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HOUSING WEALTH REALLOCATION
BETWEEN SUBPRIME AND PRIME
BORROWERS DURING RECESSIONS
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The Survey of Consumer Finances (SCF) indicates that, unlike subprime borrowers,
prime borrowers are more likely to own investment homes during recessions than during
recoveries. Drawing on this empirical fact, we present and estimate a dynamic stochastic
general equilibrium (DSGE) model that distinguishes between borrowers through their
credit access. We find that the relative ease of credit access among borrowers explains the
divergence in investment homeownership seen in the data. This divergence is amplified
when subprime borrowers are subject to lax credit conditions prior to a financial shock or
when the nominal interest rate is constrained at the zero lower bound (ZLB). An
expansionary monetary policy helps bridge this gap across borrowers.
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1. INTRODUCTION

The Great Recession reminded us how integrated the housing market and the rest
of the economy are. As the US slipped into the worst recession since World War II,
both the financial and housing markets collapsed. This wave of defaults, combined
with massive fire sales from banks and other homeowners, put significant down-
ward pressure on house prices. Despite considerable losses in the overall housing
wealth, lower house prices might have opened up ample investment opportunities
for prime borrowers who still had relatively easy access to credit. In this paper,
we study the effects of credit access—or the lack thereof—on the reallocation of
housing wealth among subprime and prime borrowers during recessions.

Our motivation follows Figure 1, which plots the total number of units whose
residence is elsewhere between 1995 and 2013 from the American Housing
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Note: This figure plots the total number of “units whose residence is elsewhere” (URE) (in millions).
Data are from the American Housing Survey by the US Census. Since the survey is conducted on the
unit basis (not by the owner), this number includes all homes owned for purposes other than being the
primary residence of the owner(s) which includes properties that are seasonally vacant.

FIGURE 1. Housing units whose residence is elsewhere (1995–2013).

Survey. The key observation here is that the total number of these units increases
significantly during the two most recent recessions. Given the massive collapse
of the housing market during the Great Recession, the increase in the number
of investment home units is unexpected. However, Figure 1 suggests that some
borrowers, particularly those who still have good credit access, were able to take
advantage of low house prices during the Great Recession, increasing housing
wealth inequality across borrowers.

We confirm this observation using micro-level data from the Survey of
Consumer Finances (SCF). We find that prime borrowers are more likely to own
investment homes during recessions than during recoveries, in contrast to the
subprime borrowers who are less likely to do so. This asymmetry in investment
homeownership is robust to various demographic and financial characteristics of
the borrowers, the types of mortgages in use, and different classifications of the
borrower groups. We, thus, conclude that this increase in inequality across wealth
distribution is solely attributable to credit access differences among borrowers as
we control for other factors that may cause such inequality in the first place. What
is more striking in our findings is that the inequality actually increases during
recessions. Therefore, recessions not only have direct negative aggregate effects
on the economy, but they also change the structure of the economy by making
the prime borrowers better off and subprime borrowers worse off, expanding the
wealth gap between them.

To provide a mechanism for the asymmetry observed in the data, we present
a tractable dynamic stochastic general equilibrium (DSGE) model featuring
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collateral constraints, debt accumulation, and an occasionally binding zero lower
bound (ZLB, thereafter). Similar to our empirical analysis, we divide borrow-
ers into subprime and prime categories based on their loan rates. Since housing
is used as collateral, the ability of borrowers to obtain loans is constrained by
the expected value of their housing investment. We next estimate the model to
match important features of the data from 1984:Q1 to 2016:Q2 using Bayesian
methods. Our results suggest that an adverse financial shock makes borrowing dis-
proportionately more costly for subprime borrowers who have higher risk premia.
Since prime borrowers can sustain easier access to credit than subprime borrowers
during recessions, they are better positioned to capitalize on the declining house
prices, resulting in the observed inequality in housing wealth distribution. We also
explore the extent to which the wealth reallocation channel is dependent on the
ex ante state of the housing market. We find that a negative financial shock cre-
ates a larger wedge between prime and subprime borrowers when house prices are
low compared to when they are high, making the inequality in wealth distribution
more prominent.

While borrowing elements from Iacoviello (2005) and Justiniano et al. (2016),
our model complements the literature along multiple dimensions. First, we intro-
duce heterogeneity in credit access to account for differences among borrowers
in a tractable way. Second, since our model features construction, housing sup-
ply varies over time. In particular, the fixed housing supply assumption could
automatically create an asymmetry in the model as any decrease in the housing
demand of subprime borrowers would be offset by the same amount of increase
in those of their prime counterparts. However, with the presence of housing con-
struction in our model, it is possible (and more likely) to have all agents increase
or decrease their demand simultaneously given the changes in house prices. The
asymmetry in housing wealth distribution, therefore, arises from the heterogene-
ity in credit access among borrowers, rather than from the fixed housing supply
assumption. Third, we allow entrepreneurs to borrow subject to collateral hold-
ings of not only their commercial real estate but also their physical capital. Lastly,
we consider a Taylor-style monetary policy with an occasionally binding ZLB to
replicate the near-zero interest rate environment of the Great Recession.

Our model highlights the importance of credit access in explaining hous-
ing wealth reallocation during recessions and how differences in credit access
contribute to the unequal wealth distribution across prime and subprime borrow-
ers. In particular, we demonstrate that the asymmetry in housing wealth across
subprime and prime borrowers becomes more significant when an adverse finan-
cial shock follows a period in which the subprime borrowers are subject to lax
credit conditions, as was the case during the Great Recession. We also find that
the ZLB amplifies the negative effects of financial shocks on aggregate hous-
ing demand while increasing the asymmetry in the housing wealth distribution.
Moreover, an expansionary monetary policy ameliorates the negative effects of
financial frictions, and therefore mitigates the investment homeownership gap
across borrowers during recessions.
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Our paper belongs to a vast literature focusing on the interactions of financial
frictions, the housing market, and macroeconomic aggregates. In particular, this
literature highlights the importance of house prices and collateral constraints in
amplifying recessions (see, e.g., Iacoviello (2005), Iacoviello and Pavan (2013),
Favilukis et al. (2013), Liu et al. (2013), Mian et al. (2013), Kaplan et al. (2016),
and Lambie-Hanson et al. (2019), among others). We complement this literature
by studying the contrasting responses in investment homeownership across prime
and subprime borrowers during recessions. To the best of our knowledge, our
paper is the first to reconcile the asymmetry seen in the data with an estimated
DSGE model.

The heterogeneity of borrowers incorporated in our model plays an impor-
tant yet underappreciated role in understanding macroeconomic fluctuations in
the literature (see, e.g., Philippon and Midrigan (2011), Mian and Sufi (2009,
2016), Krueger et al. (2016), and Guerrieri and Lorenzoni (2017), among others).
Similar to this paper, Huo and Rios-Rull (2016) argue that when lower housing
prices are combined with the reduction in access to credit, consumption decreases
more dramatically, particularly for the more constrained agents. Justiniano et al.
(2016) further show that a drop in interest rates helps subprime borrowers afford
larger mortgages. As subprime borrowers ramp up their demand for housing and
accumulate debt, they cause larger increases in house prices. In this paper, we
emphasize the role of credit access heterogeneity across borrowers in creating
housing wealth reallocation during recessions. We find that as subprime bor-
rowers gain easier access to credit, they tend to accumulate more leverage, and
therefore can accrue larger losses.

The rest of the paper is organized as follows. Section 2 lays out the empirical
motivation of this paper by documenting the contrasting movements of invest-
ment homeownership across prime and subprime borrowers using the US data
from the SCF. Drawing on this empirical finding, Section 3 introduces a DSGE
model to explain how a financial shock can lead to an asymmetry in housing
investment decisions across borrowers. Section 4 estimates the model to US data
using Bayesian methods. Section 5 discusses the implications of our model and
highlights the importance of credit access in creating the asymmetry in hous-
ing investment across prime and subprime borrowers both in the model and
data. Section 6 examines the role of collateral constraints, and finally, Section 7
concludes the paper.

