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Abstract
The mortgage foreclosure process was prolonged after the financial crisis. I analyze its impact on mortgage defaults and post-foreclosure modifications. When a household fails to repay
a mortgage, the delinquent household can stay in its home without paying rent or making
a mortgage payment until the foreclosure process terminates, leading to an increase in mortgage defaults. My quantitative exercise shows that unexpected declines in house prices with
foreclosure delays mirroring the financial crisis triple the mortgage delinquency rate, while it
temporarily reduces the foreclosure rate by half. An increase in mortgage defaults motivates
financial intermediaries to modify loan terms voluntarily to mitigate their losses.
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Introduction

The US housing market severely crashed after the financial crisis. In turn, many households with
underwater home equity had no choice but to default. The mortgage foreclosure rate, which
was 0.5% before the crisis, increased to 4.2%. As the number of foreclosures increased, financial
intermediaries and state courts could not manage the foreclosure process in a timely fashion, leading
to foreclosure delays. Though the average time to complete the foreclosure process is different
depending on state laws, the national average processing time significantly increased from 9 months
to 15 months after the financial crisis (Herkenhoff & Ohanian (2015)). The prolonged foreclosure
process makes it possible for defaulted households to stay in their homes without paying either
mortgage- or rent-related fees.
Initially, I analyze how the prolonged foreclosure process affects mortgage defaults. As the time
needed for the foreclosure process is extended, financially troubled households are more likely to
default on their mortgages, staying in their homes and not making periodic mortgage payments or
paying rent until the foreclosure process is completed. This in turn leads to an increase in households
that are not repaying their mortgages, or delinquent debtors. However, as the foreclosure timeline
is extended, the number of completed foreclosures can temporarily decrease.
Next, I examine the impact of foreclosure delays on post-foreclosure modifications. After the
financial crisis, the US government introduced several foreclosure prevention policies (Robinson
(2009) and Gerardi & Li (2010)). Since foreclosure delays influence households’ mortgage default
decisions, financial intermediaries’ incentive to implement post-foreclosure modification is also affected by the foreclosure timeline. A sudden increase in mortgage defaults leads financial intermediaries to voluntarily modify mortgage terms to mitigate their financial losses, even when the cost
of modifying mortgages is prohibitively high. Hence, the prolonged foreclosure process can lead to
2

an increase in the post-foreclosure modification rate.
In order to analyze the impact of the foreclosure delay on households’ and financial intermediaries’ optimal behavior, I introduce a quantitative model where households make saving, housing
tenure, down payment, and default decisions. Each household in the model faces two types of
idiosyncratic shocks: income and house price shocks. When a mortgage holder faces either low
income or low house price shocks, it is highly probable that the debtor will choose to default on the
mortgage, even though doing so incurs significant post-default costs. Once a household defaults, a
financial intermediary can foreclose the house immediately with a certain probability. However, the
defaulted house is not foreclosed with the other probability, and the debtor becomes delinquent.
The delinquent household can stay in its own house for free. If the foreclosure process does not
proceed immediately, the financial intermediary offers to reschedule payments for the household,
and this new offer maximizes the financial intermediary’s expected profit. The delinquent loan
becomes current if the household accepts the offer and keeps repaying.
When the foreclosure process is initiated, the financial intermediary takes over the defaulted
house and sells it in the market. However, the financial intermediary cannot fully recover the market
value of the house. The financial intermediary incurs a deadweight cost, called the foreclosure cost,
which is around 20%–30% of the house value (Pennington-Cross (2006) and Posner & Zingales
(2009)). Since completing the foreclosure involves significant costs to both households and financial
intermediaries, this motivates financial intermediaries to voluntarily modify loan contracts after
initiating the foreclosure process. In my model, financial intermediaries marginally reduce the
mortgage burden up to the point where the value of foreclosure and repayment is the same. The
financial intermediary initiates modification if the expected cash inflow after modification is higher
than the value of the house net of the foreclosure cost.
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After calibrating the benchmark steady-state model to match the pre-crisis US economy, I
analyze the impact of foreclosure delays on mortgage defaults and household behavior in an environment mirroring the financial crisis. Specifically, I model an unexpected decline of 30% in house
prices during the financial crisis, as in the Case-Shiller index. At the same time, the foreclosure
process is prolonged from 9 months to 15 months. Given this benchmark transition, I consider
a counter-factual scenario where the foreclosure process is not extended, even after the financial
crisis. By comparing these two transition paths, I can evaluate the effects of foreclosure delays on
major household-finance moments.
My quantitative exercise shows that an increase in the length of the foreclosure process temporarily reduces the mortgage foreclosure rate during the financial crisis. As the foreclosure process
becomes prolonged, defaulted houses cannot be foreclosed swiftly, leading to a decrease in the foreclosure rate. On the other hand, foreclosure delays increase the value of default because defaulted
households can stay in their homes for free, leading to an increase in the foreclosure rate. In sum,
the prolonged foreclosure process slightly increased the foreclosure rate by 0.8 percentage points in
2008 and decreased it almost by half in 2009.
A delinquent household can stay in its own house without paying rent or making a mortgage
payment. In addition, the delinquent household has a second chance to rehabilitate its bad credit
by accepting an offer to reschedule payments. Hence, the mortgage delinquency rate significantly
increases as the foreclosure process is extended. According to the quantitative exercise, the delinquency rate tripled in 2008 and doubled in 2009 because of the foreclosure delay.
The post-foreclosure modification rate increases as the foreclosure timeline is extended. The
foreclosure delay increases mortgage defaults because of the increased benefit from being delinquent.
Then, financial intermediaries are more likely to initiate mortgage loan modifications to decrease
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their losses, thereby increasing the modification rate. At the same time, as the mortgage default
rate increases, mortgage interest rates increase, leading to a decrease in the value of homeownership
to renters who want to own homes. This in turn makes the value of homeownership to foreclosed
households, which then become renters, decrease. Then, financial intermediaries can mitigate their
losses and recover more cash after writing off small amounts of debt, leading to an increase in the
voluntary modification rate.

1.1

Related Literature

Foreclosure delays accompany several direct and indirect effects on mortgage defaults and households’ behavior. As the foreclosure timeline is prolonged, defaulting households can enjoy the
benefit of the “free” rent for an extended time. This in turn reduces the incentive for financially
troubled debtors to repay their debts as contracted. On the other hand, the short timeline of the
foreclosure process cannot rescue marginal households that are able to repay debts and voluntarily save their homes from foreclosure. Hence, there are costs and benefits to either shortening or
lengthening the timeline of the foreclosure process (Cutts & Merrill (2008)).
One strand of the literature says that the cost of foreclosure delays dominates the benefit.
Gerardi et al. (2013) found that laws that protect borrowers from foreclosure via judicial reviews
simply delay the foreclosure time, but do not prevent foreclosures. They observed that an increase in
the foreclosure process leads to a build-up in delinquent borrowers who eventually lose their homes.
Similarly, Zhu & Pace (2015) analyzed the effect of foreclosure delays on loan performance based on
loan-level data. They concluded that borrowers who expect longer foreclosure times are more likely
to default on their loans, thereby enjoying the “free” rent. In particular, borrowers who have a
higher loan-to-value ratio tend to default more as the foreclosure timeline is extended. Cordell et al.
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(2015) also emphasized that the cost of foreclosure delay is significant. The cost of foreclosure delay
for the US states that allow judicial review is higher than that in non-review states. Furthermore,
the prolonged foreclosure process imposes a negative externality on the neighborhoods around the
foreclosed houses.
On the other hand, the extended foreclosure timeline has positive effects, as well. As the foreclosure process is prolonged, households that are delinquent in their mortgages can enjoy a longer
period of nonpayment of their mortgages. In turn, households that are delinquent in their credit
card debt can cure themselves and reduce credit card balances voluntarily. Hence, Calem et al.
(2016) emphasize that foreclosure delay contributed to the improvement of credit card performance
during the financial crisis. The foreclosure delay can also affect the labor market and job match
quality. More specifically, an increase in the foreclosure timeline provides unemployed borrowers
additional time to search for high-paying jobs (Herkenhoff & Ohanian (2015)). In turn, the foreclosure delay may also increase job match quality as borrowers have more time to search for a new
job.
In this paper, I quantitatively examine the effects of foreclosure delay on mortgage defaults,
mortgage modifications, and households’ optimal behavior. To the best of my knowledge, there are
no papers that examine the direct and indirect effects of foreclosure delay on household behavior
and modification patterns in a quantitative manner.1 I also implement several counter-factual
exercises, such as changes in mortgage contract length, shock types, and shock timing, which are
hard to analyze empirically.
Key elements of the model suggested in this paper are closely related to those in recent housing
finance papers. The general model framework is close to that in Arslan et al. (2015), Chatterjee
1

