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This study examines the dynamics of real housing price
appreciation in 130 metropolitan areas across the United States.
The study finds that real housing price appreciation is strongly
influenced by the growth of population and real changes in
income, construction costs and interest rates. The study also finds
that stock market appreciation imparts a strong current and
lagged wealth effect on housing prices. Housing appreciation
rates also are found to vary across areas because of locationspecific fixed-effects; these fixed effects represent the residuals
of housing price appreciation attributable to location. The
magnitudes of the fixed-effects in particular cities are positively
correlated with restrictive growth management policies and
limitations on land availability.

The factors that influence changes in housing prices are of interest to urban
planners, developers, real estate professionals and financial executives as well as
most American households. According to a 1998 Federal Reserve survey
(Kennickell, Starr-McCluer and Surette, 2000), 66.2% of households in the United
States are homeowners, and housing investment amounts to 33% of household net
worth. Over the past two decades, stock market appreciation has markedly
increased the total wealth of U.S. households, but the linkage between housing
prices and stock market wealth has not been explored. A number of studies have
examined housing price change by metropolitan area, but few studies have been
able to estimate the separate the effects of both demand- and supply-side variables.
This study examines the factors that influence real housing price changes in a
sample of 130 metropolitan areas during the 1984 to 1998 period. In comparison
to prior research, this research offers a much broader sample of MSAs over a
longer time period. The study shows that real housing price appreciation is

significantly related to changes in population and real changes in income,
construction costs, stock price appreciation and after-tax interest rates. The
analysis employs a fixed-effects model to control for MSA-specific factors that
may influence appreciation rates in particular areas. The magnitudes of the fixedeffect coefficients are positively correlated with restrictive growth management
policies and limitations on land availability.

There have been a number of studies of housing prices and housing price changes.
The focus here is on those studies that have examined housing price changes,
rather than the level of prices. A review of early work in this area can be found
in Bartik (1991, Chapter 5), who introduces a lagged adjustment model and
provides additional empirical results. The studies reveal that housing appreciation
is directly influenced by population and employment growth, although the
estimated impacts of these factors vary widely. A study by Poterba (1991)
examines the effects of population and income changes as well as the impacts of
construction and after-tax user costs. He finds that income and construction costs
are important in explaining housing cost changes, but his results provide no
support for the role of demographic factors or after-tax user costs.
Abraham and Hendershott (1996) develop a model of housing price change that
allows for a lagged adjustment process. Their model, which is estimated using the
quality-adjusted Freddie Mac-Fannie Mae repeat transaction database for thirty
metropolitan areas, reveals that that real housing price appreciation is directly
related to increases in real construction costs, employment and real income. They
find that appreciation rates are negatively related to rises in real interest rates.
The prolonged rise in stock prices over the past two decades has dramatically
increased household wealth, and stock holdings have grown as a fraction of total
household wealth, rising from 8.5% in 1989 to 22.9% in 1998 (Kennickell, StarrMcCluer and Surette, 2000).1 Although the effect of wealth on consumption has
been much debated (Ludvigson and Steindel, 1999; and Starr-McCluer, 1998), no
work was found that focused specifically on the impact of wealth changes on
housing expenditures or prices.
A number of economic models have examined the "wealth effect" on total
consumer spending. Most of these models estimate that a one-dollar increase in
stock market wealth raises consumer spending by three to seven cents per year
(Starr-McCluer, 1998), but the magnitude of the effect remains a subject of debate
and research. For example, a recent paper by Poterba (2000) suggests the wealth
effect might be less than three cents per dollar, while work by Ludvigson and
Steindel (1999) finds evidence that the effect of wealth on durable goods spending
is larger and more long lasting than its effect on total spending.

This study analyzes the determinants of real housing price change using a sample
encompassing 130 metro areas from 1984 through 1998. The model introduces a
wealth effect on housing prices, and an MSA fixed-effects model is utilized to
account for changes in metropolitan-specific cost factors. The model is estimated
with a maximum likelihood procedure that allows correction of the time-series,
cross-sectional sample for heteroskedasticity and autocorrelation within
metropolitan cross sections.
The sample data of housing prices are derived from recently available qualityadjusted housing price indexes reported by the Office of Federal Housing
Enterprise Oversight (OFHEO). OHHEO's House Price Indexes are available at
the MSA level. They track average house price changes in repeat sales or
refinancings on the same single-family properties and are based on analysis of
data obtained from over 11.9 million repeat transactions over the past twenty years
(OFHEO, 1999).