2. EMPIRICAL EVIDENCE

We examine the extent to which housing wealth reallocation changes across prime
and subprime borrowers using repeated cross-sectional data from the SCF. The
SCF consists of a triennial set of detailed questions about family income, real
estate assets, and financial and demographic characteristics of the respondents
from 1995 to 2013.1
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We use the borrowers’ current loan rates on their primary home mortgages
to differentiate between prime and subprime borrowers. Specifically, we define
prime borrowers as borrowers whose current loan rates on their primary home
mortgages are less than the prime rate in the corresponding year and subprime
borrowers as those whose current mortgage loan rates belong to the highest one-
third of the loan rate distribution in a given survey year.2

The most common method to separate prime and subprime borrowers is to
use credit scores (e.g., Mian and Sufi (2009), Justiniano et al. (2016), Foote
et al. (2016), and Albanesi et al. (2017)). Credit scores, however, cannot contain
any demographic or public assistance information under the Consumer Credit
Protection Act. Along this dimension, our paper complements the literature by
exploiting the rich set of demographic and financial characteristics from the SCF
to study the asymmetry in housing wealth between prime and subprime borrowers
during recessions.3

As Segal et al. (1998), Charles and Hurst (2002), and Chambers et al. (2009)
show, demographic characteristics are very important in explaining the homeown-
ership gap. For instance, Segal et al. (1998) find that households who have high
education, are married, have more members, and are white are more likely to be
homeowners. They further show that the changes in homeownership in the 80s
and early 90s were entirely attributable to shifts in demographic characteristics,
such as the decline in the fraction of married household heads. In particular, they
find that 40% of the difference between homeownership rates of black and white
households can be explained by demographic differences. Using the SCF, we find
that while only 30% of whites are credit rejected, 64% of blacks are credit rejected
at least once in their lives, showing the importance of controlling demographic
characteristics.

While the SCF allows us to control demographic characteristics that affect the
differences in homeownership rates across borrowers, it does not contain any
geographical location information in the public database. Even though markets
respond differently to house price fluctuations over time, we have to abstract from
all spatial dimension implications for technical reasons.

Our choice of cutoffs to separate prime and subprime borrowers is consistent
with the micro-level data from the Single Family Loan-Level Dataset by Freddie
Mac.4 The dataset shows that, on average, subprime borrowers correspond to the
top third of the loan rate distribution for our time period (Figure 2). Moreover,
using the same dataset, we find that borrowing rates and credit scores have a
strong negative correlation of about −0.89 (Figure 3).

Turning to more details, we estimate the following Probit regression separately
for prime and subprime borrowers using the SCF.5

Investment Homeownershipi,t

= β0 + β1,t Survey Yeart + β2,t Survey Yeart × Credit Rejectedi,t

+ β3 Credit Rejectedi,t + β4 House Valuei,t

+ β5 Demographic Controlsi,t + νi,t, (1)
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Note: This figure plots the average loan rate for subprime as a percentile of the whole loan rate distri-
bution. Data are from the Single-Family Home from Fannie-Mae. Subprime borrowers are those with
a credit score of 660 or lower.

FIGURE 2. Loan rate percentiles for subprime borrowers over time.
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Note: This figure plots the average loan rates (in percent) and the corresponding credit scores over
time using data from the Single-Family Loan-Level Dataset by Freddie Mac. Loan rates are the rates
at origination for primary homes. The correlation between the two series is −0.89 and is significant at
the 5% level.

FIGURE 3. Credit scores and loan rates.

in which Investment Homeownership is a binary variable indicating whether
household i owns an investment home in year t.6 Credit Rejected indicates
whether the household was turned down for a credit application by a lender, and
therefore is a control variable accounting for within-group heterogeneity in credit
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TABLE 1. Probit regression results: The asymmetry in homeownership rates

Prime Borrowers Subprime Borrowers

1998 0.010∗∗ 0.002
(0.002) (0.003)

2001 (Dot-com recession) 0.020∗∗∗ −0.016∗∗

(0.002) (0.004)
2004 0.098∗∗∗ 0.027∗∗∗

(0.005) (0.002)
2007 0.072∗∗∗ 0.083∗∗∗

(0.001) (0.004)
2010 (Great recession) 0.118∗∗∗ 0.050∗∗∗

(0.006) (0.003)
2013 0.098∗∗∗ 0.056∗∗∗

(0.003) (0.003)
Credit rejected −0.088∗∗∗ −0.032∗∗∗

(0.002) (0.003)
1998 × Credit rejected 0.060∗∗∗ 0.055∗∗∗

(0.003) (0.002)
2001 × Credit rejected 0.046∗∗ 0.073∗∗∗

(0.013) (0.003)
2004 × Credit rejected 0.145∗∗∗ 0.072∗∗∗

(0.006) (0.001)
2007 × Credit rejected 0.006 −0.062∗∗∗

(0.003) (0.006)
2010 × Credit rejected −0.059∗∗∗ 0.024∗∗∗

(0.010) (0.003)
2013 × Credit rejected 0.072∗∗∗ 0.049∗∗∗

(0.004) (0.003)
Sex 0.176∗∗∗ 0.108∗∗∗

(0.003) (0.001)
Birth year −0.007∗∗∗ −0.005∗∗∗

(0.000) (0.000)
Education of head of households 0.002∗∗∗ 0.002∗∗∗

(0.000) (0.000)
Employed 0.037∗∗∗ 0.063∗∗∗

(0.002) (0.003)
Expectation on the economy (5 years) −0.001∗∗ 0.002∗

(0.000) (0.001)
Household size −0.007∗∗∗ −0.009∗∗∗

(0.001) (0.001)
Current residence’s value (Log) 0.027∗∗∗ 0.012∗∗∗

(0.001) (0.000)

Observations 25,307 18,422
F-test (Dotcom) 15.118 64.320
p-value (Dotcom) 0.018 0.001
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TABLE 1. Continued

Prime Borrowers Subprime Borrowers

F-test (GR) 93.250 149.926
p-value (GR) 0.001 0.000
F-test (All Recessions) 321.537 1081.904
p-value (All Recessions) 0.000 0.000

For the F-tests:

H0 : βPre-Recession Expansion = βRecession.

HA : βPre-Recession Expansion �= βRecession.

Note: Values in parentheses show the standard errors. We report the marginal effects at
the means using 1995 as the base year. ***, **, and * denote the 1%, 5%, and 10 %
levels of significance, respectively. We estimate the following Probit regression: Investment
Homeownershipi,t = β0 + β1,t Survey Yeart + β2,t Survey Yeart × Credit Rejectedi,t + β3
Credit Rejectedi,t +β4 House Valuei,t + β5 Demographic Controlsi,t + νi,t . Prime rate is
obtained from FRED, St. Louis. The rest of the data is from the SCF.

prosperity. To control for wealth, we include House Value, indicating the current
value (in log level of 2013 US Dollars) of the primary home owned by the house-
hold.7 Demographic Controls include employment status, gender, age, education
level of the household head, household size, and 5-year economic expectations of
the household.8

Consistent with Figure 1, we also find that prime borrowers are more likely to
own investment homes during recessions than during expansions using the Probit
regression in equation (1).9 For example, during the Great Recession, the change
in the likelihood of being an investment homeowner increases about 64% for
prime borrowers. Whereas in the dot-com recession, the change in this likelihood
increases by more than double compared to the prerecession levels.10

As reported in Table 1, other variables take their expected signs. Households
who are more educated, have a male household head, are employed, are smaller
in size, are older, are less optimistic about the economy, and have higher wealth
are more likely to be homeowners. Moreover, while the coefficient for Credit
Rejected suggests that individuals whose credit applications were turned down
are much less likely to own a house within their borrowing group. The interaction
term of Survey Years and Credit Rejected shows that among prime borrowers
those who are more credit rejected become worse off during recessions compared
to those who are not credit rejected.

