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Economists have long been puzzled by the substantial price fluctuations experienced in
housing markets. The recent U.S. housing cycle in the 2000s has renewed attention on
this important issue as it has proved difficult to provide fundamental-based explanations
for housing boom-bust cycles both in the aggregate and across regions (Glaeser, Gyourko,
Morales, and Nathanson 2014, Glaeser and Nathanson 2015). While a growing literature
has emphasized the role of expectations, such as extrapolative beliefs, in shaping housing
dynamics, e.g., Case and Shiller (2003), and Glaeser, Gyourko, and Saiz (2008), it remains
a challenge to link the formation of these expectations to the excessive volatility in housing
prices observed in recent housing boom and bust cycles.!

In this paper, we address this challenge by developing a model to analyze how infor-
mational frictions affect the learning and beliefs of households and capital producers about
a neighborhood, which, in turn, influence both local housing markets and investment de-
cisions. We extend the coordination problem with dispersed information to investigate its
role in amplifying the agglomeration effects that underpin the formation of neighborhoods
and cities. In contrast to conventional models of learning, in which noise often dampens real
activity, our model provides a novel amplification mechanism in which learning can amplify
and propagate noise in housing markets and local real investment. In addition, it is able
to generate rich non-monotonic patterns in housing cycles with respect to supply elasticity,
as well as the degree of local consumption complementarity, another dimension in which
neighborhoods differ.

Our model features a continuum of households, each of which has the choice of whether
to move into an open neighborhood, which can be viewed as a Metropolitan Statistical Area
(MSA) or city, by buying a house. To capture the idea that productive households prefer to
live with other productive households, we assume that each household has a Cobb-Douglas
utility function over consumption of its own good and goods produced by other households
in the neighborhood. This complementarity in households’ consumption motivates each
household to learn about an unobservable economic strength of the neighborhood, which
determines the common productivity of all households and which leads to complementarity

in their housing demand. To produce its good, each household requires both labor, which

ntuitively, by amplifying housing price fluctuations, extrapolation makes housing cycles monotonic with
respect to the supply elasticity of land. This prediction, however, does not fully capture the cross-section of
the recent U.S. housing cycle. Many researchers, including Glaeser (2013), Davidoff (2013), and Nathanson
and Zwick (2018), have noted that the housing price boom and bust were most pronounced in areas that
were not particularly constrained by the supply of land, including Las Vegas and Phoenix.



it supplies, and local capital, such as office space and warehouse. Since the price of local
capital depends on its marginal product across households in the neighborhood, competitive
capital producers must also form expectations about the neighborhood’s economic strength
when determining how much local capital to develop, providing a channel to amplify the
economic effects of housing market noise.

Although previously unexplored in the housing literature, it is intuitive that local housing
markets provide a useful platform for aggregating private information about the economic
strength of a neighborhood. The traded housing price reflects the net effect of demand and
supply-side factors, in a similar spirit to the classic models of Grossman and Stiglitz (1980)
and Hellwig (1980) for information aggregation in asset markets. In contrast to conventional
security markets, in which who owns the asset does not affect asset cash flows, which house-
holds own houses determines the convenience yield of living in the neighborhood, through
the quality of services and social interactions the neighborhood provides, which, in turn,
determines the value of housing. Which households buy houses also guides the investment
decisions of capital producers, who must predict future neighborhood demographics when
deciding how much capital to supply. As a result of the complementarity and informational
frictions, noise in the housing market can impact the local economy because households and
capital producers use housing market signals when forecasting each other’s housing and real
investment decisions. This gives rise to a feedback loop, through which the extrapolative-like
behavior of households and capital producers, induced by learning, leads to not only a more
pronounced housing cycle but also an oversupply of new housing and local capital, consistent
with the empirical findings of Gao, Sockin, and Xiong (2019). Through this feedback loop,
learning can amplify housing price movements and contribute to excessive price volatility.

Our analysis illustrates how the transmission of noise in housing markets to real estate
and production outcomes varies across different neighborhoods by the elasticity of local
housing supply—in a hump-shaped pattern. At intermediate supply elasticities, the housing
price has balanced weights on the demand-side and supply-side fundamentals. In the pres-
ence of informational frictions, the balanced weights make learning from the housing price
particularly noisy. In contrast, at one extreme when housing supply is infinitely inelastic,
the housing price is fully determined by housing demand, and perfectly reveals the strength
of the neighborhood; at the other extreme, when housing supply is perfectly elastic, housing

prices are fully determined by housing supply. At both extremes, learning does not distort



the housing price. As a result, the noise effects induced by informational frictions on housing
prices are strongest at intermediate supply elasticities.

Our analysis also examines this transmission across the degree of households’ consump-
tion complementarity, which one can interpret as the share of consumption from local non-
tradable industries. The distortionary effects of learning on the housing market tend to
increase with complementarity, since greater complementarity makes learning about the
neighborhood strength a more important part of each household’s decisions. As such, our
analysis predicts a monotonically increasing pattern in the magnitudes of housing price boom
and bust with respect to the degree of complementarity.

To illustrate empirical relevance of our model, we sort the cross-section of MSAs in the
U.S. by their supply elasticity and the degree of complementarity. We systematically docu-
ment that the non—-monotonic pattern with respect to supply elasticity was more ubiquitous
during the recent U.S. housing bubble than previously appreciated—in not only the mag-
nitude of the housing price cycle, which serves as a proxy of the volatility amplification
illustrated by our model, but also in new housing construction. Moreover, the magnitude
of the housing price cycle appears to be monotonically increasing across the degree of com-
plementarity. Taken together, these cross-sectional patterns of recent housing boom-bust
cycles confirm our model implications, further validating the necessity for our new economic
mechanism in which expectations interact with housing cycles beyond extrapolative beliefs.

Also different from the conventional linear equilibria in asset market models, each house-
hold’s neighborhood selection makes our model inherently nonlinear. Nevertheless, we are
able to derive the equilibrium analytically, building on and contributing to the growing litera-
ture that analyzes information aggregation in nonlinear settings. Goldstein, Ozdenoren, and
Yuan (2013) investigate the feedback to the investment decisions of a single firm when man-
agers, but not investors, learn from prices. Albagli, Hellwig, and Tsyvinski (2015, 2017) focus
on the role of asymmetry in security payoffs in distorting asset prices and firm investment
incentives when future shareholders learn from prices to determine their valuations. These
models commonly employ risk-neutral agents, normally distributed asset fundamentals, and
position limits to deliver tractable nonlinear equilibria. In contrast, we focus on the feedback
induced by learning from housing prices to households’ moving and consumption decisions
and capital producers’ investment decisions. By showing that the cutoff equilibrium frame-

work can be adopted to analyze these richer learning effects, our model substantially expands



the scope of this framework to a general equilibrium real business cycle environment. In this
regard, our model also adds to the literature, e.g., Bond, Edmans and Goldstein (2012), on
the real effects of learning from trading prices.

While long appreciated as important explanation for housing market behavior, such as
in Garmaise and Moskowitz (2004), Kurlat and Stroebel (2014), Favara and Song (2014),
and Bailey et al. (2017), informational frictions have yet to be applied to understanding the
recent U.S. housing cycle and its real effects. The literature has instead focused on other
causes ranging from credit expansion and fraudulent lending practices to speculation and
optimistic, often extrapolative, expectations.? By anchoring household expectations to local
economic conditions, our theory provides guidance as to where optimism and overreaction
had the most pronounced impact on housing and local economic outcomes during the boom,
and offers novel empirical predictions on non-monotonic patterns in housing cycles and new
construction with respect to supply elasticity and the degree of complementarity. In addi-
tion, our mechanism can rationalize the synchronized boom and bust cycles in commercial
real estate markets, in which prices and new construction rose across the U.S. despite the
bubble in housing (e.g., Gyourko (2009) and Levitin and Wachter (2013)). By impacting
the demand curve for housing, informational frictions complement the credit expansion and
fraud channels and, by facilitating heterogeneous beliefs, can give rise to speculative demand.

Our model adds to the literature on the theoretical modeling of housing cycles. Burnside,
Eichenbaum, and Rebelo (2016) offer a model of housing market booms and busts based on
the epidemic spreading of optimistic or pessimistic beliefs among home buyers through their
social interactions. Nathanson and Zwick (2018) study the hoarding of land by home builders
with heterogeneous beliefs in intermediate elastic areas as a mechanism to amplify price
volatility in the recent U.S. housing cycle. Piazzesi and Schneider (2009) investigate how
a small population of optimists can inflate housing prices by driving transaction volume.
Glaeser and Nathanson (2017) presents a model of biased learning in housing markets in
which the incorrect inference by home buyers gives rise to correlated errors in housing demand

forecasts over time, which, in turn, generate excess volatility, momentum, and mean-reversion

2For credit expansion, see, for instance, Mian and Sufi (2009, 2011) and Albanesi et al. (2017). For
fraudulent lending practices, see Keys et al. (2009) and Griffin and Maturana (2015). For speculation, see
Chinco and Mayer (2015), Nathanson and Zwick (2018), DeFusco, Nathanson, and Zwick (2017), and Gao,
Sockin and Xiong (2019). For extrapolative expectations, see Case and Shiller (2003), Glaeser, Gyourko,
and Saiz (2008), Piazzesi and Schneider (2009), Cheng, Raina and Xiong (2014), and Glaeser and Nathanson
(2017).



in housing prices. Guren (2016) develops a model of housing price momentum, building on
the incentive of individual sellers not to set a unilaterally high or low list price because
the demand curve they face is concave in the relative price. In contrast to these models,
informational frictions in our framework anchor on the interaction between the demand and
supply sides of the housing market (rather than treating them as mutually independent),
and feed back to both housing prices and real outcomes. This key feature is also distinct
from the amplification of price volatility induced by dispersed information and short-sale

constraints featured in Favara and Song (2014).

1 The Model

The model has two periods t € {1,2} and a single neighborhood.®> We interpret a neighbor-
hood conceptually as a physical location in which households locate close to each other to
benefit from their physical proximity, which could, in principle, be as broad as a Metropolitan
Statistical Area (MSA) or a city. There are three types of agents in the economy: households
looking to buy homes in the neighborhood, home builders, and capital producers. Suppose
that this neighborhood is new and that all households purchase houses from home builders
in a centralized market at ¢ = 1 after choosing whether to live in it. Households choose
their labor supply and demand for capital, such as office space and warehouses, to complete
production, and trade and consume consumption goods at t = 2. Our intention is to capture
the decision of a generation of home owners to move into a neighborhood. While static,
our two period setting can represent a long period in which they live together and share

amenities, as well as exchange their goods and services.

1.1 Households

We consider a pool of households, indexed by i € [0,1], each of which can choose either
to live in or outside the neighborhood. Similar to Glaeser, Gyourko, and Saiz (2008), we
consider only a single neighborhood and model this decision as a one-time option, with the
reservation utility of living outside the neighborhood normalized for all households to zero.
One can interpret the reservation utility as the expected value of paying a search cost to get

a draw of productivity from another potential neighborhood. We can divide the unit interval

3For simplicity and tractability, our model features only a single neighborhood with a fixed outside option.
In doing so, we abstract from the rich cross-sectional implications that arise in spatial equilibrium models
such as Rosen (1979), Roback (1982), and Van Nieuwerburgh and Weill (2010).



into the partition {NV, O}, with NN O =@ and N UO = [0,1]. Let H; = 1 if household i
chooses to live in the neighborhood, i.e., i € N, and H; = 0 if it chooses to live elsewhere.
If household i at t = 1 chooses to live in the neighborhood, it must purchase one house at
price P. This reflects, in part, that housing is an indivisible asset and a discrete purchase,
consistent with the insights of Piazzesi and Schneider (2009).

A key feature of housing markets is that households who locate near each other benefit
from each other’s goods and services, for instance, by patronizing each other’s restaurants,
shopping at each other’s groceries, attending each other’s schools, and seeking each other’s
medical and legal services. These goods and services from "non-tradable" industries rely
on local demand and represent the social interactions underpinning the complementarity in
housing choice that leads households of similar income, ideology, and /or socioeconomic status
to live in the same neighborhood. Such complementarity also captures the agglomeration
and spillover effects from households and firms locating near each other.

To incorporate this complementarity, we adopt a particular structure for their goods
consumption and trading. Each household in the neighborhood produces a distinct good from
the other households. Household i has a Cobb-Douglas utility function over consumption of
its own good C;(7) and its consumption of the goods produced by all other households in the
neighborhood {Cj (i)},c ;0

U ({C) ()} e i) = (C_(Z)>1n <M>n .

