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Abstract This study examines the space-time dynamics of real house prices and
macroeconomic fundamentals such as real per capita disposable income and inter-
est rate across 373 metropolitan areas in the US during 1976–2011. The estimation
results of the dynamic spatial Durbin model show significant spatial spillover effects
indicating that macroeconomic fundamentals of neighboring metropolitan areas play
important role in real house price determination. The time varying version of the
dynamic model also indicates an increasing spatial correlation in house price and
income interactions over the sample period.
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1 Introduction

Investigating the interactions between the housing market and macroeconomic fun-
damentals in the US economy has been a dominant theme of research in the field.
Malpezzi (1999) studies the dynamics of house prices using error correction model
on a panel of 133 metropolitan areas in the US during 1979–1996. Holly et al. (2010)
examine spatial interactions in the US housing markets and the macroeconmoy. Using
the common correlated effects estimator of Pesaran (2006) on 49 states over the period
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1975–2003 they show that real house price changes are driven by real per capita dis-
posable income and interest rate. Further, they identify significant spatial interaction
effects. In a more recent study, Baltagi and Li (2014) replicate Holly et al. (2010) using
a more extended dataset over the period 1975–2011 on a panel of 381 metropolitan
areas in the US. They show that house prices are driven by macroeconomic funda-
mentals such as real per capita disposable income and spatial interaction effects are
stronger at metropolitan level than that found at state level.1

A fundamental feature of the studies byHolly et al. (2010) andBaltagi andLi (2014)
is that they allow spatial interaction effects in the disturbance terms but not spatial
interaction effects in the dependent or independent variables in their model. LeSage
and Pace (2009), Elhorst (2010) and LeSage and Fischer (2008) argue that a more
flexible spatial Durbin model that allows spatial interactions both in the dependent and
independent variables provides a better consistent coefficient estimates irrespective of
the true underlying data generating process. Elhorst (2012) also states that models that
allow spatial dependence in the disturbance terms are less appropriate for empirical
research because in such models spatial spillover effects (which are the main focus
of empirical spatial econometric studies) are set zero by construction. In addition,
Anselin (1998) argues when the focus of interest is to examine the magnitude and
existence of spatial interaction effects, allowing spatial dependence in the dependent
variables instead of the disturbance terms is more appropriate.

In this study, using recent developments in spatial econometric techniques, we
examine the interactions between real house prices and macroeconomic fundamentals
across 373 US metropolitan statistical areas (MSAs) over the period 1976–2011. A
more flexible dynamic spatial Durbin model (DSDM) is estimated using direct and
indirect effects approach of LeSage and Pace (2009).2 The estimation results show that
changes in real house prices in neighboring MSAs have a positively significant role
in house price determination of a particular MSA. We identify significant both direct
and indirect impacts of real income on house price determination indicating that real
income in nearby areas play an important role in driving house prices. These results
are robust to the inclusion of spatial fixed effects. Further, a time varying version of
the dynamic model is examined which can capture important changes in the economy
both across space and over time. We identify an increasing spatial correlation in house
price and income interactions over the sample period.

The article is organized as follows. In Sect. 2 we introduce both non spatial and
spatial empirical models. Section 3 discusses the data used in the empirical section.
Section 4 presents the results, Sect. 4 concludes.

1 See also Apergis and Payne (2012) for detail analysis of US house price convergence across states over
the period 1975–2010, and Kryvobokov et al. (2013) for house price analysis of France real estate prices.
2 LeSage and Pace (2009) stress that a more valid parameter interpretation of spatial econometric models
involves decomposing impacts into direct and indirect effects using partial derivatives approach because
standard point estimates approachmay lead to erroneous conclusion. Recently, dynamic spatial econometric
models received much attention in the literature, see, for instance, Elhorst (2014), Halleck Vega and Elhorst
(2014), and Debarsy et al. (2012).
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2 Empirical methodology

In the spirit of Holly et al. (2010) consider an equation of the form:

�pit = α0 + α1 pit−1 + α2�yit + α3cit + α4�nit + vi t (1)

where �pit is the change in log real house price index for metropolitan area i during
year t , pit−1 is one period lag of real house price index,�yit is the change in log real per
capita disposable income, cit is the real cost of borrowing defined as cit = rit −�nit
where rit is the long term real interest rate and �nit is the growth rate of population
and vi t is a white noise process.

