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Abstract
We develop a two-sector search-matching model of the labor market with imperfect mobility of workers, augmented to incorporate a housing market and a frictional goods market. Homeowners use home
equity as collateral to …nance idiosyncratic consumption opportunities. A …nancial innovation that raises
the acceptability of homes as collateral raises house prices and reduces unemployment. It also triggers a
reallocation of workers, with the direction of the change depending on …rms’market power in the goods
market. A calibrated version of the model under adaptive learning can account for house prices, sectoral
labor ‡ows, and unemployment rate changes over 1996-2010.
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Introduction

The Mortensen and Pissarides (1994) model of equilibrium unemployment captures several frictions that
plague labor markets, including imperfect competition, costly search, and matching frictions. Yet, it abstracts
from …nancial frictions and borrowing constraints that provide powerful linkages between key markets of the
macroeconomy, namely housing, goods, and labor markets. These linkages seem to have played an important
role in the emergence of a housing boom/bust cycle and the Great Recession. Indeed, preceding the Great
Recession, house prices doubled from 1991 to 2005, while households increased their consumption …nanced
with home equity lines of credit by $530 billion annually. In the meantime the demand for residential
construction grew from supporting 4.2% of all U.S. employment in 1996 to 5.1% of total employment in 2005
(Byun, 2010). Following the burst of the "housing bubble," residential construction-related employment fell
to 3.0% of total U.S. jobs, while home equity extraction plummeted. Moreover, the spending decline during
the Great Recession was concentrated in counties that experienced the largest house price declines, which
led to employment losses throughout the entire economy (Mian and Su…, 2014a).
The objective of this paper is to incorporate borrowing constraints into a model with frictional labor
and goods markets. We focus on …nancial frictions that a¤ect households’ ability to borrow when facing
unforeseen spending shocks. Speci…cally, we emphasize consumer loans collateralized with residential properties because housing wealth is the main source of collateral to households— it represents about one-half
of total household net worth (Iacoviello, 2011)— and the availability of such loans increased steadily over
time during the housing boom. According to Greenspan and Kennedy (2007), expenditures …nanced with
home equity extraction increased from 3.13% of disposable income in 1991 to 8.29% in 2005.1 ;2 We will
study, both analytically and quantitatively, how …nancial innovations and deregulation that make housing
assets more liquid a¤ect equilibrium unemployment, labor market ‡ows and sectoral reallocations, and house
prices. We then consider whether our model can account for the magnitude of the changes in unemployment
and house prices during the housing boom that preceded the Great Recession and the housing market crash
1 Dugan (2008) explain the increase in home equity loans by the fact that underwriting standards have been relaxed to help
more people to qualify for loans. Ducca et al. (2011) attribute the steady increase in average loan-to-value ratios in the U.S. to
two …nancial innovations: the development of collateralized debt obligations and credit default swap protection. Abdallah and
Lastrapes (2012) document a constitutional amendment in 1997-98 in Texas that relaxed severe restrictions on home equity
lending. Prior to 1997 lenders were prohibited from foreclosing on home mortgages except for the original purchase of the home
and home improvements.
2 Mian and Su… (2009) estimate that the average U.S. homeowner extracted 25 to 30 cents for every dollar increase in home
equity from 2002 to 2006. They argue that the extracted money was not used to pay down debt or purchase new real estate but
for real outlays. Moreover, Mian and Su… (2014b) …nd that this marginal propensity to borrow is the largest for homeowners
with the lowest cash on hand. Using household level data for the U.K., Campbell and Cocco (2007) …nd that a large positive
e¤ect of house prices on consumption of old households who are homeowners— the house price elasticity of consumption can
be up to 1.7— and an e¤ect that is close to zero for the cohort of young households who are renters. Moreover, they …nd that
consumption responds to predictable changes in house prices, which is consistent with a borrowing constraint channel.
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that followed.
Our model is a two-sector version of the Mortensen-Pissarides (1994) framework augmented to incorporate
a housing market and a goods market with explicit …nancial frictions. In each period, frictional labor and
goods markets open sequentially, as in Berentsen, Menzio, and Wright (2011). The frictional labor market
is divided into a construction sector where …rms produce houses and a general sector where …rms produce
consumption goods. A fraction of the consumption goods are sold in a decentralized retail market where
…rms and consumers search for each other and both have some market power. Those households that are
liquidity constrained (formally, a fraction of households do not have access to unsecured credit) can use
their home as collateral to …nance idiosyncratic spending shocks. Therefore, homes have a dual role: (i)
they provide housing services that can be traded competitively in a rental market; and, (ii) they provide
liquidity services by serving as collateral for consumer loans in the decentralized goods market. The model
is summarized in Figure 1.

LABOR MARKET

Firms
and
Workers

construction
entry
goods

Housing
stock

Housing prices

Goods
for sale

Home-equity loans

Figure 1: Sketch of the model

An increase in households’access to home equity-based borrowing a¤ects the economy through two main
channels. First, households have a higher borrowing capacity when random consumption opportunities occur,
which raises …rms’expected revenue in the goods market. This e¤ect is akin to an increase in productivity
in the goods producing sector. Second, …nancial innovations a¤ect the demand for homes and, via market
clearing, their production and price. These changes in the value and stock of housing can amplify the initial
shock to households’borrowing capacity.
In order to build some intuition, we isolate …rst the home equity-based borrowing channel by shutting
down the construction sector and by assuming a …xed supply of houses. If housing assets are scarce or lending
standards are su¢ ciently tight, then house prices exhibit a liquidity premium, i.e., houses are priced above
the discounted sum of their future rents. There are conditions on fundamentals under which the economy has
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multiple steady-state equilibria across which unemployment and house prices are negatively correlated. Intuitively, …rms’decision to open job vacancies in the retail sector depends positively on households’borrowing
capacity and hence home equity. But households’demand for homes as collateral also depends positively on
the aggregate activity in the retail sector, thereby creating strategic complementarities between households’
and …rms’decisions. A new regulation that increases the eligibility of homes as collateral raises the housing
liquidity premium and reduces unemployment.
We next re-open the construction sector, so that the supply of homes is endogenous. We consider two
polar cases that allow us to identify the conditions under which the unemployment rate is a¤ected by
aggregate demand in the goods market: a "competitive" case where …rms have no market power in the retail
market, and a "monopoly" case where …rms have all the market power. In the competitive case, house prices,
which are determined by the relative productivities in the two sectors, are una¤ected by …nancial innovations.
Relaxing lending standards does not a¤ect unemployment but it does lead to a reallocation of workers toward
the construction sector. In the monopoly case, housing assets are priced at their "fundamental" value— the
discounted sum of the rental rates. An increase in the eligibility of homes as collateral reduces aggregate
unemployment, increases house prices, and drives workers away from the construction sector.
To conclude our analysis we calibrate the model to the U.S. economy over the period 1996 to 2010.
The calibration of the labor market is standard based on targets coming from the Job Openings and Labor
Turnover Survey (JOLTS). In addition we adopt two key targets: the ratio of household equity-…nanced
expenditure to disposable income from Greenspan and Kennedy (2007), and the ratio of the aggregate
housing stock to GDP based on the Federal Reserve’s Flow of Funds. Our experiments consist of using a
simple identity for the share of consumption …nanced through home equity extraction to estimate changes
in the eligibility of homes as collateral over the period. We feed this sequence of eligibility coe¢ cients
into the model and solve for the dynamic equilibrium path under rational expectations. While the model
broadly captures the trend features of U.S. data over the period it fails to account for the magnitude of
house price changes observed in the data and, as a result, it generates insu¢ cient volatility in the aggregate
unemployment rate.
Macroeconomic models under rational expectations are notorious for having a hard time explaining the
dynamics of house prices and the dynamics of job openings and unemployment. Thus, in order to properly
match U.S. data we replace our perfect foresight assumption with an adaptive learning rule, in the spirit
of Evans and Honkapohja (2001) and Hommes (2013), that has been able to generate large swings in asset
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prices and excess volatility in other contexts.3 We calibrate the learning model to U.S. data, solve for the
learning path and show that the model generates a house price boom of the same magnitude as exhibited in
the data. Moreover, the model provides a good …t to sectoral labor ‡ows and the unemployment rate.

1.1

Related literature

Our study is related to research on unemployment and …nancial frictions. Wasmer and Weil (2004) and
Petrosky-Nadeau (2013) extend the Mortensen-Pissarides model to incorporate a credit market where …rms
search for investors in order to …nance the cost of opening a job vacancy. Our model di¤ers from that
literature in that in ours the credit frictions a¤ect households, taking the form of limited commitment
and lack of record-keeping, rather than search frictions between lenders and borrowers. We also explicitly
formalize a frictional goods market.
Our paper is also related to the literature on unemployment and money. Shi (1998) constructs a model
with frictional labor and goods markets where large households insure their members against idiosyncratic
risks in both markets. Berentsen, Menzio, and Wright (2011) have a related model in which individuals
endowed with quasi-linear preferences readjust their money holdings in a competitive market that opens
periodically as in Lagos and Wright (2005).4 In Rocheteau, Rupert, and Wright (2007) only the goods
market is subject to search frictions but unemployment emerges due to indivisible labor. In all of these
models credit is not incentive feasible because of the lack of record keeping and, therefore, …at money plays a
role in overcoming a double-coincidence of wants problem in the goods market. Our model adopts structure
similar to Berentsen, Menzio, and Wright (2011), but we add a construction sector and a housing market
and introduce home equity-based borrowing in the decentralized goods market.
The macroeconomic implications of the dual role of assets as collateral have been explored in a series of
papers, starting with Kiyotaki and Moore (1997). Applications to the recent …nancial crisis include Midrigan
and Philippon (2011) and Garriga et al. (2012) based on standard neoclassical models. Our formalization
follows the search-theoretic approach to liquidity and …nancial frictions, including Ferraris and Watanabe
(2008), Lagos (2010, 2011), and Rocheteau and Wright (2013). In addition we formalize a two-sector frictional
labor market and unemployment.5
3 See,

for example, Timmermann (1994) and Branch and Evans (2011).
and Wright (2005, 2013) extended the Lagos-Wright model to allow for the free entry of sellers/…rms in a
decentralized goods market. This free-entry condition was reminiscent of the one in the Pissarides model. Berentsen, Menzio,
and Wright (2011) tightened the connection to the labor search literature by requiring that …rms search for indivisible labor in
a market with matching frictions before entering the goods markets.
5 In Rocheteau and Wright (2013) the asset used as collateral is a Lucas tree. He, Wright, and Yu (2013) reinterpret the
model as one where the asset enters the utility function directly. As we show in this paper, provided that there is a rental
market for homes the two interpretations are equivalent.
4 Rocheteau
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The …rst search model to account for sectoral reallocation is Lucas and Prescott (1974). In this model
sectoral labor markets are competitive and workers’ mobility across sectors is limited. Models in which
sectoral labor markets have search frictions include Phelan and Trejos (2000) and Chang (2012). Relative
to this literature our model explains workers’reallocation across sectors by changes in …nancial conditions.
Finally, there is a literature linking households’transitions in the labor and housing markets. For instance,
Rupert and Wasmer (2012) explain di¤erences in labor market mobility between the United States and
Europe by di¤erences in commuting costs. Head and Lloyd-Ellis (2011) develop a model with search frictions
in both housing and labor markets. Karahan and Rhee (2012) consider a two-city model where the low
mobility of highly leveraged homeowners reduces the reallocation of labor. None of these models study the
joint determination of house prices and unemployment in liquidity-constrained economies.
This paper is also related to a burgeoning literature that incorporates constant gain adaptive learning in
studies of monetary policy and asset pricing: see, for example, Branch and Evans (2011); Sargent (1999).6
Branch (2014), in particular, studies a related search-based asset pricing model subject to stochastic dividends
and asset supply. In this model, asset price booms and crashes can arise as an over-shooting in response
to structural changes in the liquidity properties of the asset or as an endogenous response to fundamental
shocks.