1_770 Ne

The parameter 7, € (0, 1) measures the weights of different consumption components in the
utility function. A higher 7, indicates a stronger complementarity between household #'s
consumption of its own good and its consumption of the composite good produced by the
other households in the neighborhood.* This utility specification implies that each household
cares about the strength of the neighborhood, i.e., the productivity of other households in the
neighborhood. This assumption leads to strategic complementarity in households’ housing
demand, an important feature emphasized by the empirical literature, such as in Ioannides

and Zabel (2003).°

4 Alternatively, this complementarity could reflect that households and firms require each other’s inter-
mediate goods and services as inputs to their own production. Similar specifications of this utility function
are employed, for instance, in Dixit and Stiglitz (1977) and Long and Plosser (1987) to give rise to input and

Ne

1-n,
output linkages in sectoral production. One can view (ﬁCZ (z)) (% fN/i C; (4) dj) as a final good
produced by household i given intermediate goods {C} (i)}, -
While our model builds on complementarity in household consumption, other types of social interac-
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The production function of household ¢ is also Cobb-Douglas:
el Ko,

where A; is its productivity, {; is the household’s labor choice, and K; is its choice of capital
with a share of a € (0,1) in the production function. We broadly interpret capital as both
public and private investment in the neighborhood, which can include office, warehouses,
and other equipment and infrastructure households can use for their productive activities.
As we describe later, households buy capital from capital producers. When households are
more productive in the neighborhood, the marginal productivity of capital is higher, and
consequently capital producers are able to sell more capital at higher prices. Introducing
capital allows us to discuss how learning affects the price and supply of not only residential
housing, but also of local investment in the neighborhood.

Household i’s productivity A; is comprised of a component A, common to all households

in the neighborhood, and an idiosyncratic component &;:
Ai - A + &y

where A ~ N (zzl, 721) and g; ~ N (0,7-!) are both normally distributed and independent
of each other. Furthermore, we assume that [&;d® (¢;) = 0 by the Strong Law of Large
Numbers. The common productivity, A, represents the strength of the neighborhood, as
a higher A implies a more productive neighborhood. As A determines the households’
aggregate demand for housing, it also represents the demand-side fundamental.

As a result of realistic informational frictions, A is not observable to households at t = 1
when they need to make the decision of whether to live in the neighborhood. Instead, each
household observes its own productivity A;, after examining what it can do if it chooses to live
in the neighborhood. Intuitively, A; combines the strength of the neighborhood A and the
household’s own attribute ¢;. Thus, A; also serves as a noisy private signal about A at ¢t = 1,
as the household cannot fully separate its own attribute from the opportunity provided by the
neighborhood. The parameter 7. governs both the household diversity in the neighborhood

and the precision of this private signal. As 7. — oo, the households’ signals become infinitely

tions between households in a neighborhood may also lead to complementarity in their housing demand, as
discussed in Durlauf (2004) and Glaeser, Sacerdote, and Scheinkman (2003).

61n the case that K is a public good, its price can be interpreted as the tax a local government that faces
a balanced budget can raise to offset the cost of construction. Our model then has implications for how
housing markets impact the fiscal policy of local governments.



precise and the informational frictions about A vanish. Households care about the strength
of the neighborhood because of complementarity in their demand for consumption. While a
household may have a fairly good understanding of its own productivity when moving into
a neighborhood, complementarity in consumption demand motivates it to pay attention to
housing prices to learn about the average level of productivity A for the neighborhood.

We start with each household’s problem at ¢t = 2 and then work backward to describe its
problem at ¢t = 1. At t = 2, A is revealed to all agents and we assume that each household
experiences a disutility for supply labor li1 ke /(14 %) . A household in the neighborhood (i.e.,
i € N') maximizes its utility at ¢ = 2 by choosing labor [;, capital K;, and its consumption
demand {Cj (i)},cp
Y

U;
1+v

max U <{C’j (i)}jeN;N> - (2)

{{Ci}jentirKi}
such that p;C; (i) + / p;C; (i) dj + RK; = pie™ K1
N/i

where p; is the price of the good it produces and R is the unit price of capital. Households
behave competitively and take the prices of their goods as given.

At t = 1, each household needs to decide whether to live in the neighborhood. In addition
to their private signals, all households and capital producers observe a noisy public signal ¢

about the strength of the neighborhood A:
Q=A+ ngl/sz,

where ¢g ~ N (0,1) is independent of all other shocks. As 7¢ becomes arbitrarily large, A
becomes common knowledge to all agents. This public signal could, for instance, be news
reports or published statistics on local economic conditions.

In addition to the utility flow U; at ¢t = 2 from goods consumption and labor disutility, we
assume that households have quasi-linear expected utility at ¢t = 1 and, similar to Glaeser,
Gyourko, and Saiz (2008), incur a linear utility penalty equal to the housing price P if they
choose to buy a house in the neighborhood.” All housing units are homogenous and have the
same price. Given that households have Cobb-Douglas preferences over their consumption,

they are effectively risk-neutral at t = 1, and their utility flow is their expected payoff, or the

"For simplicity, our model does not incorporate resale of housing after ¢ = 2. As a result, we do not
include the housing price P into the household’s budget constraint at ¢ = 2. Instead, we treat the housing
as a separate linear utility cost at ¢t = 1 following Glaeser, Gyourko, and Saiz (2008).
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value of their final consumption bundle less the cost of housing.® Each household is subject
to a participation constraint that its expected utility from moving into the neighborhood

E[U|Z;]) — P must (weakly) exceed its reservation utility, which we normalize to 0:
max {E [U;|Z;] — P,0}. (3)

The moving decision is made at t = 1 subject to each household’s information set Z; =
{A;, P,Q}, which includes its private productivity signal A;, the public signal @), and the

housing price P.°

1.2 Capital Producers

In addition to households, there is a continuum of risk-neutral capital producers that de-
velop capital at t = 1, and sells this capital to households for their production at ¢t = 2.
Similar to many macroeconomic models, such as Bernanke, Gertler, and Gilchrist (1999), we
model capital producers as a separate sector in the neighborhood, although we match their
population with households to simplify aggregation. This introduces a market-wide supply
curve for capital, and consequently a market-wide price, at ¢t = 2, while avoiding introducing
a speculative retrade motive into households’ capital accumulation decisions.

The representative producer cares about the price of capital at ¢ = 2, R, which depends on
capital’s marginal productivity. This, in turn, depends on the strength of the neighborhood,
and which households choose to live in the neighborhood. As a consequence, the housing
price in the neighborhood serves as a useful signal to the producer when deciding how much
capital to develop at ¢ = 1. We assume that each capital producer can develop K units of
capital by incurring a convex effort cost %K A, where \ > 1.

While households buy capital from capital producers at t = 2, capital producers must
forecast this demand when choosing how much capital K to develop at t = 1, in order to
maximize its expected profit:

1

I, =supE [RK - K Ic] (4)
K A

8While we focus on a static setting, introducing dynamics would reinforce our amplification mechanism
stemming from learning. Since future housing prices are related to aggregate productivity growth in the
neighborhood, households most optimistic about moving into the neighborhood because of trading opportu-
nities today would also be the most optimistic in speculating about the value of selling their house to other
households in the future.

9We do not include the volume of housing transactions in the information set as a result of a realistic
consideration that, in practice, people observe only delayed reports of total housing transactions at highly
aggregated levels, such as national or metropolitan levels.

9



where Z¢ = { P, @} is the public information set, which includes the housing price P and the
public signal ). It then follows that the optimal choice of capital sets the marginal cost,
K*71 equal to the expected price, E [ R|Z¢]:

K = E[R| T .

The realized housing price affects the expectation of capital producers about the neighbor-
hood’s strength A, which, in turn, impacts their choice of how much capital to develop. As
a consequence, in addition to altering the moving decision of potential household entrants,
informational frictions in the housing market also distort investment in the neighborhood.
Introducing capital plays a key role in amplifying the effects of informational frictions
in the neighborhood. While, in principle, we could characterize learning in housing markets
without introducing capital (as the special case when o = 0), the inability of the capital
supply to adjust at ¢ = 2, when the strength of the neighborhood A is publicly known,
introduces an important, persistent distortion to each household’s production decision. At
t = 2, while households can adjust their labor choice to mitigate the rational mistake that
either too many or too few households entered the neighborhood ex post, the inability for
capital to adjust nevertheless distorts the marginal product of labor for households as a
result of the informational frictions. Such overhang from the excessive production of capital
is important for understanding the recent U.S. housing boom and bust cycle, as areas such
as Las Vegas and Phoenix saw overbuilding of commercial real estate in addition to housing.
This capital misallocation also protracts the reversal after the bust: even if learning occurs

quickly, the limited reversibility of housing and capital delays the subsequent correction.!”

1.3 Home Builders

There is a population of home builders, indexed on a continuum [0, 1], in the neighborhood.

Builder i € [0, 1] builds a single house subject to a disutility from labor
e_ﬁWiSia
where S; € {0,1} is the builder’s decision to build and

w¢:£+e,~

10Gych reversals are also, in fact, likely to be asymmetric depending on whether the local economy over or
under-reacted to the true demand fundamental: it is likely easier to adjust upward the level of housing and
capital than to adjust downward since housing and capital often entail costly reversibility.
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is the builder’s productivity, which is correlated across builders in the neighborhood through
¢. We assume that € = k¢, where £ > 0 is a constant parameter, and ( represents an
unobserved, common shock to building costs in the neighborhood. From the perspective of
households and builders, { ~ N (E ,Tc_l) . Then, ¢ = k( can be interpreted as a common
supply shock with normal distribution & ~ A (E ,k:27'<_1) with ¢ = k(. Furthermore, e; ~
N (0,7.1) such that [ e;d® (e;) =0 by the Strong Law of Large Numbers.
At t = 1, each builder maximizes his profit
I, (S;) = ma (P — e_l%kwi) Si. (5)

Since builders are risk-neutral, each builder’s optimal supply curve is

k¢+e;

{1 it P>e 1FF

6
0if P<eiir (6)

The parameter k£ measures the supply elasticity of the neighborhood, which can arise, for
instance, from structural limitations to building or zoning regulation. In the housing market
equilibrium, the supply shock & not only affects the supply side of the housing market but
also demand, as it acts as informational noise in the price signal when households use the
price to learn about the common productivity A. The elasticity parameter k£ determines the

amount of this informational noise in the price signal.'!

1.4 Noisy Rational Expectations Cutoff Equilibrium

Our model features a noisy rational expectations cutoff equilibrium, which requires clearing of
the real estate and capital markets that is consistent with the optimal behavior of households,

home builders, and capital producers:

e Household optimization: each household chooses H; at t = 1 to solve its maximization
problem in (3), and then chooses {{C; (i)}, - i, K; } at t = 2 to solve its maximization
problem in (2).

11 Although convenient for tractability, our specification of the housing supply curve is not essential for
our key insight. We could instead have considered a setting with three neighborhoods: one with a perfectly
inelastic housing supply, one with a perfectly elastic housing supply, and one in which housing supply is
price-elastic and subject to noisy supply shocks. As supply is fixed in the perfectly inelastic area, housing
price reflects only demand fundamental, and fully reveals the neighborhood strength A. In the perfectly
elastic area, housing price always equals the marginal cost of building, and contains no information about
A. Tt is in the intermediate elasticity area, where housing price is driven by both demand and supply-side
factors, households and capital producers face the most severe filtering problem in inferring A from housing
price, a key feature captured by our more stylized model of housing supply.

11



e (Capital producer optimization: the representative producer chooses K at ¢t = 1 to solve

its maximization problem in (4).

e Builder optimization: each builder chooses S; at ¢ = 1 to solve his maximization

problem in (5).

e At ¢t =1, the housing price P clears the housing market:
| mPQie) = [ siwrodee).
where each household’s housing demand H; (A;, P,@) depends on its productivity
A;, the housing price P, and the public signal (), and each builder’s housing supply
S; (wi, P,@Q) depends on its productivity w;, the housing price P, and the public sig-
nal (). The demand from households and supply from builders are integrated over the

idiosyncratic components of their productivity {e;},co 1 and {€;},cp ) » respectively.

e At ¢t = 2, the consumption good price clears the market for each household’s good:
@m+/ Ci(j)dj = MK, ViEN,
N/i

and the capital price R clears the market for capital:

/NKidz’:K/Ndz', (7)

where f v di represents the population of households that live in the neighborhood.

2 Equilibrium

In this section, we analyze the housing market equilibrium. We first analyze each household’s
optimization problem given in (2), by conjecturing that only households with productivity
higher than a cutoff A* enter the neighborhood. We then derive a unique equilibrium cutoff
A* that satisfies the clearing condition of the housing market. Finally, we verify at the
end of the section that the derived cutoff equilibrium is the unique rational expectations
equilibrium, in which the choice of each household to live in the neighborhood is monotonic

with respect to its own productivity A;.
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2.1 Choices of Households and Capital Producers

We first analyze the choices of households living in the neighborhood at ¢t = 2, after its
strength A has been revealed to the public and capital producers and home builders have
chosen their supply of capital and housing at ¢ = 1. The following proposition describes
the household’s optimal consumption, labor, and capital choices at t = 1. All proofs are

relegated to the Appendix.