Herkenhoff & Ohanian (2015) analyzed the effect of foreclosure delay on labor market decisions quantitatively.
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& Eyigungor (2015), Corbae & Quintin (2015), Guler (2015), Campbell & Cocco (2015), and
Hatchondo et al. (2015) (see Davis & Van Nieuwerburgh (2015) for more details about housing
finance-related papers.). These papers commonly analyze the main driving forces of the recent
financial crisis, which is not the main focus of this paper. Instead, in my model, housing price is
exogenously given and declines unexpectedly after the financial crisis.
When a household cannot make its scheduled payments and becomes delinquent on its loan,
the financial intermediary in my model offers to reschedule payments. The rescheduled payment
scheme is determined to maximize the financial intermediary’s ex ante profit, as in Athreya et al.
(2015) and Benjamin & Mateos-Planas (2014). However, the model in this paper mainly focuses
on the mortgage market, while the other authors mainly examine the unsecured credit market.
The informal default scheme proposed by Benjamin & Mateos-Planas (2014) is characterized by
a prolonged negotiation time and the different bargaining power of rescheduled terms between
creditors and debtors. Complementing their paper, I model the rescheduling scheme in the mortgage
market and consider how this scheme affects household default decisions during the financial crisis.2
In addition to offering rescheduled payments, financial intermediaries modify the loan contract
before finalizing the foreclosure. The modification process in this paper is a simplified version of
Yue (2010), where the bargaining power of modification is entirely accrued by a creditor.3 Unlike
in this paper, Yue (2010) analyzes the restructuring scheme in the sovereign default context with
a one-period debt contract. Another related paper is Clara & Cocco (2016). They compare three
alternative mortgage restructuring policies - interest rate reduction, maturity extension, and refiHowever, the research question and the model structure are different.
2

Benjamin & Mateos-Planas (2014) mention in their paper that “[new] questions in our agenda include the study

of mortgage renegotiation programmes.”
3

Kim (2015) and Kim (2017) also adopt the post-foreclosure mortgage modification scheme as in this paper.
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nancing - and conclude that the maturity extension is the best in terms of reducing default rates,
improving welfare, and reducing consumption volatility. Unlike their paper, in my model, mortgage
interest rates for each household are different depending on the households’ financial status, and
households can endogenously choose their housing tenure decisions.
The remainder of the paper is organized as follows. I introduce a quantitative model in Section
2 and calibrate it in Section 3. Section 4 analyzes the steady-state economy. Section 5 presents
long-run counter-factual experiments with different foreclosure timelines and mortgage contract
lengths. Section 6 examines households’ short-run responses from a sudden drop in house prices
with different foreclosure timelines. I conclude the paper in Section 7.

2

Quantitative Model

In this section, I introduce a quantitative equilibrium model where households can possibly default
on their mortgages, and financial intermediaries offer rescheduled mortgage terms to delinquent
households and modifications to foreclosed households. Based on the model, I will analyze how
changes in the foreclosure timeline affect households’ optimal behavior in the next sections.

2.1

Environment

Time is discrete and infinite indexed by t = 0, 1, 2, .... There are two market participants: households and financial intermediaries. Each household maximizes its utility given by

E0

∞
X

β t u (ct , st )

t=0
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where ct is consumption and st ∈ {R, H} is an indicator function that is H if a household is a
homeowner, and R if a household is a renter. The household’s current utility function is defined by


1−σ


[c(1+κ)]



if a household is a homeowner (s = H) 
1−σ
u (c, s) =




c1−σ


if a household is a renter(s = R)
1−σ
A homeowner can enjoy extra utility gained by living in her own house, denoted by κ. This extra
benefit can be interpreted as psychological utility, or a proxy for any pecuniary benefits from owning
a house that are not modelled explicitly. Each household can own at most one house.
Each household is endowed with a stochastic income stream e. The log income process follows
an AR(1) process.
log (et+1 ) = (1 − ρe ) log (ē) + ρe log (et ) + εt

where ē is the median income, and εt ˜i.i.d.N 0, σe2 .
Each household also faces idiosyncratic house price (p) shocks. The log house price process
follows an AR(1) process.

log (pt+1 ) = (1 − ρp ) log (p̄) + ρp log (pt ) + υt

where p̄ is the median house price, and υt ˜i.i.d.N 0, σp2 .
Households that cannot afford to buy houses can stay in rental houses. However, they must pay
the periodic rent z. Similar to homeowners, every renter faces idiosyncratic rental price shocks. In
my model, the house price is the discounted value of periodic rental prices

pt = zt +

pt+1
1 + rf

where rf is the risk-free interest rate.4
4

There are three house price grids {p1 , p2 , p3 } in my computation. Under the steady state, the rent price zi is
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There is one type of (long-term) mortgage in the model. When a household decides to buy a
house at time t, it can take out a mortgage. Then, the household takes out a mortgage x with
a price of q. That is, the total outstanding loan is given by qx. Once the household takes out a
mortgage, it repays x at time t + 1, δx at time t + 2, δ 2 x at time t + 3, and so on, where δ ∈ [0, 1].

The mortgage repayment stream x, δx, δ 2 x, δ 3 x, ... decreases geometrically. The parameter δ can
be interpreted as the mortgage contract length. In other words, we can understand the mortgage
repayment stream where the contract terminates at time t + 1 with a probability of 1 − δ, at time
t + 2 with a probability of δ (1 − δ), and so on. Then, we can get the expected mortgage contract
length as 1/ (1 − δ).5
When a household is a renter, it decides whether to buy a house and take out a mortgage or to
remain a renter. Once a household decides to buy a house, it has to pay the transaction cost, which
is a fraction χB of the house price. For simplicity, households cannot borrow funds from financial
intermediaries except for mortgages. However, they can freely accumulate financial assets a with
the interest rate of rf .
When a household owns its house, it decides whether to repay the mortgage as contracted, sell
the house, or default on its debt. If the household chooses to sell the house, it has to repay the
discounted value of the remaining mortgage debt, x + δx/(1 + rf ) + δ 2 x/(1 + rf )2 + ....6 At the
same time, the home seller must pay the transaction cost, which is a fraction χS of the house price.
Financially troubled households have the option to default on their loans. Once a household
defaults, financial intermediaries can foreclose the house immediately with a probability of 1 − λ.
calculated by assuming that the house price will continue pi . That is, zi = pi − pi /(1 + rf ) in the steady state.
5

The expected mortgage contract length is calculated as Pr(contract terminates at time 2) · 1 + Pr(contract

terminates at time 3) · 2 + ... We can re-write it as (1 − δ) · 1 + δ(1 − δ) · 2 + δ 2 (1 − δ) · 3 + ... = 1/(1 − δ).
6