Equation (5) is estimated using a pooled time-series cross-section model with
MSA fixed effects.3 In place of
which represents the percentage change
in MSA-specific cost factors, a vector of MSA dummy variables (fixed effects) is
utilized to capture the average percentage change in MSA-specific cost factors
over the sample period.
All of the variables in Equation (5) reflect changes in real values; thus, in
compiling sample date, all monetary values are deflated by a regional index of
prices, in order to focus on changes in real values. The regional Consumer Price
Indexes (CPI-U), compiled by the Bureau of Labor Statistics (BLS), are used to
measure price level changes. Specific aggregate price indexes are available for
twenty-four metropolitan areas.4 For those MSA's where the BLS does not
produce a specific CPI-U, the CPI-U for the corresponding urban census region
is used.
To test the appropriateness of the price deflation procedure, a restricted sample is
formed using only the twenty-four MSAs for which the BLS has a metropolitan
specific CPI-U. The model (Equation (5)) is estimated using the restricted sample,
and the results are reported in the Appendix in Exhibits A.1—A.3. (The Appendix
exhibits correspond with Exhibits 1-3.) Overall, the restricted-sample results
accord completely with the findings obtained using the full sample of 130 MS As.
The results from the full sample are discussed in the following sections.

The sample data covers 130 metropolitan markets with annual data for 1984-98.
The real price variable
is the quality-adjusted housing price index for
metropolitan markets reported by the OFHEO and deflated by the regional price
index. The real income variable
is the personal income per capita in real
terms for the MSA. The real wealth variable
is measured by the S&P 500
stock index deflated by the regional cost index. The effects of real cost factors
are measured in two ways. First the construction cost component of the producer
price index deflated by the CPI-U is used to capture the effects of national changes
in real construction costs.5 Second, factors specific to each MSA, other than real
wage increases, are proxied by MSA-specific dummy variables. Increases in real
wages are captured by the real income variable
The real after-tax interest rate variable
is the annual average real after-tax,
effective rate on conventional loans closed. The after-tax mortgage rate is
computed using the mean tax rate calculated from the personal income series as
reported by the Bureau of Economic Analysis.6 The real rate is computed by
subtracting the ex post inflation rate, as measured by the regional CPI-U's, from
the after-tax mortgage rate.7 The real interest rate variable in Equation (5) is the
percentage change in the real after-tax rate
Population (Pop,,,) is the estimated total MSA population as reported by the Bureau
of Economic Analysis in the personal income series.
In estimating Equation (5), MSA-specific autocorrelation is corrected by
estimating separate AR terms for each MSA cross-section, allowing the AR terms
to vary among the MSAs.8 Hereroskedasticity within MSA cross sections is
corrected with a generalized least squares procedure for cross-section weighted
regression. The White heteroskedasticity consistent covariance correction is also
applied to adjust for non-constant variances across cross sections.
The possibility of lags in the housing market adjustment process was examined
by including into Equation (5) the lagged values of independent variables. The
only variables where significant lags were found were real stock prices and real
construction costs. In the reported results, a lag is introduced into the model for
the stock prices, allowing the real wealth effect to extend over more than one
year. A real construction cost lag also is added to the model to capture the delayed
effects of construction costs on existing house prices.9

Exhibit 1 shows the estimates of Equation (5) with lagged changes in stock prices
and construction costs. All of the coefficients are statistically significant and have
the expected signs. The R2 is 65% and the overall regression model is statistically
significant. The Durbin-Watson statistic indicates most of the effects of
autocorrelation have been removed.

