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Abstract

We develop a new dynamic equilibrium model of housing markets for low- and
moderate-income households, which is consistent with the key supply restrictions and
search frictions that arise in rental markets for public and affordable housing. We esti-
mate the model using data collected by the New York Housing Vacancy Survey in 2011.
We find that having access to rent stabilized or affordable housing increases household
welfare by up to $55,000. Our policy simulations suggest that increasing the supply
of affordable housing by ten percent significantly improves the welfare of all renters in
the city. As a consequence our model provides a compelling explanation why affordable

housing policies are popular at the ballot box with the vast majority of urban renters.
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1 Introduction

As many urban and metropolitan areas have shifted toward a knowledge-based economy, most
large cities in the U.S. have continued to attract highly skilled younger households. As a
consequence real estate prices and rents have continued to soar in many metropolitan areas
for the past two decades. Low- and moderate-income households have traditionally relied
on a variety of affordable and public housing policies to sustain living in expensive cities.!
Despite the importance and prevalence of affordable housing in many cities, there are few
compelling dynamic models that allow us to study housing choices of low- and moderate-income
households. The first objective of this paper is to fill this gap. We develop and estimate a new
dynamic equilibrium model that is consistent with the observed market search frictions, the
existence of long queues for public housing and the need to search for a long time to obtain
access to rent stabilized housing. The second objective is to explain why affordable housing
policies are increasingly popular at the ballot box and to evaluate the impact of increasing the

supply of affordable housing on renters’ welfare.

A compelling model of affordable housing should capture the existence of three different
types of rental markets: public, regulated, and unregulated markets. It must also capture the
dynamic incentives faced by households, such as income dynamics, long waiting lists for public
housing, and long search times for regulated housing. We model the unregulated private
housing rental market as frictionless. Households can purchase any quantity or quality of
housing given the prevailing market price. All households also have access to regulated or rent
stabilized housing. We assume that the rental price for rent stabilized housing is significantly
lower than the equivalent market price in the unregulated market. Since the demand for rent-
stabilized units typically exceeds the supply, there are significant frictions in the rent-stabilized

market. Finding a rent-stabilized apartment involves significant search efforts and luck. We

'Low- and moderate-income households play a key role in the provision of many local goods and services
in the urban economy. Their presence is particularly essential with extreme-skill complementarity in the

production function of large cities as discussed in detail by Eeckhout, Pinheiro, and Schmidheiny (2014).



capture these market frictions by endogenizing the probability that a household who is actively
searching for rent stabilized housing will receive an offer to move into a stabilized unit. Our
modeling approach is thus consistent with Glaeser and Luttmer (2003) who show that rent

controls lead to misallocations in housing markets.

Low- and moderate income households are also eligible for public housing assistance in our
model if income is below a threshold that depends on household composition and region. The
rent charged for public housing is a fixed percentage of household income. Hence, there is
no price mechanism to ensure that public housing markets clear. Demand for public housing
vastly exceeds the available supply in most affluent U.S. cities. Rationing is achieved by
placing households on waitlists that allocate free units to households with highest priority,
i.e. households that have waited the longest.?2 Moreover, the housing authority does not evict
households after they have lost their eligibility for housing aid. Consequently, public housing
provides a consumption subsidy and also partial insurance against negative income shocks.
We show that these incentives of current public housing policies give rise to a large degree of

mismatch of low- and moderate-income households in housing markets.

We define and characterize a stationary equilibrium with rationing. The length of the wait-
list for public housing and the probability of finding a rent-stabilized unit are all endogenously
determined in equilibrium of our model. In equilibrium low-income households prefer to live
in public housing due to the large rent subsidy, which implies a large increase in numeraire
consumption, and the relatively high quality of these housing units. Rent stabilized housing
appeals to a large range of low- and moderate-income households due to the significant rental

price discount relative to the unregulated market. High-income households prefer to rent in the

2Geyer and Sieg (2013) consider a static model of public housing with myopic households and do not analyze
rent-stabilization programs. Moreover, the focus on housing markets in Pittsburgh. Thakral (2015) considers
a dynamic model of matching and introduces a multiple waitlist procedure. His analysis suggests that there
are large potential welfare gains associated with this allocation mechanism. Halket and Nesheim (2017) also

consider the problem of optimal allocation of public housing.



unregulated market. Due to the existence of rationing in public housing and search frictions
in rent stabilized housing a fraction of low- and moderate-income households must also rent in
the unregulated market in equilibrium. Our model can explain the existence of long wait and
search times, and it is also consistent with the observed mismatch in public and rent-stabilized

housing markets.?

The parameters of our model can be identified based on the observed moments in the data.
Our proof of identification is constructive and can be used to define a method of moments
estimator. This estimator matches the sorting of households by income and family type among
housing options and the average time spent in different housing markets. The estimator also

matches the average rental payment for each housing type.*

Our empirical analysis focuses on New York City (NYC). While many cities in the U.S.
and abroad face the challenge to provide an adequate supply of affordable housing, NYC has
been at the center of the debate over affordable housing. Studying the housing markets for
low- and moderate-income households in NYC is promising for a variety of compelling reasons.
First, NYC has the largest stock of rental apartments of all cities in the U.S. and is generally
perceived to be one of the most expensive rental market in the world. Second, New York
City also has the largest stock of public housing units of all cities in the U.S. Finally, NYC is
the only large city in the United States that has ever declared a housing emergency and has

adopted strict rent stabilization programs over an extended period of time.® NYC, therefore,

30ur paper is also related to search and matching models that have been applied to study housing markets.
See, for example, Wheaton (1990), Krainer (2001), Albrecht, Anderson, Smith, and Vroman (2007), Piazzesi
and Schneider (2009), Diaz and Jerez (2013) , Anenberg and Bayer (2013), and Anenberg and Kung (2017).
Most of the papers in this literature focus on the markets for owner occupied housing which are distinctly

different from affordable rental markets that are the focus of this paper.
40ur work is also related to the new literature on estimating dynamic models of houses and neighborhood

choice, as discussed in Bayer, McMillan, Murphy, and Timmins (2016).
®Over one million households live in rent regulated housing units in New York City. Many other large

European and Asian cities also use strict rent control laws to provide affordable housing. An early analysis of

the benefits and costs of public housing in New York City is given by Olsen and Barton (1983).



serves as a laboratory to explore the effectiveness and impact of a variety of different affordable

housing policies.

Our empirical analysis is based on the 2011 sample of the New York City Housing and
Vacancy Survey (NYCHVS). This survey provides comprehensive data about household and
housing characteristics. In particular, we observe household income and family status, the
time that the household has spent in the housing unit, as well as a large number of structural
characteristics of the housing unit that the household occupies. In addition, it allows us to
classify households as living in public housing, rent-stabilized housing, or unregulated housing.
We implement our estimator focusing on Manhattan, since waitlists for public housing in
NYC are operated at the borough level. The data show that approximately 10 percent of our
sample of low- and moderate-income households lived in public housing communities in 2011.
58 percent of households lived in rent stabilized units and the remaining 32 percent rented
in the unregulated housing market. At the time of the survey, households spent, on average,
16 years in public housing, 9.5 years in regulated housing and only 4 years in unregulated
housing. Not surprisingly, households in public housing are much poorer than households in

rent stabilized and unregulated housing.