2

Environment

The set of agents consists of a [0; 1] continuum of households and a large continuum of …rms. Time is discrete
and is indexed by t 2 N. Each period of time is divided into three stages. In the …rst stage, households
and …rms trade indivisible labor services in a labor market (LM) with search and matching frictions. In
the second stage, they trade consumption goods in a decentralized market (DM) with home equity-based
borrowing. In the last stage, …rms sell unsold inventories, debts are settled, wages are paid, households trade
assets and housing services in a competitive market (CM), and workers make mobility decisions. We take
the consumption good traded in the CM as the numéraire good. The sequence of markets in a representative
period is summarized in Figure 2.
The utility of a household is
E

1
X

t

[ (yt ) + ct + #(dt )] ;

(1)

t=0

where
6 For

=

1
1+r

2 (0; 1) is a discount factor, yt 2 R+ is the consumption of the DM good, ct 2 R is the

an early contribution see Marcet and Sargent (1989) and for an exhaustive treatment see Evans and Honkapohja (2001).
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Figure 2: Timing of a representative period

consumption of the numéraire good, and dt is the consumption of housing services.7 The utility function in
the DM, (yt ), is twice continuously di¤erentiable, strictly increasing, and concave, with (0) = 0,
and

0

(1) = 0. We denote y > 0 the quantity such that

0

0

(0) = 1,

(y ) = 1. The utility for housing services is

increasing and concave with #0 (0) = 1 and #0 (1) = 0.
There are two sectors in the economy denoted by

2 fg; hg: a sector producing perishable consumption

goods ( = g), and a sector producing durable housing goods ( = h). Firms are free to enter either sector.
Each …rm is composed of one job. In order to participate in the LM at t, …rms must advertise a vacant
position, which costs k > 0 units of the numéraire good at t

1.8

Households have sector-speci…c skills allowing them to work in a given sector. At the end of a period,
each household from sector
0

to migrate to sector
(i), with

0

> 0,

00

who is unemployed can make a human capital investment, i 2 [0; 1], in order

with probability i. The cost of this investment in terms of the numéraire good is

> 0,

0

(0) = 0 and

0

(1) = +1. The assumption

0

(0) = 0 will guarantee that at a

steady state households are indi¤erent between the two sectors.9 We denote Pt the measure of households
in sector

at the beginning of t.

The measure of matches between vacant jobs and unemployed households in period t is given by m (st ; ot ),
where st is the measure of job seekers in sector

and ot is the measure of vacant …rms (openings). The

7 We

do not impose the nonnegativity of c in the CM. If c < 0, the household produces the numéraire good. In this case
c < 0 can be interpreted as self-employment or as a reduction in the household’s illiquid wealth (i.e., wealth that cannot serve
as collateral in the DM). One can also impose conditions on primitives so that c 0 holds, e.g., by assuming su¢ ciently large
endowments of the numéraire good in every period. As in Mortensen and Pissarides (1994) and Lagos and Wright (2005) this
assumption of quasi-linear utility makes the model tractable. In our context it implies that trading histories in both the labor
and goods market do not matter for households’choice of asset holdings in the CM. As a result, equilibria will feature degenerate
distribution of asset holdings. Under strictly concave preferences households would accumulate precautionary savings because
of both idiosyncratic shocks in the labor and goods market, and the dynamics of individual asset holdings would become much
more complex. Even though households in our analysis will have no need for insurance due to idiosyncratic employment risk
they will have a precautionary demand for assets due to idiosyncratic spending shocks. While wealth e¤ects and employment
risks are important our analysis emphasizes an "aggregate demand" channel according to which the availability of collateralized
loans to households a¤ects …rms’expected revenue.
8 An alternative assumption is that recruiting is labor intensive (instead of goods intensive). In our context our assumption
implies that changes in lending standards and …nancial frictions do not a¤ect the cost of hiring, such as wages of workers in
human resources.
9 For a similar formalization of the mobility decision in a two-sector labor market model, see Chang (2012).
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matching function, m , has constant returns to scale, and it is strictly increasing and strictly concave with
respect to each of its arguments. Moreover, m (0; ot ) = m (st ; 0) = 0 and m (st ; ot )
The job …nding probability of an unemployed worker in sector
t

min(st ; ot ).

is pt = m (st ; ot )=st = m (1;

t

) where

ot =st is referred to as labor market tightness. The vacancy …lling probability for a …rm in sector

is ft = m (st ; ot )=ot = m (1=

t

; 1). The employment in sector

(measured after the matching phase

at the beginning of the DM) is denoted nt and the economy-wide unemployment rate (measured after the
matching phase) is ut . Therefore,
ut + ngt + nht = 1:
The unemployment rate in sector
of a period with probability

(2)

is 1 nt =Pt . An existing match in sector

is destroyed at the beginning

. A worker who lost his job in period t becomes a job seeker in period t + 1.

Therefore,
ut = sgt+1 + sht+1 :
A household that is employed in sector

(3)

in period t receives a wage in terms of the numéraire good, w1;t ,

paid in the subsequent CM. A household that is unemployed after the matching phase in period t receives
an income in terms of the numéraire good, w0 , interpreted as the sum of unemployment bene…ts and the
value of leisure.
Each …lled job in the consumption-good sector produces z g

y units of a good that is storable within

the period. These goods can be sold and consumed either in the DM or in the CM. In the latter case they
are perfect substitutes to the numéraire good. So the opportunity cost of selling yt 2 [0; z g ] in the DM is yt .
The aggregate stock of real estate at the beginning of period t is denoted At . Each …lled job in the
construction sector produces z h units of housing that are added to the existing stock at the end of the
period. Housing goods are durable, and each unit of a housing good generates one unit of housing services
at the beginning of the CM. These services can be traded in a competitive housing rental market at the
price Rt . Following the rental market and the consumption of housing services, housing assets depreciate
at rate . While all households can rent housing services, we assume that households are heterogeneous in
terms of their access to homeownership. Only a fraction, , of households can participate in the market and
purchase real estate. Participating households are called homeowners while nonparticipating households are
called renters. The market for homeownership opens after the rental market, and housing assets in period t
are traded at the price qt .10
1 0 Arguably,

one would like to introduce search-matching frictions in the housing market as well. We choose to keep this

7

The DM goods market involves bilateral random matching between retailers (…rms) and consumers
(households).11 Because each …rm corresponds to one job, the measure of …rms in the goods market in
period t is equal to the measure of employed households in the goods producing sector, ngt . The matching
probabilities for households and …rms are
(0) = 0,

0

(0) = 1, and

(1)

= (ngt ) and (ngt )=ngt , respectively. We assume

0

> 0,

00

< 0,

1. The search frictions in the goods market capture random spending

opportunities for households and will generate a precautionary demand for liquid assets. Moreover, the
endogenous frequency of trading opportunities,

(ngt ), generates a link between the labor market and the

DM goods market: in economies with tight labor markets households experience more frequent trading
opportunities.
In a fraction

of all matches there is a technology to enforce debt repayment, in which case consumer

loans do not need to be collateralized. In the remaining 1

matches, …rms are willing to extend credit to

households only if the loan is collateralized with some assets.12 In order to formalize home equity extraction,
we assume that the only (partially) liquid asset in the DM is housing.13 (See the discussion below.) The
limited ability to collateralize housing assets is formalized as follows. First, there is a probability, 1

, that

the housing assets of a homeowner are not accepted as collateral.14 Second, in accordance with Kiyotaki
and Moore (2005), a household that owns a units of housing as collateral can borrow only a fraction of the
value of its assets. More speci…cally, the household can borrow at [qt (1

) + Rt ], where qt (1

) + Rt is

the value of a home in the DM of period t (the CM price of homes net of depreciation and augmented of
the rent), and

2 [0; 1] captures the limited pledgeability of assets. The parameter, , is a loan-to-value

ratio which represents various transaction costs and informational asymmetries regarding the resale value of
homes.15 In case the consumer defaults on the loan, the producer can seize the collateral at the beginning
market competitive for tractability. Moreover, while search-matching frictions are likely to matter for housing prices, we want
to focus on the liquidity premium for housing prices arising from home-equity based borrowing and its e¤ect on the goods and
labor markets.
1 1 The assumption of random bilateral matching and bargaining has several advantages. First, the description of a credit
relationship as a bilateral match is more realistic. Second, the existence of a match surplus that can be partially captured by
…rms creates a stronger channel from home-equity-based consumption and …rm’s productivity. Third, the idiosyncratic risk
generated by the matching process is isomorphic to household preference shocks. In our context the frequency of those shocks
is endogenous and depends on the state of the labor market.
1 2 Mian and Su… (2014b) …nd that the marginal propensity to borrow varies with homeowners’ "cash on hand" where they
de…ne "cash on hand" as cash holdings, liquid debt capacity, or income that can be easily accessed and converted into spending.
In our model households who have access to unsecured credit have the largest "cash on hand" and are not liquidity constrained.
1 3 This formalization is analogous to the one in Telyukova and Wright (2008) where some matches have perfect enforcement
while others don’t. Following Geromichalos, Licari, and Suarez-Lledo (2007), Lagos (2011), or Li and Li (2013) we could
introduce …at money alongside housing assets. We chose to abstract from the coexistence of collateralized loans and currency
because our primary focus is not on monetary policy and asset prices.
1 4 A similar assumption is used in Lagos (2010). For microfoundations for this constraint, see Lester, Postlewaite, and Wright
(2012). Taking as exogeneous is consistent with the view that movements in over the recent period are due to regulatory
changes (e.g., Dugan, 2008; Abdallah and Lastrapes, 2012).
1 5 Microfoundations for such resalability constraints are provided in Rocheteau (2011) based on an adverse selection problem
and in Li, Rocheteau, and Weill (2012) based on a moral hazard problem.
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of the CM before it can be rented. We restrict our attention to loans that are repaid within the period in
the CM, i.e., the debt is not rolled over across periods.

3

Equilibrium

In the following we characterize an equilibrium by moving backward from agents’portfolio problem in the
competitive housing and goods markets (CM), to the determination of prices and quantities in the retail
goods market (DM), and …nally the entry of …rms and the determination of wages in the labor market (LM).