The mortgage interest rate is usually higher than the risk-free rate. For computational simplicity, in my model,
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On the other hand, the defaulting household becomes delinquent with a probability of λ. Hence, the
parameter λ captures the foreclosure timeline. That is, 1/(1 − λ) can be interpreted as the average
period of the foreclosure process. Once the financial intermediary forecloses the defaulted house, the
defaulting household must vacate its home and become a renter. At the same time, it cannot access
the mortgage market and become a homeowner as a default penalty. However, it can re-access the
mortgage market with a probability of γ. The financial intermediary can partly recover losses by
selling the foreclosed house. However, it cannot fully recover the value of the house. Therefore,
the intermediary incurs the foreclosure cost, which is a fraction χD of the house value. Once the
defaulted mortgage becomes delinquent, the household can stay in its house without paying rent
or making periodic mortgage payments. However, the financial intermediary offers new payment
terms {e
x, δe
x, δ 2 x
e, ...}, which can be interpreted as rescheduled loan payments voluntarily offered by
financial intermediaries. The lender determines new schedules that maximize its expected profit at
the time of rescheduling. The rescheduling scheme for the delinquent household is similar to that
in Athreya et al. (2015) (see section 2.3 for more detail).
The defaulting household has a last chance to avoid a completed foreclosure after the foreclosure
process has been initiated. Once the foreclosure process starts, the financial intermediary has the
option to reduce the mortgage debt to the point where the value of foreclosure and non-foreclosure
is the same. However, the amount of written-off debt must be small enough that the expected
present value of cash inflows with a modified loan is larger than the house value net of foreclosure
costs. That is, the financial intermediary prevents marginal households from walking away from
their homes. This modification scheme can be interpreted as a Nash bargain where the entire
future payments are discounted by the risk-free rate rf as in Chatterjee & Eyigungor (2015).
7

Kim (2017) analyzes how government-driven mortgage modifications can reduce the mortgage default rate during

the financial crisis.
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bargaining power accrues to the financial intermediaries.7

2.2

Household’s Problem

There are two types of households at the beginning of each period: renters and homeowners. In
this subsection, I introduce how each type of household makes its optimal decisions.
Renter’s problem
A renter decides whether to remain a renter (VRR ) or buy a house (VRH ).

VR (a, e, p) = max {VRR (a, e, p) , VRH (a, e, p)}
When a renter decides to stay in a rental house, (s)he solves the following problem:
VRR (a, e, p) = max
u (c, R) + βEe0 ,p0 |e,p VR a0 , e0 , p0
0



c,a

s.t.
c+

a0
+ z (p) = a + e
1 + rf
a0 ≥ 0, c ≥ 0

A renter must pay a periodic rent z (p) that is a function of the house price state variable, and
makes the saving decision a0 . The renter has the option either to stay in a rental house or to buy
a house in the next period.
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When a renter decides to buy a house, (s)he solves the following problem:

VRH (a, e, p) = max
u (c, H) + βEe0 ,p0 |e,p max
0
c,a ,x














VHP (a0 , e0 , p0 , x) ,
VHS (a0 , e0 , p0 , x) ,




λVD (a0 , e0 , p0 )







 + (1 − λ) VF (a0 , e0 , p0 )

























s.t.
c+


a0
+ (1 + χB ) p = a + e + q a0 , e, p, x x
1 + rf
a0 ≥ 0, c ≥ 0, x ≥ 0

A home buyer can take out a mortgage x with a price of q (·). The mortgage price will be specified
in the financial intermediary’s problem. When a renter becomes a home buyer, she has three
alternative options in the next period: repay the mortgage x as contracted (VHP ), sell the house
(VHS ), or default on the mortgage (λVD + (1 − λ) VF ). As explained before, a house owned by
a defaulting household will be foreclosed with a probability of 1 − λ. On the other hand, the
mortgage will be delinquent with a probability of λ. Once the household chooses to default, the
value is given by λVD + (1 − λ) VF where VD is the value of being delinquent and VF is the value
of being foreclosed.
Homeowner’s problem
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When a household decides to repay a mortgage as contracted, it solves the following problem:







VHP (a0 , e0 , p0 , δx) , 













0
0
0
 VHS (a , e , p , δx) , 

0
0
VHP (a, e, p, x) = max
u
(c,
H)
+
βE
max
e ,p |e,p


c,a0




λVD (a0 , e0 , p0 )













 + (1 − λ) VF (a0 , e0 , p0 ) 

s.t.
c+

a0
+x=a+e
1 + rf
a0 ≥ 0, c ≥ 0

Since the household repays the mortgage x in the current period, its repayment burden will decrease
to δx in the next period.
When a household decides to sell the house, it solves the following problem:
VHS (a, e, p, x) = max
u (c, R) + βEe0 ,p0 |e,p VR a0 , e0 , p0
0



c,a

s.t.
a0
+ z (p) +
c+
1 + rf

(

)
δx
δ2x
x+
+
+ ... = a + e + (1 − χS ) p
1 + rf
(1 + rf )2
a0 ≥ 0, c ≥ 0

The home seller must pay the remaining mortgage balance, and she can get the housing value net
of the transaction cost (1 − χS ) p. Since the home seller becomes a renter, she pays the periodic
rent z (p) and has the option to buy a house in the next period.
When a defaulted house is foreclosed, the owner of the house is evicted from his house and
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solves the following problem:


0 ,p0 |e,p 
VF (a, e, p) = max
u
(c,
R)
+
βE
e

0
c,a


γVR (a0 , e0 , p0 )
+ (1 − γ) VF (a0 , e0 , p0 )





s.t.
c+

a0
+ z (p) = a + e
1 + rf
a0 ≥ 0, c ≥ 0

After the foreclosure, the defaulting household cannot access the mortgage market and buy a house
as a default penalty. With a probability of γ, it can re-access the mortgage market and get an
option to buy a house.
When a household defaults on its mortgage and becomes delinquent, it solves the following
problem

VD (a, e, p) = max
u (c, H) + βEe0 ,p0 |e,p max
0
c,a














VHP

(a0 , e0 , p0 , x̃) ,

VHS (a0 , e0 , p0 , x̃) ,




λVD (a0 , e0 , p0 )







 + (1 − λ) VF (a0 , e0 , p0 )

























s.t.
c+

a0
=a+e
1 + rf

x̃ = f a0 , e, p



a0 ≥ 0, c ≥ 0

A delinquent household can stay in its own house for free and keep its homeownership status. A
financial intermediary offers a rescheduled mortgage term x̃, which will be specified later. In my
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model, the delinquent mortgage can be current if the delinquent household accepts the rescheduled
contract and repays the new debt. It is also possible that the delinquent household can default
again on its rescheduled mortgage payments.

2.3

Financial Intermediary’s Problem

In my model, the mortgage finance market is competitive and the risk-free interest rate is exogenously given. There is no information asymmetry among market participants. Hence, financial
intermediaries rationally expect a future cash inflow by contracting with each type of household. I
assume that mortgages are non-recourse following Feldstein (2008).8
Let Π (·) be the lender’s profit function at the time of the mortgage contract. For notational
simplicity, let A (x) be the discounted value of mortgage burden x+δx/ (1 + rf )+δ 2 x/ (1 + rf )2 +....


Π a0 , e, p, x = −q a0 , e, p, x x

+





I {Repay} [x + q (a00HP , e0 , p0 , δx) δx]








+I {Sell} A (x)






1
E0 0

1 + rf e ,p |e,p 












+I {Def ault} 




 + (1 − λ) max
























 


λq (a00D , e0 , p0 , x̃) x̃





(1 − χD ) p0 ,





00
0
0
x̂ + q (aHP m , e , p , δ x̂) δ x̂ − αA (x) 





















A financial intermediary supplies mortgage loans x with a price of q (·). That is, the total
outstanding mortgage is q (·) x. In the next period, the indebted household decides either to repay
debt, sell the house, or default on its loans. The indicator function I {Repay} is one if the household
8

Ghent & Kudlyak (2011) categorized each state in the US as either recourse or non-recourse. Kim (2015), Mitman