We estimate the structural parameters of the model. We find that our model fits the sorting
of households by income among the three housing options. Our model is consistent with the
well-known fact that public housing is particularly popular with black, female-headed house-
holds. Our model captures differences in rental prices as well as time spent in the housing
units. We find that rental prices for stabilized housing are approximately 50 percent of the
prices in the unregulated market in Manhattan. This significant discount explains the popu-
larity of rent-stabilized units. The probability of finding a rent-stabilized unit is approximately
25 percent per year. The wait list for public housing is 18 years.

Policy makers and politicians have struggled to find a response to the increasing demands
of voters to preserve mixed-income neighborhoods in affluent cities and to increase the supply

of affordable housing. Our model provides a compelling explanation why these policies have



been so popular at the ballot box with the vast majority of urban renters. Our analysis
shows that low quality units of affordable housing primarily attract households with incomes
between $20,000 and $100,000. These households gain up to $20,000 from having access to a
stabilized units. For high quality units the results are even more striking. High quality units
are attractive for households with incomes between $30,000 and $150,000. The welfare gains
are up to $55,000.° Given these large benefits associated with having access to affordable
housing, it is not surprising that rent stabilization and affordable housing policies are popular,
not only with low- and moderate-income households, but with the vast majority of all urban

renters in NYC.

The political popularity of these policies is in stark contrast to long term trends in the
supply of affordable housing. Landlords primarily bear the burden of the rent-stabilization
policies. Note that less than 8 percent of all apartments in NYC are voluntary rent-stabilized.
These landlords obtain significant tax breaks as a return for making a fraction of the housing
units affordable. The vast majority of rental unit in NYC — approximately 92 percent — are
“involuntarily” stabilized under New York State’s Rent Stabilization Law. In NYC landlords
have long been allowed to deregulate vacant apartments if the legal rent for a new renter
exceeds a threshold, currently $2,700 a month. Between 1993 and 2015 more than 139,000
apartments have been converted to market rates through vacancy decontrol which has led to
a significant decline in the supply of affordable housing. Not surprisingly, this trend has not
been popular with many voters in the city. As a candidate, the current mayor of NYC, Bill
de Blasio, successfully ran on a platform that promised significant increases in the provision
of affordable housing. Once in office, he proposed and city council recently adopted a 10-year
plan to build or preserve 200,000 affordable housing units in the NYC area through various

rezoning laws.

It is desirable to evaluate the impact of these new affordable housing policies on the distribu-

tion of renters’ welfare. We find that a ten percent increase in the supply of affordable improves

6The gains associated with public housing are of a similar magnitude.



welfare for all renters since the wait and search times decrease. The amount of mismatch in
housing markets also decreases. The average welfare gains associated with a permanent 10
percent increase in the stock of affordable housing are approximately $20,000. Of course, these
findings do not imply that these policies are desirable or efficient since these policies impose
large losses on land owners and housing developers. The magnitude of these losses are hard
to assess.” However, our findings provide a compelling explanation why affordable housing

policies are increasingly popular among urban renters and populist politicians.

The rest of the paper is organized as follows. Section 2 discusses affordable housing policies
in NYC and our data. Section 3 provides a new dynamic model of affordable housing markets.
Section 4 discusses identification and estimation of the parameters of our model. Section 5
presents our empirical findings. Section 6 reports the findings from our welfare analysis and

considers alternative housing policies. Section 7 offers our conclusions.

2 Data

Our empirical analysis focuses on the rental housing markets of NYC. Housing markets have
been heavily regulated in NYC since the 1930’s. As of 2011, over one million units were
rent-stabilized representing roughly 47 percent of the rental housing stock in NYC.® Rent sta-
bilization generally applies to buildings of six or more units built between February 1, 1947
and December 31, 1973, and to those units that have exited from the rent-control program.
Approximately 8 percent of the city’s stabilized units and nearly all stabilized units in build-
ings constructed after 1974 were voluntarily subjected to rent stabilization by their owners in

exchange for tax incentives from the city. Under the 421-a program, developers currently have

"The early literature on rent control suggest primarily focus on the misallocation in housing markets. See,

for example, Olsen (1972), Suen (1989), and Gyourko and Linneman (1989).
8The stock of rent-regulated units includes a relatively small number of rent controlled units - approximately

38,000 units which are primarily older.



to set aside 20 percent of new apartments for poor and working-class tenants to receive tax

abatements lasting 35 years.’

Involuntarily stabilized units, representing 92 percent of the stabilized stock, are regulated
based on a “housing emergency” declared by the city in 1974 and renewed every three years
since. Under New York State’s Rent Stabilization Law, the city may declare a housing emer-
gency whenever the city’s rental vacancy rate drops below five percent. This law was most
recently renewed in June 2015 and affects units with a maximum rent of $2,700. Rent stabiliza-
tion sets maximum rates for annual rent increases. It also entitles tenants to have their leases
renewed. The rent guidelines board meets every year to determine how much the landlord can

set, future rents on the lease.

In addition, the low- and moderate income households may have access to public housing.
Providing adequate housing and shelter for low- and moderate-income households has been
a policy goal of most federal, state, and city administrations in the United States since the
passage of the Public Housing Act of 1937. The New York City Housing Authority (NYCHA)
provides public housing and administers Section 8 housing vouchers for low- and moderate-
income residents throughout the five boroughs of New York City. Households whose incomes
do not exceed 80% (50%) of median income are eligible for the public housing program (voucher
program). In addition, income limits are functions of family size. For example, in 2011 the
income limit for a single person household was $45,850 ($28,500) while it was $65,450 ($40,900)

for a family of four.

Applications for public housing are assigned a priority code based upon information that
includes employment status, income, family size, and quality of previous residence provided.
Households are then placed on the housing authority’s preliminary waiting list for an eligibility
interview. Households are required to update or renew their applications every two years if
they have not been scheduled for an interview. Upon passing the interview and background

checks, applicants are then placed on a (borough wide) waiting list.

9The de Blasio administration has been pushing to increase that fraction to 35 percent.



More than 403,000 New Yorkers reside in NYCHA’s 177,666 public housing apartments
across the city’s five boroughs. Another 235,000 residents receive subsidized rental assistance
in private homes through the NYCHA-administered Section 8 program. The NYCHA reported
that 270,201 families were on the waiting list for conventional public housing and 121,356
families on the waiting list for Section 8. Little is known about the annual flows of waitlisted
individuals into public housing. The NYT reported on July 23, 2013 that “the queue moves
slowly. The apartments are so coveted that few leave them. Only 5,400 to 5,800 open up
annually.” As of December 10, 2009 NYCHA stopped processing any new Section 8 applications
due to the long waiting list. As consequence, there is almost no mobility in and out of Section
8 housing markets. We, therefore, treat Section 8 housing as a completely separate market

and focus on public housing in this paper.

The empirical analysis is based on the New York City Housing Vacancy Survey (NYCHVS)
in 2011. The main advantage of this data set is that it matches households with units (i.e.,
it contains detailed information about both household characteristics and housing character-

istics).

Table 1: Descriptive Statistics

housing type market rent number income female kids working

share of years head family
Public 0.10 — 16.18 32,930 0.73 092  0.70
Regulated 0.58 1317  9.49 54,739  0.53 0.38  0.83

Unregulated 0.33 2640  3.85 71,045  0.54  0.17 0.87

Source: New York City Housing Vacancy Survey 2011
A household is defined as working if the labor income share is higher than 50 percent of total income.

Regulated units include rent-stabilized units, HUD-regulated units, and Michell-Lama rental units.