3.1

Housing and goods markets

Consider a household at the beginning of the CM that owns at units of housing and has accumulated bt
units of debt denominated in the numéraire good to be repaid in the current CM. Let We;t (at ; bt ) denote its
lifetime expected discounted utility in the CM, where

2 fh; gg represents the sector in which the household

is employable, and e 2 f0; 1g is its employment status (e = 0 if the household is unemployed, e = 1 if it is
employed). Similarly, let Ue;t (at ) be a household’s value function in the LM. The household’s problem can
be written recursively as:
We;t (at ; bt ) =

max

ct ;dt ;it+1 ;at+1

t+1
E ct + #(dt ) + Ue;t+1
(at+1 )

s.t. ct + bt + Rt dt + qt at+1 + (it+1 ) = we;t + [qt (1

) + Rt ] at +

(4)
t;

(5)

where the expectation is with respect to the sector to which the household will be attached in the future,
t+1 .

The …rst term between brackets in equation (4) is the utility of consumption; The second term is the

utility of housing services; The third term is the continuation value in the next period. Thus, from (4)-(5),
the household chooses its consumption, ct , housing services, dt , decision to migrate to a di¤erent sector, it+1 ,
and real estate holdings, at+1 , in order to maximize its lifetime utility subject to a budget constraint. The
left side of the budget constraint, (5), is composed of the household’s consumption, the repayment of the
debt (recall that the debt accumulated in the DM is repaid in the following CM), the payment of the rent for
housing services, its end-of-period holdings of housing, and its human capital investment to move to a new
sector. The right side is the household’s income associated with its employment status, we;t , the value of its
real estate net of depreciation and augmented for the rental payment, [qt (1
the …rms,

t.

The distribution of the random variable,

9

t+1 (it+1 ),

) + Rt ]at , and the pro…ts of

depends on the household’s employment

status, et , and its relocation e¤ort, it+1 , as follows:
Pr

t+1

=

j

t

= , et = 0

=

1

Pr

t+1

=

j

t

= , et = 1

=

1:

Pr

t+1

=

0

j

t

= , et = 0 = 1

it+1

(6)
(7)

So a household can move to a di¤erent sector only if it is unemployed. Moreover, its probability to join a
new sector is equal to its relocation e¤ort, it+1 > 0.
Substitute ct from (5) into (4) to obtain
We;t (at ; bt )

=

[qt (1

) + Rt ] at

+ max

bt + we;t +

+ max f#(dt )
dt 0

Rt d t g

(8)

t+1
(it+1 ) + EUe;t+1
(at+1 ) :

qt at+1

it+1 ;at+1

t

In the case where the household does not have access to homeownership the choice of asset holdings is
restricted to at+1 = 0. (The homeownership status is left implicit when writing the value functions.) From
(8) ; We;t is linear in the household’s wealth, which includes its real estate and its labor income net of the debt
incurred in the DM; the choice of real estate for the following period, at+1 , is independent of the household’s
asset holdings in the current period, at . Finally, the quantity of housing services rented by the household
solves #0 (dt ) = Rt , where dt is independent of both the household’s housing wealth and its employment
status.
From the last term on the right side of (8), the optimal mobility decision for an unemployed worker in
sector , it+1 , solves
0

it+1 = max

n h

0

U0;t+1 (at+1 )

i o
U0;t+1 (at+1 ) ; 0 :

(9)

From equation (9) the marginal relocation cost must equal the discounted surplus from moving to a di¤erent
sector. It will be convenient in the following to write the expected discounted surplus of the household net
of the cost to acquire new skills as

(i) = i

0

(i)

(i).

The expected discounted pro…ts of a …rm in the consumption-goods sector in the CM with xt units of
inventories (the di¤erence between the z g units of good produced in the LM and the yt units sold in the
g
, are
DM), bt units of a household’s debt, and a promise to pay a wage w1;t

g
g
t (xt ; bt ; w1;t )

= xt + bt

g
w1;t
+ (1

g

g
)Jt+1
:

(10)

The …rm’s x units of inventories are worth x units of numéraire good; the household’s debt, b, is worth b
units of numéraire good. So the total value of the …rm’s sales within the period is x + b. In order to compute

10

the period pro…ts, we subtract the wage promised to the worker, w1g . If the …rm remains productive, with
probability 1

g

g
, then the expected pro…ts of the …rm at the beginning of the next period are Jt+1
. The

expected discounted pro…ts of a …rm in the housing sector are
h
h
t (w1;t )

= z h qt

h
w1;t
+ (1

h

h
)Jt+1
:

(11)

A …rm in the housing sector produces z h units of housing that can be sold at the end of the CM at the price
h
qt , and pays the worker a wage w1;t
.

3.2

Home equity loan contract

We now turn to the retail goods market, DM. Consider a match between a …rm and a household holding at
units of housing assets in the DM goods market and suppose that loan repayment cannot be enforced. A
home-equity loan contract is a pair, (yt ; bt ), that speci…es the output produced by the …rm for the household,
yt , and the size of the loan (expressed in the numéraire good) to be repaid by the household in the following
CM, bt . The terms of the contract are determined by bilateral bargaining. We use a simple proportional
bargaining rule according to which the household’s surplus from a match is equal to =(1

) times the

2 [0; 1].16 Equivalently, b = (1

) (y) + y.

surplus of the …rm, i.e., (1

) [ (y)

b] = (b

y) where

The bargaining solution is
yt = arg max [ (y)
y

s.t. b(y)

(1

) (y) + y

y]

[qt (1

(12)
) + Rt ] at :

(13)

From (12), output is chosen to maximize the household’s surplus, which is a fraction of the total surplus
of the match, taking as given the nonlinear pricing rule (13) and subject to the borrowing constraint, b
[qt (1

) + Rt ] at , according to which the household can only borrow against a fraction of its housing assets.

According to (13) the price of one unit of DM output in terms of the numéraire good is 1+(1
which is decreasing with y. The solution to the bargaining problem is y = y if b(y )
and b(y) = [q(1

) [ (y)=y
[q(1

1],

) + R] a

) + R] a otherwise. Provided that the household has enough borrowing capacity, agents

trade the …rst-best level of output. If the borrowing capacity of the household is not large enough, either
because the household doesn’t own enough housing wealth or the loan-to-value ratio is too low, the household
hits its borrowing constraint and its DM consumption is less than the …rst-best level.
1 6 For a review of the merits of the proportional bargaining solution relative to Nash bargaining, see Aruoba, Rocheteau, and
Waller (2007).
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In a match where debt repayment can be enforced, the debt contract, (y; b), solves (12)-(13) without the
inequality on the right side of (13). The solution is y = y and b = (1

) (y ) + y . With perfect credit

agents maximize the gains from trade in the DM by producing and consuming the socially e¢ cient quantity,
y .
Using the linearity of We;t , the expected discounted utility of a household in the DM holding at units of
housing assets is
Ve;t (at ) = E f (yt )

b(yt )g + [qt (1

) + Rt ] at + We;t (0; 0);

(14)

where the expected surplus in the DM is
E f (yt )

b(yt )g =

f(1

) [ (yt )

yt ] + [ (y )

y ]g ;

and where yt depends on the household’s housing wealth as indicated by the household’s problem, (12)-(13).
According to (14) the household is matched with a …rm in the retail goods market with probability (ngt ).
With probability,
probability, 1

, the household has access to unsecured credit and consumes y . With complement

, the loan needs to be collateralized, and with probability

the seller accepts the housing

assets of the buyer as collateral.

3.3

Labor market

The description of the labor market corresponds to a two-sector version of the Pissarides (2000) model with
imperfect mobility of workers across sectors, as in Chang (2012).

Households. Consider a household with at units of housing assets that is employed at the beginning of a
period. Its lifetime expected utility is
U1;t (at ) = (1
With probability 1

)V1;t (at ) +

V0;t (at );

2 fh; gg:

(15)

, the household remains employed and o¤ers its labor services to the …rm in exchange

for a wage in the next CM. With probability

, the household loses its job and becomes unemployed. In

this case the household will not have a chance to …nd another job before the next LM in the following period.
Substituting V1;t (at ) and V0;t (at ) by their expressions given by (14),
U1;t (at ) = E f (yt )

b(yt )g + [qt (1

) + Rt ] at + (1

)W1;t (0; 0) +

W0;t (0; 0);

(16)

where yt = yt (at ) is the DM consumption as a function of the household’s housing wealth, at . By a similar
reasoning the expected lifetime utility of an unemployed household with at units of housing looking for a job
12

in sector

is

U0;t (at ) = E f (yt )

b(yt )g + [qt (1

) + Rt ] at + W0;t (0; 0) + pt W1;t (0; 0)

where pt is the probability of an unemployed in sector

W0;t (0; 0) ;

(17)

…nding a job.

Firms. Free entry of …rms means that the cost of opening a job vacancy must equalize the discounted
expected value of a …lled job times the vacancy …lling probability, i.e., k = ft Jt , where Jth =
and Jtg = E

g
t

zg

h
h
t (w1;t )

g
yt ; b(yt ); w1;t
. From equations (10)-(11), we obtain the following recursive formulation

for the value of a …rm:
J t = zt

w1;t + (1

)Jt+1 ;

(18)

where zt in the case of the goods producing …rm is the expected revenue in both the DM and CM of period
t expressed in numéraire goods, i.e.,
(ngt )
(1
ngt

ztg

=

zth

= z h qt :

) f(1

)

[ (yt )

y ]g + z g

yt ] + [ (y )

(19)
(20)

From (18), the value of a …lled job is equal to the expected revenue of the …rm net of the wage plus the
expected discounted pro…ts of the job if it is not destroyed, with probability 1

. The revenue of the …rm

in (19) corresponds to the expected surplus of the …rm in the DM plus the output sold in the CM if the
…rm does not …nd a consumer in the DM. The …rm enjoys a fraction, (1
DM if it meets a consumer, with probability

), of the match surplus in the

(ngt )=ngt . The size of the match surplus depends on the DM

output, which depends on the borrowing capacity of the household. In (19) we assume (and verify later)
that all homeowners hold the same quantity of housing assets, irrespective of their labor status, and hence
can purchase the same quantity of output, yt . In the fraction

where credit repayment can be enforced, the

…rm sells y to the household.

Wage.
Jt =(1

The wage is determined every period according to the following rent sharing rule: V1;t
), where

V0;t =

2 [0; 1] is the household’s bargaining power in the labor market of sector . (This

rule is consistent with both Nash and Kalai bargaining.) After some straightforward manipulation we show
in the Appendix that the wage equation is
w1;t = zt + (1

)w0 +

t+1 k

13

+ (1

)

it+1 :

(21)

The wage is a weighted average of a …rm’s revenue, zt , and a household’s ‡ow utility from being unemployed,
w0 , augmented by a term proportional to …rms’average recruiting expenses per unemployed worker,

t+1 k

.

There are two novelties relative to the standard Pissarides model. First, the …rm’s marginal revenue is
endogenous and will depend on frictions in the DM market and house prices. Second, the last component of
the wage equation captures the fact that households in a shrinking sector can ask for a higher wage given
that they have the (costly) possibility of moving to the expanding sector.