(2016), and Gete & Zecchetto (2016) analyzed the effects of recourse and non-recourse rules on mortgage contracts
and foreclosure decisions. In this paper, I assume that the mortgage is non-recourse for computational simplicity.
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decides to repay its loans (max {VHP , VHS , λVD + (1 − λ) VF } = VHP ) and zero otherwise. If the
household decides to repay its loans, the financial intermediary recovers the periodic payment x.
From the next period, it can expect to recover the future cash inflow q (a00HP , e0 , p0 , δx) δx. The
notation a00HP is the saving policy function by a household that decides to repay its debt (or
a household under the VHP state). Formally, the policy function can be expressed by a00HP ≡
aHP (a0 , e0 , p0 , x).
An indebted household also has the option to sell the house. The indicator function I {Sell}
is one if the household decides to sell the house (max {VHP , VHS , λVD + (1 − λ) VF } = VHS ) and
zero otherwise. Then, the financial intermediary can recover the discounted value of the remaining
mortgage debt x + δx/ (1 + rf ) + δ 2 x/ (1 + rf )2 + ....
A financially troubled household cannot repay its debt as contracted and chooses to default
on its loans. The indicator function I {Def ault} is one if the household defaults on its loans
(max {VHP , VHS , λVD + (1 − λ) VF } = λVD + (1 − λ) VF ) and zero otherwise. With a probability
of λ, foreclosure is not initiated because of the foreclosure delay. In turn, the defaulting household
becomes delinquent on its loans. Then, the financial intermediary offers a rescheduled payment
scheme that maximizes its profit at the time of the delinquency. More specifically, the financial
intermediary’s new offer x̃ is determined by


x̃ = arg max q aD a0 , e0 , p0 , e0 , p0 , x0 x0
x0

(1)

where aD is the saving policy function by a household that is delinquent on its mortgage (or a
household under the VD state). Note that the financial intermediary’s expected profit from a
delinquent household can be expressed by a recursive form q (a00D , e0 , p0 , x̃) x̃ where a00D ≡ aD (a0 , e0 , p0 ).
Once the household gets a rescheduled offer, it can avoid immediate foreclosure and have a second
chance to make the loan current. Hence, the reschedule function defined in the homeowner’s
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problem can be written by f (a0 , e, p) = arg maxx0 q (a0 , e, p, x0 ) x0 .
A defaulted house is immediately foreclosed with a probability of 1 − λ. When the financial
intermediary initiates the foreclosure process, it can choose either to complete the foreclosure or
to modify the mortgage contract. If the financial intermediary completes the foreclosure, it can
recover the house value net of the foreclosure cost (1 − χD ) p. On the other hand, if the financial
intermediary modifies the mortgage contract, it reduces the mortgage debt burden to the point
where the value of foreclosure and non-foreclosure is the same. That is, the modified payment x̂ is
determined by


VHP a0 , e0 , p0 , x̂ = VF a0 , e0 , p0

(2)

Once the mortgage contract is modified, the household has one more chance to stay in its home.
However, it incurs the cost of modifying the loan contract, which is a proportion α of the loan
principal. The financial intermediary has an incentive to provide modification if the expected postmodification value is higher than the value of completing the foreclosure. Hence, it solves the
following problem:


max (1 − χD ) p0 , x̂ + q a00HP m , e0 , p0 , δ x̂ δ x̂ − αA (x)

(3)

The first term represents the financial intermediary’s return from completing the foreclosure immediately. The second term represents the expected cash flow from modifying the mortgage terms
net of modification costs. a00HP m is the saving policy function by a household that repays modified
debt burden x̂. Formally, the policy function is expressed by a00HP m ≡ aHP (a0 , e0 , p0 , x̂).
Since the mortgage finance market is competitive, the mortgage price q (·) for each state is pinned
down by the zero profit condition. One thing to note is that since the value of foreclosure and nonforeclosure is the same under modification, the household’s optimal problems are not affected by
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this modification scheme. The modification rule only affects mortgage interest rate schedules given
households’ policy functions. However, households take into account post-delinquency rescheduling
schemes when they solve optimization problems.
When the cost of modification α is high enough, there will be no modification in a steady-state
economy. Let ᾱ be the minimum cost of modification that generates zero modification in the steady
state. That is, for any α that is greater than or equal to ᾱ, modification does not occur in the
steady state.

2.4

Definition of a Steady-State Equilibrium

A steady-state equilibrium consists of value functions, household policy functions, mortgage interest
rate schedules, mortgage rescheduling and modification schemes, and an invariant distribution Ψ
such that:
1. Household policy functions are optimal given mortgage interest rate schedules, and mortgage
rescheduling and modification schemes.
2. Given household policy functions, mortgage interest rate schedules are determined by the
financial intermediary’s zero profit condition.
3. Given household policy functions, mortgage rescheduling schemes are determined by (1).
4. Given household value and policy functions, mortgage modification decisions follow (3), and
the modified amount is determined by (2).
5. The cross-sectional distribution Ψ is invariant given optimal household policy functions,
mortgage interest rate schedules, and mortgage rescheduling and modification schemes.
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3

Calibration

I choose model parameters to match the pre-crisis US economy. By doing that, I can examine how
the model responds to an unexpected drop in house prices along with foreclosure delays, mirroring
the US financial crisis. A period in the model is a quarter (or three months). The quarterly risk-free
interest rate is 1%, following Chatterjee & Eyigungor (2015). The risk aversion parameter σ is set
to 2, which is standard in the literature.
The median income ē is normalized to 1. Income process parameters (ρe , σe2 ) are given by (0.99,
0.004). I calculated quarterly income process parameters based on annual frequency parameters
in Storesletten et al. (2004). Similarly, house price process parameters (ρp , σp2 ) are chosen from
Hatchondo et al. (2015) and re-scaled into the quarterly frequency.
According to the Survey of Consumer Finances (SCF), the 30-year mortgage is the most prevalent type of contract before and after the financial crisis. Hence, I choose the parameter δ to match
the 30-year contract.9 If a household defaults on its mortgage and the financial intermediary forecloses the house, the defaulting household cannot access the mortgage finance market as a default
penalty. I choose 4 years as the average exclusion period (or γ=1/16), following Chatterjee &
Eyigungor (2015). In my model, the foreclosure delay lasts on average 3 quarters (or 9 months)
before the financial crisis following Herkenhoff & Ohanian (2015). Hence, I choose the parameter
λ as 2/3.10 After the financial crisis, the foreclosure process is extended to 5 quarters (Herkenhoff
& Ohanian (2015)). I will examine the long- and short-run effects of such an extension of the
foreclosure process on mortgage defaults and household finance-related moments.
When a household buys a house, it has to pay the transaction cost, which is a fraction χB of
9
10

Note that the mortgage contract length is 1/(1 − δ).
Note that the average time of the foreclosure process is given by 1/(1 − λ).
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Table 1: Calibration

Parameter

Description

Value

Target / Source

Non-target parameters
rf

Quarterly risk-free interest rate

0.01

Chatterjee & Eyigungor (2015)

σ

Risk aversion

2

Hatchondo et al. (2015)

ē

Median income

1

Normalized to one

ρe

Persistence in income process

0.99

Storesletten et al. (2004)

σe2

Variance of income process

0.004

Storesletten et al. (2004)

ρp

Persistence in house price process

0.99

Hatchondo et al. (2015)

σp2

Variance of house price process

0.077

Hatchondo et al. (2015)

δ

Mortgage contract length

0.992

30-year contract

γ

Default penalty

0.063

Chatterjee & Eyigungor (2015)

λ

Foreclosure process

0.666

Herkenhoff & Ohanian (2015)

χB

Transaction cost - Buying

0.025

Gruber & Martin (2003)

χS

Transaction cost - Selling

0.07

Gruber & Martin (2003)

χD

Foreclosure cost

0.22

Pennington-Cross (2006)

Target parameters
β

Discount factor

0.89

Foreclosure rate

κ

Homeowner’s extra utility

0.479

Homeownership rate

p̄

Median house price

11.8

House-value-to-income ratio

α

Modification cost

0.46

Pre-crisis modification rate
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the house price. I choose the parameter χB as 2.5%, following Gruber & Martin (2003). Similarly,
a home seller must pay the transaction cost, which is a fraction of χS of the house price. Following
Gruber & Martin (2003), the cost χS is set to 7% of the house price. When a household defaults on
its mortgages and the house is foreclosed, the financial intermediary recovers the house value net
of the foreclosure cost. This foreclosure cost is 22% of the house price, following Pennington-Cross
(2006).
Then, there remain four free parameters: discount factor β, homeowner’s extra utility κ, median
house value p̄, and modification cost α. I jointly match the annual foreclosure rate of 0.5%, the
homeownership rate of 67.8%, and the house-value-to-annual-income ratio of 2.37. Before the
global financial crisis, it was known that the cost of modification was extremely high, possibly
due to contract or securitization frictions (see Keys et al. (2013) for more detail). In turn, there
was effectively no mortgage modification. Hence, I set the parameter α as ᾱ(=0.46), which is the
minimum cost of modification generating zero modification in the steady state. Table 1 summarizes
the model parameters.

