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1. Introduction

What explains the sharply increasing housing price since 1990s in the US?
Focus: the role of the credit market conditions
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1. Introduction

• Theoretical foundations (micro-level evidence) for the effects of the real mortgage
rates and securitization on the house prices:
⇒ Real mortgage rates: financial costs (user cost approach, Poterba, 1984) and
discount rates (present value approach)
⇒ Securitization: additional funding sources endogenize the credit supply (Shin,
2009); lax screening (Keys, Mukherjee, Seru and Vig, 2008)

• Empirically, however,
⇒ Effects of real rates on the housing prices are either weak or not significant:
Mankiw and Weil (1989), Glaeser, Gottlieb and Gyourko (2010), Muellbauer and
Murphy (1997), Brunnermeier and Julliard (2008);
⇒ At macro-level, no clear supporting evidence available for the effect of the
decreasing underwriting standards: Glaeser, Gottlieb and Gyourko (2010), Brun-
nermeier and Julliard (2008).
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1. Introduction

Further challenges in house price modeling

• Brunnermeier and Julliard (2008) consider a present value model of the house
price to rent ratio. It discounts future cash flows from owning a house.

• This approach is the parallel to the model of the stock price-dividend ratio pro-
posed by Campbell and Shiller (1989), which relies on a constant mean of the
ratio.

• However,
⇒ the house price to rent ratio is highly persistent (non-stationary), although it is
bounded by a certain range;
⇒ the model in Campbell and Shiller (1989) based on the constant mean of the
price to rent ratio leads to error terms with a clear (stochastic) trend.
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1. Introduction

Quarterly data of the log house price to rent from 1975:1 to 2009:2 for the U.S.
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1. Introduction

Unit root tests for the US house price to rent ratio
ADFt PPt DFGLS

Test statistics -2.36 -2.15 -1.45
10% critical values -2.58 -2.58 -1.62

Notes: A constant is included, and SC lag length selection criterion is employed to

obtain the above test statistics. ADFt refers to the Augmented Dickey-Fuller t test.

For PPt, the t test statistic considered in Phillips and Perron (1988), the spectral AR

estimator is used to calculate the long run variance. DFGLS refers to the modified

Dickey-Fuller t-test proposed by Elliott, Rothenberg, and Stock (1996).

The null hypothesis of a unit root is uniformly not rejected.
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1. Introduction

This paper proposes a generalization of the Campbell-Schiller approach to analyse
the house price to rent ratio (PtR):

• A state space model with a latent financial state variable reflecting the long-term
state of the PtR is estimated via particle filter techniques. It decomposes PtR into
⇒ a deterministic term
⇒ discounted expected future returns and rent growth rates
⇒ an error measure

• Question 1: Does the data support the non-linear dynamic model?

• Result 1: A time-varying long-term state of the price to rent ratio is supported by
quarterly US data from 1982 to 2009.
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1. Introduction
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1. Introduction

• Question 2: How is the time variation in the long-term financial state of housing
markets related to the real mortgage rates and securitization practices?

⇒ Vector Error Correction Models (VECMs)

• Result 2: The increases in the long-term price to rent ratio from 1991 to 2009
are significantly influenced by real mortgage rates and securitization practices. In
particular, securitization plays an important role.
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2. The state space model of the PtR

The state space model of the PtR

Let Pt and Lt denote the observed price and rental payment of housing at the end
period t. The realized log gross return at the end of period t+ 1 is

rt+1 ≡ ln(Pt+1 + Lt+1)− ln(Pt)

= −ηt + ln(exp(ηt+1) + 1) + ∆lt+1, (1)

where ηt = ln(Pt)− ln(Lt) is the log PtR. Assume that the long-term state of ηt can
be time-varying, and denote it by ηt. A linear approximation for equation (1) can be
obtained around ηt as

rt+1 ' κt − ηt + ρtηt+1 + ∆lt+1, (2)

with ρt ≡
1

1 + exp(−ηt)
and κt ≡ − ln(ρt)− (1− ρt) ln(1/ρt − 1).
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2. The state space model of the PtR

Moreover, assume ρt and κt are martingale processes, i.e. Et(ρt+i) = ρt,Et(κt+i) =

κt. Taking the conditional expectation and iterating equation (2) forward leads to

ηt '
κt

1− ρt
+
∞∑
i=0

ρitEt(∆lt+i − rt+i) + lim
i→∞

ρitEtηt+i.