Sectoral reallocation The worker’s mobility decision is determined by the size of the surplus from moving
to another sector,
Appendix),

0

Ut

U0;t

0

with

U0;t

6=

. Following some straightforward calculation (see

Ut obeys the following recursion:
Ut =

h

w0

0

0

w0 +

it+1

i
Ut+1 +

it+1 +

0

0

t

0

1

k

0

t

1

k :

(22)

From (9), the optimal reallocation decision is given by
0

(it ) = max f Ut ; 0g :

(23)

In an equilibrium where there is reallocation of households from sector

0

to sector

, i.e,

Ut > 0 for all

t, the intensity of the reallocation, it , solves
0

h

(it ) =

w0

0

w0

it+1 +

In the case of perfect mobility across sectors,

=

0

it+1

0

= 0,

i

0

+

1

1

t

k

0

t

1

k :

(24)

h

g

w0g +

0
0

g g
g tk

= w0h +

h h
k :
h t

1

(25)

If sectors are symmetric in terms of income when unemployed, w0g = w0h , bargaining powers,
costs of opening job vacancies, k g = k h , then (25) reduces to

g
t

=

g

=

h

, and

h
t.

Market tightness. Market tightness is determined by the free-entry condition, ft Jt = k , where Jt is
given by (18). Substituting w1;t by its expression from (21) into (18),
k
m

1
t

= (1
;1

) zt

w0

it+1

t+1 k

+

(1
m

)k
1

:

(26)

;1

t+1

The …nancial frictions in the DM a¤ect …rms’entry decision in the consumption goods sector through z g . If
credit is more limited, then households have a lower payment capacity, the price of DM goods falls, which
reduces z g . As z g is reduced, fewer …rms …nd it pro…table to enter the market.
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3.4

Housing prices

In order to determine the demand for real estate from homeowners, substitute Ue;t (at ) given by (16) and
(17) into (8)— noticing that only the …rst two terms on the right sides of (16) and (17) depend on a and are
independent of

and e— to obtain
max f fqt

at+1 0

[qt+1 (1

) + Rt+1 ]g at+1 +

(1

) [ (yt+1 )

yt+1 ]g ;

(27)

where yt+1 is given by the solution to the bargaining problem in the DM goods market, (12)-(13). According
to (27) households choose their holdings of real estate in order to maximize their expected surplus in the
DM net of the cost of holding these assets. The cost of holding real estate is approximately equal to
1

the di¤erence between the gross rate of time preference,
[(1

, and the gross rate of return of real estate,

)qt+1 + Rt+1 ] =qt . Notice that the problem in (27) is independent of the employment status of the

household. This suggests that both employed and unemployed households (provided they have access to
homeownership) will hold the same quantity of housing assets.
From the bargaining problem in the DM, (12)-(13), dyt+1 =dat+1 = [qt+1 (1

) + Rt+1 ] =b0 (yt+1 ), when-

ever yt+1 < y . Therefore, the …rst-order condition associated with (27), assuming an interior solution,
is
qt =

(1

)qt+1 + Rt+1
1 + L(ngt+1 ; yt+1 ) ;
1+r

(28)

where we de…ne the liquidity premium for housing assets as
L(ngt+1 ; yt+1 ) = (ngt+1 )(1

)

0

(yt+1 ) 1
.
b0 (yt+1 )

(29)

The price of housing is determined by a liquidity-augmented asset pricing equation (28). The price of one
unit of housing is equal to its future discounted price net of depreciation plus the rental value of housing
services, everything multiplied by the liquidity premium on housing. The liquidity premium, L, measures
the increase in the household’s surplus in the DM from holding an additional unit of housing wealth.

3.5

Equilibrium dynamics

We now provide a de…nition of dynamic equilibrium for our economy. The population of households is
divided according to (2). The dynamics for the population in each sector is
Pt+1 = Pt + Pt

0

nt

0

0

it+1

15

(Pt

nt ) it+1 ;

2 fg; hg:

(30)

According to (30) the change in the measure of households in sector
from sector

0

, Pt

0

nt

0

0

it+1 , net of the out‡ow from sector

the measure of employed in sector

, (Pt

Pt , is equal to the in‡ow

nt ) it+1 . The law of motion for

is

nt+1 = (1

)nt + m (1;

t+1 )st+1 ;

2 fg; hg:

According to (31) the measure of employed households in sector
phase, is equal to the measure of employed households in sector
their jobs in sector

, Pt+1

(31)

in period t + 1, following the matching
in period t net of the households who lost

at the beginning of t + 1 plus the measure of job seekers in sector

t + 1. The population in sector

…nding a job in

is divided between employed workers and job seekers,
Pt = nt

1

+ st ;

2 fg; hg:

(32)

Clearing of the housing market implies the quantity of assets held by households with access to homeownership is at = At = . From (12)-(13) the quantities traded in the DM solve
b (yt ) = min

[qt (1

) + Rt ] At

; b (y )

(33)

From (8) and the clearing of the rental housing market, dt = At , the rental price of housing solves
Rt = #0 (At ):

(34)

Housing prices solve (28), i.e.,
qt =

(1

)qt+1 + #0 (At+1 )
1+r

1 + (ngt+1 )(1

)

0

(yt+1 ) 1
b0 (yt+1 )

:

(35)

Finally, the dynamics for the stock of housing are
At+1 = (1

)At + nht zh .

(36)

From (36) the stock of housing in t + 1 is equal to the stock of housing in t net of depreciation augmented
by the production of new houses.
De…nition 1 An equilibrium is a bounded sequence, fnt ; st ;

t

; Ut ; it ; Pt ; qt ; yt ; Rt ; At g1
t=0 , that solves

(2), (22), (23), (26), and (30)-(36).
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Sectoral reallocation and home equity-based borrowing

In order to better understand the mechanics of the model, we will …rst isolate the e¤ects of sector-speci…c
shocks on the reallocation of jobs by shutting down home equity-based borrowing. Second, we will isolate
16

the home equity-based borrowing channel by assuming a …xed supply of housing assets. Finally, we will
conclude this section by having two active sectors, and hence an endogenous supply of housing, and home
equity-based borrowing together. Throughout this section we restrict ourselves to steady-state equilibria
and we set

4.1

= 0 so that all trades in the DM are collateralized.

Sectoral reallocation

In this example, we assume that the two sectors are symmetric in terms of matching technologies, entry
costs, incomes when unemployed, bargaining weights, and separation rates, i.e., mg = mh = m, k g = k h = k,
w0g = w0h = w0 ,

h

=

g

= , and

g

h

=

= . Sectors only di¤er in their productivity, z . From (25),
g

and assuming that both sectors are active,

=

h

=

so that households enjoy the same surplus in both

sectors. From (26) market tightness solves
(r + ) k
+
1
m
;1

k = (1

) (z g

w0 ) :

We shut down the home equity-based borrowing channel by setting

(37)

= 0 so that housing assets are illiquid

and cannot be used to …nance consumption in the DM.
The model is solved as follows. From (33)
g

=

h

= 0 implies y = 0, and from (19), z g = z g . From (26)

implies z g = z h q. Housing prices, q = z g =z h , adjust so that labor productivity in all sectors

are equalized. Market tightness is uniquely determined by (37). Moreover,
) (z g

w0 )

> 0 if and only if (1

(r + ) k > 0. From (28) the rental price of housing is R = (r + )q = (r + )z g =z h , and

from (34) the stock of housing is A = #0

1

(R) = #0

1

(r + )z g =z h . The stock of housing increases with

productivity in the construction sector, and it decreases with the real interest rate, the depreciation rate,
and the productivity in the consumption goods sector. The size of the housing sector is determined by (36),
nh = A=z h = #0

1

(r + )z g =z h =z h . The size of the goods sector is obtained from (32), nh + ng = 1

where from (31) u( ) = = [m(1; ) + ]. Both sectors are active if nh < 1
#0

1

(r + )z g =z h
m(1; )
<
:
zh
m(1; ) +

There is a threshold, z> w0 + (r + ) k=(1

u,

u, i.e.,
(38)

), for z g such that the previous inequality holds with an

equality. For all z g >z, ng > 0.
Proposition 1 (No home-equity extraction) Suppose that
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= 0 and (38) holds. There exists a unique

steady-state equilibrium with nh > 0 and ng > 0. Comparative statics are summarized in the following table:

ng
nh
u
q
A

zg
+
+
+
-

zh
0
+/+/0
+

0
+
0
0

w0
0
+
0
0

0
+
0
0

k
0
+
0
0

#0
0
+
0
0
+

In Figure 3 we represent graphically the determination of the equilibrium. The curve labeled JC (for job
creation) indicates the aggregate level of employment, nh + ng = 1

u( ). As is standard in the Mortensen-

Pissarides model, an increase in labor productivity (z g ) moves the job creation curve outward, while an
increase in a worker’s bargaining power ( ), income when unemployed (w0 ), and a …rm’s recruiting cost (k)
move the job creation curve inward. The curve labeled N H (for nh ) indicates the level of employment in
the construction sector. If labor productivity in the goods sector (z g ) increases, then N H moves downward,
while if the marginal utility of housing services (#0 ) increases, then N H moves upward.
We have seen from (19) that a …nancial innovation that increases households’borrowing capacity raises
…rms’ productivity in the goods sector. An increase in z g leads to higher market tightness and lower
unemployment. Labor mobility across sectors guarantees that productivities are equalized: employment
increases in the consumption goods sector but decreases in the construction sector. As a result of the decline
of the supply of housing assets, rental rates and house prices increase. In Figure 3 the JC curve moves
outward while the N H curve moves downward.

nh
1 u( )
zg ↑

ϑ'↑
zg ↑

λ , w0 , k ↑

1 u( )
Figure 3: Equilibrium with no equity extraction
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ng

A second e¤ect from a …nancial innovation that allows households to use homes as collateral is to increase
the marginal value of housing assets for homeowners. As a …rst pass— before we study this e¤ect explicitly in
the next section— we consider an increase of the marginal utility for housing services, #0 . The productivities in
the two sectors are unchanged. Therefore, market tightness and unemployment are una¤ected. Graphically,
the curve JC does not shift. The increase in the demand for housing services generates a reallocation of
labor toward the construction sector. Graphically, the curve N H moves upward. In the long run the stock
of housing increases.

4.2

Home equity-based borrowing

In order to isolate the home equity-based borrowing channel, we now consider the case of a one-sector economy
with a …xed stock of housing, A. We set the depreciation rate to
the sector

= 0 and omit all the superscripts indicating

= g.

We …rst show that a steady-state equilibrium can be summarized by two equations that determine market
tightness, , and house prices, q. From (19) and (37) market tightness solves
(r + ) k
+
1
m
;1

k = (1

)

[n( )]
(1
n( )

where n( ) = m(1; )= [m(1; ) + ] is an increasing function of

) [ (y)

y] + z

w0 ;

(39)

with n(0) = 0, and y is determined by (33).

We impose the following inequality:
(1

) [ (y )

y ]+z

w0 >

(r + )k
:
1

(40)

Condition (40) guarantees that there is a positive measure of …rms participating in the labor market if
households are not liquidity constrained. Let q be the house price above which homeowners have enough
wealth to purchase y in the DM, i.e., (q + R) A= = b(y ) if R A= < b(y ) and q = 0 otherwise. For
all q > q, y = y and

= , where

is the unique solution to (39) with y = y . In this case the liquidity

provided by the housing stock is abundant and homeowners can trade the …rst-best level of output in the
DM. In contrast, for all q < q, liquidity is scarce and y < y is increasing with q so that (39) gives a positive
relationship between

and q (provided that

> 0). Intuitively, higher house prices allow households to

…nance a higher level of DM consumption, which raises …rms’expected revenue and therefore the entry of
…rms in the labor market. The condition (39) is represented by the curve JC (job creation) in Figure 4.
Let us turn to the determination of house prices. From (28) with
rq = #0 (A) + q + #0 (A)

[n( )]
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0

= 0, the price of housing solves
(y) 1
:
b0 (y)

(41)

If

= 0, then

q

[n( )] = 0 and homes are priced at their "fundamental" value, q = q = #0 (A)=r. Suppose

q, i.e., the fundamental price of housing is large enough to allow households to …nance y in the DM.