4

Analysis of the Benchmark Economy

In this section, I analyze the quantitative results of the benchmark steady-state economy. Table 2
presents data and model-generated moments. Through the calibration, I matched the homeownership rate, the annual foreclosure rate, the house-value-to-annual-income ratio, and the pre-crisis
modification rate.
Though I did not directly target them, the model can match several household finance-related
moments. The mortgage-payment-to-income ratio in the 2001 SCF is 0.23, while the model generates 0.28. The annual-payment-to-house-value ratio in the 2001 SCF is 0.08 and the model
22

Table 2: Steady state

Data

Benchmark

Homeownership rate

67.8%

67.7%

Annual foreclosure rate

0.5%

0.5%

House-value-to-annual-income ratio

2.37

2.31

Pre-crisis modification rate

0%

0%

Annual-payment-to-annual-income ratio

0.23

0.28

Annual-payment-to-house-value ratio

0.08

0.11

Mortgage charge-off rate

0.16%

0.07%

Mortgage delinquency rate

1.98%

0.23%

Fraction of debt held by HH with net financial asset<20%

16.4%

16.3%

Fraction of debt held by HH with net financial asset>80%

31.3%

27.0%

Homeownership rate for HH with net financial asset≤50%

50.8%

64.3%

Homeownership rate for HH with net financial asset>50%

85.3%

71.1%

Homeownership rate for HH with income≤50%

52.3%

64.4%

Homeownership rate for HH with income>50%

84.1%

73.1%

Targeted statistics

Non-targeted statistics

generates 0.11.
Unfortunately, the model under-estimates the mortgage charge-off rate and the delinquency
rate. The pre-crisis mortgage charge-off rate and the delinquency rate in the data are 0.16% and
1.98%, respectively, while they are 0.07% and 0.23% in the model. However, as will be shown later,
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responses of the mortgage charge-off rate and the delinquency rate to unexpected shocks mirroring
the US housing crisis are similar to actual patterns in the data.
The model can generate heterogeneities in household financial characteristics that are consistent
with the data. Households rich in net financial assets tend to have higher debt than those households
that are poor in net financial assets. In the data, households that are in the first quintile of net
financial assets hold 16.4% of total debt. On the other hand, those in the fifth quintile of net
financial assets have 31.3% of household debt. In the model, households in the former group have
16.3% of household debt, and households in the latter group hold 27.0% of debt.
In addition, the homeownership rate for households that are rich in assets or income is higher
than the rate for low-income or low-asset households. The homeownership rate for households
whose net financial assets are below the median is 50.8% and that for households above the median
is 85.3%. The model generates 64.3% and 71.1%, respectively. Similarly, the homeownership rate
for households whose income is lower than the median is 52.3% and that for households higher than
the median is 84.1%. The model-generated homeownership rate for the former group is 64.4% and
that for the latter is 73.1%.
Though the model cannot perfectly match every household-finance moment, it can generally
reflect the pre-crisis US economy. Before moving to counter-factual exercises, I examine the underlying mechanism of the model.

4.1

Repayment, Selling, and Default Decisions

A homeowner with a mortgage has three options: repay the debt as contracted, sell the house, or
default on the loan. Figure 1 presents the household’s optimal choice depending on realization of
its income (e) and house price (p), given the asset (a) and the periodic payment (x). When the

24

household has few assets and a low payment burden, it is more likely to sell the house. When
the repayment burden is significantly high, the indebted household is more likely to default on its
mortgage. The household repays the debt as contracted when it has enough assets and does not
have a significant payment burden.
As household income increases, the default and selling regions decrease. On the other hand,
households are more likely to repay their debts (compare the first two panels in Figure 1). Since an
increase in income makes it more affordable for households to repay their debts, indebted households
are less likely to default on their loans. In addition, since a homeowner gets extra utility benefits,
a high-income household tends not to sell the house.
An increase in house prices motivates a household to sell the house. As the house price goes
up, the homeowner has a chance to get capital gains from the increased house price by selling the
home. Contrarily, households rarely default on their loans when the house price is high enough (see
last two panels in Figure 1). Only highly indebted households that cannot afford to repay their
debts default on their loans. The homeowner usually reaps capital gains by selling the house and
becomes a renter waiting for low house prices in the future.
As presented in Figure 1, the household’s optimal choice regions are bumpy (or non-linear).
For example, when the household has few assets (for example, 0.67) in the low-income and the
low-house-price state, the household decides to sell the house when it has a small payment burden.
Since the household has limited liquidity, the household sells the house and relaxes the tightness
of its budget. As the payment burden increases, the household cannot sell the house and repay
the entire outstanding mortgage balance. Instead, it makes periodic mortgage payments and keeps
the homeownership. In addition, the household also has to pay the transaction cost when selling
11

I solved the model using the grid search method. Hence, it is possible that the optimal discrete choices might be
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Figure 1: Payment, selling, and default decisions
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the house. These opposite forces simultaneously affect the cost and benefit of either selling or
repaying.11
Depending on the realization of idiosyncratic shocks (e, p), each household makes its optimal
repayment, selling, and default decisions given individual financial statuses (a, x). Financial intermediaries take into account households’ optimal decisions and offer menus of mortgage interest
rates as presented in the next subsection.

4.2

Analysis of Interest Rate Schedules

Given households’ optimal choices, financial intermediaries offer mortgage interest rate schedules
(see Figure 2).12 The x-axis for the top two panels is assets a, and for the bottom two panels it
is periodic payments x. As the household’s assets increase, the mortgage interest rate decreases.
Given a periodic payment x, households are more likely to repay their debt since they hold more
assets (also see Figure 1). Similarly, the mortgage interest rate increases as the periodic payment
x increases. An increase in periodic payments makes it more difficult for households to repay their
debts. Since financial intermediaries incur significant losses when a household defaults, they have
an incentive to increase interest rates to meet the zero profit condition.
When a home buyer faces high house price shocks, the mortgage interest rate schedule shifts
down. House prices in this model are quite persistent. In addition, households tend to sell the
house when they face high house price shocks, rather than default on their loans. In turn, the
mortgage interest rate for a high house price state is lower than that for a low house price state.
bumpy because of sparse grid points. However, when I increased the number of grids, steady-state moments are still
the same.
12

Once the mortgage price q is determined, the mortgage interest rate r is calculated by solving q = 1/(1 + r) +

δ/(1 + r) + δ 2 /(1 + r)2 + ... (see Hatchondo et al. (2014) for more detail).
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Figure 2: Interest rate schedules

In a similar vein, the mortgage interest rate for high-income households is lower than that for
low-income households. Since the income process is highly persistent, high-income households are
less likely to default on their loans, leading to a decrease in default risk and interest rates.
One thing to note is that the interest rate schedules presented in Figure 2 are not equilibrium
rates. Schedules presented here include those both on- and off-the-equilibrium paths. Households
make their optimal decisions given interest rate schedules. Hence, given credit supply curves (or
interest rate schedules), equilibrium interest rates are determined by households’ demand for mortgages.
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4.3

Analysis of Rescheduled Payments

When a household defaults on a mortgage and subsequently becomes delinquent, a financial intermediary offers the rescheduled payment x̃. The financial intermediary determines the new payment
scheme that maximizes its ex-ante profit q(a0 , e, p, x̃)x̃. Since the mortgage price function q(·, x) is
negatively related to the mortgage interest rate, the function q(·, x) decreases in payment x. My
computation shows that there exists a unique solution x̃ that maximizes the profit q(a0 , e, p, x)x for
each (a0 , e, p). Figure 3 shows the financial intermediary’s profit q(a0 , e, p, x)x as a function of the
payment x. The value x that maximizes the profit function is the rescheduled payment x̃.
Figure 3: Financial intermediaries’ profit schedules