The estimated coefficients reveal that a 1% change in real per capita income is
associated with a modest, but statistically significant, 0.17% change in real
housing prices. A notable feature of the research relates to the effects of real
wealth accumulation (or stock prices) on housing values. A 1% change in stock
prices is found to produce a 0.16% change in housing values after the full
effect of the one-period lag is felt. These results suggest a significant real wealth
effect operates in the existing housing market and that the lagged change in real
wealth makes an important contribution to the total real wealth effect.10
The findings also indicate a 1% change in real, after-tax mortgage interest rates
is associated with a 0.024% increase in real prices, and a 1% change in real
construction costs raises housing values by 0.12% following a one-period lag.
Real housing values at the MSA level are found to be most responsive to changes
in population. A 1% change in the rate of population growth raises communityhousing values by 1.09%.
Exhibit 2 shows the MSA fixed effects for 130 MSAs with the coefficients ranked
from lowest to highest. The dummy variable coefficients of only seven MSAs are
positive, and none of these positive coefficients are statistically significant. This
finding suggests that price appreciation in most all MSAs would have been less
than the inflation rate, were it not for the influence of changes in population and
real changes in income, construction costs, stock market valuation and mortgage
interest rates.11 Among the 130 MSA dummy variable coefficients, sixty are
statistically significant at the 5% level or better and forty-seven are significant at
the 1% level.12

The model appears to be well specified with changes in real income, population,
real wealth, real construction costs and real interest rates accounting for most of
the variation in real price changes among MSAs, leaving comparatively little
variation to be explained by the dummy variables (MSA-specific growth factors).
Over a fourteen-year time period, it is reassuring that real price changes in most
MSAs can be explained by changes in the real income, population, real interest
rates, real wealth and real cost variables. Nonetheless, for the sixty-nine MSAs
with statistically significant dummy variables, local factors also contribute to an
understanding of real price changes. This issue is examined in detail in the
following section.
The coefficients in Exhibit 2 show the average annual percentage increase in real
existing housing values attributable to location, after controlling for real
changes in income, population, wealth, construction costs, and interest rates. For
example, holding the effects of all other independent variables constant, real
housing prices in San Francisco are estimated to have risen 1.7% annually, while
prices in Las Vegas are estimated to have declined 8.8%. A perusal of Exhibit 2
indicates that cities with the largest coefficients are located on the West coast
and Hawaii and in the North and East. The lowest rates of price appreciation
appear in cities in the South and Southwest where land availability is high and
growth restrictions appear to be low.

Four prior studies (Segal and Srinivasan, 1985; Rose, 1989; Linneman, Summers,
Brooks and Buist, 1990; and Malpezzi, 1996) have constructed growth restriction
indexes. The indexes developed by Segal and Srinivasan, Linneman, et al. and
Malpezzi were concerned with local regulatory restrictions on growth. Rose
focused on land availability.
Exhibit 3 shows the correlations between the estimated MSA fixed effects (Exhibit
2) and the indexes developed in other studies. Two sets of correlations are shown.
The first row of Exhibit 3 presents the unadjusted correlations. The second row
lists the correlations obtained using the standard errors of the estimated MSA
fixed effects as weights in calculating the correlation coefficients.
Since the data used in past studies were collected at different time periods and
the time periods do not correspond completely with the dates of the data used in
this study, perfect correlations cannot be expected. Nevertheless, Exhibit 3
indicates that the estimated MSA fixed effects are significantly correlated with
growth restriction indexes developed in prior studies. The negative correlation with
Rose's (1989) index indicates that the fixed-effects measure is negatively
related to land availability. The positive correlations with the other three indexes
suggest that local regulatory restrictions impede housing growth, causing a
larger appreciation in local housing prices. The same pattern of correlation is
found using

the results of the restricted sample of twenty-four MSAs, which is shown in
Exhibit A.3.
The correlation results shown in Exhibit 3 (Exhibit A.3) indicate that the fixed
effect coefficients reported in Exhibit 2 (Exhibit A.2) may be interpreted properly
as measures of the magnitude of restrictions on housing growth attributable to
specific metropolitan areas. Thus, the empirical model employed in this study
provides a useful approach for measuring the effects of restrictive growth
management policies and limited land availability.

This study examines housing price growth dynamics in metropolitan areas across
the U.S. Real housing price appreciation is found to be strongly influenced by the
real growth of population, income, construction costs and interest rates. The real
stock market appreciation is also found to impart a strong current and lagged
wealth effect on the growth of real housing prices. Lastly, appreciation rates are
found to vary across areas because of location-specific fixed-effects, although most
of the variation in appreciation stems from differences in the rates of growth of
real income and population.
The MSA fixed effects in this study represent the residuals of housing price
appreciation attributable to location. The magnitudes of the fixed effects in
particular cities are positively correlated with restrictive growth management
policies and limitations on land availability. Therefore, the empirical model in this
study provides a useful method of identifying the effects of restrictive growth
policies and limited land availability on the pace of housing price changes in
specific MSAs.