This condition can be expressed in terms of fundamentals as
#0 (A)A
If (42) holds, then q = q and

r b(y )
:
(1 + r)

(42)

= . Suppose next that q < q, i.e., (42) does not hold. From (41) there

is a positive relationship between house prices and market tightness.17 If the labor market is tight, then
households have frequent trading opportunities in the DM. As a consequence, they have a high value for the
liquidity services provided by homes and q > q increases. As

tends to in…nity, q approaches some limit

q^ > q . The condition (41) is represented by the curve HP (house prices) in Figure 4.

θ

θ

HP

HP

θ

JC θ

JC
z , µ, ρ ,ν ↑

λ, w0 , k ↑

q*

q

µ ,ν ↑

q*

Figure 4: Fixed supply of housing. Left: Multiple steady-state equilibria. Right: Comparative statics.

As shown in Figure 4 the two equilibrium conditions, (39) and (41), are upward sloping. So a steadystate equilibrium might not be unique. In the left panel of Figure 4 we represent a case with two active
equilibria. Across equilibria there is a negative correlation between house prices and unemployment. Similar
multiplicity has been analyzed in Rocheteau and Wright’s (2005, 2013) models of liquidity with free-entry
of sellers. If the following condition holds,
(1

) f [y(q )]

y(q )g + z

then there is an equilibrium with an inactive labor market,
0

w0

(r + )k
;
1

(43)

= 0, where homes are priced at their fundamental

see this, notice that (41) can be rewritten as [rq # (A)] = [q + #0 (A)] =
[n( )]
[ 0 (y) 1] =b0 (y), where
[ 0 (y) 1] =b0 (y) is decreasing in y and y is increasing with q. So the left side of the equality is increasing in q, while the
right side is decreasing in q. A higher value of market tightness raises the right side, which leads to a higher value for q.
1 7 To
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value, q = q . Indeed, if q = q , then …rms do not open vacancies and, as a consequence, homes have no
liquidity role. There are also an even number of equilibria (possibly zero) with

> 0 and q > q . We

summarize our results in the following proposition.
Proposition 2 (Fixed supply of housing) Suppose (40) holds.
1. If #0 (A)A

r b(y )= (1 + r) , then there is a unique steady-state equilibrium with q = q = #0 (A)=r,

y = y , and

=

> 0.

2. Suppose #0 (A)A < r b(y )= (1 + r) .
(a) If (43) fails to hold, then q > q , y 2 (0; y ), and

> 0 at any steady-state equilibrium.

(b) If (43) holds, then there is an inactive equilibrium, q = q and
active equilibria with q > q , y 2 (0; y ), and

2 0;

= 0, and an even number of

.

The comparative statics at the highest active equilibrium, if it exists, are given by:

u
q

z
+
+

+
-

w0
+
-

+
-

k
+
-

+
+

+
+/-

+
+

When investigating the comparative statics we assume that #0 (A)A < r b(y )= (1 + r) , i.e., the supply
of housing is scarce in the sense that homeowners do not have enough housing wealth in order to …nance
y . Consider …rst a …nancial innovation that increases the eligibility of homes as collateral. An increase
in

moves the HP curve to the right because the liquidity premium of homes goes up; it moves the JC

curve upward as the frequency of sale opportunities in the DM increases. Consequently, market tightness
and house prices increase, and unemployment decreases.
Lax lending standards can also take the form of high loan-to-value ratios. An increase in

moves the JC

curve upward because households can borrow a larger amount against their home equity, which allows …rms
to sell more output in the DM. But an increase in

has an ambiguous e¤ect on the home-pricing curve,

HP . On the one hand, holding the marginal utility of DM consumption constant, households are willing
to pay more for housing wealth because they obtain larger loans when their home is used as collateral to
…nance their DM consumption. On the other hand, the fact that households hold more liquid wealth implies
that the wedge between

0

and the seller’s cost, one, is reduced, which leads to a reduction in the size of the

liquidity premium.
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4.3

Sectoral reallocation induced by …nancial innovations

We now allow for both home equity …nancing and an endogenous supply of housing. As in our …rst example,
the two sectors are assumed to be symmetric in terms of matching technologies, entry costs, incomes when
unemployed, bargaining weights, and separation rates. Moreover, we assume a logarithmic utility function
for housing services, i.e., #(A) = #0 ln(A). From (34) the rental price of homes is then R = #0 =A. In order
to derive analytical results we consider two special cases for the pricing protocol in the DM: a "competitive"
case where …rms have no market power to set prices; and a "monopoly" case where …rms can set prices (or
terms of trade) unilaterally.18

The "competitive" case. Suppose …rst that …rms have no bargaining power in the DM, 1

= 0.

Following the same reasoning as in Section 4.1, the model can be solved recursively. From (19) the …rm’s
productivity in the nonhousing sector is z g = z g . From (25) and (26) the mobility across sectors implies
z h q = z g , i.e., q = z g =z h . Market tightness, which is determined by (37), is not a¤ected by the availability of
home equity loans. The size of the housing sector is nh = A=z h = qA=z g , and the size of the nonhousing
sector is ng = 1

u( )

nh . An active goods market, ng > 0, requires that Aq 2 [0; [1

u( )] z g = ). From

(35), Aq solves
(1

(1 + r) Aq
=1+
)Aq + #0

where from (33), y = min f [Aq(1

1

u( )

qA
zg

[

0

(y)

1] ;

(44)

) + #0 ] = ; y g. An equilibrium with both sectors being active exists

and is unique if the left side of (44) evaluated at Aq = [1

u( )] z g = is greater than the right side of (44)

(which equals one for this value of Aq), i.e.,
[1

u( )] z g >

#0
:
r+

(45)

This condition requires that the productivity in the goods sector, z g , is su¢ ciently large.
If liquidity is abundant,

[Aq(1

) + #0 ] =

y , agents can trade the …rst best in the DM, y =

y , and from (44) Aq = #0 =(r + ). The condition for such an equilibrium with unconstrained credit is
(1 + r)#0 =(r + )
values for

or

y = . Suppose in contrast that liquidity is scarce, (1 + r) #0 =(r + ) < y = . Higher

increase the right side of (44). So Aq and nh = qA=z g increase. Hence if the eligibility for

home equity loans increases, or if homeownership increases, then labor is reallocated from the general sector
1 8 Our "competitive" case should be distinguished from the notion of competitive search where it is assumed that contracts
are posted before matches are formed and search is directed. For this concept of equilibrium in a related model, see Rocheteau
and Wright (2005).
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to the construction sector. For these two experiments changes in …nancial frictions a¤ect the composition of
the labor market, but aggregate employment and unemployment are unchanged.

The "monopoly" case. We now consider the opposite case where households have no bargaining power
in the DM goods market,

= 0. Since households do not enjoy any surplus from their DM trades, the

asset price has no liquidity premium, q = #0 =A(r + ). Households are indi¤erent in terms of their holdings
of housing, so we focus on symmetric equilibria where all homeowners hold A= . To simplify the analysis
further, assume that the matching function in the DM is linear, (n) = n, so that all …rms are matched with
one household, (n)=n = 1. The productivity in the goods sector is
zg =
where from (33), (y) = min f [Aq(1

[ (y)

y] + z g ;

(46)

) + #0 ] = ; (y )g. Assuming (1 + r)#0 =(r + ) <

(y )= , house-

holds do not own enough housing assets to trade the e¢ cient output level in the DM. In this case,
(y) =

#0 (1 + r)
:
(r + )

(47)

If the LM is active, then market tightness is determined by (37) and (46)-(47),
(r + ) k
+
m( 1 ; 1)

k = (1

#0 (1 + r)
(r + )

)

1

#0 (1 + r)
(r + )

+ zg

w0 :

(48)

An increase in the loan-to-value ratio, , in the acceptability of homes as collateral, , or in homeownership,
, raises market tightness and aggregate employment.
As before the mobility across sectors implies that q = z g =z h . The size of the housing sector is determined
by nh = A=z h = qA=z g = #0 =(r + )z g . Therefore, ng = 1

u( )

nh . An equilibrium with an active

goods market exists if
u( ) +
where

#0
< 1;
(r + )z g

(49)

is the solution to (48) and z g is given by (46)-(47). Condition (49) will be satis…ed if z g is su¢ ciently

large. A reduction in …nancial frictions (i.e., an increase in , , and ) leads to a reallocation of workers
from the construction sector to the goods sector. In the context of Figure 3, the N H curve moves downward
and the JC curve moves outward as , , or

increase. We summarize the results above in the following

proposition.
Proposition 3 (Financial innovations in two limiting economies.) Assume #(A) = #0 ln(A).
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1. Suppose

= 1. If (45) holds, then an equilibrium with two active sectors exists and is unique. If

liquidity is scarce, (1 + r) #0 =(r + ) <

y = , an increase in the acceptability of collateral,

, or

homeownership, , has no e¤ ect on unemployment but it raises employment in the construction sector,
nh , and reduces employment in the goods sector, ng .
2. Suppose

= 0, and

(n) = n. If (49) holds, then an equilibrium with two active sectors exists and

is unique. If liquidity is scarce, (1 + r)#0 =(r + ) <

(y )= , an increase in the acceptability of

collateral, , the loan-to-value ratio, , or homeownership, , increases market tightness, , aggregate
employment, 1

5

u, and house prices, q, but it reduces employment in the construction sector, nh .

Calibration

We now turn to a quantitative evaluation of the e¤ects of …nancial innovations and regulations on the labor
and housing markets by calibrating our economy to the United States. We interpret, in the context of the
model, these innovations/regulations as changes in eligibility criteria for home-equity loans.

5.1

Calibrating the Labor Market

The basic unit of time is a month.19 The economy is calibrated to the U.S. averages in 1996. However, we
use the averages over the period 2000:12 to 2012:9 for transition rates in the labor market as we do not have
relevant data prior to the Jobs Opening and Labor Turnover Survey (JOLTS) from the Bureau of Labor and
Statistics (BLS).20
The average job destruction rates from the JOLTS over this period were 6.1% per month in the construction sector,

h

= 0:061, and 3.6% per month in the nonfarm sector,

are computed from (31) as p =

g

= 0:036. The job …nding probabilities

n =s . The BLS Establishment Survey provides construction and non-

farm employment, E h and E, respectively, as well as aggregate and construction industry unemployment
numbers, U and U h , respectively.21 We use this information to compute the shares of employment in each
sector, as n = E =(E + U ) for the year 1996, along with the shares of unemployment. The results are
reported in Table 1. Finally, we target a value f g = 0:7 for the job …lling probability in the general sector,
corresponding to the value in Den Haan et al. (2000). For the job …lling probability in the construction
1 9 We choose a short unit of time to target transition probabilities in the labor market (in particular vacancy …lling probabilities). Even though households in the model repay their loans every period, we reinterpret the model as one where households
can stagger the repayment of their loans over multiple periods, and we will choose the average duration between two trading
opportunities in the DM to be consistent with the average maturity of home lines of credit.
2 0 See Davis et al. (2010) for a discussion of JOLTS data. The data we use are: Total Separations rate - Total Nonfarm (Fred
II series I.D. JTSTSR); Total Separations rate - Construction (Fred II series I.D. JTU2300TSR).
2 1 The series we use are: All Employees - Total nonfarm (Fred II series I.D. PAYEMS); All Employees - Construction (Fred
II series I.D. USCONS); Unemployed (Fred II series I.D. UNEMPLOY).
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sector we target f h = 0:85, in accordance with the evidence in Davis et al. (2010). Given p and f , labor
market tightness is simply

= p =f .

