000 participants, the proportion of them

that have received correct information. Let (); be this proportion:

Q _ Z;(flo CJp
J 1000

We then look for the number of rounds J that is required for Q; > 95%. For alternative A,
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our goal is to find the minimum number of rounds J4 such that at least 95% of participants

have observed weakly more rounds in which yo, > yap.

Let the four alternatives that have payoffs that are the closest to O be denoted a,b, c,d,
and let their associated minimum required number of rounds be J,, Jy, J., J4, respectively.
Then, as discussed above, we have chosen our experimental parameters so that one can, on
average, learn that O is better than any alternative A in a “small” number of rounds. For
our purpose, “small” means that we have ensured that J, + J, + J. + J; < 25. In words, this
criterion requires that, by the halfway point of the experiment, 95% of participants should,
in expectation, have received enough correct signals to distinguish O from each of its four

nearest rivals in terms of profitability.

Example with 4 Participants

Suppose we use the above procedure to compare O to some alternative A for four participants
(instead of 1000 for illustrative purposes). Denote these participants by 1, 2, 3, and 4.
Suppose these four participants draw tenants’ incomes in five rounds such that their yo, and
yap payoffs are those that appear in columns 2 and 3 of Tables [10|to [13| below. In these four
tables, we have also calculated the associated g;,, Sy, Sjp/J, and Cj, for each of the five

rounds.

We then combine the Cs of the four participants from Tables [10] to [13] in Summary Table
114 which allows for the easy calculation of @); for all rounds. In this example, (); crosses
the 95% threshold in round R4. Thus, a minimum of four rounds is required to ensure that

95% of the participants have, on average, received correct information.

Treatment 1 Results

In Treatment 1 (with excess demand in equilibrium), the optimum O is (r = 3,n = 475)
and it generates an expected payoff of 340.42. The four adjacent alternatives that yield the
closest payoffs to that of O are listed in Table [2] For each of these alternatives, we present
its expected payoff, the percentage change in the expected payoff of a participant when
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Table 10: Participant 1

yor ym 9 Sn Sn/J  Cn
R, 19 16 1 1 1/1=1.00 1
Ry, 18 17 1 2 2/2=1.00 1
Ry 18 20 O 2 2/3=066 1
Ry 17 18 0 2 2/4=050 1
Rs 19 17 1 3  3/5=0.60 1
Table 11: Participant 2
Yoz Yaz Gj2 Sy Sp/J  Cp
R, 17 19 0 0 0/1=0.00 O
Ry, 18 17 1 1 1/2=0.50 1
Ry 19 16 1 2 2/3=066 1
R, 18 15 1 3 3/4=0.75 1
Rs 20 18 1 4 4/5=0.80 1
Table 12: Participant 3
yos Yas 93 Ssz Sp/J  Cp
R, 16 19 0 0 0/1=0.00 0
Ry 17 18 0 0 0/2=0.00 0
Ry 20 18 1 1 1/3=033 0
Ry 18 17 1 2 2/4=050 1
Rs 19 17 1 3 3/5=0.60 1
Table 13: Participant 4
Yos Yas Gja S SyafJ Cra
R, 19 16 1 1 1/1=1.00 1
Ry 20 18 1 2 2/2=1.00 1
Ry 18 20 O 2 2/3=0.66 1
Ry 19 18 1 3 3/4=0.75 1
Ry 20 17 1 4 4/5=0.80 1
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Table 14: Summary Table

Participant 1 Participant 2 Participant 3 Participant 4 All participants

C’Jl CJQ CJ3 C’J4 QJ
R, 1 0 0 1 2/4=0.50
R, 1 1 0 1 3/4=0.75
R; 1 1 0 1 3/4=0.75
R, 1 1 1 1 4/4=1.00
Rs 1 1 1 1 4/4=1.00

moving from this alternative to O, and the minimum number of rounds it takes to ensure
that 95% of participants have on average received correct information to properly compare
the alternative to O. As shown in Table after a total of 24 rounds, participants should

on average have received correct information.

Of course, while Treatment 1 has been designed so that participants should be able to identify
and pick the optimum O, it remains to verify that this is indeed what participants do in

practice in the laboratory.