1 Ludvigson and Steindel (1999) report that a one-point move in the Dow Jones Industrial
average changes household wealth by $1 billion to $2 billion.
2 The sign on the real mortgage interest rate variable is indeterminant because when
interest rates rise, the housing supply curve shifts upward to the left, while the housing
demand curve shifts downward to the left. The net impact on housing prices and the
real interest rate coefficient depends on the relative shifts of the demand and supply
curves. Although it would be possible to try variations of current and lagged interest
rates, theory does not provide a model for choosing a particular interest rate
specification. The efficient markets literature suggests, however, that historical interest
rate changes should not be related to current and future interest rate changes. Also the
expected impact of interest rate changes on housing prices is expected to be minimal
compared with other variables such as population and real income changes.
3 The variables for real wealth, real after-tax mortgage rate, and real construction costs
are estimated for MSAs using national data The use of national data permits the
variation in real housing prices because of local growth restrictions to be captured by
the MSA-specific dummy variables.
4 The twenty-four areas are: Anchorage, Atlanta, Boston, Chicago, Cincinnati, Cleveland,
Dallas, Denver, Detroit, Honolulu, Houston, Kansas City, Los Angeles, Miami,
Milwaukee, Minneapolis, New York, Philadelphia, Pittsburgh, Portland, St. Louis, San
Diego, San Francisco and Seattle.
5 Producer Price Index series number WPUSOP1220.
6 The tax rates are calculated using personal income and personal disposable income;
however, the personal disposable income series is not available for specific MSAs.
Although the impact of using a national tax rate is likely to be small, there could be a
shift in some MSA dummy variables.
7 Ideally, the ex ante rather than the ex post inflation rate might be subtracted to calculate
the real interest rate, but ex ante inflation rates are only available nationally rather than
regionally. Also, because this study encompasses a fifteen-year time period, the
differences between ex anti and ex post rates should not be large, since over long time
periods ex ante and ex post inflation rates should be the same.

8 Estimations were undertaken using the Eviews 3.1 software package from Quantitative
Micro Software.
9 The results for the construction cost variable indicate that only the lagged construction
cost variable is statistically significant, while the current construction cost variable is
not. This result is not surprising based on the time delay in construction and the
expectation that cost impacts to the existing home markets would rise only after new
home prices adjust to higher construction costs. Also, contracts often "lock in" new
house prices during construction, with higher costs being absorbed by the contractors
thereby reducing their profits. Only the lagged construction cost variable coefficient is
reported.
10 It is likely that the local impact of stock prices may vary by metropolitan area,
because of differences in stock holdings and the distribution of wealth. To test for this
possibility, a separate slopes model was constructed with an interaction effect of the MSA
dummy variables and the real wealth variable, that is, adding 130 slope coefficients to
the model. At that point, the national real wealth variable is removed from the model to
avoid a singular data matrix. A separate slopes model for the lagged real wealth
variable was not possible because the model becomes singular, so the lagged national
real wealth variable is retained in the model together with the separate slopes (MSA wealth
specific) variables. A Chow test is conducted by comparing this specification with the
regression shown in Exhibits 1 and 2. The F-value of 1.5 is statistically significant, but
the R2 increases only about 1%. The coefficients on the stock-market variables shown
in Exhibit 1 reflect an average real wealth effect calculated across all 130 areas. When
the MSA dummy variables shown in Exhibit 2 were compared with the set obtained
using the separate slopes model, the correlation was found to be quite close. The
Spearman rank coefficient is 0.86. This result suggests that while there is some change
in the rankings of MSA price growth as measured by the dummy variables, most
MSAs rank very similarly under either model. The same procedure was repeated with
the twenty-four MSAs shown in Exhibits A1—A3, the Spearman rank correlation is
0.775, largely the same as with the 130 MSA sample. 11
11 From 1985 through 1998, the average real growth in residential housing prices was only
0.9% annually, not controlling for other influences including changes in income,
population, stock market wealth, construction costs and interest rates.
12 An F-test of the joint significance of the MSA coefficients revealed a calculated Fvalue of 1.10, which is not statistically significant at the 5% level. The test involves
a comparison of the error sum of squares between the "restricted" and "unrestricted"
regressions. Pindyck and Rubinfeld (1981: 124) detail the statistical test.
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