Table 1: U.S. Employment, Unemployment and Job Finding Rates for 1996
Aggregate Construction Non-Construction
Employment share:
n = E =(E + U )
94.30%
4.34%
89.94%
Unemployment share:
s = U =(E + U )
5.75%
0.58%
5.17%
Job …nding rate
p = n =s
0.46
0.56
Notes: See Appendix for details on data sources.
The matching function takes a Cobb-Douglas speci…cation, m (o )1
(0; 1). The matching elasticity and bargaining share in the housing sector,

(s ) , with m > 0 and
h

=

h

2

, will be chosen to target

a ratio of the housing stock to GDP and to respect a Hosios condition.22 The matching elasticity in the
general sector is set to

g

= 0:5 based on the estimates reported in Petrongolo and Pissarides (2001), while

the worker’s bargaining share is set to

g

= 0:10 to target a 10% mark-up for goods producing …rms in the

aggregate. The level parameters of the matching functions are backed out as m = f (

) .

The remaining parameters of the labor market are w0 , z , and k . We normalize z g and z h to 1. We
assume that the income of an unemployed worker, w0 , has both a …xed and variable component. The
…xed component, l, corresponds to the utility of leisure or home production. (It will remain …xed in our
experiments in the next section.) The variable component is interpreted as bene…ts that are proportional
to wages. Mulligan (2012) estimates a median replacement rate in the United States of 63%, covering the
variety of income support programs available to workers. Therefore, w0 = 0:63
by requiring that w0 = 0:85z

w1 + l.23 We pin down l

following Rudanko (2011). The next section details the strategy for pinning

down k g , which in turn will determine k h from (25), as part of the calibration of the goods and housing
markets.

5.2

Calibrating the Goods and Housing Markets

The matching function in the goods market is Cobb-Douglas, md (ng )1

d

, where md > 0 and

d

2 (0; 1). We

assume that sellers and buyers have symmetric contributions to the matching process, setting the elasticity
d

= 0:5. The consumer’s share in bargaining is set to

= 0:67 such, given the value of other parameters,

2 2 The Hosios conditions in the labor and goods market guarantee constrained e¢ ciency provided that borrowing constraints
do not bind. See, e.g., Petrosky-Nadeau and Wasmer (2011).
2 3 For a discussion on how to formalize unemployment income in the long run and the distinction between transfer payments
and utility of leisure, see Pissarides (2000, Section 3.2).
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the borrowing constraints in pairs requiring a collateralized loan binds. The level parameter of the matching
function, md , is calibrated to a low frequency of spending shocks, , such that on average consumption events
= md (ng )1

…nanced by equity occur every 4 to 5 years, i.e.,

d

= 0:06. This low frequency is motivated

by an average maturity of home lines of credit of 5 years. In addition, we assume that only one quarter of
all trades require collateral by setting

= 0:75.

The eligibility probability of homes as collateral, 0 <

< 1, is calibrated so that the amount of household

equity …nanced expenditure matches the evidence in Greenspan and Kennedy (2007), who provide quarterly
estimates from 1991:1 to 2008:4. That is, we de…ne aggregate consumption expenditure in the DM as
CDM

) (y) + y], and disposable income as Y D

[(1

ng z g + nh z h

k g og

k h oh . We target

CDM =Y D = 0:025, at the lower end of its value observed for the period of interest. The homeownership rate
is set to

= 0:654 as reported for the year 1996 in by the U.S. Census Bureau.

We express the parameter

as the product of two components,

and

a.

We think of

as a standard

loan-to-value (LTV) ratio. Adelino et al. (2012) …nd that during the period 1998-2001, on average 60% of
transactions where at a LTV of exactly 0.8. We choose a more conservative value of
consider experiments relaxing lending standards. The second component,

a,

= 0:6, and we will

is interpreted as the equity

share of a home that can be pledged. The Survey of Consumer Finance (2012) indicates that the median
household debt secured by a primary residential property of $ 112,100 in 2010 U.S. dollars. The same
household holdings of non-…nancial wealth, amounts to $ 209,500 dollars in a primary residence.24 Based on
this, we assume

a

= 0:5, resulting in

=

a

= 0:6

0:5 = 0:3.
h

We choose the bargaining share in the construction sector,

, to target the ratio of the value of the

aggregate housing stock to GDP in 1996, before the large run-up in housing prices, qA= ng z g + nh z h = 1:65,
based on the Flow of Fund.25 To see why the bargaining share,

h

, will allow us to reach this target, notice

that the target implies relative productivities in the two sectors,
nh
zg
=
zh
ng

GDP
qA

1 ;

where we have used (20) and (36), i.e., q = z h =z h and A = nh zh = , to express the value of the housing stock
as qA = z h nh = . The depreciation rate of the housing stock over 1996-2001 is taken from the Harding et al.
2 4 See

Survey of Consumer Finance (2012), Table 13 page 59 and Table 9 page 45.
comparison, this ratio was equal to 2 on average over the period 2000 to 2012. The data for the U.S. stock of housing:
Real Estate - Assets - Balance Sheet of Households and Nonpro…t Organizations (FRED series I.D. REABSHNO), billions of
dollars. These data comes from the Z.1 Flow of Funds release of the Board of Governors in Table B.100. Model-consistent
GDP is constructed as personal consumption expenditures (FRED series I.D. PCE) plus residential investment (FRED series
I.D. PRFI). By comparison, Midrigan and Philippon (2001) target a housing stock to consumption expenditure ratio of 2.11.
2 5 For
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= 0:002 3.26

(2007) estimate of 0:0275 per year, i.e.,

The functional form for the utility of housing services is #(A) = & ln A, in accordance with Rosen (1979)
and Mankiw and Weil (1989), and the level parameter is & = RA. We compute the rental rate as R =
(R=q)data

q ,where the rent to price ratio is given by the Lincoln Institute of Land Policy estimate of

4.92%.27
The utility function in the DM takes the form (y) = y 1

!1

=(1

! 1 ) with ! 1 2 (0; 1). We choose ! 1

so that the model’s liquidity premium is consistent with the one in the data. From (28) we compute the
liquidity premium in the data as L=q = r +
r+
where, from (33), y solves (1

R
=
q
)y 1

!1

R=q. In the model it is given by (29). Therefore,
R
q

(1

y

1

+

)

=(1

! 1 ) + y = [q(1

(1

!1

)y

1
+

!1

;

) + R] A= . From (19) this implies a value

for the productivity in the goods sector,
zg = zg +
We make this value consistent with

g

(ng )
(1
ng

)(1

)

y 1 !1
1 !1

y :

obtained above and the free-entry condition, (26), by adjusting the

vacancy cost parameter, k g . Table 2 presents the baseline parameter values.

2 6 This is lower than the rate of 3.6% used in Midrigan and Philippon (2011), and greater than the value of 1.6% in Gomme
and Rupert (2007).
2 7 The Lincoln Institute of Land Policy provides reliable time series of the Rent-Price ratio, the average ratio of estimated
annual rents to house prices for the aggregate stock of housing in the U.S. (the rental data are gross and do not account for
income taxes or depreciation).
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Table 2: Baseline
Parameter De…nition
Panel A: Labor Market Parameters
g
Job destruction rate - general
h
Job destruction rate - housing
w0g
Value of non-employment - general
w0h
Value of non-employment - housing
kg
Vacancy cost - general goods
kh
Vacancy cost - housing
g
Elasticity, labor matching - general
h
Elasticity, labor matching - housing
mg
Level, labor matching - general
mh
Level, labor matching - housing
g
Worker’s wage bargaining weight
h
Worker’s wage bargaining weight

Calibration
Value
Source/Target
0.032
0.061
0:85z g
0:85z h
3.17
1.30
0.50
0.31
0.63
0.71
0.10
0.31

JOLTS
JOLTS
Rudanko (2011)
Rudanko (2011)
Job …lling rate
Job …lling rate
Petrongolo and Pissarides (2001)
Hosios condition / Competitive search
Job …nding rate
Job …nding rate
Aggregate markup
Housing stock to GDP

Panel B: Housing Market Parameters
zh
Technology in housing sector
Home ownership rate
&
Level, housing services utility
Housing stock depreciation rate

1
0.65
0.14
0.002

Survey of Consumer Finance
Rent to price ratio
Harding et al. (2006)

Panel C: Goods and Credit Market Parameters
zg
Technology in general sector
!1
Curvature, DM good utility
DM bargaining weight, consumer
md
Level, DM matching function
d
Curvature, DM matching function
Frequency of credit in DM transactions
Acceptability of collateral
Loan to value of net equity
a

1
0.98
0.67
0.06
0.50
0.75
0.22
0.30

6

Housing liquidity premium
Binding borrowing constraint
Frequency of spending opportunities
Balanced matching function
Equity …nanced consumption
Adelino et al (2012) and
net equity for collateral

Quantitative Results

We now turn to the quantitative evaluation of the e¤ects of …nancial innovations and regulations, interpreted
as changes in

t,

on the labor and housing markets. We calibrate our model to the U.S. economy focusing on

the period 1996-2010. This section reports on the following experiment. We imagine the economy beginning
in a steady state in 1996.04, that is, the steady state to which the model was calibrated in the previous
section. We then consider a series of permanent, unanticipated shocks to the eligibility of homes as collateral,
. We estimate the monthly sequence, f t g2008:12
t=1996:04 , to match the model-implied home equity extraction,
i.e., the ratio of consumption …nanced with home equity loans to income, to the data reported in Greenspan
and Kennedy (2007), denoted HEE GK . In the model, aggregate home equity-…nanced consumption is
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(ng ) [q(1

) + R] A, and disposable income is Y D

t

=

(ngt )

ng z g + nh z h

YtD
[qt (1
) + Rt ] At

Figure 5 plots the estimated sequence of ’s. The estimated

t

k g og

k h oh . Hence,

HEEtGK :

series exhibits a relaxing of …nancial constraints

with an acceptability ratio of 0:25 in 1996 and peaking in late 2003 before a steady decrease that is accelerated
during the …nancial crisis in 2007-2008. Both the

t

series and the equity extraction data peak in 2003-

2004, roughly two years in advance of the peak in house prices.28 Following the bust in house prices,
home equity-…nanced consumption collapses and so we set

t

= 0 over 2009:01

2010:12. We use the

2010:12
estimated f t gt=1996:04
in the parameterization of the model and study the transitional dynamics under

rational expectations and under adaptive learning.
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Figure 5: House prices, home equity extraction, and collateral eligibility

6.1

Perfect foresight

This section presents equilibrium results under perfect foresight. To solve for the perfect foresight path we
proceed as follows. At date t = 1996:05, we take
steady state in t

t

from the estimated sequence, assuming the economy is in

1 = 1996:04, and solve for the perfect foresight path assuming that

will not change over

time.29 This transition path generates the values for the state variables at t = 1996:06. We then repeat for
2 8 These

data are from the Federal Housing Finance Agency’s index of existing home sale prices.
average, it takes 12 periods to transition from one steady state to another. The transition length depends on the
distance between steady-state values for the aggregate housing stock At , as with a very small monthly depreciation rate the
transition length can be quite slow.
2 9 On

29

the subsequent period by calculating the transition path from the state in 1996.06 to the new steady state
obtained assuming that

t

is constant and equal to

under the assumption that each change in

t

1996:06 .