When a household has high income, the rescheduled payment x̃ that maximizes the financial
intermediary’s profit increases (see the first panel in Figure 3). High-income households have less
incentive to default on their loans than low-income households, ceteris paribus. Then, the financial
intermediary has an incentive to marginally increase the rescheduled offer without affecting a highincome household’s default decisions. Hence, the rescheduled payment for high-income households
is higher than that for low-income households.
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Similarly, when a delinquent household faces a high house price, the rescheduled payment offer
is also high (see the second panel in Figure 3). Since a house price process is highly persistent in
the model, financially troubled households facing high house prices have little incentive to default
on their loans. Instead, they choose to sell their houses to relieve their financial tightness, as shown
in Figure 1. Because of the small default risk from households facing high house prices, financial
intermediaries have an incentive to marginally increase the rescheduled offer without affecting
households’ default choices. In turn, the rescheduled payment for households with high house
prices is higher than that for households with low house prices.
Figure 4 presents the rescheduled payment offer function f (a0 , e, p). As shown in Figure 3,
households facing either high income or high house prices get the higher rescheduled offer x̃. In
addition, when a household saves more financial assets (or high a0 ), the rescheduled payment
offer increases. Households that have more net financial assets are less likely to default on their
mortgages. This in turn makes financial intermediaries marginally increase new offers that maximize
their expected profits. In sum, given rescheduled payment schemes, delinquent households solve
their optimal saving decisions and get a second chance to rehabilitate their credit records.
Figure 4: Rescheduling functions
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In my benchmark steady state, financial intermediaries reduce the periodic payment x once
a household becomes delinquent. That is, the rescheduled payment x̃ is lower than the original
payment x. Under the benchmark calibration, the average periodic payment decreases by 0.84%.
In addition, temporarily, the delinquent household does not need to pay either rent or mortgage
payments. This implies that financially troubled debtors have an incentive to default on their
mortgages and become delinquent, even though there is a risk of being foreclosed immediately.

5

Counter-factual Experiments: Long-run Analysis

In this section, I analyze the long-run effects of changes in foreclosure timelines and mortgage
contract lengths on household finance moments. In addition, I examine the underlying mechanism
of how changes in these model parameters affect households’ optimal behavior.

5.1

Analysis of Foreclosure Delays

In the benchmark model, households that default on their mortgages experience a foreclosure
delay for 9 months (or λ=0.666). In this subsection, I consider counter-factual scenarios where the
financial intermediary immediately forecloses the defaulted house and where the foreclosure process
is longer than in the benchmark.
The second column of Table 3 presents an economy where the foreclosure process is prolonged to
15 months (λ=0.8)13 . Becoming delinquent makes households better off since they do not have to
make periodic mortgage payments and have the option to get a rescheduled payment offer. Hence,
an increase in the foreclosure process makes households more likely to default on their mortgages.
Then, financial intermediaries’ expected losses from household defaults increase. This leads to an
13

The foreclosure process was prolonged to 15 months after the financial crisis (Herkenhoff & Ohanian (2015))
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increase in mortgage interest rates to meet the zero profit condition (see Figure 5). With higher
mortgage interest rate schedules, households have more difficulty in buying houses, leading to a
decrease in the homeownership rate. An increase in mortgage defaults leads to an increase in both
the foreclosure rate and the delinquency rate. Because of an increase in defaulting households, the
modification rate under the prolonged foreclosure process becomes non-zero, even with a significant
cost of modification.
Table 3: Long-run analysis of foreclosure delays

Benchmark

5Q delay

No delay

Homeownership rate

67.7%

65.5%

69.9%

Annual foreclosure rate

0.5%

0.99%

0.04%

House-value-to-annual-income ratio

2.31

2.34

2.39

Pre-crisis modification rate

0%

0.14%

0%

Annual-payment-to-annual-income ratio

0.28

0.26

0.30

Annual-payment-to-house-value ratio

0.11

0.11

0.12

Mortgage charge-off rate

0.07%

0.15%

0.01%

Mortgage delinquency rate

0.23%

1.13%

0%

Fraction of debt held by HH with net financial asset<20%

16.3%

16.6%

15.6%

Fraction of debt held by HH with net financial asset>80%

27.0%

26.3%

27.2%

Homeownership rate for HH with net financial asset≤50%

64.3%

64.5%

61.2%

Homeownership rate for HH with net financial asset>50%

71.1%

66.4%

78.7%

Homeownership rate for HH with income≤50%

64.4%

62.5%

66.2%

Homeownership rate for HH with income>50%

73.1%

70.3%

75.9%
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Figure 5: Interest rate schedules with different foreclosure timelines

The last column of Table 3 is a scenario where the defaulted house is immediately foreclosed
(or λ=0). Contrary to the case where the foreclosure process is extended, the homeownership rate
is higher, and the foreclosure rate, the charge-off rate, and the delinquency rate are lower than in
the benchmark. A swift foreclosure process makes defaulting households worse off by removing the
chance to rehabilitate their credit records. This makes the value of the default option decrease,
leading to a decline in default probability. In turn, mortgage interest rate schedules are lower than
those in the benchmark (see Figure 5). Renters are more likely to become homeowners because
they take advantage of low mortgage interest rates.

5.2

Analysis of Mortgage Contract Length

According to the SCF, the median length of mortgage contracts in the US is 30 years.14 As explained
before, the parameter δ captures the mortgage contract length. In this subsection, I consider
scenarios where the mortgage contract length is either shorter or longer than the benchmark.
14

I can observe this median mortgage contract length (30 years) for all waves of the SCF (1989-2013). The average

mortgage contract length for mortgages originated before the financial crisis was around 24 years.
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Initially, I consider a steady-state economy where the mortgage contract length is shortened
to 20 years (or δ=0.9875). As presented in the second column of Table 4, the periodic payment
burden of the short-term mortgage in terms of either income or house value is higher than in the
benchmark. This high payment burden leads to an increase in the mortgage default rate (the
foreclosure rate, the charge-off rate, and the delinquency rate).
Table 4: Long-run analysis of mortgage contract length

Benchmark

20-year

40-year

Homeownership rate

67.7%

63.6%

70.4%

Annual foreclosure rate

0.5%

1.43%

0.49%

House-value-to-annual-income ratio

2.31

2.32

2.40

Pre-crisis modification rate

0%

0%

0%

Annual-payment-to-annual-income ratio

0.28

0.32

0.25

Annual-payment-to-house-value ratio

0.11

0.14

0.11

Mortgage charge-off rate

0.07%

0.19%

0.07%

Mortgage delinquency rate

0.23%

0.72%

0.23%

Fraction of debt held by HH with net financial asset<20%

16.3%

15.2%

18.1%

Fraction of debt held by HH with net financial asset>80%

27.0%

27.9%

26.2%

Homeownership rate for HH with net financial asset≤50%

64.3%

60.9%

67.9%

Homeownership rate for HH with net financial asset>50%

71.1%

65.9%

72.8%

Homeownership rate for HH with income≤50%

64.4%

60.9%

64.8%

Homeownership rate for HH with income>50%

73.1%

67.4%

79.2%

To better understand these results, we need to analyze mortgage interest rate schedules. Figure
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6 shows mortgage interest rate schedules with different contract lengths. Given periodic payment
x, the short-term mortgage interest rate is lower than the long-term mortgage interest rate. The
mortgage interest rate schedule presented in Figure 6 is the rate given either periodic payments
(the first figure) or assets (the second figure). Since a short-term mortgage depreciates the periodic
payment burden faster than a long-term mortgage (or the value δ for short-term mortgages is
lower than that for long-term mortgages), households are less likely to default on short-term loans
given initial payment x. This reduces the interest rate schedules for short-term mortgages. With
low interest rate schedules, households can take out large amounts of mortgages (or high value
of x). This in turn makes the equilibrium interest rate under the short-term mortgage economy
higher than that under the long-term mortgage economy.15 Because of high payment burdens,
the mortgage default rate is higher than the benchmark. Though households can easily access the
mortgage market and take advantage of low interest rates, a significant mortgage burden makes
them either sell the house or default on the mortgage. This leads to a decrease in the homeownership
rate in the short-term mortgage economy.
The third column of Table 4 considers an economy where the mortgage contract length is
extended to 40 years. The results are opposite to those for the case where the mortgage contract
length is shortened. The homeownership rate increases and the mortgage default rate slightly
decreases, compared to the benchmark. Mortgage interest rate schedules for long-term mortgages
are higher than short-term mortgages (see Figure 6).