Table 15: First Treatment. O is (r = 3,n = 475)

Minimum Number

Alternative Avg. Payoff Increase (%) of Rounds
(r =4,n = 475) 261.25 30.30 3
(r =2,n = 475) 261.25 30.30 3
(r =3,n = 625) 260.42 30.72 13
(r =3,n = 300) 320.00 6.38 )
Total 24

Note: O has an average payoff of 340.42.

Treatment 2 Results

In Treatment 2 (with no excess demand in equilibrium), O is (r = 3,n = 850), which
generates an expected payoff of 910.92. The four alternatives that yield the closest expected
payoffs to O are listed in Table[16] As shown, after a total of 13 rounds, 95% of participants
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should in expectation have received correct information. Again, our experiments are meant

to evaluate whether participants are able to converge to O within 50 rounds of play.

Table 16: Second Treatment. O is (r = 3,n = 850)

Required Number

Alternative Avg. Payoff Increase (%) of Rounds
(r =4,n = 850) 769.25 18.42 2
(r =2,n = 850) 769.25 18.42 1
(r =3,n=925) 817.73 11.40 2
(r =3,n ="750) 856.25 6.38 8
Total 13

Note: O has an average payoff of 910.92.
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Online Appendix C: Experimental Instructions (Treat-

ment 1)

Instructions

Welcome and thank you for participating in our study!

This is an experiment in the economics of decision-making. Please take the time to read the
instructions carefully. A good understanding of the instructions and thoughtful decisions
can increase the amount you earn in the experiment. The points you earn in the experiment
will be converted to cash (rounded up to the nearest 25 cents) at the rate of $1 CAD for
every 1000 points and paid to you at the end of the experiment along with a $5 show-up fee.

The experiment is expected to last up to one hour. During this time, we kindly ask that you

avoid talking to other participants or using electronic devices, including cell phones.

If you have any questions, please raise your hand, and one of the researchers will assist you.
At the end of the experiment, you will be asked to complete a brief questionnaire while

waiting to receive your cash payment.

This experiment simulates a rental housing market where tenants rent housing units made
available by a landlord. Each of you is a landlord operating in a separate rental housing
market. As the landlord, you will need to decide how many rental units to construct and to
set a single rental price for them. You are the only provider of rental units in your rental

housing market.

Tenants - Computerized

In your rental housing market, there are 850 unique computerized tenants who each sign
a rental contract for a housing unit if one is made available to them. When signing the
rental contract, all tenants have an income of 4. However, after moving into a housing

unit and before the rent is due, a tenant’s initial income gets multiplied by a randomly
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determined value between 0.25 and 1.75, i.e., each value occurs with equal probability, and
this determines the tenant’s final income. Tenants whose final income is less than the rental

price default on the rent (i.e., they do not pay any rent to you) and must leave the unit.

The value of the randomly determined income multiplier (between 0.25 and 1.75) is also
independent for each of your tenants, i.e., some of your tenants may default and others may

not.

The table below provides some examples of the impact of different values of the income
multiplier on final income and whether these tenants default for an initial income of 4 and

a rental price of 3.

Tenant | Initial Income | Income Multiplier | Final Income | Rental Price | Default on Rent
A 4 0.254 1.016 3 Yes
B 4 0.528 2.112 3 Yes
C 4 0.723 2.892 3 Yes
D 4 1.286 5.144 3 No
E 4 1.496 5.984 3 No

Landlord - You

You are a landlord deciding how many rental units to construct. Units can only be con-
structed in the following amounts: 100, 300, 475, 625, 750, 850, and 925. You must choose

one of these amounts of units to build.

Your total construction cost is calculated by squaring the number of units you build and

multiplying the result by 0.002. The formula is:

Construction Cost = 0.002 - (Number of Units)?

Thus, you will choose the number of units to construct from the possible different amounts,
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and pay the construction cost for all the units you construct. The construction cost for each

amount appears in the table below.

As there are 850 potential tenants looking for a rental unit, you will be able to find a tenant

to sign a rental contract for any units you construct up to 850 units.