We focus on affordable housing for low- and moderate-income households which imposes

three sample restrictions. First, we drop households whose average incomes exceed 200% of



median income level. This sample restriction is motivated by the fact that high-income New
Yorkers are likely to own a condominium or house and, therefore, face a different choice set
than low- and moderate-income households face.'® Second, we drop all low-income households
that receive vouchers since that market has been closed for at least 6 years.!! Finally, we drop
all households not living in Manhattan since waitlists are operated at the borough level rather

than city-wide. These restrictions reduce our sample size to 1,557.12

Tables 1 provides some descriptive statistics of the Manhattan housing market for 2011.
Table 1 shows that a large fraction of the rental units in Manhattan are under rent stabilization.
The fraction was 58 percent in 2011. At the same time, the average rent was $2,640 in the

unregulated market and $1,317 in the regulated market.

Households tend to stay for long periods in their apartments. On average in 2011, house-
holds had occupied their apartments 16.18 years for public housing and 9.49 years for rent
stabilized housing. The turnover is much higher in the unregulated housing market. Not sur-
prising, households in public housing are much poorer than household in rent stabilized and
unregulated housing. Families in public housing tend towards single parent households, the
majority headed by a female. Public housing families have more children, on average, than

households in rent-stabilized or unregulated housing.

3 A Dynamic Model of Affordable Housing Markets

We consider a local housing market with three housing options: public housing (p), rent-
regulated housing (r), and housing provided by the unregulated market (m). The exogenous

housing supply in public and rent regulated housing are given by k, and k.. The assumption

1ONone of the key findings of this paper qualitatively or quantitatively depend on these choices.
" Galiani, Murphy, and Pantano (2015) estimate a model of neighborhood choice with vouchers.
12Descriptive statistics for the full sample that includes renters from all five boroughs of NYC are qualitatively

similar. Details available upon request from the authors.



of fixed supply of public and rent stabilized housing is appropriate for NYC. There has been
limited recent construction of new housing communities in NYC.'* We can, therefore, treat

supply as price inelastic and fixed in the short run.

Time is discrete, t = 0, ....,00. Households are infinitely lived and forward looking. House-
holds have a common discount factor § and maximize expected lifetime utility. In the baseline
model, households only differ by income, denoted by y, which evolves according to a stochastic
law of motion that can be described by a stationary Markov process with transition density

f(¥'|y). Below we extend our model to allow for additional sources of household heterogeneity.

Household flow utility is defined over housing quality, h, and a numeraire good, b. Consider
a household that rents in the unregulated market. Housing services can be purchased at price

Pm- 4 Flow utility is, therefore, given by:

um(y) = max U(b,h) (1)

st. pmh+b=y

Note that we are imposing the realistic assumption that low and moderate—income households
do not save and cannot borrow against uncertain future income. They are liquidity constrained

and spend their income on housing and consumption goods in each period.

There are R discrete different levels of housing quality in the stabilized market. The flow

utility associated with a rent regulated unit of quality h, and price p, < p,, is given by:
uT<y) :U(y_prhrahfr) r=1,.,R (2)

The next assumption captures the search frictions in that market.

Assumption 1

a) Each period, there is a positive probability q, that a household receives an offer to move into

131f anything, the supply of rent stabilized housing has declined in the past decades.
4We implicitly assume that unregulated housing supply is perfectly elastic at price p,,. This assumption

can be easily relaxed to endogenize the price of housing in the unregulated market by allowing for an upward

sloping supply function.
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a rent requlated unit of quality h,.

b) Each household receives, at most one, offer per period.

The probabilities of receiving an offer to move into a stabilized housing unit are endogenous
and depends on the supply and the voluntary outflow from regulated housing as discussed

below in detail.

To simplify the notation we set R = 1 for the remainder of this section. But all results can
be easily generalized to account for heterogeneity in the quality and supply of rent stabilized
units.!®

(R>1).

In our quantitative analysis below, we estimate a model with such heterogeneity

Public housing provides a constant level of housing consumption, h,, and taxes individual

at constant rate 7. Per period utility in public housing is, therefore, given by:

up(y) = U((1 = 7)y, hp) (3)

The local housing authority that administers the public housing program manages a waitlist.
The priority score of a household is a monotonic function of the time spent on the waitlist.
More formally, let w denote the time that a household has been on the wait list. Let p(w)
denote the probability that a household that has been on the waitlist for w periods receives an
offer to move into public housing. The next assumption captures the behavior of the housing

authority.

Assumption 2

a) The housing authority makes take it or leave it offers, i.e if a household rejects an offer, it
will go to the end of the waitlist (w = 0).

b) The outflow of public housing is voluntary (i.e., the housing authority does not evict house-

holds from public housing).

15An appendix that contains a detailed derivation of all key equations is available upon request from the

authors.
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c) Eligibility is determined by an income cut-off, denoted by y and is checked every time period.

Loss of eligibility means that the household is removed from the waitlist (w = 0).

These assumptions are uncontroversial and reflect common practice of housing authorities
in NYC and other U.S. metropolitan areas. Note that the distribution of priority scores is

endogenous and determined in equilibrium as we discuss below.

The timing of decisions is as follows:

1. Each household gets a realization of income which determines the income distributions

at the beginning of the period.

2. Some households get an offer to move into public housing generated with probability

p(w).

3. Some households get an offer to move into rent-regulated housing generated with prob-

ability q,.
4. Households decide to move and obtain the flow utility that depends on their decisions.

5. Wait times are updated.

Note that utility is realized after households have relocated.

The two state variables in this model are wait time, w, and income, y. Define the conditional

value functions associated with the three choices:
wly) = wlo) + 5 [ Vly) F/l) dy
(g, w) = un(y) + B / Vi (/0" f(y, 'y, w) dy' dw’ (4)

mwm::m@+ﬁ/w@ww@wwwmww
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We can derive recursive expressions for the unconditional value functions. The value function

of a household with characteristics (w, y) that rents in the regulated market is given by:

Vily,w) = p(w) 1{y < g} max{v,(y), vm(y,0),v.(y,0)} (5)
+ (1 =p(w)) 1{y < g} max{v,(y,w+1),v,(y,w + 1)}
+ 1{y >y} max{v,(y,0),v.(y,0)}

The value function of a household with characteristics (w,y) that rents in the unregulated

market is then given by:

Vn(y,w) = ¢ Vi(y,w) (6)
+ (1=¢) p(w) 1{y <y} max{vn(y,0),v,(y)}
+ (1—g) (@ =pw)) H{y <7} vm(y,w+1)
+ (1=¢) 1{y >} vnly,0)

Finally, the value function of a household living in public housing satisfies:

VWy) = (1—g¢)max{vy(y), vm(y,0)} (7)
+ g max{vy(y), vm(y,0),v:(y,0)}
These value functions determine the optimal decision rules for each household.!®

To illustrate the optimal decision rules we consider a simple estimated version of model with
only one type of stabilized housing. Figure 1 plots the policy function for a household in public
housing. The blue vertical line indicates the income eligibility threshold for public housing.
Optimal decision rules can be characterized by thresholds. The blue line indicates the decision
rule of a household that received an offer to move into regulated housing while the red line is a
household without an offer. Low-income households prefer to live in public housing, moderate-
income households prefer rent-regulated housing while higher income households prefer renting

in the unregulated market.