To examine the robustness of our cutoff rates for prime and subprime bor-
rowers, we vary them by 5% in each direction.11 We also control for Federally
guaranteed (GSEs) mortgages to account for low interest rates that might be pro-
vided to subprime borrowers which could misclassify them.12 Our results are
consistent across these robustness exercises. Furthermore, given that the ratio of
subprime borrowers may not be constant over time, we allow the fraction of sub-
prime borrowers to be time-varying and find our results are insensitive to this
exercise as well.13 To economize on space, we leave the details of our robustness
checks in the supplementary material, Appendix B.
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3. MODEL

We have documented in Section 2 that prime borrowers are more likely to own
investment homes during recessions than during recoveries, while subprime bor-
rowers are less likely to do so. To understand the underlying mechanism of
the asymmetry in housing the wealth distribution between prime and subprime
borrowers, we present a DSGE model with collateralized borrowing and het-
erogeneity in credit access. The economy is populated by six types of agents:
households, entrepreneurs, retailers, capital producers, house producers, and a
central bank. Households are divided into patient households, prime borrowers,
and subprime borrowers. Entrepreneurs are assumed to own the goods producers
and the retailers. For brevity, the full model is reported in supplementary material,
Appendix C.

3.1. Households

There are two fundamental differences among the households in the model. First,
patient households assign a greater value to the future than the borrowers, similar
to Iacoviello (2005). Specifically, the discount factor of the patient households is
larger than that of prime and subprime borrowers. This assumption guarantees an
equilibrium in which there is a positive wedge between the risk-free rate and the
loan rate. Second, only borrowers engage in the housing market through mort-
gages.14 This assumption allows us to account for individuals who do not want to
or are not able to, buy real estate. Given that the homeownership rate has averaged
about 65% since the end of the Great Recession, patient households represent the
remaining 35% of the population.15

3.1.1. Patient households. Denoted with the subscript h, patient households opti-
mize their consumption, Ch,t, and leisure, 1 − lh,t, at time t where the time
endowment is normalized to one. They also decide how much to save, Dt, for
a return at the gross nominal deposit rate, Rt. The patient households use the
following objective function to maximize their lifetime utility from consumption
and leisure subject to the Walrasian budget constraint equation (2) that equates
households spending and income.

max
Ch,t ,lh,t ,Dt

Et

{ ∞∑
k=0

βk
h

[
ln(Ch,t+k) − l1+ξ

h,t+k

1 + ξ

]}
,

Ch,t + Dt = Rt−1Dt−1

πt
+ wtlh,t, (2)

where wt denotes the real wage, and πt = Pt
Pt−1

is the gross inflation rate.

3.1.2. Prime borrowers. Represented by the subscript p, prime borrowers buy
real estate, Hp,t+1, for the price of qh

t at time t. They maximize their utility from
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consumption, leisure, and housing services subject to the flow of funds constraint
equation (3) and the collateral constraint equation (4) as follows:

max
Cp,t ,Hp,t+1,lp,t ,Bp,t

Et

{ ∞∑
k=0

βk
p

[
ln(Cp,t+k) + �p ln(Hp,t+k) − l1+ξ

p,t+k

1 + ξ

]}
,

Cp,t + qh
t

(
Hp,t+1 − Hp,t

)+ Zp,t−1Bp,t−1

πt
= Bp,t + wtlp,t, (3)

where �p governs the weight of housing services in the utility function, qt
h is the

real house price, Zp,t denotes the gross lending rate for prime borrowers. Prime
borrowers can use the amount borrowed from banks, Bp,t, and their labor income,
wtlp,t, to finance their consumption, new housing investment, and debt repayment,
as outlined in equation (3).

The bank, however, requires some of the borrowers’ assets to be collateralized,
which limits their amount of available credit.16 The borrowing constraint equa-
tion (4) shows that the repayment of household’s debt cannot exceed the expected
future value of the real estate bought at time t.17 On the other hand, if borrowers
do not buy a new house but instead keep their existing ones, there would be no
mortgage repayment as they would not need to get any loans. As a result, the bor-
rowing constraint would never bind in this situation, and therefore, would not have
any effect on the decision-making process of either prime or subprime borrowers.

Bp,t ≤ mpEt

{
qh

t+1Hp,t+1
πt+1

Zp,t

}
, (4)

where mp is the loan-to-value (LTV) ratio.
Additionally, borrowers can have negative equity within one period when house

prices decrease. Once the borrowers have negative equity, they decumulate their
housing, work more to make more income, and/or decrease their consumption
to stay solvent. Given that mortgage debts last one period in the model, all the
solvency issues are resolved within the period.

Because of data limitations and other computational difficulties, we are
assuming that debts are short-term. However, the lack of long-term debts will not
alter our results. For instance, Greenwald (2018) introduces long-term mortgages
by allowing borrowers to prepay their existing debt and get new debt by paying
some transaction costs. Yet, he finds that only a small fraction of borrowers
in good condition obtain new debt. In our model, it would have been prime
borrowers who could prepay since they are subject to more favorable borrowing
conditions than subprime borrowers. If the prime borrowers were to obtain new
debt, then their housing would be larger than what we find in our current model.
In fact, using data from the SCF, we find that prime borrowers are almost one and
a half times more likely to pay their debt ahead of time compared to subprime
borrowers, on average.
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The first-order conditions for the labor supply and housing demand decisions
of prime borrowers are as follows:

lξp,t = wt

Cp,t
, (5)

Et
βp�p

Hp,t+1
= Et

⎧⎨
⎩ qh

t

Cp,t
+ (mp − 1)

βpqh
t+1

Cp,t+1
− mpqh

t+1
Zp,t
πt+1

Cp,t

⎫⎬
⎭ . (6)

Here, equation (6) is particularly important as it shows the trade-off between
consumption and housing investment, which depends on the borrower’s credit
conditions through the LTV ratio.

Similar to Iacoviello (2005), Philippon and Midrigan (2011), Iacoviello and
Pavan (2013), Favilukis et al. (2013), Liu et al. (2013), Justiniano et al. (2015),
Guerrieri and Lorenzoni (2017), Huo and Rios-Rull (2016), our model does
not capture defaults due to identification problems in estimation. Given that our
paper is about credit access, collateral constraints are at the heart of our model.
Therefore, following this literature, our model builds on the Kiyotaki and Moore
(1997) setup that allows us to introduce collateral constraints.18 However, even
if possible, adding defaults would only strengthen our results. Amromin and
Paulson (2010) show that in 2007, the default rate of prime borrowers was around
5% in the first 12 months, whereas it was about 25% for subprime borrowers.
Given that subprime borrowers default more, following a financial shock, we
would see them decumulating more houses than what is currently captured in
our current model.

3.1.3. Subprime borrowers. Similar to prime borrowers, subprime borrowers can
use collateral to invest in the housing market. However, subprime borrowers are
subject to higher borrowing rates. The risk premium, ft, between the gross loan
rates of prime and subprime borrowers is given by the following equation:

Zs,t = Zp,t + ft, (7)

where ft is characterized by a mean-reverting process as follows:

ft = (1 − ρf )f̄ + ρf ft−1 + ε
f
t . (8)

Here, the ρf denotes the persistence of the risk premium process and ε
f
t is assumed

to follow N
(
0, σ 2

f

)
.

Subprime borrowers optimize their consumption and leisure, subject to the
budget constraint equation (9) and the borrowing constraint equation (10).

Cs,t + qh
t

(
Hs,t+1 − Hs,t

)+ Zs,t−1Bs,t−1

πt
= Bs,t + wtls,t, (9)

Bs,t ≤ msEt

{
qh

t+1Hs,t+1
πt+1

Zs,t

}
. (10)
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3.2. Entrepreneurs

Entrepreneurs produce homogeneous intermediate goods using capital, labor,
and commercial real estate through the following aggregate Cobb–Douglas
production function.