14+

oot (Tat) then at t = 2, households i’s optimal goods con-

Proposition 1 Let p = (
sumption 1s
1

Cold) = (1= (1 = @) MR, €y (0) = g (1= @) eV ET™,

and the price of its good is
Di = E [ew(Aj_Ai) | A, Aj Z A*} e .
Its optimal labor and capital choices are

1
logl, = ZAA—i—lSAi—i—lRlogRjLE%log B[ | A A; > A + 1o,
log K; = (L+)IaA+ (1+) 1A + wzalRlogR

+(1+¢)lglog B [e#™Y | A, Aj > A*] + ho,

where la, s > 0 > Iz and ‘;l—n/z >0 > ;”—n’z, and all coefficients are given in the Appendiz.

Furthermore, the expected utility of household i att =1 is given by

Z'1+w

E U({Oj (z’)}jeN;./\/') ~TralE =0 E [pe Kei—| 1] .

Y

1+

Proposition 1 shows that each household spends a fraction 1 — 17, of its wealth (excluding
housing wealth) on consuming its own good C; (i) and a fraction 7, on goods produced by its
neighbors || N /i C; (i) dj. Households value each other’s goods as a result of the complemen-
tarity in their utility functions, and the price of a household’s good is inversely determined
by the level of its output relative to that of the rest of the neighborhood. A household’s
good is thus more valuable when the rest of the neighborhood is more productive.

Proposition 1 also reveals that each household’s optimal choices of labor and capital are

both log-linear in the strength of the neighborhood, the household’s own productivity, and
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the logarithm of the capital price. The final (nonconstant) term is the average idiosyncratic
productivity of households above the cutoff A*, reflecting that only the households that are
most productive choose to live in the neighborhood. The optimal labor choice and demand
for capital are both increasing in the strength of the neighborhood, because a stronger
neighborhood represents improved trading opportunities with its neighbors, while they are
both decreasing in the price of capital.

We now discuss each household’s decision on whether to live in the neighborhood at ¢t = 1
when it still faces uncertainty about A. As a result of its Cobb-Douglas utility, the household
is effectively risk-neutral over its aggregate consumption, and its optimal choice reflects the
difference between its expected utility from living in the neighborhood and the cost P of

buying a house in the neighborhood. Then, household i’s neighborhood decision is given by

_{1&(1-@ﬁ%Ehw&KﬂrﬂL]zP
Tloit (1) L E [pet K| ) < P

This decision rule supports our conjecture to search for a cutoff strategy for each household,
in which only households with productivity above a critical level A* enter the neighborhood.
This cutoff is eventually solved as a fixed point in the equilibrium.

Given each household’s equilibrium cutoff A* at ¢t = 1 and optimal choices at t = 2 from
Proposition 1, we impose market-clearing in the market for capital to derive its price R at
t = 2. Capital producers forecast this price to choose how much capital to develop at t = 1.

These observations are summarized in the following proposition.

Proposition 2 Given K units of capital developed by capital producers at t = 1, the price
of capital at t = 2 takes the log-linear form:

logR = A— log K + ——n,log E [e?Ai=4) | A A; > A* 8
g Sta via s K+ el B | A, A; > A7] 8)
¢(1—04) (1- A—A 1l -«
+2" og E [etmeAi=A) 1A A > A*| +loga + log (1 — ).
via o8B | A4 2 A] +loga+ ——log(1-a)
The optimal supply of capital by capital producers att =1 is given by
1+ (1-a)
log £ evia AR [ew(Aj—A) | A A > A*] JTi”cE [e(l_nc)SO(Aj_A) | A, Aj > A*]%IT IC]
log K = 1+4
A= ayra
+log o + _alog(l—a), 9)
!

where \ — O‘};Tﬁ > 0.
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Proposition 2 reveals that the capital price at ¢ = 2 is increasing in the strength of the
neighborhood and in the average idiosyncratic productivity of the households that choose to
live in the neighborhood, i.e., the last two (nonconstant) terms of (8). As one would expect,
it is also decreasing in the supply of capital chosen at ¢ = 1. Importantly, equation (9) shows
that the optimal supply of capital at ¢ = 1 reflects the expectations of capital builders not
only over the strength of the neighborhood, but also the impact on the pool of households
that select into the neighborhood. Intuitively, a higher productivity cutoff for households
to join the neighborhood raises both the price at which households charge each other for
their goods, p;, and the average marginal product of capital compared to that of the full

population.

2.2 Perfect-Information Benchmark

In this subsection, we characterize a positive benchmark. With perfect information, all
households, home builders, and capital producers observe the strength of the neighborhood A
at t = 1 when making their respective decisions.!? Households will sort into the neighborhood
according to a cutoff equilibrium determined by the net benefit of living in the neighborhood,
which trades off the opportunity of trading with other households in the neighborhood with
the price of housing. Despite the inherent nonlinearity of our framework, the following
proposition summarizes a tractable, unique rational expectations cutoff equilibrium that is
characterized by the solution to a fixed-point problem over the endogenous cutoff of entry

into the neighborhood, A*.

Proposition 3 In the absence of informational frictions, there exists a unique rational ex-

pectations cutoff equilibrium, in which the following hold:

1. Given that other households follow a cutoff strategy, household i also follows a cutoff

strategy in its moving decision such that

(U Az AT (A9
Z_{o i A< AT (A,

where A* (A, &) solves equation (23) in the Appendiz.

12This perfect-information setting may not be a normative benchmark. It is not obvious that the perfect-
information setting is the “first-best” outcome, since households may over or under-coordinate their actions,
e.g. Angeletos and Pavan (2007), or overreact to public signals, e.g. Angeletos and Pavan (2004), Amador
and Weill (2010), in the presence of strategic complementarity.
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2. The cutoff productivity A* (A, &) is monotonically decreasing in &, and is increasing
in A if n, < nk and hump-shaped in A if n, > 0, where n} is given in (24) in the
Appendiz.

3. The population entering the neighborhood is monotonically increasing in both A and &.

4. The housing price takes the following log-linear form.:

1ogpzl+k (\/::Z(A—A*)—f). (10)

5. The housing price P and the utility of the household with the cutoff productivity A* are

increasing and convex in A.

Proposition 3 characterizes the unique rational expectations cutoff equilibrium in the
perfect-information benchmark, and confirms the optimality of a cutoff strategy for each
household’s moving decision when other households adopt a cutoff strategy. Households sort
based on their individual productivity into the neighborhood, with the more productive, who
expect more gains from living in the neighborhood, entering and participating in production
at t = 2. This determines the supply of labor at t = 2, and, through this channel, the price
of capital at t = 2.

The optimal cutoff A* (4, &), determined by equation (23), represents the productivity of
the marginal household who is indifferent to entering the neighborhood. The benefit to the
marginal household, the expected utility gain from producing and trading with other house-
holds, should be equal to the cost, or the housing price. With Cobb-Douglas preferences, this
benefit is equal to the expected value of the marginal household’s output from production,
which is increasing in the marginal household’s productivity. The housing price, in contrast,
is decreasing in the marginal household’s productivity, since the price is increasing in the size
of the population flowing into the neighborhood. The upward sloping benefit and downward
sloping cost gives rise to a unique cutoff productivity, and consequently to a unique rational
expectations cutoff equilibrium.

The proposition also provides comparative statics of the equilibrium cutoff A* (A, ¢) and
the population that enters the neighborhood. This cutoff is decreasing in &, since a lower
housing price incentivizes more households to enter the neighborhood for a given neighbor-

hood strength A. As a result, a higher population enters the neighborhood as ¢ increases.
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The relation between the cutoff and neighborhood strength A, in contrast, reflects two off-
setting forces. On the one hand, a higher A implies a higher housing price and a higher price
of capital, which raises the cutoff productivity since it is now more expensive to live in the
neighborhood; on the other, complementarity lowers the cutoff because the gains from trade
for high realizations of A partially offset the increase in prices. As a result, the cutoff is ei-
ther increasing in A when complementarity is low and hump-shaped when complementarity
is sufficiently high. Regardless of whether the cutoff increases or is hump-shaped in A, the
population that enters the neighborhood increases with A because a higher A shifts right
the distribution of households more than it moves the cutoff.

Given a cutoff productivity A* (A, £), the housing price P positively loads on the strength
of the neighborhood A, since a higher A implies stronger demand for housing, and loads
negatively on the supply shock . As one would expect, the cutoff A* enters negatively into
the price. The higher the cutoff, the fewer the households that enter the neighborhood, and
the lower housing demand. Despite its log-linear representation, the housing price is actually

a generalized linear function of , /:—ZA — &, since A* is an implicit function of A and log P.

2.3 Equilibrium with Informational Frictions

Having characterized the perfect-information benchmark, we now turn to the equilibrium in
the presence of informational frictions. With informational frictions, at ¢ = 1 households
and capital producers must now forecast the strength of the neighborhood A, and the price
of capital R at t = 2. Each household’s type A; serves as a private signal about the strength
of the neighborhood A. The publicly observed housing price serves as a public signal. As
the equilibrium housing price is a nonlinear function of A, it poses a significant challenge
to our derivation of the learning of households and producers. Interestingly, the equilibrium
housing price maintains the same functional form as in (10) for the perfect-information
benchmark. As a result, the information content of the publicly observed housing price can

be summarized by a sufficient statistic z (P) that is linear in A and the supply shock ¢&:

(P)=A— | ¢ (11)

Te

In our analysis, we shall first conjecture this linear sufficient statistic, and then verify that it
indeed holds in the equilibrium. This conjectured linear statistic helps to ensure tractability

of the equilibrium, despite that the equilibrium housing price is highly nonlinear.
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By solving for the learning of households and capital producers based on the conjectured
sufficient statistic from the housing price, and by clearing the aggregate housing demand
from the households with the supply from home builders, we derive the housing market

equilibrium. The following proposition summarizes this equilibrium.

Proposition 4 There exists a unique noisy rational expectations cutoff equilibrium in the

presence of informational frictions, in which the following hold:

1. The housing price takes a log-linear form:

1ogP:L[ :—Z(A—A*)—g}:ﬁ{ :—:(Z—A*)—g}. (12)

2. The posterior of household i after observing housing price P, the public signal @), and

its productivity A; is Gaussian with the conditional mean A; and variance 7 4 given by

Ay = & (TA/_K + 700 + Eng + TEAi) :
Te

. T
T4 = TA+TQ+T—ET§+TE,

and the posterior of capital producers, after observing housing price P and the public

signal Q, is also Gaussian with the conditional mean A° and variance 75 given by

~

_ T
A = 71 <TAA +70Q + —57'52) )
Te

~c Te
Ty = TA+TQ+T—T§.

e

3. Given that other households follow a cutoff strategy, household i also follows a cutoff

strategy in its moving decision

g (1T AZA(z0)
’_{o if A < A*(2,Q)

where A* (z,Q) is the unique root to equation (26) in the Appendiz.

4. The supply of capital takes the form:

1+

1 ~
" ) 1+ ’
A= ayr, A= Ogre

where F (AC — A*, %i‘) is given in the Appendiz, and log K is increasing in the condi-

tional belief of capital producers Ae.
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5. The cutoff productivity A* is decreasing, while the population entering the neighborhood
and the housing price P are increasing, in the notise in the public signal eq. These prop-

erties also hold with respect to z under a sufficient, although not necessary, condition

that 1 "
1+k >>\—amw+a+(1—a)nc [T
I+ = (ratmQk — apft a(l—n)0+v) V7

6. The equilibrium converges to the perfect-information benchmark in Proposition 3 as
TQ / Q.

Proposition 4 confirms that, in the presence of informational frictions, each household
will optimally adopt a cutoff strategy when other households adopt a cutoff strategy. Infor-

mational frictions make the household’s equilibrium cutoff A* (z, @) a function of

z(P):(1+k)1/$logP+A*,

which is the summary statistic of the publicly observed housing price P, and the public
signal @, rather than A and £ as in the perfect-information benchmark. This equilibrium
cutoff, determined by equation (26), is the key channel for informational frictions to affect
the housing price, as well as each capital producer’s decision to develop capital. We analyze
the economic consequences of informational frictions in the next section.

We conclude this section by establishing that the cutoff equilibria we have character-
ized, both with informational frictions and with perfect information, is the unique rational
expectations equilibria in the economy. Regardless of the housing policies of other house-
holds in the neighborhood, each household will follow a cutoff strategy, which establishes the

uniqueness of the cutoff equilibrium, as summarized in the following proposition.

Proposition 5 The unique rational expectations cutoff equilibrium is the unique rational

expectations equilibrium in the economy.