16Note that our analysis abstracts from moving costs which are likely to be low in rental markets. It is

straightforward to extend the model to allow for both monetary and psychic mobility costs.
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Figure 1: Policy Function (O=public, 1=unregulated, 2=regulated)
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Figure 2 shows the decision rule for a household, who is currently in the regulated market,
has been on the waitlist for 5 periods, and does not receive an offer to move into public housing.
Here we find that low- and high-income households prefer the unregulated markets while
moderate-income households prefer units in the rent-regulated market. The non-monotonicity
of the decision rule is partially due to the fact that the quality of housing in the regulated

market is relatively high exceeding the quality in public housing in this example.

Let gm(w) (g-(w)) denote the marginal distribution of wait times for households in unregu-
lated (rent regulated) housing in stationary equilibrium. Let g,(y) denote the density of income
of households that are inside public housing at the beginning of each period (before house-
holds have moved). Similarly let g,,(y|w) (g-(y|w)) denote the stationary density of income

conditional on wait time for households in the unregulated (regulated) market.
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Figure 2: Policy Function (1=unregulated, 2=regulated, w = 5)

income «10°

The voluntary flow of households out of public housing is given by:

OF, = ky(1=a) [ 1{on(0.0) > 0 (0)} 9,(s) dy )
=ty [ 1om.0) > maxlo () 00 01 g5(0)

+ K qr/ H{v,(y,0) > max[v,(y), vm(y, 0)]} g,(y) dy

Note that the first two terms is the outflow to the unregulated market and the third term

captures the outflow to the rent regulated market. The flow into public housing is given by:
IF, = kn Y pw;) gm(w;) IFpp(w;)

+ kK Z p(w;) gr-(w;) TFop(w;) (9)

15



where the inflow from the unregulated market conditional on wait time is:

IFoplwy) = (=) [ 1o(0) = 0n,0)} gulolus) dy (10)

Y

o [ o) 2 maxton(6,0), (0.0} anylus) dy

and the inflow from the rent regulated market is given by:
1F,p(wy) =/ {vy(y) = max(vy(y, 0), vi(y, 0)]} g (ylw;) dy (11)
y<y

Similarly, the voluntary flow of households out of rent regulated housing is given by:

§‘
NE

OF, = p(w;) gr(wj)/ Hu,(y,0) < max[v,(y), v (y, 0)]} gr(ylwy) dy — (12)

0 y<y

.
Il

+
3?
hE

(1= p(w;)) gr(w;) / - Yoy, wi+ 1) = vy, wi + 1)} g, (ylw;) dy

0 y<y

<.
|

3?‘
hE

¥ o) [ Un0.0) > 00500} ) dy

Y

.
Il
=)

Note that the first term is the outflow of those households that have an offer to move into
public housing. The second term is the outflow of households eligible for public housing who
do not have an offer to move into public housing. The last term is the outflow of households

above the eligibility threshold to unregulated housing. The flow into rent regulated housing is

given by:
IF, = kyq / Hor(y,0) = max[vm(y,0), v,(y)]} g,(v) dy (13)
+ ki Zp(wj) Gr /<1{vr(y,0)Zmax{vm(y,()),vp(y)]} gm(ylw;) dy

o0

+ ko Y (L= p(wy)) g / Horly,wy +1) = vm(y, ws + 1)} gm(ylw;) dy

=0 y<y

+ km Y qr/ K (y,0) = vm(y,0)} gm(ylw;) dy
=0 y>y
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In a stationary equilibrium, the inflow has to be equal to the outflow of households for

public and rent regulated housing.!”

Definition 1 A stationary equilibrium for this model consists of the following: a) offer prob-
abilities p(w) and q,, b) distributions g,(y), gm(w), g-(w), gm(ylw), and g.(y|w), and c¢) value
functions V,(y), Vi(y,w) and V,.(y,w), such that:

1. Households behave optimally and value functions satisfy the equations above.
2. The housing authority behaves according the administrative rules described above.
3. The densities are is consistent with the laws of motion and optimal household behavior.

4. p(w) satisfies the market clearing condition for public housing:

OF, = IF, (14)

5. q, satisfies the market clearing condition for rent regulated housing:

OF, = IF, (15)

Finally note that we can endogenize the price of housing in the unregulated market by assuming
that that there is an upward sloping housing supply function H? (p,,) and by requiring that

the demand for unregulated housing given by
Hi = (== k) 3 glw) [ b vlanlylus) dy (16)
J

is equal to the supply.

Figure 3 illustrates the stationary equilibrium densities of income for a specification of our

estimated model with one household type and only one type of rent stabilized housing.

1"The vacancy rate in NYC has been around 2 percent during the time period of interest. Hence we ignore

vacancies.
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Figure 3: Stationary Distributions
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The top panel compares the income distribution of households in the unregulated market
with those that are in public housing. Not surprising we find that households with a priority
score of zero, who are ineligible for public housing, have much higher income than those who
live in public housing. More surprising is the result that households with a priority score of five
years have lower income, on average. This due to the fact that households with high priority
must have had income below the eligibility threshold for a number of consecutive periods
to remain eligible, while this criteria does not apply for households in public housing. The
lower panel compares the income distribution of households in the rent stabilized market with
the distribution of households in public housing. Again we find similar qualitative patterns.
Households that live in stabilized housing with high priority scores look similar to households

in public housing.

Next we characterize the properties of equilibria with rationing. The main analytical result

is summarized by the following proposition.

Proposition 1 Any stationary equilibrium with sufficiently strong excess demand for public
housing has the property that there exists a value w < oo such that: p(w+1) =1, 0 < p(w) < 1,
and p(w — ) =0 for all j > 1.

Note that p(w + 1) = 1 implies that there are no households with priority score greater than
w+1,ie glw+1+75)=0,forj>1.
Proof:

We use a proof by contradiction. Suppose not, then
plw+1)<1 (17)

and next period there exists some households with priority score @ + 2, hence g(w + 2) > 0
which violates the stationarity definition and the definition of w.
Suppose that p(w — j) > 0 and p(w) < 1. This case violates the assumption that offers to

households with lower priority ranks can only be made if all households with higher ranks
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receive offers.

Suppose that p(w — j) > 0, p(w) = 1 and p(w + 1) = 1, then there will be no household in
the next period which priority score w + 1 which violates the stationarity assumption and that
and that g(w + 1) > 0.

Q.E.D.

The equilibrium has the property that everybody in the highest priority group obtains an
offer to move into public housing. In addition, a fraction of the households with the second
highest priority also gets an offer. The remaining households with the second highest priority
score who do not get an offer this period, will obtain an offer in the next period. The intuition
for this result is the following. The waitlist partitions the potential demand into w + 2 cohorts.
By adjusting p(@), we can smooth out the fraction of individuals that obtains an offer. Note
that p(w;) is not uniquely defined for w; > w4+ 1. Since the housing authority makers take-it-
or-leave-it offers, there will be no households with wait times larger than w + 1. Without loss

of generality, we can, therefore, set p(w + j) =1 for all j > 1.

Given this equilibrium offer function, the inflow into public housing has two components

and is equal to:

IFP = p(lﬁ) [km gm(w) IFmp(w) + Ky gr(ﬂ)) [Frp(w) ] (18)

+ [kngm(w+1)) [Fp,(0+1) + ky go(w+ 1) IF,(w+1)]

To finish the characterization of the equilibrium, we need to provide the laws of motion for

the equilibrium densities. Equations (21) - (29) in Appendix A provide the details.