We keep repeating this procedure until 2010.12

is treated as an unanticipated, permanent shock by households

and …rms who subsequently solve for their optimal policy functions.30
The sectoral labor ‡ows and aggregate unemployment rate depend on the reallocation cost between
sectors. We adopt the functional form

(i) = (

0= 1) i

1

. The parameter values

0

and

1

are calibrated

to minimize the mean-squared distance between the model-implied paths for retail and construction labor
with their U.S. data counterparts. We …nd that

0

= 2:1275 and

1

= 1:4781 provide the closest …t.

Figure 6 plots the results. The solid lines in each plot correspond to the model-implied data and the
dashed lines are U.S. data. The increase in

over the period 1996-2003 leads to a 3.5% increase in house

prices followed by a relatively steep decline that brings house prices 4.5% below their 1996 value.31 While the
path for house prices generated by the calibrated model is qualitatively consistent with the data— an increase
in prices followed by a sharp decline— the model is unable to replicate the magnitude of these changes— the
60% increase to peak house prices in the data dwarfs the 3.5% increase from the model.
The second row in Figure 6 shows the sectoral labor shares. The left panel plots the fraction of the
population employed in the general (nonconstruction) sector, and the right panel plots the fraction of the
population employed in the construction sector. The data show an initial increase in the general sector
employment and an increase in construction employment. Over the sample, the employment share in the
general sector decreased while it increased in the construction sector until 2007 before dropping below its
1996 share. The model captures an initial increase in the employment shares in the goods sector followed by
a decreasing share— though the experiment under consideration does not account for the 2001 recession. The
model also reproduces the general features of construction employment with a roughly 0:75% drop in the
construction share of employment over the whole period, though not quite matching the initial pace of labor
‡ows. The aggregate unemployment rate, plotted in the upper right panel, is constructed as 1

ng

nh . In

particular, the collapse in house prices coincides with a sizable increase in the unemployment rate, though
well below the peak rate in the data.
The bottom right panel plots the endogenous …rm revenues, z , by sector. The relaxing of …nancial
3 0 We also computed the perfect foresight path under the assumptions that agents know f g. The results presented below
t
are robust to this alternative approach. The dynamics are qualitatively similar but we …nd calibrating the values for 0 ; 1
to be computationally burdensome. Moreover, we prefer to interpret these …nancial innovations as permanent, unanticipated
structural shocks to the economic environment.
3 1 In contrast, the steady-state price sequence corresponding to the various values of
feature a roughly 2% peak appreciation
rate.
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Figure 6: Dynamics under perfect foresight

constraints leads to a modest increase in house prices in the model, which raises the productivities in both
sectors as well as the relative productivity of the construction sector. As a result, workers are better o¤ in
the construction sector, which leads to a worker ‡ow from the general sector to the construction sector, as
illustrated in the bottom left panel by the plain line that plots ig . When …nancial constraints tighten again,
the ‡ow is reversed, as indicated by the dashed line that plots ih .

6.2

Adaptive learning

The results from the experiment reported in Figure 6 demonstrate that the model under perfect foresight is
able to replicate broad qualitative features of the U.S. housing and labor market data over the period 19962010. However, the quantitative predictions of the model, especially regarding house prices, are inconsistent
with the data. This inability to explain the recent path for house prices appears to be a common feature of
models with rational expectations. Hence, this section relaxes the perfect foresight assumption and replaces
it with an adaptive learning rule that is in the spirit of Marcet and Sargent (1989) and Evans and Honkapohja
(2001), among many others.32 In asset pricing applications, adaptive learning can lead to greater volatility in
3 2 Adaptive learning theory is motivated by the strong cognitive and informational demands placed on agents in order for
them to form rational expectations or, in the present environment, perfect foresight. In the long-run, rational expectations
is a reasonable benchmark. However, along a transition path it seems implausible that households and …rms have perfect
foresight about endogenous state variables that are treated as exogenous in their own decision making. As an alternative,
the literature adheres to a cognitive consistency principle that states that agents in the economy should forecast like a good

31

response to economic shocks because these models are self-referential and impart a key role to forward-looking
expectations.
To make decisions, households and …rms must form expectations about house prices, qt+1 , sector-speci…c
market tightness,

t+1 ,

and the value of intersector mobility 4Ut+1 . Regarding the last two variables,

and

4U , we assume a simple model of learning that preserves many of the features of rational expectations: agents
in the economy know the new steady-state values for the variables of economic interest but are uncertain
about the transition path. These assumptions lead us to propose a simple “anchoring and adjustment” rule
of the form identi…ed by Hommes (2013). Letting xet+1 denote forecasts of the next period value of a state
variable xt , the forecast rule is as follows,
xet+1
gtx

x
x gt 1

= x+
= gtx

1

+

g

(xt

1

x)

xt
xt 1

gtx

(50)
1

;

(51)

where x is the steady-state value of the state x, gtx is a measure of the gross-growth rate of x at time t (details
to be speci…ed below), and

0. The anchoring-and-adjustment learning rule, (50), has two components.

x

The …rst component, the "anchor," is the new steady-state value of the variable, xt , given

t.

Hence, agents

are quite sophisticated in that they know the long-run fundamental value of the variable they are forecasting
but are uncertain about its transition path. The second component in (50) is a persistent, or trend-following
component according to which beliefs extrapolate based on deviations from steady state at a rate depending
on the slope of the transition path, g x .33 The adaptive learning rule for the gross growth rate of x, g x , is
given by (51). The parameter

g

is called a “gain” coe¢ cient as it parameterizes how strongly the learning

rule discounts past data in estimating g x .
Regarding the forecasting model for house prices we need a learning rule able to generate a large house
price appreciation followed by a crash. To capture this feature of the data, we extend the learning model to
incorporate strongly extrapolative house-price expectations:
e
qt+1
=

q
1 gt 1 qt 1 :

(52)

In (52), agents forecast house prices as the growth rate times the most recent data point with an extrapolating
coe¢ cient

1,

where the estimate for the gross growth rate, g q , is given by (51). When

1

= 1, this rule

econometrician, or Bayesian, by specifying a forecasting model and revising their speci…cation in light of recent data. Typically,
these forecasting models are econometric forecasting equations whose parameters are updated using a version of ordinary or
discounted least-squares.
3 3 It is worth noticing that the learning rule (50) nests rational expectations in a steady state, thus asymptotically these beliefs
converge to their rational expectations values.
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nests the rational expectations equilibrium.34 In our calibration exercise, we allow for

1

1, which can

be justi…ed in two ways. First, we interpret (52) as an approximation to a fully speci…ed learning rule that
might arise for a …nite stretch of time in a stochastic model where

1

is estimated over time via discounted

least-squares in an AR(1) regression of the growth rate. The approximate learning rule (52) implies that a
self-ful…lling drift can arise that leads agents to perceive a trend in house prices.35 Second, we restrict

1

so

that in the steady state agents’forecast errors are small, on the order of 0:2% in the calibration exercise.
In the calibration exercise, we select

1;

;

4U ;

1

to minimize the mean-squared distance between

model-implied paths for qt ; ngt ; nht ; ut , and their counterparts in the data. To avoid over…tting, we impose
that

0

and

= 1;

g

=

4U .

We …nd that the best …tting parameters are

1

= 1:295;

4U

= 0:16;

1

= 1:0025,

= 1:2. The values for the learning-rule parameters lead to a stable steady state, i.e., the learning

economy converges to the steady state. Figure 7 plots the equilibrium dynamics under learning.36
As before, the solid lines are the equilibrium paths and the dashed lines are the corresponding data
series. Under learning house prices in the model capture the peak house price appreciation in the data. The
magnitude of the drop in prices from 2005-2010 is in line with data.The improved …t in house prices leads to
a much improved …t in construction employment shares. Revenues in the construction sector (bottom right
panel) increase signi…cantly from 1996-2005, which leads to an increase in employment and labor mobility
from the general to the construction sector. Employment in the construction sector broadly follows the same
increase as the one observed in the data over this period, about one percentage point. From 2006-2010,
the data and the model feature an even greater drop in construction employment. The model also captures
the trend in nonconstruction employment. The initial increase in the general sector productivity, z g , that
arises from the increased

leads to a strong increase in ng . However, the strong house price appreciation

eventually leads to a relative increase in the share of construction sector employment, nh =(nh + ng ), and
a reallocation of workers toward the construction sector. Moreover, as the housing boom crashes, so does
3 4 This

rule is of the same form as the one used by Adam, Marcet and Nicolini (2013) to study asset pricing under learning.
dynamics with self-ful…lling volatility are a general feature of learning models along the lines described above in
a wide class of forward-looking stochastic models. Branch (2014) studies a stochastic search-based asset pricing model with a
pricing equation very similar to the house price equation in this paper and where rational expectations replaced by an AR(1)
econometric learning rule. The parameters of this learning rule are updated using discounted least-squares. He shows that
bubbles can arise from an overshooting e¤ect from structural changes to the asset’s liquidity, such as its acceptability . These
bubbles arise as beliefs endogenously evolve to perceive the asset price as following a random walk without drift – in this case,
recent price innovations are temporarily perceived to be permanent leading to an overshooting of the new fundamental price
that will eventually collapse and return to its fundamental value. Thus, the learning rule (52) captures in a nonstochastic
environment this general feature in learning models (See Sargent, 1999).
3 6 We checked for robustness across a wide range of learning model speci…cations, including a model where all expectations are
of the form (50), a model without the growth rate terms, “constant gain” algorithms that take a geometric average of past data,
and even learning models that include contemporaneous endogenous variables in the forecasts. Across all of these speci…cations
there is a consistent set of quantitative results: house prices increase modestly, goods sector employment matches up well with
the data, and there is a slight increase in construction sector employment share. The key to a good empirical …t is a model of
expectation formation that leads to a housing price boom, such as (52).
3 5 Learning
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Figure 7: Equilibrium dynamics under learning

employment in the non-construction goods sector.
The lower right panel plots the model implied unemployment against actual U.S. unemployment rate
(dashed line). The aggregate unemployment rate in the model declines about 1.5% from 1996 to 2005 and
it increases above 10% in 2010, which is consistent with the data. Not surprisingly, the model misses the
‡uctuations of the unemployment rate following the 2001 recession. Since the housing market was insulated
from this recession there is no mechanism in the model that can capture the changes in unemployment over
that period.