3 Model Implications

This section analyzes how informational frictions amplify noise through learning to affect
housing markets and local investment. We analyze these learning effects across neighbor-

hoods that differ in two dimensions: 1) supply elasticity k, and 2) the degree of consumption

130ne may notice that a higher degree of complementarity, 7,., tightens the sufficient condition, while much
of our analysis suggests that it amplifies the role of informational frictions. This is because the condition is
not necessary, and is derived by omitting terms for which 7, is relevant for amplifying the learning effect.
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complementarity in household utility 7,. As documented in Glaeser (2013), Davidoft (2013),
and Nathanson and Zwick (2018), housing price boom and bust were most pronounced in
areas that were not particularly constrained by the supply of land. In our model, supply
elasticity plays an important and nuanced role in the distortionary effects of learning. It
is instructive to consider two polar cases. When supply is infinitely inelastic (i.e., & — 0),
housing prices are only determined by the strength of the neighborhood A, and are thus
fully revealing. In this case, there is not any distortion from learning. When supply is in-
finitely elastic (i.e., k — o0), prices converge to log P = —(, which is driven only by the
supply shock.!* In this case, prices contain no information about demand, and there is no
learning from price. These two polar cases determine that the distortions caused by learning
from housing prices are humped-shaped with respect to supply elasticity. We will further
characterize this pattern in this section.

In our model, households’ consumption complementarity reinforces the effects of infor-
mational frictions. Without complementarity, a stronger neighborhood (i.e., higher A) leads
to higher prices of both housing and capital, and thus deter households from entering the
neighborhood. With complementarity, however, a stronger neighborhood can be more at-
tractive to households, because it means that other households in the neighborhood are more
productive and thus provide a better opportunity for trade. In the presence of informational
frictions, complementarity gives each household a stronger incentive to learn about A, and
thus amplifies the potential distortionary effects from such learning.

While we have analytical expressions for most equilibrium outcomes, the key equilibrium
cutoff A* needs to be solved numerically from the fixed-point condition in equation (26).
We therefore analyze the equilibrium properties of A* and other variables through a series

of numerical illustrations, by using the following benchmark parameters:

T4 = 05, 7.=20,7.=02, 79q=10, n,=0.3,
v = 25, k=05 A=11 A=0, (=0.

For the Frisch elasticity of labor supply, we choose 1) = 2.5, which is within the typical range
found in the literature. We set 7 to be four-fold larger than 74 to ensure that with perfect
information, the log housing price variance is monotonically declining in supply elasticity,
consistent with conventional wisdom. We set A = 1.1 to have capital be in elastic supply,

and to avoid having strong convexity in its production function. Finally, we choose the

Note from equation (26) that A* remains finite a.s. as k — oo, allowing us to take the limit.
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neighborhood fundamental and the supply-side shock A = ( = —0.5, though the qualitative
patterns we show hold more generically for a wide range of values, and we set the baseline
noise in the public signal @ to 0.

In our analysis, we first examine the effects of learning when household’s production
does not require capital, @« = 0, and there is no capital investment. In the latter part of our
analysis, we turn on the role of capital by selecting o = 0.33, a standard value for capital
share in the overall economy, to show that capital investment not only enriches our model’s

implications but also amplifies the learning effects in the housing market.

3.1 Equilibrium Cutoff

The equilibrium cutoff productivity A* (z, Q) is the key channel for informational frictions
and learning to affect the housing market, as it determines the population flow into the
neighborhood. We analyze this channel by showing how the two determinants z and @
affects the equilibrium cutoff.

We first examine a noise shock to the public signal (), which can be interpreted as noise
in public information, as in Morris and Shin (2002), or more broadly as housing market
optimism, as in Kaplan, Mitman, and Violante (2017) and Gao, Sockin and Xiong (2019).
In the perfect-information benchmark, the public signal ) has no impact on either the equi-
librium cutoff A* or the housing price because both the demand-side fundamental A and the
supply-side shock ¢ are publicly observable. In the presence of informational frictions, how-
ever, () affects the equilibrium as it shapes the beliefs of households and capital producers.

The equilibrium housing price in (12) demonstrates that

8logP__ 1 EaA*
0Q  1+k\ 7. 0Q°

By affecting the households’ expectations of A, and consequently their cutoff productivity

to enter the neighborhood, the noise in the public signal () affects the population that enters

0A*
oQ

in Proposition 4. Furthermore, () also affects the price of capital, as well as each capital

the neighborhood and the equilibrium housing price log P: < 0 and g—g > 0, as proved

producer’s optimal choice of how much capital to develop.

Figure 1 illustrates how the cutoff responds to a noise shock to the public signal Q).

The first row depicts %—g across different values of supply elasticity k£ in the left panel

and degree of complementarity 7. in the right panel. A noise shock to () has no impact
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Figure 1: The response of the equilibrium cutoff productivity to a noise shock @ (the first row)
and a fundamental shock z (the second row) across housing supply elasticity (left) and degree of
complementarity (right). The dotted line in each panel is for the perfect-information benchmark,
while the solid line is for the case with informational frictions.

on the equilibrium in the perfect-information benchmark. In the presence of informational
frictions, however, the shock makes households more optimistic about A, and lowers the cutoff
productivity A* for households to enter the neighborhood, as formally shown by Proposition
4, thus inducing a greater population flow into the neighborhood. Interestingly, this learning
effect is stronger when supply elasticity is greater, or when the households’ consumption
complementarity is greater. The former results from the fact that a greater supply elasticity
makes the housing price more dependent on supply-side factors, and therefore less informative
about the neighborhood’s strength A. Consequently, households place a greater weight on
the public signal @) in their learning about A, and this amplifies the effect of the noise
shock to (). The latter result is driven by the greater role that household learning plays as
consumption complementarity increases, as a higher complementarity makes each household
more concerned about the neighborhood strength.

In the presence of informational frictions, the demand-side fundamental A and the supply-
side shock ¢ are not directly observed by the public and, as a result, do not directly affect the
housing price and other equilibrium variables. Instead, their equilibrium effects are bundled

together in the housing price P through the specific functional form of the sufficient statistic
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z. Consequently, a shock to z may reflect a shock to either A or . The equilibrium housing

price in (12) directly implies that the impact of a price shock is determined by its impact on

dlogP 1 Te 1_8/1*
0z  1+Ek\ . 0z )

That is, depending on the sign of %, the equilibrium cutoff A* may amplify or dampen the

the equilibrium cutoff A*:

impact of the z shock on the housing price. Proposition 4 provides a sufficient (although
not necessary) condition for % < 0. In this case, there is an amplification effect. This
amplification effect makes housing prices more volatile, as highlighted by Albagli, Hellwig,
and Tsyvinski (2015) in their analysis of the cutoff equilibrium in an asset market.!

The second row of Figure 1 depicts % across different values of supply elasticity & in
the left panel and degree of complementarity 7, in the right panel. Interestingly, the left
panel shows that % has a U-shape with respect to supply elasticity. It is particularly neg-
ative when supply elasticity is in an intermediate value around 0.5, and turns positive when
supply elasticity rises roughly above 1.4. This U-shape originates from the aforementioned,
non-monotonic learning effect of the housing price. Households use the housing price as a key
source of information in their learning about the neighborhood strength A, and this learning
effect is strongest when supply elasticity has an intermediate value, which makes the equilib-
rium cutoff particularly sensitive to the z shock. The negative value of the effect implies that
the cutoff productivity falls in response to the better neighborhood fundamental, resulting
in more households entering the neighborhood despite the higher housing price. The right
panel further illustrates that % decreases monotonically with the degree of complemen-
tarity. Specifically, % is positive when complementarity is low, and becomes negative as
complementarity rises. This pattern confirms our earlier intuition that the learning effect
from housing price strengthens with complementarity.

One could, in principle, directly test the effects of learning on population flows across
different regions with properly designed measures of these non-fundamental shocks. Our

analysis would suggest that non-fundamental shocks, such as the noisy demand shock, have

a greater impact in inducing stronger population inflow to areas with greater degree of

15This interesting feature also differentiates our cutoff equilibrium from other type of nonlinear equilibrium
with dispersed information, such as the log-linear equilibrium developed by Sockin and Xiong (2015) to
analyze commodity markets. In their equilibrium, prices become less sensitive to their analogue of z in
the presence of informational frictions. This occurs because households, on aggregate, underreact to the
fundamental shock in their private signals because of noise.
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Figure 2: The responses of housing price P (top row) and housing stock S (bottom row) to a noise
shock to the public signal @ across supply elasticity (left) and degree of complementarity (right).
The dotted line in each panel is for the perfect-information benchmark, while the solid line for the
case with informational frictions.

complementarity and supply elasticity. Our model also implies that fundamental shocks,
stemming either from the demand side or the supply side of the local housing market, have
a greater impact on population flow to areas with greater degree of complementarity and
intermediate supply elasticities. The differences in the cross-sectional patterns between the ()

and z shocks can also help to distinguish between these two sources of optimism empirically.

3.2 Housing Market

We now analyze how informational frictions affect the housing market by examining the
reactions of the housing market to two different shocks, a noise shock to ) and a shock to
housing supply (. We interpret the deviations of the housing price in the presence of infor-
mation frictions from the perfect-information benchmark as a measure of the amplification
of noise because of learning.

Figure 2 illustrates the impacts of a noise shock to () on the housing price P and housing

stock S = [ S;di, by computing their partial derivatives with respect to @ across different
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values of supply elasticity £ in the two left panels, and across different values of the degree
of consumption complementarity 7, in the two right panels. In the absence of informational
frictions, this shock has no effect on the housing market. In the presence of informational
frictions, the noise shock raises both the housing price and housing stock (Proposition 4)
because it boosts agents’ expectations about the neighborhood’s strength A. Interestingly,
the upper-left panel shows that this effect on the housing price is hump-shaped with respect to
supply elasticity, and peaks at an intermediate value. This results from the non-monotonicity
of the distortionary effect of learning. When housing supply is infinitely inelastic, the noise
shock has a muted effect on households’ expectations because the price is fully revealing.
When housing supply is infinitely elastic, however, the housing price is fully determined by
supply shock and is immune to households’ learning about A. As a result, the price distortion
caused by household learning is strongest when supply elasticity is in an intermediate range.
The lower-left panel further shows that the impact of the noise shock on the housing stock
has a similar hump-shaped pattern with supply elasticity.

The upper-right panel of Figure 2 shows that the effect of the noise shock on the hous-
ing price is increasing with respect to consumption complementarity. As complementarity
rises, each household cares more about trading goods with other households, which makes
households’ expectations of the neighborhood strength a more influential determinant of the
housing price. Consequently, the noise shock has a greater effect on the housing price. The
pattern in housing stock (lower-right panel) is hump-shaped, reflecting that near perfect
complementarity, almost all households choose to enter the neighborhood and the marginal
effect of the increase in the equilibrium cutoff on neighborhood population diminishes.

Next, we analyze the effects of a shock to the housing price, which, as we discussed earlier,
can be from either the demand side or the supply side. To avoid confusion in interpreting
the results, we specifically examine a negative shock to the building cost { (a negative
supply shock). Figure 3 displays the responses of housing price P and housing stock S to
this shock across different values of supply elasticity k& in the two left panels, and across
different degrees of consumption complementarity 7, in the two right panels. In the perfect-
information benchmark, the housing price increases with the negative supply shock, and
the price increase rises with supply elasticity, as shown by the dashed line in the upper-left
panel. In contrast, the lower-left panel shows that the housing stock falls with the negative

supply shock since the higher housing price discourages more households from entering, and
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Figure 3: The responses of housing price P (top row) and housing stock S (bottom row) to a
negative supply shock across supply elasticity (left) and degree of complementarity (right). The
dotted line in each panel is for the perfect-information benchmark, while the solid line for the case
with informational frictions.

the supply drop is greater when supply elasticity is larger.

In the presence of informational frictions, however, the negative supply shock is, in part,
interpreted by households as a positive demand shock (i.e., stronger neighborhood A) when
they observe a higher housing price. This learning effect, in turn, pushes up the housing
price and the housing stock, relative to the perfect-information benchmark, as shown in the
left panels of Figure 3. Across supply elasticity, these distortions are hump-shaped because
the impact of learning from the housing price is most pronounced at intermediate supply
elasticities, and, consequently, the response of the housing price and housing stock also
peak at an intermediate range. As consumption complementarity increases, the learning
effect from the negative supply shock is amplified, since households put more weight on the
neighborhood’s strength when determining whether to enter the neighborhood. This is shown
in the upper-right panel of Figure 3. Similar to the ) shock in Figure 2, the impact on the
housing stock is hump-shaped, since most households are already entering the neighborhood
as 1), nears perfect complementarity.