Yt = AtK
α
t Hκ

e,t

(
Le,t
)(1−α−κ)

, (11)

where α ≥ 0 and κ ≥ 0 denote the shares of capital and commercial real estates
in production, respectively. Le,t = ν

(
�Lp,t + (1 − �)Ls,t

)+ (1 − ν) Lh,t represents
the total labor demand in the economy, where ν denotes the relative size of bor-
rowers to patient households, and � shows the relative mass of prime borrowers
to subprime borrowers. In the production function, He,t can be interpreted as land.
Entrepreneurs purchase capital Kt and land He,t from capital and housing produc-
ers, respectively. At is the total factor productivity (TFP) that follows the AR (1)
process in equation (12).

log At = ρA log At−1 + εA
t , (12)

where ρA is the persistence of the TFP shock, and E
(
εA

t

)= 0. Entrepreneurs
maximize their consumption over time subject to equations (11) and (12), as well
as their flow of funds in the budget constraint equation (13), and the borrowing
constraint equation (14).

max
Ce,t ,Kt+1,He,t+1,Le,t ,Be,t

Et

{ ∞∑
k=0

βk
e ln(Ce,t+k)

}

Ce,t + qh
t He,t+1 = Yt

Xt
+ qh

t He,t − wtLe,t − qtIk,t + Be,t − Ze,t−1Be,t−1

πt
+ Ft, (13)

where Ft represents the lump-sum profits from retailers. Xt is the markups in
period t, Ik,t is the gross capital investment, and qt = Qt/Pt is the real capital
price. Similar to prime and subprime borrowers, entrepreneurs can only borrow
up to the expected future value of their total assets, which include their physical
capital as well as their commercial real estate. Following Liu et al. (2013), the
borrowing constraint of the entrepreneurs is given by

Be,t ≤ meEt

{(
qh

t+1He,t+1 + qt+1Kt+1
) πt+1

Ze,t

}
, (14)

where me is the LTV for entrepreneurs.

3.2.1. Retailers. There are a continuum of monopolistically competitive retailers
owned by entrepreneurs. They buy intermediate goods at the wholesale price in a
competitive market and distribute the final goods Yt = (

∫ 1
0 Yt (z)

(ε−1)/ε dz)ε/(ε−1).
The demand curve for each retailer is

Yt (z) =
(

Pt (z)

Pt

)−ε

Yt. (15)

https://doi.org/10.1017/S1365100521000055 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100521000055


HOUSING WEALTH REALLOCATION 1787

In each period, retailers have a probability of (1 − θ ) to change their price. Thus,
the aggregate price level is

Pt =
[
θP1−ε

t−1 + (1 − θ )
(
P∗

t

)1−ε
] 1

1−ε
, (16)

where ε > 1, and P∗
t is the symmetric optimal price that equates expected dis-

counted marginal revenue and marginal cost. The retailers’ profit, Ft = (1 − 1
Xt

)Yt,
is distributed back to the entrepreneurs. The markup, Xt, is equal to ε

1−ε
in the

steady state.

3.3. Capital Producers

Similar to Bernanke et al. (1999), Christiano et al. (2004), and Christensen and
Dib (2008), capital producers produce new capital goods, which replace the
depreciated capital and contribute to the capital stock. Capital producers use a
fraction of the final goods purchased from retailers as investment goods, Ik,t, to
produce efficient investment goods, xi

tIk,t, that are combined with the existing cap-
ital stock to produce new capital goods Kt+1 as shown in (18). Capital producers
maximize their profit subject to a quadratic capital adjustment cost, χ

2 ( Ik,t
Kt

− δ)2Kt.

max
Ik,t

Et

{
qtx

i
tIk,t − Ik,t − χ

2

(
Ik,t

Kt
− δ

)2

Kt

}
,

where xi
t is the investment-specific technology shock, which follows the autore-

gressive process (17) where ε
xi

t
t ∼ N(0, σ 2

xi ).

log xi
t = ρxi log xi

t−1 + εxi

t . (17)

The law of capital motion is

xi
tIk,t = Kt+1 − (1 − δ) Kt. (18)

The optimization gives the standard Tobin’s Q as follows:

Et

{
qtx

i
t − 1 − χ

(
Ik,t

Kt
− δ

)}
= 0. (19)

3.4. House Construction

Similar to Alpanda and Zubairy (2016) and Christensen et al. (2016), our house
constructors are modeled analogous to capital producers which follows the set
up in Bernanke et al. (1999), Christiano et al. (2004), and Christensen and Dib
(2008). In particular, prime and subprime borrowers sell their undepreciated hous-
ing to house constructors at the end of every period. House constructors then
combine the existing housing stock and final goods that they purchase from retail-
ers to produce new units of installed houses. Therefore, similar to capital, there
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is liquidation of houses at the end of each period. This ability allows house con-
structors to alter the new housing supply to the point where the new demand is if
there is a change in the preferences of one (or both) types of borrowers.

Housing constructors maximize their own profits subject to the quadratic hous-
ing adjustment cost, χh

2

( Ih,t
Ht

)2
Ht, and the housing supply shock xh

t to the marginal

efficiency of housing production.19

max
Ih,t

Et

{
qh

t xh
t Ih,t − Ih,t − χh

2

(
Ih,t

Ht

)2

Ht

}
,

and

xh
t Ih,t = Ht+1 − Ht, (20)

where Ht = Hp,t + Hs,t + He,t and Ih,t denotes the total housing investment at time
t.20 The adjustment cost governs how easy it is to convert old housing into new
housing in the model. Therefore, the adjustment cost does not affect the supply by
destroying available houses, instead it makes it more costly to produce housing
and thus decrease the profits of construction companies, directly affecting house
prices. Additionally, when a financial shock hits the economy and lowers demand,
it will cause a decrease in house prices, which results in a movement along the
line on the supply curve instead of a shift. Lower prices decrease households’
wealth, make the collateral constraint tighter, and further decrease the profits of
construction companies. The role of the housing adjustment cost, therefore, is to
decrease the speed of the adjustment along the supply curve to meet the demand.

The housing supply shock follows the autoregressive process below.21

log xh
t = ρxh log xh

t−1 + εxh

t . (21)

The maximization problem of house constructors yields the following rule for
house prices:

Et

{
qh

t xh
t − 1 − χh

(
Ih,t

Ht

)}
= 0. (22)

House prices are equal to 1 in equilibrium, however, the adjustment cost and the
housing supply shock create fluctuations in prices when the economy is on an
off-equilibrium path.

3.5. Monetary Policy

Monetary policy follows a Taylor rule as in equation (23), in which b1 and b2

are the parameters that govern the central bank’s weights on the output gap and
inflation gap target, respectively.22

Rt = R̄

([
Yt

Ȳ

]b1
[

1 + πt

1 + π̄

]b2
)

eR
t . (23)
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The monetary policy shock, eR
t , follows

log
(
eR

t

)= ρe log
(
eR

t−1

)+ εR
t , (24)

in which εR
t is i.i.d. with N(0, σ 2

R ). Additionally, the nominal interest rate is
bounded by zero as expressed below.

Rt − 1 ≥ 0. (25)

3.6. Market Clearing Conditions

The economy-wide resource constraint is shown below.

Yt = Ct + Ik,t + Ih,t, (26)

in which Ct represents the aggregate consumption and is the sum of households,
borrowers, and entrepreneurs’ consumption.