Subtracting the risk free rate rft from ∆lt+i, rt+i, we obtain the observation equation
of the state space model,

ηt =
κt

1− ρt
+
∞∑
i=0

ρitẼt(∆let+i − r
e
t+i) + εt, εt ∼ N(0, σ2

ε),

where εt captures the term limi→∞ ρitEtηt+i and other influences. The operator Ẽt
symbolizes objective expectations.
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2. The state space model of the PtR

The process ρt is generated as a bounded random walk process (Cavaliere and Xu,
2011) with bounds at [0,1], which is formalized in the state equation

ρt = ρt−1 + ut, ρ0 = ρ̄0, (3)

where ut = et + ξt − ξt and et ∼ N(0, σ2
e) and ξt, ξt are ’regulators’ to establish

boundedness.
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2. The state space model of the PtR

Estimation method: VAR forecasting + particle filter approach

VAR models of (ηt,∆let , r
e
t) and (ηt,∆let , r

e
t , πt) are used to formulate objective ex-

pectations of the future rent growth rates and risk premium, Ẽt(∆let+i) and Ẽt(ret+i).

Particle filter with resampling (Del Moral 1996, Cappé, Godsill and Moulines, 2007) is
employed for likelihood evaluation.

⇒ Model parameters in θ = (ρ̄0, σ
2
e , σ

2
ε) are determined by means of a grid search.

⇒ θopt is obtained as the parameter combination obtaining the maximum of the Gaus-
sian log likelihood.
⇒ N particles, {ρ(i)

t }Ni=1, based on θopt are generated.
⇒ Implied time paths ρ̂t, t = t0, . . . , T , are then determined by averaging over simu-
lated particles.
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2. The state space model of the PtR

Data from 1975:Q1 to 2009:Q2

• Pt is the FHFA housing price index

• Lt the rent of primary residence as a component of the CPI

• rft is the 10-year Treasury Bill rate

• πt is the smoothed inflation calculated from CPI excluding shelter.
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2. The state space model of the PtR

Parameter estimates and model evaluations
VAR Time varying ρ Constant ρ (σe = 0)

ρ̄0 σε σe lik ρ̄0 σε lik
without inflation 0.984 8.27E-03 7.49E-05 354.33 0.985 1.31E-02 329.28
with inflation 0.984 2.61E-03 1.29E-04 478.45 0.986 5.52E-03 416.26

Results:

⇒ VAR model with inflation is preferred over the one without inflation.

⇒ Time varying ρ model has better performance than constant ρ model.
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2. The state space model of the PtR
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2. The state space model of the PtR
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3. Linkage between housing and credit markets
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3. Linkage between housing and credit markets

Data from 1991:Q4 to 2009:Q2

• Real mortgage rates: Contract rates on the 30-year fixed-rate conventional home
mortgage subtracted by the inflation expectation.

• Inflation expectation: Survey of Professional Forecasters at the Fed Philadelphia.

• Securitization practices: Shares of the outstanding home mortgages held by pri-
vate issuers of the asset backed securities, called securitization ratio henceforth.
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3. Linkage between housing and credit markets

Unit root test statistics
ADFt PPt DFGLS

ρ̂t 1.29 1.56 1.09
∆ρ̂t -5.22*** -5.22*** -5.16***
rmt -2.05 -2.05 -1.92*

∆rmt -6.93*** -8.41*** -2.30**
st -2.05 -2.39 -1.47

∆st -2.85* -2.69* -2.80***

Notes: Test statistics being significant at 10%, 5% and 1% are indicated with *, **, and ***

accordingly. The sample period for ρ̂t, rmt and st are 1982:Q3 to 2009:Q2, 1991:Q4 to 2009:Q2, and

1984:Q4 to 2009:Q2.