Although our static model cannot deliver a boom-and-bust housing cycle across periods,
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one may intuitively interpret the deviation of the housing price induced by the positive @)
shock and the negative supply shock from its value in the perfect-information benchmark, as
illustrated in Figures 2 and 3, as a price boom, which would eventually reverse. Then, we have
testable cross-sectional implications for housing cycles—shocks, such as the noise shock and
the supply shock, can lead to more pronounced housing cycles in areas with intermediate
housing supply elasticities. Our model also implies that the magnitudes of housing price
boom and bust are monotonically increasing with the degree of complementarity, while new
housing supply has a hump-shaped relationship with the degree of complementarity.'¢

It is difficult in practice to directly measure volatility amplification and excessive volatility
in housing markets. Nevertheless, these cross-sectional implications of our model are testable,
and indirectly measure the excess volatility induced by learning. The non-monotonicity
in these cross-sectional implications is particularly sharp, which motivates us to further
explore the relationship of housing cycles with respect to supply elasticity and the degree of
complementarity during the recent U.S. housing cycle in Section 4.

In addition to analyzing housing cycles, one could, in principle, also examine the cross-
sectional patterns we uncover for home buyer sentiment. The literature has suggested several
empirical metrics of home buyer sentiment, such as the housing surveys in Case, Shiller, and
Thompson (2012), Google search volume indices from Google Trends, and textual analysis
of local media reports, as in Soo (2018). Whether informational frictions amplified noise
originating from the demand or supply side of the housing market can, in principle, be
disentangled by sorting these measures along the dimensions of supply elasticity and degree

of complementarity, similar to the tests we propose using economic outcomes.

3.3 Capital Investment

Our analysis until now has abstracted from capital by setting @ = 0. We now introduce for a
role for capital by selecting a = 0.33, which allows us not only to extend the implications of
our model to local real investment, such as in commercial real estate, but more importantly to

show that capital investment can further amplify the impact of learning in housing markets.

16Gince our model is not dynamic, however, we cannot speak to how informational frictions would impact
the length of the boom or the bust that arises because of these noise or supply shocks. However, even if
the informational frictions that give rise to a boom are short-lived, this does not necessarily imply that the
impact of such frictions on the local economy are also short-lived. Since imperfect learning in our setting
distorts the building of homes and the installation of capital, undoing this misallocation of resources can
take years, such as with the overbuilding of homes in Las Vegas and office space in Phoenix during the recent
U.S. housing cycle, as empirically examined by Gao, Sockin and Xiong (2019).
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We illustrate these effects in Figure 4 by building on our earlier analysis of the housing
market’s reaction to a negative supply shock. Specifically, the two left panels in Figure 4
correspond to the two left panels in Figure 3 with an additional, dotted line in each panel.
This dotted line shows the reactions of the housing price and housing stock to the negative
supply shock in the presence of capital investment (i.e. when o = 0.33). Interestingly, in
the presence of capital investment, both the housing price and the housing stock react more
strongly to the supply shock, while maintaining the same overall humped shapes with respect
to supply elasticity. We also find a similar amplification of the reactions of the housing price
and housing stock to a shock to (), which we omit for brevity. Capital investment amplifies
the housing market reactions to these shocks because capital producers make their investment
decisions at t = 1 when their expectations of the neighborhood strength are distorted by
informational frictions. Their capital investment overhangs on the local economy at ¢ = 2,
even though the neighborhood strength A becomes observable to households and households
flexibly adjust their labor supply. This capital overhang implies that households have access
to cheap capital at ¢ = 2 when the market’s expectations are overly optimistic at ¢ = 1. The
anticipation of such access to capital motivates households to be even more aggressive in the
housing market, which further amplifies the response of the housing price and housing stock
to the shocks at t = 1.

Figure 4 also shows how the price and stock of capital at ¢ = 1 react to the negative
housing supply shock across different values of supply elasticity k£ in the two right panels.
We denote Ry = E[R|Z¢], the expectation of capital producers at t = 1 regarding R the
price of capital at ¢ = 2. This expectation determines the stock of capital K¢ they produce
at t = 1. In the perfect-information benchmark, the negative supply shock only impacts the
housing price, and, through this channel, the cutoff productivity of the households that enter
the neighborhood. This direct effect has only a modest impact on the market for capital.
In the presence of informational frictions, however, its impact on the market for capital is
substantially larger. This occurs because the negative supply shock is partially interpreted
by capital producers as a positive shock to the strength of the neighborhood. Consequently,
it distorts agents’ expectations about A upward, leading to overoptimism about the local
economy. This results in both a higher capital price R; and a larger supply of capital Kg at
t = 1. The magnitudes of these effects are all hump-shaped with respect to housing supply

elasticity, as a result of the hump-shaped distortion to agents’ expectations that arises from
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Figure 4: The responses of housing price P (upper-left panel), housing stock S (lower-left panel),
capital price Ry (upper-right panel), and capital stock K (lower-right panel) to a negative housing
supply shock £. In each panel, the dashed line is for the perfect-information benchmark, the solid
line for the case with informational frictions and « = 0, while the dotted line for the case with
informational frictions and o = 0.33.

their learning from the housing price.

Our analysis thus shows that shocks to the housing market can lead not only to a housing
cycle, but also to a boom and bust in local investment. This concurrent boom and bust is
consistent with Gyourko (2009) and Levitin and Wachter (2013), who highlight that the
recent U.S. housing cycle was accompanied by a similar boom and bust in commercial real
estate. It is difficult to simply attribute this commercial real estate boom to the subprime
credit expansion, which was mainly targeted at households. In addition, while a run-up in
the housing market can inflate commercial real estate prices if there is scarcity in developable
land, as in Rosen (1979) and Roback (1982), such a boom would crowd out commercial real
estate investment if it is driven by non-fundamental demand. In contrast, both the housing
and commercial real estate markets experienced an expansion in construction along with the
run-up in prices during the mid-2000s. Our model provides a coherent explanation for the
synchronized cycles in both housing and commercial real estate markets. Furthermore, our

analysis shows that these two cycles may amplify each other.
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4 Empirical Evidence

In this section, we provide several stylized facts to illustrate empirical relevance of our
model from the recent U.S. housing cycle of the 2000s. The national U.S. housing market
underwent a significant boom and bust cycle in the 2000s with the national home price
index increasing over 60 percent from 2000 to 2006, and then falling back to its 2000 level
by 2010. Many factors, such as the Clinton-era initiatives to broaden home ownership, the
low interest rate environment of the late 1990s and early 2000s, the inflow of foreign capital,
and the increase in securitization and sub-prime lending, contributed to the initial housing
boom. While a well-known phenomenon at the time, the magnitude of the housing cycle
experienced in the cross-section of U.S. regions reflected idiosyncratic uncertainty about
their underlying fundamentals, which is the focus of our analysis.!” We designate the boom
period of the recent U.S. housing cycle as 2001-2006, and the bust period as 2007-2010.'*
In what follows, we examine how the magnitude of the housing price cycle, which serves
as a proxy for the amplification of volatility illustrated by our model, and the intensity of
new housing construction vary across MSAs with different values of supply elasticity and
degree of complementarity. The objective of our empirical analysis is not to formally test
our model, but rather to show that the key implications of our model are consistent with
cross-sectional patterns during the recent U.S. housing cycle.

Our MSA-level house price data come from the Federal Housing Finance Agency (FHFA)
House Price Index (HPI), which are constructed from repeat home sales. We employ the
commonly used housing supply elasticity measure constructed by Saiz (2010). This elasticity
measure focuses on geographic constraints by defining undevelopable land for construction
as terrain with a slope of 15 degrees or more and areas lost to bodies of water including seas,
lakes, and wetlands. This measure provides an exogenous measure of supply elasticity, with
a higher value if an area is less geographically restricted. Saiz’s measure is available for 269
Metropolitan Statistical Areas (MSAs).

To measure the supply-side activity in local U.S. housing markets, we use building permits

from the U.S. Census Bureau, which conducts a survey in permit-issuing places all over

17The regional uncertainty introduced by this national phenomenon is absent from the local boom and
bust episodes throughout the 1970s and 1980s. While there are other national housing cycles in history, such
as in the roaring 20’s, data limitations restrict our attention to the most recent U.S. housing cycle.

18See Gao, Sockin and Xiong (2019) for another study that uses a similar dating convention for the U.S.
housing cycle in the 2000s.
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Figure 5: The U.S. housing cycle in 2000s across MSAs with different supply elasticities. The solid
and cross dots represent MSAs outside and inside the sand states (Arizona, California, Florida and
Neveda), respectively. The solid line is the spline line for all MSAs, while the dashed is for MSAs
outside the sand states. 95% confidence intervals are displayed for the full sample. The standard
errors are clustered at the state level.

the U.S. Compared with other construction-related measures, including housing starts and
housing completions, building permits have detailed MSA-level information. In addition,
building permits are issued right before housing starts and therefore can predict price trends

9 We measure new housing supply during the boom period by the

in a timely manner.!
building permits issued in 2001-2006 relative to the existing housing units in 2000.

The first two panels of Figure 5 provide scatter plots of the housing price expansion and
contraction experienced by each MSA during the housing boom and bust periods, respec-
tively. To conveniently summarize the data, we include a spline line to fit each of the scatter
plots (the solid line in the plots), together with 95% confidence interval (the shaded area
around the spline line). These spline lines clearly indicate that the housing cycle was non-

monotonic with respect to supply elasticity—a hump-shaped pattern for the housing price

19 Authorization to start is a largely irreversible process, with housing starts be-
ing only 2.5% lower than building permits at the aggregate level according to
https://www.census.gov/construction/nrc/nrcdatarelationships.html, the website of the Census Bu-
reau. Moreover, the delay between authorization and housing start is relatively short, on average less than
one month, according to https://www.census.gov/construction/nrc/lengthoftime.html. These facts suggest
that building permits are an appropriate measure of new housing supply.
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appreciation during the boom and a U-shaped pattern for the price drop during the bust.
In particular, the cycle was most pronounced for MSAs with intermediate, rather than the
lowest, supply elasticities.

One may be concerned that this non-monotonicity might be driven by the so-called
“sand states” (Arizona, California, Florida, and Nevada). These four states experienced
exceptional housing price booms and busts and, as several scholars including Davidoff (2013)
and Nathanson and Zwick (2018) have noted, were characterized by peculiar speculative
activities, such as land hoarding by real estate developers. In the scatter plots provided by
Figure 5, we differentiate the MSAs in the sand states by "+" and provide a separate spline
line (the dashed line in the plots) for observations excluding the sand-state MSAs. Indeed,
the MSAs in the sand states experienced relatively more pronounced price appreciations
during the boom and more severe price drops during the bust. Despite excluding these sand-
state observations, the hump-shaped pattern for the price appreciation during the boom and
the U-shaped pattern for the price drop during the bust remain significant, albeit with more
attenuated magnitudes.

In addition to the housing price cycle, the third panel of Figure 5 provides a scatter
plot of housing construction during the boom period, measured by new housing permits,
with respect to supply elasticity. There is noticeably also a hump-shaped pattern with
respect to supply elasticity, with MSAs in the intermediate elasticity range having the most
new construction, instead of areas with the most elastic housing supply. This hump-shaped
pattern is significant and robust to excluding the MSAs from the sand states. This surprising
pattern in new construction has received little attention in the literature, and nicely supports
our model implications.

Taken together, although common wisdom posits that supply elasticity attenuates hous-
ing cycles, we do not observe monotonic patterns across supply elasticity during the recent
U.S. housing cycle in either the magnitude of the housing price boom and bust or in new
construction. Instead, our analysis uncovers that MSAs with supply elasticities in an inter-
mediate range experienced not only the most dramatic price cycles, but also the most new
construction. While the number of MSAs in our sample is relatively small for a forceful test,
these patterns nevertheless lend support to our key model implication that in the presence
of informational frictions, volatility amplification induced by learning is most severe in areas

with intermediate supply elasticity.
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Existing models of housing cycles have difficulty explaining these patterns. For example,
Glaeser, Gyourko, and Saiz (2008) shows that, in the presence of housing supply constraints
and extrapolative home buyer expectations, the overhang of housing supply developed during
the boom may cause areas with intermediate supply elasticities to suffer most dramatic
housing price drops during the subsequent bust. Their analysis, however, shows that housing
price appreciation is decreasing while new construction is increasing across supply elasticity
during the boom when the boom period is synchronized in the cross-section. Furthermore,
while Nathanson and Zwick (2018) identify land speculation by real estate developers as an
important mechanism driving the recent housing boom in intermediate elastic areas such
as Las Vegas, their analysis does not provide a systematic theory for the full spectrum of
housing cycles experienced across areas with different supply elasticities. In addition, the
hoarding of land by optimistic developers in intermediate elastic areas, while exacerbating
the housing price boom, has ambiguous implications about whether new construction is also
the most pronounced in those MSAs.