15

The equilibrium annual mortgage interest rate with a contract length of 20 years is 4.19%, while that for the

benchmark is 4.09%.

35

Figure 6: Interest rate schedules with different contract lengths

6

Transition Analysis

In this section, I analyze how foreclosure delays affect households’ mortgage default decisions during
the financial crisis. I also examine households’ optimal behavior in response to an unexpected house
price shock or an unexpected income shock. In my benchmark, I set the cost of post-foreclosure
modification as 46% of the loan principal. I consider a scenario where the post-foreclosure modification option is eliminated. Lastly, I analyze how the timing (more specifically, expectation and
realization) of house price shocks affects the transition dynamics.

6.1

Impacts of Foreclosure Delays

Initially, I examine the effects of foreclosure delays on households’ optimal decisions. The transition
timing is the following. The benchmark steady state represents the pre-crisis economy (or the first
quarter of 2007). At the start of the next period (or the second quarter of 2007), the average
house price unexpectedly decreases by 2.6% following the Case-Shiller index. At the same time,
every agent in the model expects that the average house price will persist at the decreased level.
At the start of the third quarter of 2007, the average house price unexpectedly decreases by 2.9%.
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Again, both households and financial intermediaries believe that the average house price will not
decrease again but will stay at the same level in the future. In my model, the average house price
unexpectedly decreases every period for eight consecutive quarters.16 Hence, market participants
cannot expect such a drop in house prices in advance and face the shock every period. At the same
time, the foreclosure process is prolonged from three quarters to five quarters following Herkenhoff
& Ohanian (2015). That is, the parameter λ increases from 0.666 to 0.8 at the start of the second
quarter of 2007. This is the timing of the benchmark transition. The counter-factual transition is
the case where the foreclosure timeline does not change even after the financial crisis. Hence, even
though the average house price unexpectedly declines after the crisis, the timeline of the foreclosure
process is the same as the benchmark steady-state level.
Figure 7 compares the benchmark (black solid line) to the experiment transition (blue dashed
line). I also present the actual data (red diamond dot) to examine the model’s performance. I
report results based on annual frequency to smooth out the zigzagged quarterly patterns.17
The benchmark mortgage foreclosure rate is higher in 2008 and 2009 and is lower after 2010
than in the data. Since in my model the average house price unexpectedly declines only for two
consecutive years, the mortgage foreclosure rate when the house price shock terminates suddenly
decreases.18 However, the benchmark transition is generally close to the data transition path.
Similarly, though the mortgage delinquency rate and the charge-off rate of the benchmark transition
significantly increase in 2008 and 2009, the model well reflects the pattern of a sudden increase in
16

Following the Case-Shiller index, in my model, the house price decreases by 4.2% in the fourth quarter of 2007,

5.2% in the first quarter of 2008, 4.7% in the second quarter of 2008, 4.8% in the third quarter of 2008, 5.3% in the
fourth quarter of 2008, and 5.1% in the first quarter of 2009. Hence, in my model, the average house price decreases
by 30% during the financial crisis.
17

I present and analyze the quarterly basis transition path in section 6.4.

18

This is a partial equilibrium model where house price is exogenously given. If I model a sudden decrease in house
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Figure 7: Impacts of foreclosure delays

prices that is driven by some exogenous reasons in the general equilibrium setting, it might be possible to generate
prolonged house price shocks and foreclosure responses driven by a financial accelerator or by amplification effects as
in Kiyotaki & Moore (1997) and Bernanke et al. (1999).
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those rates. Though I did not directly target it, the benchmark mortgage modification rate is quite
close to the data. A decrease in the average house price makes it easy for households to become
homeowners. Though an increase in the foreclosure rate reduces the number of homeowners, a
decrease in house prices makes it easy for renters to become homeowners. The model can generate
the decreasing pattern of the payment-to-income ratio and the house-value-to-income ratio as in
the data, though there are differences in levels.
Let’s compare the benchmark with the counter-factual transition where the foreclosure process
is not extended even after the financial crisis. After the housing price shock, financially troubled
households that cannot repay their debts choose to default on their mortgages. When the foreclosure
process is prolonged, defaulted houses cannot be quickly foreclosed, which leads to a decrease in the
foreclosure rate. On the other hand, foreclosure delays increase the value of default for financially
troubled homeowners because of the benefit of staying in their homes for free. In turn, households
are more likely to default on their mortgages in an economy with a prolonged foreclosure process,
as presented in Table 3. Though these two opposite effects simultaneously impact the foreclosure
rate, the former effect generally dominates the latter effect in the short run. My numerical exercise
shows that an increase in the foreclosure process led to an increase in the foreclosure rate of 14%
in 2008 (6.8% in the benchmark and 5.9% in the experiment) and a decrease of 44% in 2009 (6.5%
in the benchmark and 11.7% in the experiment). Because of the prolonged foreclosure process,
the number of delinquent households is higher under the benchmark. The delinquency rate almost
tripled in 2008 and doubled in 2009.
The modification rate under the counter-factual economy is almost zero over the transition, while
it increases up to 6.1% in 2009 under the benchmark. Since foreclosure delays lead to an increase in
mortgage defaults, financial intermediaries are more likely to modify loans voluntarily to mitigate
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their losses. Technically, an increase in the foreclosure timeline shifts up interest rate schedules
(see Figure 5) and subsequently reduces the value of being renters. This in turn reduces the value
of foreclosed households (VF ). Since the modified payment x̂ is determined by VF = VHP (·, x̂), the
modified offer increases as the foreclosure process is prolonged.19 Then, financial intermediaries can
expect to recover more cash inflow after modifying contracts. Hence, the modification rate under
the extended foreclosure timeline is higher than under the counter-factual scenario.

6.2

Impacts of Income and House Price Shocks

In the benchmark transition, I consider a scenario where the average house price unexpectedly
decreases for eight consecutive quarters. In this subsection, I consider experimental cases where
either the house price or income unexpectedly declines. More specifically, I consider a scenario
where the average income decreases by 4% in 2008 and 1.67% in 2009 following the change in real
household median income taken from the FRED database.20 Since the median income ē is set to
one, in my model, the median income in the first model period is set to 0.99, 0.98 in the second,
0.97 in the third, and 0.96 in the fourth.21 I also consider a case where both the average house
price and income simultaneously decrease. The mortgage foreclosure process is prolonged at the
start of the financial crisis.
When the average income unexpectedly decreases, the mortgage foreclosure rate suddenly increases to 4.0% in 2008 and 1.6% in 2009. Similarly, the delinquency rate also increases to 5.1% in
2008 and 1.9% in 2009. These model-generated default rates can match the data moments well in
19

Since the value of repayments (VHP (·, x)) decreases as the payment x increases, a decrease in VF driven by an

increase in the foreclosure process leads to an increase in x̂ that satisfies the relation VF = VHP (·, x̂).
20

The FRED is the public database published by the Federal Reserve Bank of St. Louis.

21

Similarly, I set the median income to 0.956 in the first period of 2009, 0.952 in the second, 0.948 in the third,

and 0.944 in the fourth.
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Figure 8: Impacts of income and house price shocks

the short run, though they cannot after 2009. The transition path of the modification rate is lower
than in the data or the benchmark. When the average income decreases, the homeownership rate
decreases consistent with the data. A decrease in income with fixed house prices makes it more
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difficult for renters to buy their homes. Also, financially troubled households voluntarily sell their
homes to relieve their budget tightness. These lead to a decrease in the homeownership rate.
When I consider a simultaneous drop in the average house price and income, the mortgage
foreclosure rate and the delinquency rate increase more than the benchmark. Similarly, the modification rate and the charge-off rate also are higher than those in the benchmark. The homeownership
rate is in the middle between a scenario with only house price shocks and one with only income
shocks.