Equation (1) ignores spatial interaction in house prices across metropolitan areas.
However, house prices in nearby metropolitan areas may spatially interact each other.
Holly et al. (2010), for example, argue that high prices in metropolitan area could lead
people to commute from nearby areas. Particularly, labor mobility across metropolitan
areas in the United Stets is very common. In order to account for possible spatial
interaction effects in the dynamics of house prices and macroeconomic fundamentals,
we consider a DSDM of the form:

�pit = ρ

N∑

j=1

Wi j�p jt+β0+β1 pit−1+β2�yit+γ

N∑

j=1

Wi j�y jt+β3cit+β4�nit+μi t

(2)
where ρ is a spatial autoregressive coefficient, Wi j is a spatial weight matrix that
connects MSA i and j , γ is a coefficient that that measures the effects of neighboring
MSAs growth rate in real per capita disposable income on changes in house prices
in a particular MSA, μi t is a white noise process and the remaining variables are as
defined inEq. 1.Note that in the empirical section, the spatial lags of all the independent
variables are considered.

3 Data

The data on real house price index (log transformed), real per capita disposable income
(log transformed), real cost of borrowing, and population (log transformed) cover the
period 1976 to 2011 across 373 MSAs. The U.S Office of Management and Budget
(OMB) defines metropolitan areas based on a core area containing a large population
nucleus, together with adjacent communities having a high degree of economic and
social interaction with that core. The source of data is Baltagi and Li (2014) which is
available online at: http://qed.econ.queensu.ca/jae/datasets/baltagi005/.

Table 1 reports the descriptive statistics of changes in real per capita income (�yit ),
changes in real house prices (�pit ), population growth rate (�nit ), and real cost of
borrowing (cit ) across 373 MSAs in the US during 1976–2011. Whereas the average
growth rate of log real per capita income has been about 1 %, the average growth
rate of log real house price has been about 0.047 % over the sample period. Figure
1 also plots the mean growth rate of real house price (blue dashed line) and average
growth rate of real personal disposable income (solid red line) across 373 MSA over
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Table 1 Descriptive statistics: Sample period covers 1976-2011

Mean (%) Min. (%) Max. (%) SD (%)

Change in real per capita income (�yit ) 1.014 −25.660 25.424 2.935

Change in real house price (�pit ) 0.047 −51.172 54.761 5.701

Population growth rate (�nit ) 1.156 −29.311 15.164 1.498

Real cost of borrowing (cit ) 3.066 −48.840 51.443 6.152

No. obs. 13,428 13,428 13,428 13,428

Fig. 1 Plot of mean real per capita income growth and real house price growth

the period 1976–2011 where it can be seen that real house prices and real income tend
to show similar growth patterns over the sample period.

4 Results

The estimation results of Eq. 1 (non-spatial model) are reported in Table 2. Column
(1) contains the estimation results without fixed effects and time trend while Column
(2) reports the estimation results with fixed effects as well as time trend. As shown in
the table, previous house prices and real income have a positively significant effect on
current real house price growth rates. Real cost of borrowing, on the other hand, has
a statistically significant negative impact on real house prices.

The estimation results of the DSDM are reported in Table 3. In the estimation of
the DSDM, we use 10 nearest neighbor spatial weight matrix. Column (1) contains
the estimation results without fixed effects as well as time trend whereas Column (2)
contains the estimation results with fixed effects as well as time trend. The spatial
dynamic model results indicate that the spatially lagged dependent variable has a
statistically significant positive coefficient estimate indicating that observed house
prices in nearby MSAs are important variables in house price determination.
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Table 2 Estimation results: no spatial effects

(1) (2)

�pit−1 0.092*** (0.005) 0.069*** (0.005)

�yit 0.346*** (0.008) 0.343*** (0.008)

�cit −0.739*** (0.005) −0.767*** (0.004)

�nit −0.030** (0.015) −0.024 (0.022)