We would like to point out that households differ across many attributes besides income such
as family size, race, ethnicity or gender of the household head. We extend our model to capture
these differences using discrete household types, which also allows us to include differences in

preferences over public housing and differences in access to rent stabilized units.!®* We discuss

18This approach could also be used to capture the fact that some households may not consider public housing

a desirable housing choice due to its stigma as suggested by Moffitt (1983).
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in Appendix B how to extend our model to allow for heterogeneity among households. We
also estimate versions of the model with heterogeneity that account for separate wait lists for

households with different characteristics.

Finally, we extend the model to account the fact that housing supply for unregulated
housing is price elastic. While we do not need to make an assumption when we estimate the
model, we need to specify a supply function in our counterfactual policy analysis. We discuss

these issue in more detail in Section 6.

4 Identification and Estimation

Since equilibria can only be computed numerically, we need to introduce a parametrization of
the model and discuss identification and estimation. We can normalize the price of housing in
the unregulated market to be equal to one since the units of housing services are arbitrary. To
identify and estimate the price discount in the rent regulated market, we assume that market
rents can be decomposed into a price and a quality index. We assume that the quality index
is the same for units in the unregulated and the regulated markets, but the prices are not.
We can, therefore use the techniques discussed in Sieg, Smith, Banzhaf, and Walsh (2002) to
identify and estimate the price discount in the regulated market. We can also classify rent
stabilized units into different types based on the quality levels predicted by the regression
model. That approach allows us to discretize the underlying distribution of quality of rent

regulated housing units.

We assume that the logarithm of income for each household follows an AR(1) process:
In(yz) = p+ p () + € (19)

The mean and the variance of income is identified of the observed income distributions in

the data. The autocorrelation parameter is identified of the persistence of housing choices
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measured by time spent in each housing type.’

We assume that the flow utility functions can be approximated by a Cobb-Douglas utility

function, and hence we have:

up(y, hy) = [(1—7)y]" ) hg
Un(y) = a* (1—a) " yp* (20)
u(y, he) = [y —peh]0 " B

Recall that « is the housing share parameter, which is identified from the observed joint
distribution of housing and income. Public housing quality, h,, is identify from the observed
demand for public housing. The quality parameters h, for r = 1, .., R are identified based on
our classification algorithm discussed above and the observed market rents for each type of
unit type conditional on observed characteristics. The model also predicts that the time spent

in the unit is an increasing function in housing quality.

All parameters of the income process and household preferences depend on household type
in the extended model. As noted before, we assume that household type is observed by the
econometrician. Hence, the identification argument extends to that model since all relevant

moments are observed conditional on type.

Next consider the tax rate in public housing, denoted by 7. This parameter is determined
by the administration of public housing programs. It is a state policy that renters in public

housing pay roughly 30 percent of their income in rent.?

The arguments for identification are constructive and suggest that we can estimate the
parameters of our model using a methods of moments estimator. We use the following moments
in estimation: the fraction of each housing type, the average time spent in unit by housing

type, the average income by housing type, the variance of income by type, the autocorrelation

19 Alternatively, we could use moments from a panel data set such as the SIPP to identify the autocorrelation

parameter.
20Also note that ky,, kp and k, are observed in the data.
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of income by type, and the housing expenditure shares by housing type. Asymptotic standard
errors can be consistently estimated using the standard formula for a parametric method of

moments estimator provided, for example, in Newey and McFadden (1994).

5 Empirical Results

We first estimate the relative price of rent stabilized housing as discussed in the previous
section. We find that rent stabilized apartments are offered at a 51 percent discount in Man-

hattan.?! This explains why rent stabilized units are extremely popular in Manhattan.

Table 2 reports estimated parameters and standard errors for a variety of models. First,
we estimate the baseline model (Column I). We then add heterogeneity in regulated housing
types (Column IT), heterogeneity in preferences by household type (Column III), and finally
explore a model with heterogeneity in household types and with multiple waitlists (Column
IV). Overall, we find that all parameter estimates are reasonable and estimated with good

precision.

First consider the baseline model in Column I. The parameter a captures the housing
expenditure share for households that rent in the unregulated market. Low- and moderate-
income households in Manhattan spend approximately 45 percent of their income on housing if
they rent in the unregulated market. Allowing for heterogeneity among households in Columns
[T and TV shows that female headed households have slightly larger housing share parameters
than male headed households.

The parameters of the income process, however, depend on the observed type. Comparing
the estimates in Column I and IT with those in Columns III and IV, we find that male headed
households tend to have higher, more volatile, and less persistent incomes than female headed

households. The autocorrelation coefficient ranges between 0.69 and 0.80 suggesting that

21See Appendix B for details of the price regression.
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Table 2: Estimated Parameters

I IT I1I vV
Baseline 1 Type 2 Type - 1 Queue 2 Type - 2 Queue
all all female male female male

o | 0.45(0.01)  0.46 (0.01) 050 (0.02) 0.43 (0.01)  0.47 (0.01)  0.44 (0.01)

1, | 10.62 (0.03)  10.64 (0.02) 10.59 (0.03) 10.69 (0.03) 10.56 (0.03)  10.70 (0.06)
o | 054(0.02) 053(0.02) 050 (0.01) 0.58(0.03) 0.49 (0.01)  0.59 (0.06)
0.76 (0.02)  0.76 (0.03)  0.77 (0.03)  0.72 (0.04)  0.80 (0.02)  0.69 (0.02)

h, | 26,552 (515) 25,902 (866) 25,985 (670) 24,189 (2296) 29,841 (1278)
hi | 32,240 (673) 26,795 (604) 27,110 (620) 26,527 (618)
hs 37,980 (1087) 37,605 (918) 37,072 (440)

Standard errors are in parenthesis.

income shocks are fairly persistent.

Housing quality is measured as equivalent expenditures in the unregulated market. Column
I shows that an average public housing unit in Manhattan provides the same quality as a
unit that rents for approximately $26,000 dollars in the unregulated market. The average
quality of rent controlled housing in the baseline model is approximately $32,000. Allowing
for heterogeneity in rent stabilized housing in Columns II-IV indicates that the quality for a
low (high) quality rent stabilized apartment is approximately $27,000 ($38,000). Low quality
stabilized units are, therefore, similar to public housing units while high quality units are

significantly nicer than units in public housing.

Turning our attention to the model with multiple wait lists in Column IV, we find that the
main empirical results are qualitatively and quantitatively similar to the one wait list (Columns

[-III). The main difference is that male headed households tend to value public housing higher
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than female headed households.

Table 3: Properties of Equilibrium

Baseline 1 Type 2 Type-1 Queue 2 Type -2 Queue

wait w 18 17 17 19 18
times p(w) 0.82 0.53 0.96 0.75 0.72
search Q1 0.25 0.13 0.14 0.14
frictions ¢ 0.10 0.11 0.11

Table 3 summarizes some properties that correspond to the equilibria that are implied by
the parameter estimates. In equilibrium, our model generates a wait times of approximately 18
years. The probability of finding a rent stabilized unit is approximately 25 percent, 11 percent
for high quality units and 14 percent for low quality units. Male headed households tend to
have slightly shorter wait times then female headed households, but the predicted difference is

only one year or approximately 5 percent of the wait time.

Tables 4 reports a variety of goodness of fit statistics. We report the key statistics for both

models. Overall, we find that our model fits the key moments used in estimation well.

Our estimates imply that affordable housing is an attractive option for low- and moderate-
income households in Manhattan. To illustrate the magnitude of these effects, we compare
differences in welfare between households in unregulated housing and households in rent sta-
bilized housing. Figure 4 plots the differences in welfare by income for the two quality levels

of rent stabilized housing.