We next provide additional evidence with respect to the cross-MSA relation between
the housing cycle and a proxy for complementarity. Our model highlights complementarity
as another important characteristic that amplifies the learning effects in housing markets.
Specifically, Figures 2 and 3 show that, in the presence of informational frictions, there
are monotonically increasing patterns in the effects of the noise shock and the negative
supply shock on the magnitude of the housing price cycle with respect to complementarity,
and hump-shaped patterns in the effects of these shocks on new housing supply during the
boom. These patterns arise because complementarity, or the benefit from interacting with
other households, exacerbates the feedback from learning in the presence of informational
frictions.

We measure the degree of complementarity by non-tradable share of consumption in each
MSA, as non-tradables are driven by local demand and thus reflect the complementarity in
consumption of local residents.?’ Specifically, we follow Mian and Sufi (2014) to identify
non-tradable industries. Because non-tradable consumption data are not generally available
across the U.S, we obtain the employment information across industries from County Busi-
ness Pattern (CBP) data in the Census Bureau, aggregate the information to the MSA level,

and calculate the share of employment in non-tradable industries as a proxy for consumption

20Tn unreported results, we have also used an alternative measure by the diversity of local industries, which
give very similar patterns as those reported in Figure 6.
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Figure 6: The U.S. housing cycle in 2000s across MSAs with different degrees of complementarity.
The solid and cross dots represent MSAs outside and inside the sand states (Arizona, California,
Florida and Neveda), respectively. The solid line is the spline line for all MSAs, while the dashed is
for MSAs outside the sand states. 95% confidence intervals are displayed for the full sample. The
standard errors are clustered at the state level.

complementarity. The higher is this ratio, local households rely more on local demand and
stronger complementarity from each other.

The three panels in Figure 6 provide scatter plots of the housing price change during the
boom period, the housing price change during the bust period, and new housing permits
during the boom, respectively, against our measure of complementarity in different MSAs.
The patterns match nicely with our model implications—the magnitudes of the price boom
and bust appear to be monotonically increasing across complementarity, while new construc-
tion is hump-shaped. To the extent that these patterns cannot occur in the benchmark case
with perfect information, Figure 6 confirms the empirical relevance of complementarity for

the impact of learning on housing markets.

5 Conclusion

We introduce a model of information aggregation in housing markets, and examine its conse-
quences for not only housing prices, but also for local economic outcomes such as new housing

construction and real investment in capital. Our framework provides a novel amplification
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mechanism through learning in housing markets, and offers rich empirical predictions for
the neighborhood’s response across supply elasticity and the degree of complementarity to
shocks originating from both demand and supply side factors in the presence of informational
frictions. Such predictions can help rationalize the puzzling non-monotonic patterns that we

uncover empirically across MSAs in the recent U.S. housing cycle.
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Appendix Proofs of Propositions

A.1 Proof of Proposition 1

The first order conditions of household i’s optimization problem in (2) respect to C; (i) and

C} (i) at an interior point are

Ci (Z) : 1611_(1)CU ({Ck (Z)}kej\/' 7N> = 9ipi7 (13)
C; (i) WU ({Ck () ben s N) = Op, (14)

where 6; is the Lagrange multiplier for the budget constraint. Rewriting (14) as

n.C;
f/\//z‘ dej

and integrating over A/, we arrive at

U ({Ch ()} gen i N) = 0ip;C;

10 ({Ce ()} pon ) = 6, /N it
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Dividing equations (13) by this expression leads to ;= = Loy 7€) ? which in a symmetric

Ne piCi(4)
@(ﬁ(lA_A*)) 1ﬁcmpl-C',- (7). By substituting this equation back

to the household’s budget constraint in (2), we obtain

equilibrium implies p,;C; (i) =

Ci (i) = (1 =n,) (1 —a) MK

The market-clearing for the household’s good requires that

Ci (i) + / Co(G)dj = (1— ) M KT,
N /i
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which implies that C; (j) = mnc (1—a)et Kol

The first order condition in equation (13) also gives the price of the good produced by
household i. Since the household’s budget constraint in (2) is entirely in nominal terms, the
price system is only identified up to 6;, the Lagrange multiplier. We therefore normalize 6;
to 1. It follows that

pi = g:(gcv (165 D jon s V) = (Mgt (

IS LA
Smsry) ¢ o

The first-order conditions for household #’s choice of /; at an interior point is

= (- aomet () (16

from equation (13). Substituting 6; = 1 and p; with equation (15), it follows that
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The optimal labor choice of household 7, consequently, represents a fixed point problem over

log(1—a)

the optimal labor strategies of other households in the neighborhood.
apiedil; ™

Noting that K; = < =

in the price function p; to arrive at

)mfrom the first-order condition for K;, we can substitute
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which is a functional fixed-point problem for the optimal choice of capital. With some

% of equation (18) to equation (17), we have

log R + log a, (18)

manipulation, by adding a multiple
log K; = (1 +%)logl; —loga (1 — «a) —log R,

and substituting this back into equation (17), we arrive at the functional fixed-point equation
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Given that household i’s optimal labor supply /; satisfies the functional fixed-point equation
(19), let us conjecture for i for which A; > A*, so that i € N is in the neighborhood, that

1 1w\ -1 B X
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where R is the rental rate of capital. Substituting these conjectures into the fixed-point

logl; = lg+l A+, A;+Ir log R+1g log

recursion for labor, equation (17), we arrive, by the method of undetermined coefficients, at

the coefficient restrictions:
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which confirms the conjecture for A; > A*. It is straightforward to verify from these expres-
sions that ZZTA >0> ZlTA' In addition, it follows that
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Substituting this functional form for the labor supply and capital demand of household i
into equation (15), the price of household s good then reduces to
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To arrive at the expressions in the statement of the proposition, we define ¢ = (
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@ (pr + 245)
I WATET)
Furthermore, given equation (1), it follows since C; (i) = (1 — n,.) (1 — o) e K21}, C; (i) =

mnc (1—a)et Kj‘-lljl-_o‘, and the optimal choice of I; that
Y

1+

1 2 —1
65‘10 Te

=E [N | A A; > A7].

lil-f—w

B U (16 @ iV) = 755

T,| = (1-a) o F [pe K210 7))
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from substituting with the household’s budget constraint at ¢ = 2.

A.2 Proof of Proposition 2

Substituting the optimal demand for capital K; into the market-clearing condition for the
capital in (7) reveals that the price R is given by

1+ (G l—«
log R = A—(1—a log K +log o + log (1 — «
g vt o ( )¢+ag Bt I, g ( )
1 144 2
2 —a a Te 1+ _1/2 A—A*
I 1+ 770 n log e’ ((1 e w)%) ® ((1—a)¢+(1+aw)nc Te + 7_;1/2)
P+a’ ® (/7 (A— A%))
301 yrieawin: 2751 A+y)(1-n.) -1/2 | A-—A*
n (1 B a) ) log e? ((1 )p+(+ w)nc> P ((1—a)1/)+(1+zl¢)77c7—5 -+ 721/2)

Y+a ® (7 (A= A7) ’

where K is the total amount of capital developed by capital producers at t = 1

Since market-clearing in the market for capital imposes that K [_,.di = [._\ Kidi, it
follows from equation (4) that the optimal choice of how much capital that capital producers
create is given by

1+

( 1+¢ P2 A—A*) Gralle
1 K _ 1 ], E %A (1*a)¢+(1+0‘¢)7lc € ;1/2
s e @ (/7 (A — A%))

s Ve

Y(1-c)
— —-1/2 _A* Yta
o (( +9)(i-n) _—1/2 f;f?z) ¥ ~

1—a)y+(1+ay)n,

® (v (A= A7)

+ kOa

with constant kg is given by

2
o 2 _

. log o + _11b+a log(1—a)+3 (—lefrﬁnc +(1—a) —wfa (1—mn,) ) <(17a)wf(’f+a¢)nc> !

0= :

P & o)
A a¢+a

1+y
(1—a)p+(1+ay)n,

O (ro'? 4 A

B larn <W— M ) = kK [6¢(Aj_A) | A, 4; > A7)

& (7 (A— A7) T

@ ((1-n)pr"” + 44%)
(72 (A~ AY))

we arrive at the expressions in the statement of the proposition.

Defining ¢ = and recognize that

6%(1_77(:)23027—5_1

E [6(1—nc)so(Aj—A) | A A; > A*} )

41



A.3 Proof of Proposition 3

We now derive household i’s optimal cutoff, given that other households all use an equilibrium
cutoff A*. By substituting for prices, the optimal labor and capital choices of household i, the
realized capital price R, and capital demand K; from Proposition 2, the utility of household
1 at t = 1 from choosing to live in the neighborhood is

~1/2 s ug
® ((17(1) L+ oV i—lA/z>

L I € £ [ € et/ RS h+(1+ay)n,
FE Ul Il = 1— T phoTua (1-a)y+Q+ay)n. " 2
GilT) ( a)1+¢e ' ® (/7- (A — A))

(1-3)
(+)(1-n) _-1/2 | A-A* ez
¢ <<1—a>¢+(1+2w>nf€ - 7;1/2> ’

B (V7 (A= AY)

where

1ty l—ad G-y (1—a) ) 1+ 2
oo ul—mw<M%—aﬁﬂ_A—¢ﬂiw+a (=) (a—ww+u+awm>7

hta hta
11—a—;iﬁ( a >
+— 1+Y)loga+ Alog (1 —«) |,
Iy T (1+¢)log g(l—a)
we - 1 1+ 1+ _()\_1)%
YT Toa ¢\t tad)n” A—alit )
1+¢
Yta
Uy = 1+¢770>0
A=

Since the household with the critical productivity A* must be indifferent to its moving
decision at the cutoff, it follows that U; — P = 0, which implies

14
(1-Na s
—1/2

(A+¢)7e A—ar\\ “? (1)1 )% | A_ax r oLt
Ui Qme) 4, ¢ <(1—a)¢+(1+a¢)nc i 7;1/2> ® ((l—a)¢+(1+aw)nc T v

eU=e+isevine b (7. (A— A)) © (7 (A—AY))

1
= ie_uo_“f‘AP, with A4; = A" (20)
v(1l—a)
which implies the benefit of living with more productive households is offset by the higher
cost of living in the neighborhood.
Fixing the critical value A* and price P, we see that the LHS of equation (20) is increasing
T d:ﬁﬁa e (1 —n,.) > 0. This confirms the optimality of
the cutoff strategy that households with A; > A* enter the neighborhood, and households

with A; < A* choose to live somewhere else. Since A; = A+¢;, it then follows that a fraction

in monotonically in A;, since (
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® (—/7- (A* — A)) enter the neighborhood, and a fraction ® (/7. (A* — A)) choose to live
somewhere else. As one can see, it is the integral over the idiosyncratic productivity shocks
of households ¢; that determines the fraction of households in the neighborhood.
From the optimal supply of housing by builder i in the neighborhood (6), there exists a
critical value w*:
w*=—(1+k)logP, (21)

such that builders with productivity w; > w* build houses. Thus, a fraction ® (—\/T—e (w*—=¢ ))
build houses in the neighborhood. Imposing market-clearing, it must be the case that

(=7 (A" = A)) = & (=/Te (W = ¢)).

Since the CDF of the normal distribution is monotonically increasing, we can invert the
above market-clearing conditions, and impose equation (21) to arrive at

logP—lik([(A AY) — g). (22)

By substituting for P in equation (20), we obtain an equation to determine the equilibrium
cutoff A* = A* (A, ¢)

(14)(111)*:5
(41— )7 2 A_A*> Ao ( (14y)rs " A_A*)%
((1_(i>+$+’iilliim+ VIiQE)A* @ ((1—a)w+(1+aw)nc T @ et Granm, T 07
* _ A% ue
® (445) ® (445)
L+ (V55 —ua ) A= pps-uo
——e . (23)
¥ (l-a)
Taking the derivative of the log of the LHS of equation (23) with respect to A* gives
dlog LHS
dA*
A* 144 -1/2 | A-A4A*
1 d)( ‘1/2> (1 agtQragn, s T Tgl/Q) L (+d){d—n)
= YerTp A—A* 1 -1/2 | A—A* 1-— 1
Te ® < ,1/2) < 1— a)w++;b+aw)nc7's + 7_;1/2> ( Oé)w—i_ ( —{—Ckw) Ne

A-Ax (1+¢)(1—n,) -1/2 | A—aA*
LN (R A-Dayrg (¢ <T;1/2> ¢ ((1—a)¢+<1+2¢> Te ot T5—1/2>
1+ k\ 7 —1/2 P <) A—A* 144)(1-7, 12 A_ax

" T AT \e o) @ Tt Te 717

The term in parentheses are nonnegative by the properties of the normal CDF. The last
term is nonpositive, since A > 1, and attains its minimum at A* — oo, from which follows,

substituting for ug, that

log LH 1 . AR
as A" — oo, dlog S—> E—i—)\¢>0.