The following labor market clearing condition guarantees that the demand and
supply of labor will be equal:

Le,t = lh,t + ls,t + lp,t. (27)

Lastly, the loans market clears when the supply of deposits is equal to the demand
for funds by subprime borrowers, prime borrowers, and entrepreneurs as follows:

Dt = Bp,t + Bs,t + Be,t. (28)

4. CALIBRATION AND ESTIMATION

We estimate a number of important parameters while calibrating the rest either to
values that are common in the literature or to values obtained from data. Table 2
presents the set of parameters that we calibrate. Following the literature using
micro-level data (e.g., Krause et al. (2008) and Aaronson and French (2009)), we
set the inverse of the Frisch elasticity equal to 3. The relative size of prime bor-
rowers to subprime borrowers, �, is set to 0.64 following Justiniano et al. (2016),
and the relative size of borrowers to patient households, ν, is set to 0.65 using the
homeownership data from the US Bureau of Economic Analysis. We choose the
loan to value ratio to be 0.765 which is the average of the 2014 public database for
Fannie Mae and Freddie Mac by the Federal Housing Finance Agency. We cal-
culated the steady-state level of risk premium (2%) from the SCF using long-run
mortgage rates for prime and subprime borrowers. These values generate a steady-
state level of the prime rate that matches the long-run average prime interest rate
(i.e., 6.3%, annualized).

We choose standard values for the technology and policy parameters. In par-
ticular, the capital share in production and the depreciation rate are set to 0.33
and 0.025, respectively. We pick the commercial housing share in the production
function of the entrepreneurs so that the entrepreneurial loan rate matches the
data for our time period. Following Taylor (1993), we select neutral values for the
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TABLE 2. Calibrated parameters

Par. Description Value Source

ξ Inverse of Frisch elasticity 3 Aaronson and French (2009)
� Relative size of prime borrowers

to subprime borrowers
0.64 Justiniano et al. (2016)

ν Relative size of borrowers
to patient households

0.65 US Bureau of Economic
Analysis (BEA)

f̄ Steady-state level risk premium 2% (annualized) SCF
α Share of capital in production 0.33 Literature
δ Capital depreciation 0.025 Literature
b1 Taylor rule output weight 0.5 Taylor (1993)
b2 Taylor rule inflation weight 1.5 Taylor (1993)

weights on output (b1) and inflation (b2) targeting that match the US data since
1984. In particular, the coefficients for the Taylor rule are set to be 0.5 for the
output weight and 1.5 for the inflation weight.

We estimate the rest of the parameters. While erring on the side of having
priors that are as non-informative as possible, we based many of our guesses on
the current literature. For the choices of prior distributions, we follow Iacoviello
(2015a), wherever appropriate.23

Table 3 presents the sets of estimated parameters, along with the posteriors and
our choices of priors. We match the model to five series: real output growth, real
consumption growth, growth rate of the private residential investment, growth
rate of house prices, and bank prime loan rate. We obtain data after the Great
Moderation (1984:Q1–2016:Q2) from the Federal Reserve Bank of St. Louis’
FRED, where all data series are seasonally adjusted. We estimate the model using
Bayesian methods with the Metropolis–Hastings algorithm and make sure the
Markov Chain Monte Carlo (MCMC) converges to its ergodic distribution.

5. MODEL IMPLICATIONS

This section documents the implications of the model presented in Section 3. An
increase in the financial friction, or equivalently an increase in the risk premium
for the subprime borrowers, can significantly affect housing wealth reallocation
across borrowers. We also examine the effects of nonfinancial shocks, such as
TFP, capital, and housing supply shocks, as well as monetary policy shocks on
the housing wealth distribution. As expected, the nonfinancial shocks have little
effect on the asymmetry in housing wealth distribution because they tend to affect
borrowers similarly.

Since the Great Recession coincided with a period of a near-zero nominal inter-
est rate and lax credit conditions, we examine the effects of an adverse financial
shock at the ZLB in Section 5.4. We show that the ZLB amplifies the negative
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TABLE 3. Priors and posteriors of the estimated parameters

Parameters Prior Mean Post. Mode Low High Prior Post. Std.

βH 0.99 0.9865 0.9798 0.9960 beta 0.005
βS 0.95 0.9505 0.9432 0.9593 beta 0.005
βP 0.97 0.9676 0.9624 0.9774 beta 0.005
βe 0.98 0.9810 0.9741 0.9886 beta 0.005
ρA 0.90 0.8993 0.8669 0.9291 beta 0.02
χK 0.59 0.5901 0.5853 0.5948 beta 0.003
χH 0.10 0.1015 0.0948 0.1046 beta 0.003
me 0.80 0.8024 0.7442 0.8442 norm 0.03
ms 0.80 0.8076 0.7525 0.8504 norm 0.03
mp 0.80 0.7946 0.7487 0.8436 norm 0.03
θ 0.75 0.7459 0.7145 0.7805 norm 0.02
e 0.60 0.6003 0.5528 0.6516 norm 0.03
s 0.40 0.4021 0.3496 0.4514 norm 0.03
p 2.50 2.5064 2.4508 2.551 norm 0.03
ρf 0.50 0.5351 0.4108 0.6686 beta 0.1
ρX 0.50 0.5024 0.3174 0.6960 beta 0.1
ρXI 0.50 0.5232 0.3572 0.6750 beta 0.1

Standard deviation of shocks

Shocks Prior mean Post. mode Low High Prior Post. Std.

εA 0.01 0.0362 0.0328 0.0398 invg Inf
εe 0.01 0.0486 0.0383 0.045 invg Inf
εf 0.02 0.0079 0.0051 0.0107 invg Inf
εX 0.01 0.0383 0.0334 0.041 invg Inf
εXI 0.01 0.0267 0.0241 0.0293 invg Inf
εP 0.01 0.0095 0.0085 0.0103 invg Inf

Note: We estimate the model to fit five series: real output growth, bank prime loan rate, the growth rate of the
private residential investment, the growth rate of house prices, and real consumption growth from the Federal
Reserve Bank of St. Louis database. Data are all seasonally adjusted and transformed in a way such that the
variable definitions match ours in the model. Please see Appendix D in supplementary material for more details.
Here e, s, and p denote the steady-state levels of commercial real estate relative to output, subprime borrowers’
housing to output, and prime borrowers’ housing to output, respectively. “High” and “Low” denote the upper
and lower bounds for the 90% HPD interval.

effects of financial frictions on aggregate housing demand, while increasing the
asymmetry in housing wealth distribution.

5.1. The Effects of the Financial Shock

Our starting point is to document the responses of the housing market and other
macroeconomic aggregates to an adverse financial shock. To do so, we estimate
the model in Section 3 under the calibration presented in Section 4 and initiate
a one-standard-deviation increase in the risk premium, ft. Figure 4 presents the
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(a) (b) (c)

(d) (e) (f)

Note: The figure plots the impulse responses of selected variables to a one-standard-deviation increase
in the innovation of the financial friction, ε

f
t . All responses are normalized so that the units of the

vertical axes represent percentage deviations from the steady state. In these responses, we do not
constrain the interest rate at the ZLB. Here, the variable used for aggregate housing is Ht, for primers’
housing is Hp,t, and for subprimers’ housing is Hs,t.

FIGURE 4. Responses to an adverse financial shock.

responses to this financial shock which are normalized such that they represent
the percentage deviations from their respective steady-state values.

An increase in the risk premium of subprime borrowers implies an increase
of over 1% in the housing investment for prime borrowers and a decrease of
around 7% for subprime borrowers. Intuitively, when there is an increase in the
risk premium ft, as observed during recessions, the relative cost of obtaining
additional housing for the subprime borrowers increases significantly. Because
subprime borrowers are subject to disproportionately higher loan rates, their col-
lateral constraints bind faster than that of prime borrowers, leading to a larger
decrease in their housing demand. This decrease in subprime borrowers’ demand
pushes house prices down. Since prime borrowers still have easier access to credit
and more favorable loan rates, they can increase their housing investment to take
advantage of lower prices.24 It is important to point out that a negative shock
to subprime borrowers does not necessarily have to generate a positive effect on
prime borrowers because the housing supply is not fixed in the model.

