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Research Motivation

• The current financial crises has caused unimaginable wealth losses to
households, because wealth of the majority of the U.S. population is
concentrated in their home equity.

• Last couple years, there has been much written about the still-unfolding
financial crises. General agreement in both popular press and academic
literature is the burst of the housing bubble

• Easy access to cheap credit is claimed to be the source of the current
crises. Some are:
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• Lax mortgage underwriting standards coupled with goverment policies
increase the demand for housing causing unprecedented increase in prices.

• In 1995, the GSEs receive gov’t tax incentives for purchasing MBS

• From 2000 to 2003, fed fund rate from 6.5% to 1%.

• In 2003, the American Dream Development Act become law and provided
financing for low income families.

• We address how easy credit fueled the bubble in prices through the
contamination of subprime virus.
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• A realistic model for housing critically depends on the

? market interest rate,
? household’s wealth and
? house price evolution in addition to incorporating significant negative

suprises.

• The negative shock in the economy will build up default contagion in
aggregate wealth shifting the wealth downward and forcing the borrowers
to default, and causing the house prices decline.
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The Simulation Model

Household:

• We assume an area with K different households with mortgages.

• Each borrower purchases their home using a fixed rate mortgage.

• There are two types of borrowers, prime and subprime, characterized by
their credit score (quality) at time t, denoted by Φit where Φit = 1 if the
ith household is a prime borrower and 0 if a subprime borrower.

• We let the ith home be financed with a 30 year fixed rate mortgage.
If the home is purchased at time t, there is an initial down payment
of C(Φit)H

i
t dollars where C(Φit) is the initial deposit to value ratio

depending on the borrower’s credit score.
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• We assume that the ith borrower’s disposable income evolves through
time according to a mean-reverting process:

dY it = Y it

[
κY
(
ln
(
R(Φit)Ȳt

)
− ln

(
Y it
))
dt+ σY dW

Y,i
t

]
where

{
WY,i
t

}
t
, i = 1, ..,K, are independent Brownian motions and

R is a deterministic function of the credit quality (prime or subprime)
modeling the income difference between subprime and prime households.

• Indivual house prices move according to the following stochastic jump
process

dHi
t = Hi

t

[
κH(ln(H̄t)− ln(Hi

t))dt+ σHdW
H,i
t − LHdU it

]
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where
{
WH,i
t

}
t
, i = 1, ..,K, are independent Brownian motions and

mean reverts around the average house price level, H̄t.

• The process
{
U it
}
t

counts the number of defaults related to house i.

Thus the cumulative defaults process Ut is defined by Ut =
∑K
i=1U

i
t .
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Aggregate Economy:

• To capture the fluctuations in the aggregate economy, three macro-
economic variables are introduced: short rate rt, disposable income level
Ȳt (e.g. aggregate wealth process for the economy) and average house
price level H̄t.

drt = κr (r̄ − rt) dt+ σrdW
r
t ,

dȲtd = Ȳt

[
µY dt+ σ̄Y

(
ρY rdW

r
t +

√
1− ρ2Y rdW

Y
t

)
− ηdNt

]
dH̄t = H̄t

[
µHdt+ σ̄H

(
ρHrdW

r
t + ρ̂HY dW

Y
t + ρ̂HdW

H
t

)
− L̄HdUt

]
where {W r

t }t,
{
WY
t

}
t

and
{
WH
t

}
t

are correlated Brownian motions.
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• To incorporate the impact of a loss in wealth (i.e. economic income
declines) to those homeowners who do not have mortgages when
mortgage defaults occur in the economy, we add the jump component
(−ηdNt) to the change in average income where Nt is a Poisson-process
with time-varying intensity βt. The jump intensity process βt is given by

dβt = κβ
(
β̄ − βt

)
dt+ LβdUt
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Default:

• We have two conditions for default to happend:

? household’s monthly income (e.g. wealth) is not enough to cover the
mortgage payments; and

? he doesn’t have enough equity on the house to borrow more.

• (income<pmt) and (enough equity): We assume borrowers do not
refinance optimaly and allow no refinancing (in general) outside of
financial distress.
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Parameter Calibration
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Subprime Default Contagion
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Policy Analysis

• We like to analyze different policies and their impact on creating and
bursting bubbles.

• The following six policies are compared:

? Monetary Policy (MP). This policy reduces the initial spot rate of
interest from r0 = 0.05104 to r0 = 0.005. Note that the mean
reversion level of the spot rate process is not changed.

? Moderate Monetary Policy which reduces the initial spot rate of
interest to r0 = 0.03.

? Restrictive Credits (RC). This policy forces homeowners to have an
initial down payment equal to 20% of the initial house value. In this
policy both prime and subprime borrowers have the same initial down
payment.
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? Easy Credit (EC). Subprime borrowers are subsidized to the extent
that they can borrow at the prime borrowers’ spread, if their loan is
originated in the first five years.

? Tax Rebate (TR).The policy expires after five years.
? Distress Relief (DR). If a borrower cannot make his fixed rate mortgage

payments, then he receives a relief of 15% of the outstanding loan
balance (e.g. loan modification).

Whitman School of Management, Syracuse University 19



Yıldıray Yıldırım February 17, 2011

Whitman School of Management, Syracuse University 20



Yıldıray Yıldırım February 17, 2011

Whitman School of Management, Syracuse University 21



Yıldıray Yıldırım February 17, 2011

Whitman School of Management, Syracuse University 22



Yıldıray Yıldırım February 17, 2011

Policy Analysis in Different Economies
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Conclusion

• In this paper, we devoleped a dynamic simulation model for aggregate
home prices that depends on the level of subprime and prime mortgage
defaults in the economy.

• We show that subprime mortgage defaults, via their impact on aggregate
housing prices and aggregate incomes, increase the incidence of prime
mortgage defaults. There is a subprime default contagion.

• Secondly, we show the relative impact of various government fiscal and
monetary policies for improving the housing market. Interestingly, fiscal
policies relating to direct government rebates or a loosening of borrowing
standards have less of an impact than does monetary policy.
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