Figure 4 shows that there is a inverted-u shaped relationship between income and welfare
gains. As a consequence, rent-stabilized policies create a fair amount of mismatch in affordable

housing markets.?? Our analysis suggests that low quality units of affordable housing primarily

22(Glaeser and Luttmer (2003) find that 21 percent of New York apartment renters live in units with more

or fewer rooms than they would if they rented in the unregulated market in 1990.
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Table 4: Model Fit

housing percent years income market rent
Baseline
Public 990 990 16.18 16.37 32930 33914 —
Regulated  57.20 57.20 9.49 9.20 54739 55615 1317 1309
Market 32.90 3290 3.85 4.22 71045 70262 2640 2642
2 Type - 1 Queue

Public 6.55  6.55 15.39 16.75 28796 33732 —

female Regulatedl 12.55 13.15 10.03 8.90 45516 43625 1048 1101
Regulated2 14.90 14.79 10.41 10.41 55184 59342 1484 1527
Market 16.00 1551 3.70 4.19 69970 65844 2555 2729
Public 295 295 1834 13.41 44298 36075 — —

male  Regulatedl 16.55 15.95 8.37 854 53550 50321 1093 1101
Regulated2 13.45 13.56 8.99 859 66288 66296 1695 1527
Market 17.05 17.55 4.04 4.22 72300 74908 2743 2673

2 Type - 2 Queue

Public 6.55  6.55 15.39 16.02 28796 30942 —

female Regulatedl 12.55 13.20 10.03 8.67 45516 44186 1048 1077
Regulated2 14.90 14.38 10.41 10.29 55184 59558 1484 1506
Market 16.00 1587 3.70 4.21 69970 67341 2555 2654
Public 2.95 2.95 18.34 18.99 44298 42304 —

male  Regulatedl 16.55 15.90 8.37 7.90 53550 48874 1093 1077
Regulated2 13.45 13.97 899 871 66288 64866 1695 1506
Market 17.05 17.18 4.04 3.95 72300 74827 2743 2743
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Figure 4: Difference in Welfare between Rent Stabilized and Unregulated Housing
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attract households with incomes between $20,000 and $100,000. These households gain up to
$20,000 from having access to a stabilized units. For high quality units the results are even

more striking. High quality units are attractive for households with incomes between $30,000

and $150,000. The welfare gains are up to $55,000.23

Given these large benefits associated with having access to affordable housing, it is not
surprisingly that rent control and affordable housing policies are popular, not only with low-
and moderate-income households, but with the vast majority of all urban renters in NYC at
the ballot box. As a consequence our model explains the the prevalence of the affordable

housing policies in places such as NYC.

We focused in this section on the Manhattan subsample. We also estimated the model
using the full sample that includes renters of all five boroughs are available upon request from
the authors. The results are qualitatively similar to the results reported above. The main
difference is that the price discount for affordable housing, wait and search times are lower in

equilibrium.?*

6 Policy Analysis

The popularity of affordable policies is in stark contrast to long term trends in the supply
of affordable housing in NYC. As we discussed above, landlords have long been allowed to
deregulate vacant apartments if the legal rent for a new renter exceeds a threshold, currently
$2,700 a month. As a consequence, vacant apartments have been upgraded to take them into
the unregulated market. Between 1993 and 2015 more than 139,000 apartments have been

converted to market rates through vacancy decontrol which has led to a significant decline in

23The welfare gains associated with public housing are up to $60,000.
24More details are available upon request from the authors.

28



the supply of affordable housing (WSJ, 2015).2°

Not surprisingly, this long term trend has not gone unnoticed. Local politicians and policy
makers have struggled with the voters’ demands to reverse this trend. As a candidate, the
current mayor of NYC, Bill de Blasio, successfully ran on a platform that promised significant
increases in the provision of affordable housing. Once in office, he proposed and city council
recently adopted a 10-year plan to build and retain 200,000 affordable housing units in the
NYC area through various rezoning laws. We can use our model to simulate the effects of
these types of policy changes on renters’ welfare. Using our model with two affordable housing
types and one public housing queue, we increase the supply of affordable housing by up to
10 percent. We consider the impact of this policy change on the probability of finding an
affordable housing unit, the wait time for public housing, as well as the distribution of renters’

welfare in the economy.

Here we consider the impact of increasing the supply of regulated housing from 57.2% to
63.2% of total rental units in Manhattan. We increase the supply of low quality and high
quality regulated housing equally. Figure 5 shows that a ten percent increase in the supply of
affordable housing substantially increases the probability of receiving an offer to move into a
regulated housing unit in equilibrium. The probability of finding a low-quality unit increases
from 14 to 28 percent, while the probability of finding a high-quality unit increases from 10 to

16 percent. Wait times for public housing also decrease by up to 1.5 years.

The reduced waiting and search times are associated with a more efficient allocation of
public and rent stabilized housing in equilibrium. Households are more likely to move out of
affordable units when they receive positive income shocks. Hence, those units can be reallocated
faster to more needy households. As a consequence, the time spent in public or regulated

housing decreases significantly. Similarly, household in the unregulated market also spend less

2°The NYCHVS suggests that more than 70 percent of all renters in Manhattan with incomes less than
$200,000 live in a rent-stabilized unit in 2002.
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Figure 5: Offer Probability (p,)

= =regulated L |
------ regulated H

....
ws®
vt
....
......

0.1 . . . . . .
0.57 0.58 0.59 0.6 0.61 0.62 0.63 0.64

supply of regulated housing

time in the unit because of the reduced wait and search times for affordable housing.?¢

In a static framework subsidized housing is primarily occupied by low-income households.
An increase in the supply of subsidized housing implies that the average income of households
in those subsidized units increases as more higher income households move into those units. In
our dynamic framework, there is another countervailing effect. As the allocation of affordable
housing becomes more efficient, those units are occupied by households whose realized income
is low due to a negative income shocks. As we increase the supply of regulated housing we find
that the average income of households in public housing and low-quality regulated housing

decreases.

We can measure the welfare gains for households using compensating variations. Figure
6 plots the average welfare gain as a function of the increase in the regulated housing stock.
We find that the average welfare gain of a 10% increase in affordable housing is approximately

$20,000. Note that all households in the income distribution benefit from a permanent increase

26 Another measure of inefficiency of the equilibrium allocation is fraction of ineligible household in the public

housing. We find that increasing the supply of regulated housing can also mitigate this problem to some degree.

30



Figure 6: Change in Welfare
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in rent stabilized housing. The lower wait and search times imply that all households are better
insulated against negative future income shocks. Overall, the welfare gains form this insurance
is larger for high-income households. Of course, the biggest gains are for those who prefer rent

stabilized housing and now are more likely to obtain access to it.

Finally, we evaluate how sensitive the results of our policy analysis are to changes in the
supply of unregulated housing. In the baseline model we assume that the housing supply for
unregulated housing is perfectly elastic. Hence, prices in unregulated housing are not affected
by the change in the supply of affordable housing. Alternatively, we can use an aggregate
housing supply function given by HS (pm) =1 [pm]®. We set the constant [ such that demand
and supply are equal when p,, = 1 in our baseline year 2011. To evaluate the robustness of our
findings we repeated the exercise above assuming a variety of different values for the supply
elasticity of unregulated housing. Here we focus on the case when € = 0.5. A ten percent
increase in regulated housing reduces the demand for unregulated housing. As a consequence,
the rental price for unregulated housing drops by 6 percent. As private housing gets cheaper,

it becomes more attractive. As a consequence, the reduction in waiting and search times are
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even steeper than in the baseline model. But overall, we obtain the same qualitative and

quantitative results.?”