Turning to the responses of macroeconomic aggregates, an adverse financial
shock has significant ramifications on the economy. Specifically, output, con-
sumption, and capital decrease following the shock as the overall demand for
housing investment declines. While prime borrowers can take advantage of their
relatively better access to credit, their gains are far from being able to make up for
the decreases in the housing demand of subprime borrowers. Thus, the economy
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(a) (b) 

(c) (d) 

Note: The figure plots the impulse responses of the housing investment to a 1% decrease in the inno-
vations of the TFP, capital supply, and housing supply shocks, as well as an expansionary monetary
policy shock. Aggregate housing demand shows the total demand of prime and subprime borrowers.
All responses are normalized so that the units of the vertical axes represent percentage deviations from
the steady state. In these responses, we do not constrain the interest rate at the ZLB. Here, the variable
used for aggregate housing is Ht, for prime borrowers’ housing is Hp,t, and for subprime borrowers’
housing is Hs,t.

FIGURE 5. Effects of nonfinancial shocks.

as a whole experiences a further decrease in output, consumption, and capital as
a result of an increase in the risk premium for the subprime borrowers.

5.2. The Effects of Nonfinancial Shocks

The Effects of a TFP Shock: Figure 5a presents the responses of the housing
market to a one-standard-deviation decrease in the TFP shock. While both bor-
rowers are affected similarly, the steady-state level of the risk premium causes
subprime borrowers to be significantly worse off in the housing market. In par-
ticular, a decrease in productivity lowers the demand for labor, depressing wages.
The resulting temporary decline in income induces both borrowers to lower their
debt. The extent to which these consumers decrease their debt depends largely on
the contemporaneous levels of borrowing as well as their borrowing costs (i.e.,
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Zp,t and Zs,t). This difference in borrowing initiates the asymmetry in housing
consumption as purchases of housing must be accompanied by borrowing.

The intuition behind the asymmetry between prime and subprime borrowers is
similar to that of Campbell and Hercowitz (2005). In their model, they use two
regimes: low- and high-equity requirements, which correspond to our prime and
subprime borrowers, respectively. They show that in the low-equity-requirement
regime (prime borrowers), debt responses are half in magnitude, compared to that
under the high-equity-requirement regime (subprime borrowers). In our paper,
such a difference follows mainly from lower repayment rates.

The Effects of Capital and Housing Supply Shocks: We next investigate the
effects of negative capital (i.e., the investment-specific technology shock, xi

t) and
negative housing supply (i.e., the housing-specific technology shock, xh

t ) shocks.
In particular, we initiate a one-standard-deviation decrease in the innovations of
each shock, the results of which are plotted in Figure 5 (b and c). As expected,
a negative shock on capital supply causes the entrepreneurs to substitute away
from capital. Therefore, entrepreneurs demand more housing given this decrease
in capital demand due to higher prices in the economy. On the other hand, the
decreases in income and the low amount of available credit cause prime and
subprime borrowers to demand less housing. As expected, the more constrained
agents respond more to the changes because housing investment is financed by
borrowing which is more costly for them.

A negative housing supply shock (Figure 5c) in construction lowers supply
and causes a spike in house prices. Higher house prices increase the collateral
value of households’ real estate holdings. Therefore, relaxed collateral constraints
encourage borrowers to invest in the housing market. Because this shock acts as a
positive shock in terms of housing investment by relaxing the collateral constraint,
allowing both borrowers to benefit from it equally, at least initially. Therefore, an
adverse shock in housing construction that reduces supply (and increases price)
does not generate a wealth reallocation between prime and subprime borrowers.25

The Effects of a Monetary Policy Shock: Figure 5d presents the responses
of the housing market to a 100-basis-point decrease in the nominal interest rate.
While housing investment of both prime and subprime borrowers increases signif-
icantly (more so for latter), the responses of prime borrowers are more persistent.
This result supports the findings of Eickmeier and Hofmann (2013) that the mon-
etary policy shock has a persistent effect on house prices. However, as the interest
rate reverts to its ex ante level, the positive effects on subprime borrowers dimin-
ish. Prime borrowers, on the other hand, can sustain higher investment levels
for a longer period of time. The finding that subprime borrowers initially enjoy
the low interest rate more is not surprising given the findings from Justiniano
et al. (2016). They show that lower interest rates encourage the more constrained
agents to accumulate leverage. Our result suggests that an expansionary monetary
policy can help ameliorate the asymmetry in housing wealth reallocation during
recessions to some extent, especially in the first year.
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TABLE 4. Variance decomposition

Shocks
Financial TFP Monetary Housing supply Capital supply

Bp 1.03 75.98 17.73 2.55 2.65
Bs 24.54 56.65 15.54 0.90 2.37
�Hp 9.94 58.23 18.21 4.89 8.63
�Hs 26.27 48.94 16.81 0.47 7.63

Note: The table presents the variance decomposition of selected variables to financial shock, TFP
shock, expansionary monetary policy shock as well as housing and capital supply shocks. We
exclude preference shock in this exercise as it serves the purpose of keeping the economy at the
ZLB and is not used in the estimation.

5.3. Variance Decomposition of Shocks

We next investigate the contributions of each shock to overall fluctuations of the
model. To do so, we present the contribution of financial (i.e., risk premia), TFP,
monetary policy, housing supply, and capital supply shocks to variations in hous-
ing investment and borrowing for prime and subprime borrowers in Table 4. The
financial shock accounts for 26.27% and 9.94% of variations in housing invest-
ment for subprime and prime borrowers, respectively. For subprime borrowers,
a higher fraction of variations in borrowing can be explained by the financial
shock (24.54%) than by the housing supply (0.90%), the capital supply (2.37%),
or the monetary policy (15.54%) shocks. For prime borrowers, on the other hand,
the financial shock explains little of the variation in their borrowing, as expected.
Overall, we find these simulation results to suggest the importance of the financial
shock in explaining the reallocation in housing investment.

5.4. The Role of the Zero Lower Bound

We next explore the effects of an adverse financial shock when the economy is
at the ZLB. To that end, we add a mean-reverting preference shock for patient
households as below, where ε

βh
t follows N(0, σ 2

βh
).

log βh,t =
(
1 − ρβh

)
log βh + ρβh log βh,t−1 + ε

βh
t . (29)

We keep the risk-free interest rate Rt at the ZLB for two periods using a nega-
tive preference shock to the discount factor of patient households, βh,t, and initiate
a one-standard-deviation adverse financial shock to the economy.26 We solve the
model using a piecewise approximation as in Iacoviello (2015b). Figure 6 presents
the impulse responses of housing investment, output, house prices, and consump-
tion for the cases when the nominal interest rate is kept at the zero lower bound
and when it is not.27

This exercise demonstrates that the effects of an increase in risk premium
across the two types of borrowers on the aggregate housing are amplified when the
economy is constrained at the ZLB. Intuitively, when the nominal interest rate is
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Note: The figure plots the impulse responses of selected variables to a one-standard-deviation increase
in innovation to the financial friction, ε

f
t . All responses are normalized so that the units of the verti-

cal axes are percentage deviations from the steady-state. Aggregate housing demand shows the total
demand of prime and subprime borrowers. We solve the model using a piecewise approximation,
following Iacoviello (2015b).

FIGURE 6. Responses at the zero lower bound

constrained by the ZLB under an adverse financial shock, it becomes increasingly
more costly to save using the risk-free bond with the presence of inflation.

As a result, the amount of available funds in the economy decreases, making it
harder to borrow for everyone, especially for subprime borrowers. This decrease
depresses both housing demand and prices. Overall, the ZLB amplifies the neg-
ative effects of financial frictions on aggregate housing demand compared to the
case in which the ZLB does not bind, increasing the asymmetry in housing wealth
distribution by about 1%.