R2 0.800 0.802

No. obs. 13,428 13,428

MSA fixed effects No Yes

Year dummy 2007 Yes Yes

Time trend No Yes

Standard errors are in parentheses. *** Indicates significance at the 1 % level. ** Indicates significance at
the 5 % level. * Indicates significance at the 10 % level. The dependent variable is the change in real house
price index. The sample period covers 1976–2011 across 373 MSAs in the U.S

Both the direct and indirect effects of changes in real per capita disposable income
are positively significant. The indirect effect of real income also indicates the impor-
tance of neighbors’ real income in driving house prices. One period lagged real house
prices in neighboring MSAs also takes a significant positive coefficient estimate. The
main results do not change with the inclusion of a time trend and metropolitan area
specific fixed effects.

An alternative way of modelling spatial dependence is through common factor
models as in Pesaran (2006). Common factor models are advantageous in that they
do not require a priori assumption on the nature of spatial dependence. Such models,
however, allow dependence in the error terms but not dependence in the dependent
and/or independent variables.

Time varying DSDM
Weestimate a time varying version of theDSDM implied by Eq. 2.We apply 5 years

rolling window using 10 nearest neighbor weight matrix. The parameter estimates of
the coefficient for the spatially lagged dependent variable (ρ) is shown in Fig. 2 with
95% upper and lower confidence intervals. The spatial correlation coefficient has been
increasing over the sample period. This might reflect the increasing housing market
correlations and co-movements over time and across cities in the US. Particularly,
the correlation coefficient shows a significant increase after the 2000s and steadily
rising thereafter. The recursive analysis of house prices across MSAs and over time
can be used as an alternative measure of house price integration and correlation across
different areas over the sample period.

5 Conclusion

This study examines the interactions between the housing market and macroeconomic
fundamentals across 373 US metropolitan areas during 1976–2011. We begin with
estimating a non-spatial model of house prices and real income. The estimation results
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Table 3 Estimation results: with spatial effects

(1) (2)

Direct effect �pit−1 0.0513*** (0.003) 0.049*** (0.003)

Indirect effect �pit−1 0.095** (0.034) 0.096** (0.034)

Total effect �pit−1 0.147*** (0.036) 0.145*** (0.036)

Direct effect �yit 0.178*** (0.005) 0.176*** (0.005)

Indirect effect �yit 0.393*** (0.040) 0.384*** (0.039)

Total effect �yit 0.569*** (0.042) 0.560*** (0.040)

Direct effect �cit −0.878*** (0.004) −0.881*** (0.004)

Indirect effect �cit 0.304*** (0.026) 0.294*** (0.027)

Total effect �cit −0.574*** (0.028) −0.587*** (0.029)

Direct effect �nit −0.027* (0.016) −0.033*** (0.017)

Indirect effect �nit −0.276 (0.176) −0.506** (0.193)

Total effect �nit −0.302 (0.186) −0.539** (0.204)

W x dep.var 0.828*** (0.005) 0.829*** (0.005)

R2 0.831 0.833

No. obs. 13,428 13,428

MSA fixed effects No Yes

Year dummy 2007 Yes Yes

Time trend No Yes

Standard errors are in parentheses. *** Indicates significance at the 1 % level. ** Indicates significance at
the 5 % level. * Indicates significance at the 10 % level. The dependent variable is the change in real house
price index. The sample period covers 1976–2011 across 373 MSAs in the US. Column (1) reports the
estimation results with spatial interaction effects without a time trend and fixed effects. Column (2) reports
the estimation results with spatial interaction effects as well as with a time trend and MSA specific fixed
effects

Fig. 2 Plot of the time varying spatial correlation coefficient
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indicate that previous house prices and real income have a positively significant effect
on current real house price growth rates. Real cost of borrowing has a statistically
significant negative impact on real house prices.

In the dynamic spatial model, we use direct and indirect effects approach of LeSage
and Pace (2009) and decompose the impacts of changes in macroeconomic funda-
mentals on house prices into direct and indirect effects. We find significant spatial
interaction effects of real house prices and real income. A time varying version of the
dynamic spatial model indicates an increasing correlation of house price growth rates
across metropolitan areas over the sample period considered. The main results do not
change with the inclusion of a time trend and area fixed effects.
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