* 1+
dA 1+k —ayh
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dlog LHS
dA*

it follows that % > 0. Therefore, log LHS, and consequently LH S, is monotonically

increasing in A*. Since the RHS of equation (23) is independent of A*, it follows that the
LHS and RHS of equation (23) intersect at most once. Therefore, the can be, at most, one

Consequently, since > 0 when the last term attains its (nonpositive) minimum,

cutoff equilibrium. Furthermore, since the LHS of equation (23) tends to 0 as A* — —o0,
and the RHS is nonnegative, it follows that a cutoff equilibrium always exists. Therefore,
there exists a unique cutoff equilibrium in this economy.

It is straightforward to apply the Implicit Function Theorem to (23) to obtain

1 /7= _ dlogLHS

dA* _ TRV gA - —uA
i TS
aar_ 1 1,
d¢ 1+k % ’
where
dlog LHS 1 ( = ( 1—a) wlj(llpmw)n '+ %)

dA - e 75—1/2 <A A*) < 144 ~1/2 | A—A*)
144

172 T—a) g+ (Lrog)n, | € e

A-Ax A+y)(1-n.) -1/2 | A-A*
¢ (W) 4 ((1—a>w+<1+lw>nf€ - 7;1/2>

1 ”l/) @
+ (A—=1) . -
-1/2 1+ A—A* 1+4)(1—n, -1/2 | A—A*
Te ATy \ @ <T—_1/2) @ (it 7;1/2>

dlog LHS

2x— achieves its minimum at A — —oo, at which

Note that the nonpositive term in

1+
dlog LHS vta 1+9¢
1 —>((A—l)a(l—ﬁc)—m)A_a%(1—a)¢+(1+aw)m

Then, as A — —o0, the numerator of % converges to

(A=D)a(1-n.)—An.) +TL
(1 ‘f‘@b) ( P e 4 ﬁ%m)

P+a

(1—a)y+ (1 +ap)n,

R SO )a}ﬁ%’Jr 1 7
l—a ¥ \N— a}piw 14+kV 7.’

1 Te dlogLHS
1+k dA

—UaA —7 Ao—o0 —

- > 0. In contrast, as A* — 00, one has that

which is positive. Consequently % A

1 Te  dlog LHS

1+k aa M
1 . 1 149 141 -1 a;te
Ay k. 1-a ¥ (1—a)¢+(1+a¢)ncnc )\—a% ’
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which is negative if

o Lty
w 11}1/; LZ = + ()‘ B 1) /\_zi%w
>t =(1—-« i ) 24
Ne > 1s = ( )1+aw — pEE] (24)

11—« T w+a
Trag ~ T4 14k Ve — (A~ 1>

EE0
aw+a
We can rewrite equation (23) as
(1-NayHe
o ® <(1+w><1 e ? s ) Aeta q)( )t s )”‘1’
1+4)(1—7.) = — —1/2 — —1/2
e—(m"rﬁ ;)8 (1 a)’l/)+(1+ozw)nc Te / (1 a)¢+(1+0ﬂ/’)77c Te /

S S ue
(I)<Ts_1/2> (p(fl/z)

a1 1t lTogta
1+w )\lfozw

1
ralil A=3gé—uo

v(i—a) ’

Q@

’i\
S

where s = A — A* determines the population that enter the neighborhood. It is straightfor-
ward to show that

dlog LHS _  dlog LHS

= < 0.
ds dA*
Consequently, we have
1
s __TE_
dé’ dlog LHS )
ds
AL 1 1t ot
ds —a ¢ A—alt®
— = - Tite 50
dA dlog LHS .
ds

Thus, the population that enters, ¢ ( Tgs) , is increasing in A and . Furthermore, it follows

from (22) that
dlog P 1 Te ds
A " Trk\raa”

and therefore the log housing price is increasing in A
Finally, we recognize that

1—aq ¥

2 2 )\L—w Yo
d’P B ds P d?s 4%s 5 _ ds Py - 9 M- H"’ ds d? log LHS
dA?2  \dA dA?2 dA (d ?il HS) dA ds? ’

1
where A— 1 1:2¢ Afﬁg jjl > 0 by the above arguments.

d?log LHS that

It follows that from calculating

ds?
2log LHS e
dm e =Bl T
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. 2 2
and therefore, as P — oo, from the expression for % one has that % — 00. Furthermore,

dlog LHS 1 7 A
e [ i _|_ [ A ,
ds 1+kV 7. A — a%

as s — —0Q,

and
i d*log LHS
im ————— =0,
§—00 d$2
and P — 0 at an exponential rate. Consequently, as s — —o0, fl% — 0. Since 3275 is

continuous, it follows that % > 0. Consequently, P is convex in A. Since, in equilibrium,

the housing price is equal to the utility of the household with the cutoff productivity, it

follows that this utility is also convex and increasing in A.

A.4 Proof of Proposition 4

Given our assumption about the sufficient statistic in housing price, each household’s pos-

terior about A is Gaussian A |Z; ~ N (Az, %21> with conditional mean and variance of

A ) 7+ Tél e e ! Q- A B
Ap = A+7'[1 1 1] e T+ 272751 e z(P)—-A
e T2 T+t A, — A

= #; (TaA+70Q + nggz (P) + 7.4;),

A

TA = TA+TQ+Z£2T5—|—T€.

Note that the conditional estimate of A; of household 7 is increasing in its own productivity

A;. Similarly, the posterior for capital producers about A is Gaussian A |Z¢ ~ N (flc, f'ifl> ,

where
-1 -1 -1 -1 1
fe % 1 T4 +7g Ta _A,
NI D| S I I Sy
= %iil(TAA—FTQQ—l—ZngZ(P)),
Th = TA+TQ+Z§T§.

This completes our characterization of learning by households and capital producers.

We now turn to the optimal decision of capital producers. Since the posterior for A — A*
of households is conditionally Gaussian, it follows that the expectations in the expression of
K in Proposition 2 is a function of the two conditional moments, A° — A* and 7¢,. Let

i}er
+a
e(A—A*)@ 1+ 7_*1/2_{_ A—A* e
(1—a)p+(1+ay)n, ' ¢ w12
w(l—a) _v(A-qa)

A—a= | (+9)(1-n) _~1/2 | A-a*\T 10
® <T;1/2> ® <(1—a)w+(1+2¢)m75 T 7;1/2>

F(A - A7) =B I
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Define z = 4=, and the function f (2)

(1-)

144 FoL2 fle (A+y)(1-n.) _—1/2 o
® ((1 Py W T + Z) o <<1—a>w+<1+aw>nf€ + Z)

® (2)™ ®(2) ’

~1/2,

fz)=e™

which is the term inside the bracket in the expectation. Then, it follows that

149 ~1/2
¢ <(l—a)¢+(l+0ﬂ/))77c Te ot Z) ¢ (2)

1 df(z
e fd(z) _ 24 " -~ 7 ~ 30
—a)p+(radyn, s 17
+y)(1-n.) -1/2
+L (1-a) ¢ ((1—a)w+(1+aw) + Z) _9(?)
1+ (+¢)(1-n) _—1/2 D (2
v ¢ ((1—a)w+(1+aw>nc - Z) (=)

. ¢ ﬁ il + . . .. .
Notice that E(l Wrﬁ: De +Z>) — i(é)) achieves its minimum as z — —oo. Applying
z

A=)+ Fad)ne =

L’Hospital’s Rule, it follows that the minimum of f(l ) d];(;) is given by
1 df (= ) 141
lim 1— 250
TS e T Grara—an T

from which follows that )d’;(j) > 0 for all z, and therefore d];(j) > 0, since f(z) > 0.

Consequently, since f (2 )w+a is a monotonic transformation of f (z), it follows that 4& (2,7 4)
> 0 since this holds for all realizations of A — A*. This establishes that the optimal choice
of capital is increasing with A¢, since f (z) is increasing for each realization of z.

The optimal choice of K then takes the following form

1+9
log K = g log I (AC * %Z) P A% k.
¥ ’ 1+
A Y ta A Y ta

By substituting the expressions for K; and [; into the utility of household i given in Propo-

sition 1, we obtain

E[Ui|T}]
1
(A+y)(1—n¢) ) w a c_ A% 4 14 A\ _1 149 141 14\ g
(1 ) Y Taetaradym At T e 3 (log F(Ac—Ar 2 )+ b A )+ 20 45 ((1—04)1/)+(1+a7,/))ncn5 wm)A +uo
= —« e a
1+
14+
1 Y+ta (A+)ne _ (A A*) 1 —-1/2 «\ e quﬁ
eT-a ¢ \T-adtd+tad)ng w ) (A+y)Te + A-A
(1—a)p+QQ+ap)n. 71/ T
8 )

A\ & () a—n)re A\
@ (7__1/2> (b ((1_a)w+(1+a"/})nc + 7_5—1/2)

€

where ug is given in the proof of Proposition 3. When A; = A*, this further reduces to
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EUi|Zi]

WP fﬁf‘*ﬂ_fﬁ log F(A°—A" 74 ) +uo
= (1- a) ¢ oo vFa
1 ta (1+v) 1/2 n T
1 Ytaf AWM * - * c P
el-a v ((1 DT A tad)ng ¢+a)(14 A )(I) <(1 (1)1;1_#’_)(7'1:_ 5 4 A—lf/lQ)
e T T
)

A=A\ & (A a-n)re P amar)®
¢ (f—1/2> ‘D ((1—a>w+(1+aw>m + 7;1/2)

€

Since the posterior for A — A* of household 7 is conditionally Gaussian, it follows that the

expectations in the expressions above are functions of the first two conditional moments
A;— A* and 7. Let

1 Yta (1+4)n, * —1/2 <\ e
el—a ¥ ((1*a)w+(1+aw)nc w+a)(A A (A+¢)7e 4 A-A
(1-a)yp+QA+ay)n. ' 71/2

Apx\Te™¢ ()= | a-ar\®
iiJ <7-__1/2) ® ((1—&)1/1-&-(1-&-041#)7% * 7'5_1/2>

€

G (Al- —A*,%A> —E

Define z = Af—f};, and
Te

e
: 1 P ( Lty =24 z)
g(z) = e (amirtismn —ogis)re e Z\(za)irOrain. ©
@ (2)7]0
(1+¢)(1—n.) —-1/2 -
@ ((1—a)¢+(1+m/})nf'E i Z)

o (z) ’

as the term inside the bracket. Then, it follows that
1 dg(z) _ 1 w+a( 1+ . 1+w)7_1/2+(a_77)¢(z)
9 = 1-a ¢ \A-ae+r(+ap)n” “G+a) )5 (2)

144 -1/2 (1+¢)(1-n.) /
¢ ((1—a)1/1+(1+0ﬂ/1)77 Te + Z) ¢ ((1 )+, T T Z)

e Y (E—— _aq)< o) 7Y
(1—a)yp+(1+ar))n, I—a)ot(tadym, "

-1/2
Note ((1 a)w+(1+aw>m +Z> _ #(=)
1+ 1/2 ]
¢(4(1—a)w+(1+aw)nc +z) G)

) achieves its minimum as z — —oo. Applying L’Hospital’s

Rule, it follows, with some manipulation, that the minimum o gl do(z)
1 dg(2)
= 0.
z——00 g(z) dz

It follows that 1)dzl(zz) > 0, and therefore dfi(;) > 0, since g (z) > 0. Consequently, since
11y

g (z)¥F is a monotonic transformation of g (z), it follows that %< (z,74) > 0, since this
holds for all realizations of A — A*.



Since the household with the critical productivity A* must be indifferent to its moving

decision at the cutoff, it follows that U; — P = 0, which implies

1+
(A+9)(1—n¢) L _Y¥ta fe_ A% 2\ L1+ 4%}, 1 149 (A+¥)ne IR LAY
(1—a)¢+(1+ad))nCA’+/\7ai% (logF(A A ’TA>+¢+aA )"'1704 i ((lfa)w+(1+a2/))nc aw+a)A +uo
o R 1+ ¢
G(A - 3,)=——Y P A=A (25)
’ Y(1l—a)’

which does not depend on the unobserved A or the supply shock £. As such, A* = A* (log P, Q) .
Furthermore, since Af is increasing in A; and G /Al;" — A*, 74 is (weakly) increasing in Ai, it
follows that the LHS of equation (25) is (weakly) monotonically increasing in A;, confirming
the cutoff strategy assumed for households is optimal. Those with the RHS being nonnega-
tive enter the neighborhood, and those with it being negative choose to live elsewhere.

It then follows from market-clearing that

(=7 (A" = A) = & (=/Te (W' =¢)).