7 Conclusions

We have developed a new dynamic model that captures search and queuing frictions in the
rental markets for affordable housing. We have characterized the stationary equilibrium with
rationing that arises in the model. We have shown how to identify and estimate the structural
parameters of the model. Our application focuses on the housing markets of Manhattan in
2011. Overall, our model fits the observed sorting of households well. We have characterized
the distribution of welfare that arises in our model and shown that access to low (high) quality
of affordable housing can increase welfare by as much as $20,000 ($55,000). As consequence,
our model provides a compelling explanation why affordable housing policies have been popular
with the vast majority of urban renters in NYC. Finally, we study the effects of expanding the
supply of affordable housing. We find that a ten percent increase in the supply of affordable

improves welfare for all renters as the wait and search times decrease.

We should point out that we cannot conclude from this analysis that affordable housing
policies such as those in NYC are desirable. First, our analysis does not allow us to measure the
costs that are imposed on landlords. Clearly, these policies primarily redistribute wealth and
income from landlords to renters. The magnitude of the welfare losses imposed on landlords is
largely unknown. Second, rent stabilization policies weaken the incentive to invest in housing.

As a consequence these policies have a significant negative impact on long-term housing supply.

The main focus of this paper is on positive analysis. We provide a clean measure of the
benefits that renters obtain from living in an affordable unit. Our analysis provides a com-

pelling explanation of why affordable housing policies are popular with the vast majority of

2"Details are available upon request from the authors.
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urban renters and populist politicians. From the perspective of land owner and housing devel-
opers affordable housing policies are undoubtedly very costly. The main political advantage
of affordable housing policies is that they allow local politicians to finance redistribution by
implicitly taxing landlords and housing developers. Since housing developers and land owners
tend to benefit the most from improvements in urban quality via capitalization effects, afford-
able housing policies effectively redistribute part of these gains of urban redevelopment and
improvement to low- and moderate income renters. These renters tend to be the majority of

voters in city elections.

33



References

ALBRECHT, J., A. ANDERSON, E. SMITH, AND S. VROMAN (2007): “Opportunistic matching

in the housing market,” International Economic Review, 48, 641-664.

ANENBERG, E., anp P. BAYER (2013): “Endogenous Sources of Volatility in Housing Mar-

kets: The Joint Buyer-Seller Problem,” NBER Working Paper.

ANENBERG, E., anp E. KuNG (2017): “Interest Rates and Housing Market Dynamics in a

Housing Search Model,” Working Paper.

BAYER, P., R. MCMILLAN, A. MURPHY, AND C. TIMMINS (2016): “A Dynamic Model of
Demand for Houses and Neighborhoods,” Econometrica, 84(3), 893-942.

Diaz, A., anp B. JEREZ (2013): “House prices, sales, and time on the market : a search-

theoretic framework,” International Economic Review, 44, 837-872.

EecknouT, J., R. PINHEIRO, AND K. SCHMIDHEINY (2014): “Spatial Sorting,” Journal of

Political Economy, 122, 554-620.

GALIANI, S., A. MURPHY, AND J. PANTANO (2015): “Estimating neighborhood choice mod-
els: Lessons from a housing assistance experiment,” American Economic Review, 105, 3385~

3415.

GEYER, J., aND H. SIEG (2013): “Estimating a Model of Excess Demand for Public Housing,”
Quantitative Economics, 4 (3), 483-513.

GLAESER, E.; aND E. LUTTMER (2003): “The Misallocation of Housing Under Rent Control,”

American Economic Review, 93 (4), 1027-46.

GYOURKO, J., aAND P. LINNEMAN (1989): “Equity and Efficiency Aspects of Rent Control,”
Journal of Urban Economics, 26 (1), 54-74.

HALKET, J., AND L. NESHEIM (2017): “Optimal Public Housing,” Working Paper.

34



HECKMAN, J., aND B. SINGER (1984): “A Method for Minimizing the Impact of Distri-

butional Assumptions in Econometric Models of Duration Data,” Econometrica, 52 (2),

271-320.

KRAINER, J. (2001): “A Theory of Liquidity in Residential Real Estate Markets,” Journal of
Urban Economics, 49, 32-53.

MorrITT, R. (1983): “An Economic Model of Welfare Stigma,” American Economic Review,

73 (5), 1023-35.

NEWEY, W., anpD D. McFADDEN (1994): “Large Sample Estimation and Hypothesis Test-
ing,” in Handbook of Econometrics I'V. Elsevier North Holland.

OLSEN, E. (1972): “An Economic Analysis of Rent Control,” Journal of Political Economy,
80 (6), 1081-1100.

——— (2003): “Housing Programs for Low-Income Households,” in Means-Tested Transfer

Programs in the United States, ed. by R. Moffitt. University of Chicago Press.

OLSEN, E., AND M. BARTON (1983): “The benefits and costs of public housing in New York
City,” Journal of Public Economics, 20 (3), 299-332.

Piazzesi, M., anp M. SCHNEIDER (2009): “Momentum traders in the housing market:

Survey evidence and a search model,” American Economic Review: Papers and Proceedings,

99, 406-11.

SIEG, H., V. K. SMITH, S. BANZHAF, aAND R. WALSH (2002): “Interjurisdictional Housing

Prices in Locational Equilibrium,” Journal of Urban Economics, 52, 131-153.

SUEN, W. (1989): “Rationing and Rent Dissipation in the Presence of Heterogeneous Indi-
viduals,” Journal of Political Economy, 97 (6), 1384-94.

THAKRAL, N. (2015): “Matching with Stochastic Arrival: Theory and an Application to
Public Housing,” Working Paper.

35



VAN OMMEREN, J.; aAND A. V. DER VLIST (2015): “Households’ Willingness to Pay for

Public Housing,” Journal of Urban Economics, forthcoming.

WHEATON, W. (1990): “Vacancy, Search, and Prices in a Housing Market Matching Model,”
Journal of Political Economy, 98 (6), 1270-92.

36



A Law of Motions for the Income Distributions

The equilibrium rationing rule then implies the following law of motion for the stationary

income distributions:
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o
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() [ Uonf@.0) > v (w00} g (o)
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kp g / Hor(x,0) = max{v, (), vm(z, 0)]} f(ylz) gp() da (24)

K D mlws) p(w;) 4 /< Hop(2,0) = max{op (), vm (2, 0)]} f(yl7) gm(|w;) dz
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.

o

T

62 (10;) plw;) / 1{0,(2,0) > maxu(z), v (2, 0} f(yl) g (aloy) de
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I

[e=]

b Y 0w [ 100> w0} S4l) oalu) do

J= Y
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and

kr 9r(0) =

gm(y|wj)

and

gm<wj) =

gr(y|wj)

b [ U{un(2,0) = maxlo, (o). o (2.0)]} gy(0) do (25)

b > gmws) o) 0 [ 1{on(0,0) = oy ), v (5, )} g (oly) d

=0

<.

o

r

gr(wj)p(wj)/ Hop(2,0) = max{up(2), vom (2, 0)]} gr (xfw;) da

<y

Mglmg

o

m

GIm(W;) Gr /> Hu.(x,0) > vpn(z,0)} gm(z|w;) do

Y

[e=]

<.