7

Conclusion

We have studied the e¤ects of changes in household …nance on the labor and housing markets. We have
constructed a tractable general equilibrium model that generalizes the Mortensen-Pissarides framework along
several dimensions: The labor market has two sectors, including a construction sector. There is a frictional
goods market, where household consumption is …nanced with collateralized or unsecured loans. There is a
housing market where households can rent housing services and buy and sell homes. The model has generated
a variety of new insights— e.g., how …nancial frictions and liquidity constraints provide new linkages between
goods, housing, and labor markets— and it has been used to study analytically how changes in households’
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eligibility for home equity loans a¤ect the dynamics of house prices and aggregate unemployment.
We calibrated the model to the U.S. economy and showed that it could capture salient features of U.S.
housing and labor market data, including: a sustained increase, followed by sharp decrease, in home equity
…nanced consumption; a large house price boom/crash; a sustained decrease in the aggregate unemployment
rate during the house price boom followed by a sharp increase in the unemployment rate as house prices
collapse; and a sizable increase in the share of employment in the construction sector during the house
price boom. Figure 6 obtained under perfect foresight captures these empirical regularities and the learning
version, Figure 7, provides a good quantitative …t. Therefore, the model presented here, with explicit a
housing market, labor and goods market with explicit frictions, can capture many of the salient features of
housing prices, unemployment, and sectoral labor ‡ows.
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Appendix: Proofs of propositions
Proof of Proposition 1.

As it has been shown in the text Condition (38) guarantees the existence of

an equilibrium with two active markets. Market tightness, , is the unique solution to (37). The left side of
(37) is increasing in

and the right side is increasing in z g . Therefore, @ =@ z g > 0. By a similar reasoning

one obtains the comparative statics for

in the second row of the table. The unemployment rate is u =

= [m(1; ) + ]. The comparative statics for u are obtained from the comparative statics for . For instance,
since u is decreasing in , @u=@ z g < 0. Employment in the housing sector is nh = #0
Since #0 is decreasing it follows that @nh =@ z g < 0. Moreover, di¤erentiating #0 nh z h =

1

(r + )z g =z h =z h .
= (r + )z g =z h and

using that z h nh = = A, we obtain the following elasticity:
#0 (A)
@nh =nh
=
@ z h =z h
A#00 (A)

1:

So @nh =@ z h > 0 if #0 (A) =A#00 (A) > 1. An increase in the marginal utility of housing services, #0 , leads to
an increase in nh . Employment in the consumption goods sector is determined by ng = 1 u nh . Therefore,
@ng =@ z g =

@u=@ z g

@nh =@ z g > 0. The rest of the comparative statics for ng follow a same logic. The

stock of housing is given by A = #0

1

(r + )z g =z h . Since #0 is decreasing, @A=@ z g < 0 and @A=@ z h > 0.

An increase in the marginal utility for housing services increases the supply of homes. Finally, house prices
are q = z g =z h so that @q=@ z g > 0 and @q=@ z h < 0.
Proof of Proposition 2.

The statements in the proposition are proven in the text. In the follow-

ing we explain how we obtained the comparative statics for the case where liquidity is scarce, #0 (A)A <
r b(y )= (1 + r) . The pair of endogenous variables, (q; ), is jointly determined by (39) and (41). Both
equations give a positive relationship between

and q. Since the equilibrium might not be unique, we focus

on equilibria where the HP curve – representing (41)– intersects the JC curve – representing (39)– from
below, in the space (q; ). From (39), given q an increase in z or
From (41), given

an increase in z or

the equilibrium values of

raises . Graphically JC moves upward.

does not a¤ect q. Graphically, HP does not shift. It follows that

and q increase. By a similar reasoning, an increase in , w0 , , or k moves JC

downward without a¤ecting HP . Therefore,
shifts JC upward. From (41) an increase in

and q decrease. We show in the text that an increase in
reduces the stock of housing of homeowners, A= , which

reduces y and increases the liquidity premium on housing for a given . Therefore, HP moves to the right.
The overall e¤ect is an increase in both

and q. An increase in

raises market tightness given by (39) for a

given q. So HP moves upward. The e¤ect on house prices given by (41) is ambiguous. Finally, given
41

the

unemployment rate is determined by u = = [m(1; ) + ].

Derivation of the wage equation (21) The …rm’s surplus, J , is given by (18). From (8), (14), and
(15) the value of an employed household holding its optimal level of liquid assets solves
V1;t = w1;t + $t +

(1

)V1;t+1 +

V0;t+1 ;

2 fh; gg;

(53)

where
$t = E [ (yt )

yt ] + [qt (1

) + Rt ] at

qt at+1 + max f#(dt )
dt 0

Rt d t g +

t:

(54)

From the …rst two terms on the right side of (53) the period-t utility of an employed household is the sum of
the wage paid by the …rm, the expected surplus in the DM goods market, the return on its real estate net of
depreciation, the utility of housing services net of the rental cost, and …rms’pro…ts. The third term on the
right side of (53) describes the transitions in the next LM. With probability 1
employed in the following period and enjoys the discounted utility

the household remains

V1;t+1 ; with complement probability,

, the household loses its job and its discounted utility is V0;t+1 . Substract V0;t on both sides to obtain
the surplus of an employed worker,
V1;t

V0;t = w1;t + $t +

(1

)V1;t+1 +
V1;t

From (18) and (55) the total surplus of a match, St
St = zt + $t
From the bargaining solution, V1;t

V0;t =

V0;t+1

V0;t :

(55)

V0;t + Jt , solves the following recursion:

V0;t + V0;t+1 + (1

)St+1 :

(56)

St , which from (55) and (56) gives the following expression

for the wage:
w1;t =

zt + (1

) V0;t

V0;t+1

$t :

(57)

The wage is a weighted average of the …rm’s expected revenue, zt , and the worker’s reservation wage is
de…ned as V0;t

V0;t+1

$t .

Using the same reasoning as above, the expected discounted utility of an unemployed household at the
beginning of the LM is
V0;t = w0 + $t +

V0;t+1 + pt+1 V1;t+1

V0;t+1

+

it+1 :

(58)

The third term on the right side of (58) is the household continuation value if it does not relocate to a
new sector. The last term on the right side of (58) captures the net expected gain that a household enjoys
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from moving to a di¤erent sector. From the bargaining solution, V1;t

V0;t =

1

Jt ; from free entry,

Jt = k = ft . Therefore, from (58), the value of an unemployed household can be expressed as
V0;t = V0;t+1 + w0 + $t +
Substitute V0;t

t+1 k

1

+

it+1 :

(59)

V0;t+1 from (59) into (57) to obtain (21).

Sectoral reallocation: Derivation of Equation (22) From the Bellman equation, U0;t (at ) = pt V1;t (at )+
(1

pt ) V0;t (at ), and the surplus sharing rule,

to a di¤erent sector,

Ut

0

U0;t
Ut =

pt V1;t

V0;t =

t

k =(1

), the gain from moving

U0;t , can be expressed as
0

V0;t

0

V0;t +

1

0
0

t

k

0

1

t

k :

This is equal to the surplus an unemployed worker would enjoy in the DM from being in a di¤erent sector
augmented by a term proportional to the di¤erence of average recruiting costs across sectors. Using the fact
that V0;t = w0 + $t + U0;t+1 +

it+1 , one obtains (22).
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The data used in calibrating the model are the following:
Job destruction rates: Total Separation - Non-Farm; FRED II I.D. JTSTSR. Total Separation - Construction; FRED II I.D. JTU2300TSR
Employment: All Employees - Total Non-Farml; FRED II I.D. PAYEMS. All Employees - Constructions;
FRED II I.D. USCONS
Unemployment: Aggregate Unemployment: UNEMPLOY. Construction Unemployment; FRED II I.D.
LNU03032231.
Housing Stock and GPD: Real Estate Assets, Balance Sheet of Households and Non-Pro…t Organizations;
FRED II I.D. REABSHNO. Gross Domestic Product; FRED II I.D. GDP.
Rent to Price Ratio: Lincoln Institute of Land Policy.
Equity Financed Consumption: Greenspan and Kennedy (2007).
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Appendix: Model with Adaptive Learning
This Appendix details the key equations in the model under adaptive learning. Households and …rms are
assumed to form forecasts, generated by learning rule (50), for payo¤-relevant aggregate variables that are
taken as exogenous when making their optimal decisions. As in the perfect foresight case, agents take the
shock to be unanticipated and permanent. Given a

t

t

they calculate the new steady state and, then, using

the most recently observed data, form expectations about the next realization of the aggregate state variables
qt ;

g h
t ; t ; 4Ut .

Adaptive learning models are sometimes complicated by the evolving beliefs of optimizing

agents and the literature di¤ers on whether to treat the agents as fully Bayesian decision-makers that account
for the future evolution of their beliefs when formulating their optimal plans.37 In the present environment,
these issues are not directly relevant since the (temporary) equilibrium equations are nonstochastic and the
quasi-linearity assumptions in the CM utility function eliminate wealth e¤ects. Agents in this model are able
to iterate their forecasts forward as the coe¢ cients in the forecasting model are …xed. There are, however,
two key behavioral assumptions that we impose on agents. First, households and …rms form their forecasts
after observing

t

but before observing contemporaneous market-clearing state variables. This is a standard

assumption in the literature and is designed to break the simultaneity between beliefs and outcomes that
are natural in a rational expectations setting but implausible in a learning environment. Second, agents
hold point expectations when satisfying their optimization conditions. Again, because of the nonstochastic
nature of the model this assumption is natural.
The timing of the model is as follows. At the beginning of period t, a new unanticipated shock to

t

occurs. Agents observe this, calculate the new steady state, and update their expectations conditional on
observing data that were realized at the end of the CM in t

1, i.e. qt

1 ; 4Ut 1 .

Subsequently, the LM

opens with …rms choosing to post vacancies given their expectations about trade in the DM in period t, as
well as the vacancy rate in t + 1. The pool of unemployed workers in each sector depends on the previous
pool of unemployed and the aggregate mobility decisions of agents that were made at the end of period t

1.

These decisions depend on the expected value of mobility, 4Ut , that are made conditional on data through
the end of t
about

t+1

1. The labor market clears and

t

is realized. Agents subsequently revise their expectations

given this new data point. The DM then opens, …rms and households are matched, and they

bargain given their expectations. After the DM closes, the CM opens and households payo¤ their debts from
3 7 See Evans and McGough (2014) for discussion of various decision theoretic issues in boundedly rational macroeconomic
models.

45

the DM, are paid their wages from work in the LM, accumulated inventories from the DM are sold, and
households decide on their housing purchases and housing services consumption, all given their expectations.
The housing, numeraire, and rental markets clear, and there is a realization of the intersector mobility value
4Ut . Unemployed workers then decide on their reallocation intensity for the next period.
The (temporary) equilibrium equations for the aggregate variables are as follows (denoting xe as the
expected value of variable x):
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Note that Rt+1 depends on At+1 which is known in the CM of period t. These equations specify a set of
nonlinear di¤erence equations in the key endogenous state variables, and, when combined with the learning
rules (50)-(52), determine the temporary equilibrium path for the endogenous state variables.
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