5.5. State-Dependent Implications of Housing Redistribution

In this section, we study the extent to which the responses of housing wealth
redistribution to a negative financial shock depend on the ex ante state of the
housing market. Intuitively, since prime borrowers are subject to lower borrowing
costs, they are better positioned to take advantage of depressed house prices. We
should, therefore, expect a negative financial shock to drive a larger wedge of
housing wealth between prime and subprime borrowers when house prices are
generally low.

We simulate the model for 10,000 periods in which all shocks are present and
use this simulated (base) series to identify the state of the economy. In particu-
lar, we classify periods in which the ex ante house price, qt, is lower than unity
(i.e., the steady-state level) as the low-price state and periods in which it is larger
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(a)

(b)

Note: This figure plots the difference in the responses of prime and subprime borrowers to a one-
standard-deviation risk premium shock and a one-standard-deviation expansionary monetary policy
shock during a low house price state and during a high house price state. All responses are normalized
so that the units of the vertical axes represent percentage deviations from the steady state.

FIGURE 7. State-dependent responses: Low versus High house price states.

than unity as the high-price state. In each of the two states, we then initiate a
1% increase in the risk premium process, ft for every period. We next average
out all simulated responses in each of the two states to ensure that our state-
dependent responses are not affected by any particular draw of shocks within
each corresponding state.

We plot the impulse responses of the differences in housing and borrowing
for prime and subprime borrowers across the two ex ante states (low vs. high
house price) to a financial shock (in Figure 7a) and to a monetary policy shock
(in Figure 7b).

One key insight from Figure 7a is that the difference in housing investments
between prime and subprime borrowers is amplified when house prices are
low compared to when house prices are generally high ex ante. This finding is
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consistent with the intuition that prime borrowers are more likely to be able to
take advantage of low house prices than their subprime counterparts.

We next examine the state-dependent nature of housing wealth redistribution
responses to a monetary policy shock in the form of a 1% interest rate cut. As
Figure 7b shows, the advantages of prime borrowers over subprime borrowers
in terms of wealth redistribution are stronger when the low house price state is
followed by an expansionary monetary policy shock. In the high house price state,
prime borrowers are still at an advantage after an expansionary monetary policy
shock, although less so compared to the low house price state.

6. THE ROLE OF COLLATERAL CONSTRAINTS AND LEVERAGE

In this section, we investigate the role of collateral constraints in generating asym-
metric housing responses across prime and subprime borrowers. In particular, we
study how variations in the LTV ratio of subprime borrowers can amplify the
effects of an adverse financial shock on the housing wealth across borrowers.

6.1. Mechanism and Static Analysis

As previously demonstrated, the collateral constraints serve as an important chan-
nel in our model. Given that the LTV ratios directly affect the borrowing capacity
of households, we next examine the role of collateral constraints using LTV
ratios. In particular, decreases in LTV ratios tighten the borrowing conditions for
all borrowers and limit their credit access. For instance, consider the following
borrowing constraint for subprime borrowers:

Bs,t ≤ msEt

{
qH

t+1Hs,t+1
πt+1

Zs,t

}
.

Here, the LTV ratio for the subprime borrowers, ms, creates a constraint on the
value of assets and limits the amount that a subprime borrower can obtain using
his/her housing as collateral. If LTV ratios differ across borrowers, then their
housing investment decisions could vary as a result of their different borrow-
ing conditions. To understand the mechanism, consider the following first-order
condition for subprime borrowers:

Et
βs�s

Hs,t+1
= Et

⎧⎨
⎩ qh

t

Cs,t
+ (ms − 1)

βsqh
t+1

Cs,t+1
− msqh

t+1
Zs,t
πt+1

Cs,t

⎫⎬
⎭ . (30)

Taking the partial derivatives of the consumption and housing trade-off in equa-
tion (30) with respect to the LTV ratio yields the following condition in the steady
state: ⎧⎪⎪⎨

⎪⎪⎩
∂

(
Cs

qhHs

)
∂ms

> 0 if Zs > 1
βs

.

∂

(
Cs

qhHs

)
∂ms

< 0 if Zs < 1
βs

.
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When subprime borrowers are subject to an adverse financial shock, their loan
rates will increase disproportionately more than those of the prime borrowers.
Therefore, an adverse financial shock increases the value of Zs and pushes sub-
prime borrowers into the case in which Zs > 1

βs
holds. Thus, under lax credit

constraints (high values of ms), subprime borrowers prefer consumption over
housing investment in equilibrium.

To understand the role of credit access in a dynamic setting, we vary the LTV
ratio for subprime borrowers, ms, while keeping everything else in line with the
baseline calibration. This analysis helps us replicate the credit conditions before
the Great Recession in which subprime borrowers enjoyed lax credit constraints.
We collect micro-level evidence on plausible values of the LTV ratios using the
public database for Fannie Mae and Freddie Mac by the Federal Housing Finance
Agency. In 2014, across a total of 34,300 loans in the database, the average LTV
ratio is about 0.765 with a standard deviation of 0.16. Using the range of values
obtained from this dataset, Figure 8 plots the responses of housing demand,
output, and consumption to an adverse financial shock.

Figure 8 shows that an adverse financial shock that follows a period with higher
LTV ratio for subprime borrowers, or equivalently more lax credit conditions,
magnifies the asymmetry in housing wealth distribution between subprime and
prime borrowers. Despite this negative effect, laxer credit constraints cause a
smaller decrease in consumption and output. Intuitively, when subprime borrow-
ers are subject to easier access to credit (higher LTV ratio), they can better smooth
out the adverse effects of financial shocks. As a result, the effects of these adverse
shocks on consumption (and therefore output) would be more subdued. Moreover,
lax credit conditions further cause subprime borrowers to have excess leverage,
yielding higher losses in the housing market under a credit crunch, which is along
the line of the findings in Justiniano et al. (2016).

All in all, this exercise highlights the importance of credit access in amplify-
ing the housing wealth reallocation asymmetry across agents during recessions.
In particular, tighter credit constraints for subprime borrowers can dampen the
asymmetry in housing wealth distribution across borrowers at the cost of larger
declines in output and aggregate consumption.

6.2. Empirical Evidence on Collateral Constraints and Leverage

To understand the extent to which credit access and leverage affect risk pre-
mium in the data, we return to the SCF and regress the individual risk premia for
subprime borrowers (in basis points) on leverage and credit access, controlling
for a number of demographic characteristics such as employment status, gender,
age, education level of the household head, household size, and 5-year economic
expectations of the household, as well as the time fixed effects, μt. In particular,
we use the following specification:

Risk Premiumit = β0 + β1Leverageit + β2Credit Rejectedit

+ β3Demographic Controlsit + μt + εit, (31)
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(a) (b)

(c) (d)

Note: The figure plots the responses of selected variables to an adverse financial shock. In particular,
we initiate a one-standard-deviation adverse shock to the innovation of the risk premium between the
prime and subprime borrowers, ε

f
t . All responses are normalized so that the units of the vertical axes

represent percentage deviations from the steady state.

FIGURE 8. Adverse financial shock: Varying LTV ratios for subprime borrowers.

in which the leverage ratio is calculated from the data as

Leverage = Borrowed Amount

Total Value of the House
.

Table 5 presents the regression results for subprime borrowers using equation
(31), with the same classification for borrowers as in our baseline regressions
in Section 2. As Table 5 shows, leverage is positively associated with significant
increases in risk premia. When subprime borrowers accumulate leverage, possibly
due to previous lax credit conditions, their risk premia increase, which dovetails
with the implications of Figure 8. Additionally, Table 5 highlights the importance
of credit access within a group that when subprime borrowers are more credit
rejected, their risk premia increase significantly.
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TABLE 5. Effects of leverage and credit access on risk
premium

Risk premium

Leverage 0.888∗∗∗

(0.152)
Credit rejected 50.919∗∗∗

(0.455)

Demographic controls Yes
Time fixed effects Yes
Number of observations 17,394

Note: In this table, we regress the risk premium on the individual leverage
ratios and credit access for subprime borrowers. Values in parentheses show the
standard errors. We control for time fixed effects as well as household demo-
graphics. ***, **, and * denote the 1%, 5%, and 10 % levels of significance,
respectively.