6.3

Impacts of Modification Costs

In the benchmark steady state, I set the value of α as ᾱ, which is the minimum cost of modification
generating zero modifications. The reason I choose the value of α as 0.46 is that there was no
post-foreclosure modification before the financial crisis. Then, how do transition paths change if
we choose the cost of modification α as a big number that does not generate any post-foreclosure
modifications in the steady state and over the transition?
Here, I set the value of α as infinite. Even if the value of α is big enough, the pre-crisis steady
state does not change. However, when I consider the transition dynamics, results significantly
change, as presented in Figure 9. The black solid line shows the benchmark transition path (α=ᾱ)
and the blue dashed line is the counter-factual transition (α=∞).22 When I remove the postforeclosure modification option, the mortgage foreclosure rate increases significantly compared to
the benchmark. The gap in the foreclosure rate between the benchmark and the counter-factual
reflects the effect of mortgage modification, which prevents excessive foreclosures. The delinquency
rate is almost the same as the benchmark because the parameter capturing the foreclosure time22

In both scenarios, the foreclosure timeline is prolonged from 3 quarters to 5 quarters after the financial crisis,
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Figure 9: Impacts of modification costs

line (λ) is the same under both scenarios. Unsurprisingly, the modification rate is zero over the
experiment transition. Many foreclosed households do not get a second chance to clear their credit
and the average house price unexpectedly declines for 8 consecutive quarters.
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records in the experimental economy, leading to a temporary decrease in the homeownership rate.
It might also be possible that the cost of modification changes as the financial crisis proceeds.
In fact, the US government initiated several home retention actions, such as the Home Affordable
Modification Program, after the emergence of the crisis (see Robinson (2009) Gerardi & Li (2010) for
more detail). These government-driven mortgage modification programs might exogenously reduce
the modification cost. Then, the gap between the actual modification rate and the benchmark
modification rate, which is roughly 5.2 percentage points, may reflect the government’s effort to
reduce the foreclosure crisis.23

6.4

Forecast and Realization of House Price Shocks

In the benchmark transition, households face unexpected house price shocks every period. For
example, every household at the end of the first quarter of 2007 expects that the average house
price will be steady forever. At the start of the second quarter of 2007, households realize that the
average house price has declined by 2.6%, but believe it will be steady forever. In the next period,
households again realize that the average house price has declined one more time, but believe that
the average price will be constant in the future. However, no one can guarantee that the average
house price decreases every period unexpectedly and households cannot realize and forecast such
price changes.
In this subsection, I consider scenarios where households can forecast the average house price
several periods ahead. First, at the start of the second quarter of 2007, every household unexpect23

Since the model cannot generate enough defaults after 2010, the post-foreclosure modification rate is significantly

lower than the data moment. If I can generate the prolonged mortgage defaults as in the data, the modification rate
might be amplified. Then, the gap between the actual data and the model-generated benchmark modification rate
would better reflect the effect of the government’s foreclosure prevention programs.
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edly realizes that the average house price will decline for eight consecutive quarters and be constant
after that. The actual realization of the average house price is consistent with their expectation.
That is, there is only a one-time unexpected house price shock at the start of the financial crisis
under this scenario (scenario 1).
Second, in my model, at the start of the second quarter of 2007, households realize that the
average house price will decline for four consecutive quarters and be constant after that. Households’
prior expectation and the actual realization of average house prices are consistent. After a year,
households expect that the average house price will be constant. However, unlike their prior
expectation, households get an unexpected house price shock again. That is, households realize
that the average house price will decline for four consecutive quarters more and be constant after
that. Realization of the average house price is consistent with households’ priors (scenario 2).24
That is, an unexpected house price shock is realized annually. In other words, households forecast
the average house price correctly only one year ahead.
Before presenting the transition paths, I would like to mention the change in rent prices to
better understand the results. When households can correctly forecast the path of house prices,
the rent price will also reflect market participants’ expectation. In my model, for each house price
grid pi the rent price zi is determined by pi,t − Et [pi,t+1 ]/(1 + rf ), where the subscript t indicates
time. Hence, the rent price is (relatively) high when the house price is expected to decrease. In a
similar vein, when the house price is not expected to decrease any more, the rent price suddenly
drops.25 In the benchmark, I model a house price shock that is unexpectedly realized every period,
24

The foreclosure timeline is prolonged from 3 quarters to 5 quarters at the start of the financial crisis in both

scenario 1 and 2.
25

Suppose agents expect that the house price will decrease for two consecutive periods and then be steady: 10, 9,

8, 8, .... If the risk-free rate is 4%, the periodic rent will be the following: 1.35, 1.31, 0.31, 0.31, ....
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Figure 10: Impacts of the timing of a house price shock

leading to Et [pi,t+1 ] = pi,t . Hence, the rent price cannot reflect the future change in house prices.
Figure 10 presents the transition paths under different forecast horizons of house price shocks.
The black solid line is the benchmark transition. The blue dashed line is the transition path for
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scenario 1 and the green dotted line is for scenario 2. The mortgage foreclosure rate under scenario
1 peaked in 2009, while the rate under the benchmark and scenario 2 does not have a single peak.
The main reason why households delay their foreclosure until 2010 under scenario 1 is the rent
price. Since the average house price is expected to decrease for eight consecutive quarters under
scenario 1, the rent price stays at a high level compared to the benchmark rent prices in 2008
and 2009. The average rent suddenly decreases after eight quarters. Since the rent price is higher
than in the benchmark transition while the house price is expected to decline, households simply
delay the timing of their default. Changes in the delinquency rate, the modification rate, and the
charge-off rate also reflect the timing of default and the movement in rent price. Since the average
rent price is high in 2008 and 2009, the homeownership rate significantly increases compared to the
benchmark to relieve rent burdens.
The foreclosure rate under scenario 2 is quite close to the benchmark. And the delinquency rate,
the modification rate, and the charge-off rate are lower than those in the benchmark, close to the
data moments. Then, someone might claim that scenario 2 reflects what people actually believed
and forecast about future house prices during the financial crisis. That is, market participants
could have forecast the house price path at least one year in advance.
However, the quarterly transition paths seem to confirm that households face unexpected house
price shocks every quarter (see Figure 11). Households under scenario 2 experience unexpected
house price shocks once per year. Since rent increases as house price is expected to decrease, and
suddenly decreases as house price is not expected to decrease, households delay their foreclosures
at the end of each year. In other words, the dynamics of rent prices within a year generate dual
peaks of the foreclosure rate, the modification rate, and the delinquency rate in quarterly terms.
Therefore, it seems to be a natural assumption that households face unexpected house price shocks
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every quarter.
Figure 11: Quarterly analysis

7

Conclusion

In this paper, I analyze the effects of a prolonged foreclosure process on households’ optimal default
decisions during the financial crisis. The mortgage foreclosure timeline was around nine months,
which increased to fifteen months after the financial crisis. Delays in the foreclosure process increase
the value of default because households can stay in their homes without paying rent or making a
mortgage payment. In addition, delinquent households in the model have a chance to rehabilitate
their credit history. These benefits increase the number of delinquent households. Because of the
prolonged foreclosure process, the mortgage foreclosure rate during the financial crisis is temporarily
lower than that under a counter-factual scenario where the foreclosure timeline does not change.
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However, the foreclosure rate in the long run is higher under the prolonged foreclosure process
than the rate under a quick foreclosure process because of the benefit of not repaying debt. An
increase in the length of the foreclosure process also contributes to an increase in post-foreclosure
modifications, providing financially troubled households with more chances to rehabilitate their
credit records. Therefore, my quantitative exercise shows that foreclosure delays during the financial
crisis contributed to a temporary decrease in the foreclosure rate while amplifying the delinquency
rate. It also makes financial intermediaries voluntarily offer post-foreclosure modifications.
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