# Units Built | Construction Cost

100 20

300 180
475 451
625 781
750 1125
850 1445
925 1711

Rental Price

Along with choosing how many rental units to construct, you also need to decide the rental
price to charge for these rental units. You must choose a single rental price to charge for all
of your rental units. The rental price you choose must be a whole number between 1 and 6

inclusive.

The table below shows the potential total rent received for two examples, one with the lowest

and the other with the highest rental price.
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# Units Built | Potential Total Rent @ Rental Price of 1 | Potential Total Rent @ Rental Price of 6
100 100 600
300 300 1800
475 475 2850
625 625 3750
750 750 4500
850 850 5100
925 925 5550

Realized Revenue

Whenever one of your tenant’s final income is below your rental price, the tenant defaults
on the rent. You do not receive any rent from these tenants who default. Therefore, your
realized revenue is calculated by multiplying your rental price times the number of paying

tenants (i.e., those who do not default):

Realized Revenue = Rental Price - Number of Paying Tenants

where:

Number of Paying Tenants = Number of Rental Contracts— Number of Tenants Who Default

For example, assume you construct 100 rental units and set a rental price of 3. You then find
100 tenants to sign a rental contract with you. After the 100 tenants move into their rental
units, their final income is determined and suppose it turns out that 30 tenants cannot pay

the rent and default. In this example your realized revenue is:

Realized Revenue = 3 - (100 — 30) = 210
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Default Cost

Whenever a tenant’s final income is below your rental price, the tenant defaults on the rent
and breaks the rental contract. For each tenant who defaults, you incur an administrative
cost of 1. Thus, your total default cost is calculated by multiplying the number of tenants

who default by the administrative cost. The formula is:
Default Cost = Number of Tenants Who Default - 1

For example, suppose 30 tenants default and break their rental contracts with you. You will
then incur an administrative cost of 1 for each of these 30 defaulting tenants and therefore,
you incur a total default cost of 30. In addition to paying an administration cost for each
tenant who defaults, you do not receive any rent from the tenants who default as explained

previously.

Profit

Your profit is calculated by subtracting your total cost from your realized revenue. That is:

Profit = Realized Revenue — Construction Cost — Default Cost

Following our example from the previous page, assume you construct 100 rental units and
set a rental price of 3 after which 30 tenants default and break their rental contracts, your

profit is:

Profit = [3 - (100 — 30)] — [0.002 - 100%] — [30 - 1] = 210 — 20 — 30 = 160

Order of Events

After you decide how many rental units to construct and what rental price to charge for

each of these units, each tenant’s initial income will be multiplied by a randomly determined
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income multiplier to determine their final income. These final incomes, together with your
choices of rental units and rental price, will determine your profit for the round. You will

observe your profit for this round before moving on to the next round.

In total, you will participate in 50 rounds. The conditions remain the same in each round:
there are always 850 distinct tenants, each with an initial income of 4, and each subject
to an independent income multiplier that determines their final income. Your construction

costs, default costs, revenues and profit are all calculated in the same way every round.

Yet, each round is independent of one another in the sense that the income multipliers
tenants receive are newly drawn in each round and unrelated to those in previous rounds,
and you are also free to choose whichever combination of number of rental units and rental

price in each round, regardless of your past choices.

Summary

1. You choose a number of rental units to construct and a rental price to charge
2. You pay the construction costs for building your rental units

3. You sign up to 850 rental contracts for each of your rental units with a computerized

tenant who has an initial income of 4

4. After moving into the rental units, tenants’ final income is determined by a randomly

determined income multiplier
5. Tenants with final incomes less than your rental price default on their rent

6. You do not collect rent from any tenant that defaults and pay an administrative cost

of 1 for each tenant that defaults

7. You collect rent from all tenants with final incomes greater than or equal to your rental

price

8. Your profits (current round and cumulative) are determined and displayed to you
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9. Repeat the above steps for 50 rounds
10. You complete a short questionnaire after finishing the rounds

11. You are paid in cash a $5 show-up fee plus your cumulative profits at the rate of 1000

points equals $1 CAD

We will continue with questions to test your knowledge based on what has been presented

to you so far.
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