]2

b Y 0w [ 100> vn@.0) gilei,) ds

Y

<.
o

— b g =1) (1= a) | J(0lo) gmlalus = 1) da (26)

+ km gm(w; — 1) ¢, / Hop(z,w;) > ve(x,w;)} f(y|z) gm(z|w; — 1) do

<y

+ K gr(w; — 1) /< Hom(y, wy) > vy, )} fyle) g-(x|w; — 1) dz

gl = 1) (1= p(w; = D) (1= 0) [ gulahey = 1) da @7)
i = 1) (1= = D) 0 [ Uomow) 2 0o, 03)} gnlaluy = 1) da
pe ol =) (=l = 1) [ 1onlows) 2 wnlowy)} anlelu; — 1) do

— b =) [ o) 2 ol )} Sl) ool - Do (25)

+ km gm(wj - 1) dr / 1{1)1”(3371”3') > Um(wij)} f(y|93) gm($|’w]’ - 1) dx

Ty
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and
() = 9oy =1) (1= plwy = 1) [ Uunle,w) = onlr ) ool ~ Do (29)

+ ]Z—m gm(w; — 1) (1 —p(w; — 1)) ¢, /m< Hu(z,w;) > vz, w;)} gm(z|w; — 1) da

r Y

B Extending the Model to Allow for Multiple House-
hold Types

We can allow for different discrete types allowing for differences in family structure. Assume
that there are I types of households. Household types are defined by family structure (number
of kids, number of adults etc.) Each household has a fixed share denoted by s;, where Zfil 8; =

1.22 We make the following simplifying assumption which can be easily relaxed.

Assumption 3 The housing authority operates one waitlist for all types and all types compete

for the same housing units in the unrequlated and requlated markets.

Let (kip, kir, kim) denote the relevant type specific market shares. Let g;n,(w) (gi(w)) denote
the marginal distribution of wait times for households of type i in unregulated (rent regulated)
housing in stationary equilibrium. Let g¢;,(y) denote the density of income of households of
type ¢ that are inside public housing at the beginning of each period. Similarly let g, (y|w)
(gir(y|w)) denote the stationary density of income conditional on wait time for households in

the unregulated (regulated) market.

28This approach is in the spirit of Heckman and Singer (1984) although we will treat the household type as

observed.
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The voluntary flow of type ¢ households out of public housing is given by:

OF’ip = kip (1 - QT) / 1{'Uim(ya O) > Uip(y)} gzp(y) dy (30)
T / 1{0im (3, 0) > max{usy(y), vir (4, 0)]} g1 (v) dly
© ok / {03 (,0) > maxviy (), vimn (4, 0)]} i) dy

Note that the first two terms is the outflow to the unregulated market and the third term

captures the outflow to the rent regulated market.

The flow into public housing of type ¢ households is given by:

IFy = p) (ki gim(@) IFunp(®@) + kiy gor(0) IFpy(i0) ] (31)

+ [ kim@im(0 + 1)) IF, (0 +1) + kip gir(0 + 1) IF;pp(w + 1) |

where the inflow from the unregulated market conditional on wait time is:

[Fo(@) = (1=a) | Holo) 2 0un(0: 0} gin(ylu) dy (32)
[ 1ol 2 max(unn(5,0), 00(0.0)) ginylu) dy

and the inflow from the rent regulated market is given by:

[Fipp(w) = / _ Hvaply) 2 maxuin(y, 0), vie (y, O)1} gir(y|w) dy (33)

Equilibrium in public housing requires that for each housing type i, we have

I I
IF,= Y IF, = > OF,=O0F, (34)
=1

i=1

Next consider the market for regulated housing. The voluntary flow of type ¢ households
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out of rent regulated housing is given by:

OF, = ki Y p(wy) gir(w;) / Hwip(y) = max(vim (y, 0), vir (y, 0)1} gir (y|w;) dy

y<y

<.
I
o

)

+ ki Z p(w;) gir(w;) /< H{wim(y, 0) > max(vi,(y), vir (y,0)]} gir(y|w;) dy

+ ok Y (1= p(w))) gir(w;) /< Hwim(y, wj +1) = max[vir(y, wj + D]} gir(y[w;) dy

=0 <y
ke Y gn(w) [ 1o (0:0) = maxl (9001 gulylu) dy
=0 y>y

(35)

Note that the first term is the outflow to public housing. The second term is the outflow to

unregulated housing if you have an offer to move into public housing. The last two terms are

the outflow to unregulated housing if you do not have an offer to move into public housing.

The flow into rent regulated housing is given by:
[Fir = kzm Z gzm(w]> [Emr(wj> + kip IF:ipr
j=0

where the inflow from the unregulated market conditional on wait time is:

IF(ws) = 0 p(0) [ 1{o(.0) = max{enn(,0), v ()]} gin(ol) dy

)

+ G (1 _p(wj)) / B 1{vir(y7wj + 1) > Uim(y>wj + 1)} gzm(y‘wj) dy

y<y

y>y

and the flow from public housing market to rent regulated housing is given by:

]Fipr = dqr / 1{Uir<ya O) 2 max[vim(y, 0)7 Uzp(y)]} gzp(y) dy

Equilibrium requires that the aggregate outflow equal the aggregate inflow
I I
IF, = Y IF, = Y OF, = OF,
i=1 i=1

As before, we can define a stationary equilibria with rationing as follows:
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Definition 2 A stationary equilibrium with rationing for the extended model consists of the
following: a) market shares (kip, kir, kim) @ = 1,.., 1, b) offer probability p(w) and q,, c) distri-
butions gip(y), Gim(W), gir(W), Gim(y|lw), and gi-(y|w), and d) value functions Vip(y), Vim(y, w)
and V. (y,w), such that:

~

. Households behave optimally and value functions satisfy the equations above.
2. The housing authority behaves according the administrative rules described above.
3. The densities are is consistent with the laws of motion and optimal household behavior.

4. p(w) satisfies the market clearing condition for public housing:

OF, = IF, (40)
5. q, satisfies the market clearing condition for rent regulated housing:

OF, = 1IF, (41)
6. The following identities hold for the market shares:

I
Z kir = kr
=1

I
> kim = kn (42)
=1

k1p+le+kzm = S; Zzl,,]

It is fairly straightforward to extend the law of motions for the equilibrium densities.?’

29 An appendix is available upon request from the authors that provides the relevant equations.
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C Measuring the Discount in Rent Stabilized Housing

To measure the relative price between unregulated and regulated housing, we estimate a he-
donic regression using data on housing units in both market. As discussed in Section 4 we
assume that the quantity index that relates structural and neighborhood characteristics to
housing service flows is constant among the two markets. We can, therefore, use these re-

gressions to measure price differences between regulated and unregulated housing markets.

Table 5: Log Rent Regression

regulated -0.513***

# of bed rooms 0.124***
# of other rooms -0.00249
complete kitchen 0.370**
complete plumbing  0.622**
Constant 7.188***

Observations 1416

* p < 0.05, ** p < 0.01, *** p < 0.001

The regression also includes dummy variables that indicate whether the building has an ele-
vator, the building age, the building size, a dummy for the fuel type, a dummy for condo/coop,
a dummy for bad walls, a unit floor control and household characteristic controls, a swell as
sub-borough controls. Table 5 summarizes our findings. We find that rent regulated units are,

on average, 51 percent cheaper in Manhattan compared to the market rated units.
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