All considered variables are I(1) processes.
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3. Linkage between housing and credit markets

Johansen trace tests for (ρ̂t, rmt, st)
Lagged differences H0 Test statistic p-value

1 r=0 41.12 0.01
r=1 18.11 0.10
r=2 2.37 0.70

2 r=0 39.98 0.01
r=1 13.39 0.34
r=2 2.58 0.67

3 r=0 67.70 0.00
r=1 21.87 0.03
r=2 2.19 0.74

Notes: A constant is included. The sample period is from 1991:Q4 to 2009:Q2.

There is at least one cointegration relation among the variables.
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3. Linkage between housing and credit markets

Cointegration parameters: ρ̂t = β1rmt + β2st
Time period β̂1 β̂2

1991:Q4 - 2009:Q2 −0.029
(−4.396)

0.018
(17.009)

1996:Q1 - 2006:Q4 −0.0051
(−2.124)

0.013
(12.178)

p-values for Portmanteau tests
1991:Q4 - 2009:Q2 lag = 4

0.184
lag = 8
0.147

1996:Q1 - 2006:Q4 lag = 2
0.798

lag = 4
0.996

Notes: A constant is included in the estimation, and t−statistics for the estimates are reported in

parentheses. S2S approach is used to estimate the cointegration coefficients.

Both real mortgage rates and securitization ratios have significant effects on the state
of log PtR!
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3. Linkage between housing and credit markets

Estimated adjustment coefficients: rmt and st are weak exogenous!
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3. Linkage between housing and credit markets

Impulse response analysis: Impact of a standardized shock on the state variable

The securitization ratio has the biggest effect on the long-term state of the log PtR!
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4. Conlusions

4. Conclusion

• The state space model incorporating the time-varying long-term state of the PtR
fits data well.

• Both decreasing real mortgage rates and increasing securitization practices have
contributed to the housing boom since 1990s.

• Securitization practices have played a major role.
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Thank you for your attention!
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Approximation errors due to constant steady state

Let Pt and Lt denote the observed price and rental payment of housing at the end
period t. The realized log gross return at the end of period t+ 1 is

rt+1 ≡ ln(Pt+1 + Lt+1)− ln(Pt)

= −ηt + ln(exp(ηt+1) + 1) + ∆lt+1, (4)

where ηt = ln(Pt) − ln(Lt) is the log PtR. To linearize equation (4), a first-order
Taylor expansion around the fixed point η can be obtained as

rt+1 ' κ− ηt + ρηt+1 + ∆lt+1, (5)

with ρ ≡ 1
1+exp(−η) and κ ≡ − ln(ρ) − (1 − ρ) ln(1/ρ − 1). Iterating equation (5)

forward obtains

ηt '
κ

1− ρ
+
∞∑
i=0

ρi(∆lt+i − rt+i) + lim
i→∞

ρiηt+i. (6)
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The approximation error ηt − κ
1−ρ −

∑T
i=0 ρ

i(∆lt+i − rt+i)− ρTηt+T , with η being
the sample mean.
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Economic meaning

The static Gordon growth model implies:

P

L
=

1

r − g
,

where P denotes the price, L is the rent, r denotes returns on houses, and g is the
growth rate of rent.

Using a general equilibrium model, Favilukis, Ludvigson and VanNieuwerburgh (2010)
argue that increases in equilibrium price to rent ratio are due to expected lower future
returns rather than higher future rents. The lower return is driven by declines in risk
premia through relaxed credit constraints.
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