Since the CDF of the normal distribution is monotonically increasing, we can invert the

above market-clearing condition, and impose equation (21) to arrive at

1 T
logP = —— (A - A% —
o5 =7 (- =),
from which follows that

z(P):\/§((1+k)logp+g)+A*:A—\/§(§—Z),

and therefore z¢ = |/7=. This confirms our conjecture for the sufficient statistic in housing
price and that learning by households is indeed a linear updating rule.
As a consequence, the conditional estimate of household 7 is

/Ali = ?’Zl (TA/_l +70Q + ETEZ + TeAi) ,
Te

" T
TaA = TA+TQ+T—ET§+7’E,

e

and the conditional estimate of capital producers is

~

A = 7! <TA/_1 +70Q + EQZ) )
Te

~c Te
Ta = TAa+Tg+ —T¢.
Te

Substituting for prices, and simplifying A* terms, we can express equation (25) as

14y 1+
< e+ Isge>A* ¥ e 1+ 1 =
1 N ) N R . Te, F_
AT G (A= aria) 1 (A — g ) 7o = enn /A,
—

(26)
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Notice that the LHS of equation (26) is continuous in A*. As A* — —o0, the LHS of equation

(26) converges to
lim LHS =0.

A* o0
Furthermore, by L’Hospital’s Rule and the Sandwich Theorem, one also has that
Al*iinOO LHS = .
Since the RHS is independent of A*, it follows that the LHS and RHS intersect once. There-
fore, a cutoff equilibrium in the economy with informational frictions exists.
Now consider the derivative of the log of the LHS of equation (26):

dlogLHS _ /\ﬁ /7-5/7.e 7A_,04 G (A* _A*,%A) a% )i <Ac _A*’%,CA)

dA* /\—Oé% 1+k %AG<A*_A*’7A-A) )\_Q%F(AC_A*7%T4)’
where G’ (-, 74) and F’ (-,7%) are understood to be first derivatives with respect to the first
argument. From our derivation of f(lz) d];(zz) above, we recognize that
1 df (2) < 712
f(z) dz — ¢ 7

since the latter two terms are nonpositive. Furthermore, we can rewrite

Flo-an) f(ﬁ(A—A*»(dlogf(z)
F(A*—A*,%A> F(A*—A*,@;)

= € A s
dz 2=/Te(A—A*) \/T_>

SWT(A=A) | 7| _ f— F(/7e(a=A")) sohti ;
where |:F(A*—A*,%A) L] =1, so that w) = F(A A1) acts as a weighting function. We
can take the derivative inside the expectation because f (z) has a continuous first derivative.

It then follows that

F' (A*—A*j%A> < dlogf(z) <1
max ——— .
F’(A*-—/ﬁ,%A) A dz  e=yre(A-an)

Similarly, recognizing that

(1+¢)(1-n.) —1/2 1+ —1/2
¢ ((lfa)llﬂr(ler/J)ncTE T Z) B ¢ ((lfa)1/1+(1+a'¢1)nc7—€ + Z) >0

(+¥)(1-n,) —1/2 L+ —1/2
(I)((l—oz)w+(1+oc¢)nc7-€ +Z> ¢<(1—a)w+(1+aw)n375 +Z>

_1 dg(z)
we can bound ORE by

1cw@)< 1 ¢+a( 1+ B 1+¢)fﬂ2
g(z) dz —1—a (1—a) <

vt (tap)n ' “Yta
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If n, > «, since the latter two terms are always nonpositive, and

1 dg(z)< 1+
g(2) dz ~ (1-a)y+(1+ay)n,

if n. < «, since the second term then attains its maximum as z — —oo, and we have

—1/2
aTICTE )

truncated the third term. Consequently,

G’ (A* — A* T ) 1 Y+a 149 144 .
A <{ o v \Tawrrann e = Yra ) e Z 0

A A - 1+¢
G <A* — A*,TA) (I—a) o+ (1+ad)n, an., if n. < a

If 7, < o, then, since z4 < 1 and 1+¢ > 1, so that #i‘:ﬁ > 1, we can bound %
from below by

dlog LHS \/ 1

e Te/Te Y an, > 0,

dA* 1+k (1—a)y+ (14+ar))n,
since (kaWﬁﬂW) an, < 1.1fn, > «, then, since :—i < land 1+¢ > 1, s0 that =% w—¢ >
1, we can bound d1°§ AEH S from below by
dlog LHS S 14 e 1—|—w \/7'5/7'e 1 Yv+a 14+
A~ = 1-a o 11k 1-a ¢ (I-a)d+ltap)n

(¥ +a)(1—n.) VTE/Te >0
l-a)y+(14+ap)n, 1+k '

Consequently, ‘“05# > 0, and therefore the LHS of equation (26) is (weakly) monotonically

increasing in A*. Since the LHS of equation (26) is monotonically increasing in A*, while
the RHS is fixed, it follows that the cutoff equilibrium is unique. Therefore, there exists a
unique cutoff equilibrium with informational frictions.
Since A¢ and 121;“ are both increasing in the public signal @), it follows by applying the
Implicit Function Theorem to equation (26) that
dA*
d6Q

<0,

where £¢ is the noise in @), since the LHS of equation (26) is nonnegative and (weakly)
monotonically increasing in A*. Since the noise in the public signal is independent of A, it
follows that -~ > 0, and more households enter the neighborhood in response to a more

t dP > 0, and the housing price increases

positive noise shock Similarly, it also follows tha
in response to the stronger housing demand.

By applying the Implicit Function Theorem to equation (26) with respect z, we see that

A A 1+ A * 7
G Glias)  En el r(eas) e
dA* 1tk G(A* =A% 74) TATTQHIETeH+Te A—aldl F(Ac—A"79) Ta+TQ+HIETe
- dlog LHS :
dz £

51



G/(Ar—A*7a) F'(A—A*39)

Since GA A7) FlA—a ) > 0, we can find a sufficient condition for the learning
. . G'(A*—A* 7 ..
effect to dominate the cost effect by truncating the W term and recognizing
- sTA
F’(AC*A*ﬁ'i;) 144 B . 1 df(z) . . .. .
Fa—am) = “Trar(-am, (1 —m,), since 77 J(o achieves its minimum at this value. It

then suffices for the learning effect to dominate the cost effect that

1ty

Te

1 artl 1 Te
—_— E— ¢+1 (67 +1/} (1_770) < T SO?
1+kV 7e )\—a—w:i Y+a+(1—a)n, TA+TQ+ =T

from which follows that it is sufficient, although not necessary, that

1

1+k >)\—04JT1/0}41/J+@+(1—04)7)C Te

TF 2 (rat k= ol a(l-n)(1+9) V7.
for % < 0. As a consequence, more households enter in response to the information in a
higher housing price, and this impact is in(de)creasing in k if TZjC (Ta+70) < (>) 1. It

then follows that, in addition, % > ( and more households also enter the neighborhood.
Finally, as 7¢ /" 0o, that AC, At — ,, A, since 7%, 74 /" oo. Taking the limit along a
sequence of 7, equation (25) converges to equation (23), and therefore A* converges to its
perfect-information benchmark value, as do the optimal labor and capital supply. There-
fore the noisy rational expectations cutoff equilibrium converges to the perfect-information

benchmark economy as 7¢ " oc.

A.5 Proof of Proposition 5

We begin with our analysis of the equilibrium at ¢t = 2, after informational frictions have
dissipated after an arbitrary profile of housing policies by households. To see that this is the
unique equilibrium in the economy, define the operator T : B? (R) — B? (R) characterizing

the optimal household i’s optimal labor choice:

Ny (I+ay) (1 —n,.) (14 av) o
Tle@) = (1—a)¢+(1+a¢)ncAi_(1—a)¢+(1+a¢)776(lOga(l_Q)‘i”lOgR)
1+ay (1+ o) n,
tavrarann S0 T e a ey, o8P Len-n]
L+ o) n, el
=@t 0+ apyy, 88 [ -] 1)

where B? (R) is the space of functions ¢—bounded in the ¢—norm |[|f||, = sup, ‘ég;' for
¢ (z) > 0. When households follow a cutoff strategy, then F [1{Hj:1}] =& (\/’7'_5 (A— A*))
and F [eAJ‘”(j)l{Hj:l}] =F [eAj”(j)l{ AjzA*}} . We introduce the weighted norm since x ()

is potentially unbounded. T (x (7)) is continuous across i, since the expectation operator is
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bounded and preserves continuity for lognormal A;. Furthermore, T (-) satisfies monotonicity
T (y(i)) > T (x () whenever y (i) > x (i) (V i), and discounting since

(1+ay)n.
(I =)+ (1+a)n,

for x* = argsup || f|| () and a constant 5 > 0. T" is therefore a strict contraction map by

T(x () +6) =T (x (i) +

B <T(x(@)+ B ("),

the Weighted Contraction Mapping Theorem of Boyd (1990). Since a contraction map has,
at most, one fixed point, if an equilibrium with a continuous z (7) exists, it is the unique
equilibrium, at least within the class of functions bounded in the ¢ — sup norm. Notice now
that the choice of ¢ (-) is arbitrary, as it does not impact the contractive properties of T () .2!
We therefore conclude the z (i) that solves the fixed-point equation is unique.

Since z (1) = (1 4+ a)) [; is unique in the economy, it follows that the function for capital
K is also unique. As such, total capital demand in the economy is unique, and the market-
clearing rental rate R is therefore also unique. Consequently, the equilibrium we derived is
the unique equilibrium at ¢t = 2 in the economy, given the household decision strategy at
t=1, {Hi}ie[o,l] :

In addition, we recognize from the functional fixed-point equation (27) that [; is strictly
increasing in A;, since one can take a sequence [F = Tlf_l, for which [¥ is strictly increasing
in A; along the sequence, and take the limit as k — oo. Furthermore, I; conditional on A; is
increasing in A from the functional fixed-point equation (27) by similar arguments, since ;

4 = eA*¢i for any arbitrary housing policy.

is strictly increasing in e
We now turn our attention to ¢ = 1. Consider the problem of household ¢ when all
other households follow arbitrary strategy profiles. Solving for the household i's optimal

consumption and production decisions at ¢t = 2, it follows we can express K; and p; as

1 1+4)
K = —— ",
a(l-—a)R"

Ao\ e -1 At A
b = (eAzzil* w) (E [Lm,=13] / et wd]) ,
N/i

and, by imposing market-clearing in the market for capital, the price of capital is given by

1 1 1
R= —/ ;.
(6] (1 — Oé) FE [1{]_[].:1}} K N J

Since household i is atomistic, it follows, by substituting for p;, K;, and R, that

EIU |T) = (1-a) f¢E {(&iz}WO‘)MCE [eAjz;W“ | j e/\/} “E [z}“” | j e/\/} - KO" |L}
(28)

21The choice of ¢ (+) is not entirely without loss, as existence depends on the space of ¢—bounded functions
being a complete metric space.
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Now fix K as a parameter, since it is publicly observable to all households. Note that the

term eil; 9 s increasing in A;, ignoring indirect effects through inference about A, and in
A conditional on A;, since [; is increasing in these arguments. Now suppose that A increases

to (14 ¢) A, holding fixed A;, P, and K, and this increases [; to (1 + ) {; for all j. Then

AFEU; |7)]

m:(1+s)(1+5)1‘“>0,

and F [U; |Z;] is also increasing in A.?> As all households share a common posterior about
A after observing the housing price, their private beliefs about A and their private type
A; are perfectly positively correlated. Consequently, we can express the expected utility of

household 7 as
EU; |Ti] = h (Ai, P, Q) K%,

with % > 0 since the argument in the expectation is increasing in A; and A realization-by-
realization.

It then follows that household i will follow a cutoff strategy, and buy if
Ai Z h_l (P/KQ7P7Q>7

with the cutoff determined by the participation of other households in the neighborhood.
This confirms the optimality of their cutoff strategy in their private type. As this holds for
any P and K, the result follows for any P and K.

In the special case of perfect information, we can express E [U; |Z;] = (1 — «) % f(A)g(N),

1- c
with f(A;) = <eAi I J”l’o‘) i strictly increasing in A;, while g (NV) is independent of A;.
Household 7 will then follow a cutoff strategy, and buy if

A > fH(P/g(N)

with the cutoff determined by the participation of other households in the neighborhood.

Furthermore, we recognize that builders, regardless of their beliefs about demand fun-
damental, A, will follow cutoff strategies when choosing whether to supply a house. By
market-clearing and rational expectations, the functional form for the housing price and the
equilibrium beliefs of households follow.

Given that the housing price has the conjectured functional form, capital producers
form rational expectations about A, and their optimal supply of capital is unique from the
concavity of their optimization program. As such, the cutoff equilibrium we characterized
is the unique rational expectations equilibrium in the economy, both with informational
frictions and perfect-information.

22Tn the background, the utility of households, conditional on A, is supermodular in A; and the actions of
the other households.
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