7. CONCLUSION

In this paper, we investigate the effects of the heterogeneity in credit access among
borrowers on the inequality of housing wealth during recessions. We first docu-
ment that investment homeownership increases significantly during recessions.
To differentiate and control for idiosyncratic characteristics of borrowers, we use
micro-level survey data from the SCF. We classify the borrowers as prime and
subprime borrowers based on their current mortgage loan rates and control for a
rich set of demographic and financial characteristics. We find prime borrowers to
be more likely to own investment homes during recessions compared to recover-
ies, whereas their subprime counterparts are more likely to invest during expan-
sions. This result points to a dramatic difference between prime and subprime
borrowers: while the latter were adversely affected by the collapse of the housing
market, the former have been able to take advantage of the depressed house prices.

To explain this reallocation of housing wealth across borrowers, we present
a DSGE model with heterogeneity in credit access across borrowers. Consistent
with the data, subprime borrowers are subject to a risk premium in the model.
A financial shock that increases this risk premium causes the more constrained
agents, that is, subprime borrowers, to reduce their housing demand significantly.
In stark contrast, borrowers who have easier access to credit benefit from lower
house prices and thus can increase their investment home purchases.

We also find that when a financial shock follows a period in which subprime
borrowers experience lax credit conditions, as in the Great Recession, the asym-
metry in housing wealth distribution between prime and subprime borrowers
becomes larger. Moreover, when the nominal interest rate is constrained at
the ZLB, we find the negative effects of financial shock on aggregate housing
demand and the asymmetry in housing wealth distribution to be amplified. An
expansionary monetary policy, however, can help decrease this asymmetry in
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housing purchases, ameliorating the undesirable effects of adverse financial
shocks during recessions.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit http://doi.org/
10.1017/S1365100521000055.

NOTES

1. We exclude survey data before 1995 because the standardized survey weights are not publicly
available for earlier years.

2. We have to exclude people who do not have any mortgages because we are unable to verify
if the borrowers already paid their mortgages on their investment homes or if they made a cash pur-
chase. However, as we detail in supplementary material, Appendices B.1 and B.2, we have an indirect
measure to pin down the cash purchases. Tables B1 and B2 show that dropping the individuals who
had cash purchases from the analysis entirely or adding them to the prime borrower category does not
change any of our results.

3. We use the start of the three most recent contractions as designated by the National Bureau of
Economic Research (NBER). We choose to study NBER recessions rather than periods when house
prices decline because we are interested in the effects of the borrowing environment on housing invest-
ment decisions. Low house prices do not necessarily indicate an economic environment with limited
credit access.

4. In supplementary material, Appendix B.3, we classify subprime borrowers based on their
income and revolving balances on their loans. Our results persists with these new classifications.

5. Instead of having separate regressions for prime and subprime borrowers, we pool the data and
use a recession dummy instead of year dummies in supplementary material, Appendix B.4 and still
draw the same conclusions. Also in supplementary material, Appendix B.5, we bundle survey years
into recessions and expansions and find that prime borrowers invest during recessions significantly
more than during recoveries.

6. We also exclude investment ownership by businesses in supplementary material, Appendix B.6
to account for institutional investors. As shown in Table B6, our results are robust to this exercise.

7. Instead of using house value as a proxy for wealth, we also create a general wealth measure
that includes a variety of households’ assets and find that our results are robust to this measure. Please
check supplementary material, Appendix B.7 and Table B7 for more details. Additionally, we control
for liens information in supplementary material, Appendix B.8. As Table B8 shows, controlling for
debt of households does not change any of our conclusions.

8. We restrict the sample to exclude households whose total income is below the Federal poverty
level (i.e., $19,530 in 2013 US Dollars) because these households are highly unlikely to invest in
housing. Unsurprisingly, the results are stronger when including households with income under the
poverty line.

9. Our results are qualitatively identical if a Linear Probability Model is used instead of Probit.
10. Ferreira and Gyourko (2015), Foote et al. (2016), Adelino et al. (2017), and Albanesi et al.

(2017) document that foreclosures by prime borrowers and their debt accumulation were as important
as those of subprime borrowers during the Great Recession. Our paper, however, does not address
this issue due to the lack of foreclosure data in the SCF. Moreover, when examining the reasons for
the credit growth before the Great Recession, Foote et al. (2016) and Albanesi et al. (2017) show that
borrowing by high-income individuals was responsible for creating the bubble. The focus of our paper,
however, is to study the aftermath of a housing bubble or bust, taking it as given. Foote et al. (2016)
study the extensive margin where households become first-time homeowners while we focus on the
investment homeownership. On the other hand, in line with our findings on the importance of credit
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access, Ferreira and Gyourko (2015) show that LTV is a powerful predictor of home loss regardless of
the borrower type, and Adelino et al. (2017) provide evidence that borrowers exploited the expanded
credit supply and increased their demand for housing due to inflated house price expectations.

11. It is possible that there might be some misclassification of prime borrowers, particularly if a
borrower fails to refinance when market rates are low. However, the SCF lacks the information on the
original rate of refinanced loans which prevents us categorizing borrowers as prime or subprime when
they took out the original loan. The 5% variation of the cutoff rate however should capture some of
those borrowers.

12. We also check the robustness of our main regression results by controlling for whether the
borrowers are subject to a fixed or an adjustable rate, income, and payment schedule, and find that our
results are robust to this exercise as can be seen in Table B11.

13. We also try a narrower definition of subprime borrowers where they correspond to top 23% of
the mortgage rate distribution to reflect the trend observed in the most recent periods. Our results are
consistent for this cutoff as well.

14. We abstract from rents in the baseline model for simplicity. However, adding a rental market
strengthens our results on the wealth redistribution among borrowers. Please refer to supplementary
material, Appendix E for an extended version of the model where we introduce a rental market.

15. The homeownership rate for the USA is obtained from the US Bureau of Economic Analysis.
16. For the borrowing constraints to bind in equilibrium, discount factors of borrowers must be

lower than the inverse of the gross loan rate.
17. Having ex ante or ex post collateral constraint does not change our results.
18. The literature takes a different stand on incorporating defaults by implementing Bernanke and

Gertler (1989) and Bernanke et al. (1999)’s financial accelerator mechanism, for instance Aoki et al.
(2004), Hobijn and Ravenna (2010), Forlati and Lambertini (2011), and Lambertini et al. (2017). Such
models, however, do not feature collateral constraints.

19. The housing depreciation rate is assumed to be equal to zero to match the findings in Iacoviello
(2005).

20. We follow the literature and treat the housing as a continuous asset. Therefore, the model does
not distinguish between the intensive and extensive margins of home investment. We leave this topic
for future research.

21. Housing is a predetermined variable. Therefore, the housing supply shock should be interpreted
similarly to the investment-specific technology shock.

22. While the Taylor rule ignores rental inflation, Jeske and Liu (2013) shows that its optimal weight
is small.

23. We leave additional estimation details in supplementary material, Appendix D for brevity.
24. This result is not driven because prime borrowers expect house prices to go up in the future. To

confirm this intuition, we simulate a regime change in which house prices change and do not recover.
For brevity, we leave the details of this exercise in supplementary material, Appendix E5.

25. The role of the adjustment cost parameter, (χH), is very limited here. Indeed, we find our model
prediction to be consistent when this cost is half (χH = 0.05) of the estimated value.

26. This setup is motivated by the related literature that uses models in which the nominal interest
rate is constrained at the ZLB (see, e.g., Iacoviello (2015b), Miao and Ngo (2019), or Vu (2020).)

27. While we did not use a global method to solve for the policy function, the piecewise method
presented by Iacoviello (2015b) provides a reasonably close approximation of the policy function to
the one that is solved using global methods.
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