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ABSTRACT
This study evaluates the existence of asset bubbles in Florida metropolitan statistical
areas during 2000-2010. Estimation occurs in two stages with the first being the estimated
fundamental price of housing using a fixed effects estimator. Once the fundamental price of
housing is determined an error correction model of housing prices is estimated to evaluate the
degrees of serial correlation and mean reversion existing in the sampled geographic areas. Serial
correlation and mean reversion are then interacted with the hypothesized effects of information
costs, supply costs, and expectations of future price behavior to uncover variation in the dynamic
response of housing. The results suggest that fluctuations in home sale transactions volume,
construction costs, and expectations of future price behavior interact with market dynamics.
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1. INTRODUCTION
Continuing interest in house price behavior has financial institutions and academia
examining the tumultuous housing affair of the previous decade. Among the many housing
markets that experienced dramatic appreciation rates, Florida housing markets1 provide explicit
evidence of variation in the boom-bust cycle in house prices. For instance, although the average
appreciation rate2 of house prices in Florida metro areas between January 2000 and January 2006
was 84.95%, Jacksonville house prices appreciated by only 54.31% while Port St. Lucie house
prices soared by 177.79%. Moreover, Jacksonville house prices peaked in June 2006 while Port
St. Lucie house prices peaked in February 2006. Rigorous treatment of house price behavior is
needed to better characterize the boom-bust cycle of Port St. Lucie and Jacksonville markets.
Through the use of empirical tests and the framework developed by Capozza et al.
(2004), this study adds to the housing literature by analyzing variables more consistent with the
developed hypotheses for the effects of information costs, supply costs and expectations on
serial-correlation and mean reversion in house prices. In addition, a hedonic index of housing
prices for 14 Florida metropolitan statistical areas is used for more accurate analysis of the
turbulent housing market during the last decade.
Estimation occurs in two stages with the first being the estimated monthly equilibrium price
of housing corresponding to each specific metro-area. The second stage estimates correspond to

1
2

For the list of sampled Florida Metropolitan Statistical Areas and corresponding graphs see Appendix.
Appreciation rates derived through the use of FNC, INC. Residential Price Index.

1

metro-area specific market dynamics such as serial-correlation, mean reversion, and
contemporaneous adjustment of prices. Then, each market dynamic is interacted with variables
consistent with the hypotheses of existing literature in order to uncover why market dynamics
vary through time. Among the factors that affect market dynamics are changes in the volume of
home sales, expectations of house price appreciation and construction costs. The market
dynamics are then adapted to a second order difference equation to see which region of dynamic
behavior autocorrelation and mean reversion correspond to. The results suggest that throughout
the decade prices were non-oscillatory.

2

2. LITERATURE REVIEW
Many popular studies have assessed the existence of asset bubbles in the real-estate
market. However, in order to understand bubble behavior one must be equipped with a concise
definition of what a bubble is. Stiglitz (1990) defines a bubble as: “If the reason that the price is
high today is only because investors believe that the selling price will be high tomorrow-when
„fundamental‟ factors do not seem to justify such a high price-then a bubble exists.” Thus, it is
necessary to distinguish between economic fundamentals and factors that contribute to bubble
behavior, namely, non- fundamentals. Mayer (2011) provides two definitions of a housing
bubble. The first indicates that a housing bubble exists when house prices are rising more than
suggested by fundamentals in a boom and falling faster than suggested by fundamentals in a
bust. The second definition pegs specific growth rates for a time-horizon, such as extreme house
price movements of 20%, 30%, or even 40% per year for two or three years followed by a bust
of similar magnitude.
It is of importance to consider why bubbles matter in real-estate markets. Studying the
Massachusetts real-estate boom of 1984-1987; Case (1991) concludes that the real-estate cycle
amplifies the business cycle significantly (both on the upside and downside). Furthermore,
consider the existence of a wealth effect from house price appreciation. It seems entirely clear
that steady appreciation amongst house prices could result in different consumption patterns
amongst families but household wealth would still be increasing. With regard towards wealth
generated by the stock market, Poterba (2000) goes on to state, “even if the marginal propensity
3

to consume out of wealth is smaller than the estimates in many macroeconomic models suggest,
the sheer magnitude of the wealth accumulation during the last decade still translates into a
substantial increase in aggregate consumer spending.”3 It is reasonable to assume that during
periods of dramatic home price appreciation that home owners will feel wealthier and thus spend
more. So, the study of real-estate bubbles is important and beneficial in maintaining a steady
economy.
Capozza and Helsley (1989) develop a model for the price of urban land in which they
conclude that urban land is composed of four components: the value of agricultural land rent, the
cost of conversion, the value of accessibility, and the value of expected future rent increases (the
latter reflects a growth premium). Adding to the Capozza and Helsley (1989) interpretation of
urban land, Abraham and Hendershott (1993) develop a model to estimate the change in the
fundamental price of housing. Abraham and Hendershott (1993) view the determinants of real
house price fluctuations to be fluctuations in: employment, real income, real construction costs,
and real after-tax financing cost. Although the Hendershott model is intuitively appealing it rests
on the assumption that real house prices are cointegrated with fundamental variables.
Malpezzi (1999) tests this notion by using a panel unit root test. His results showed that
the null hypothesis of no cointegration can be rejected. Moreover, Meen (2002) uses national
level data to test for cointegration of prices and fundamentals. At conventional significance
levels, his reported tests do not find evidence for cointegration. However, the relevant test
statistics were sufficiently close to their critical values, thus Meen concludes that prices and
fundamentals are cointegrated. Gallin (2003) tests the cointegration of prices and income by
utilizing more powerful tests than the panel unit root test utilized by Malpezzi (1999). Gallin
3

Poterba, James (2000), p. 108.
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determines that one cannot reject the null hypothesis of no cointegration between prices and
income for the national and local levels. However, a shortcoming of Gallin‟s research rests
within his sample data. Wilcox (2008) states, “However, Gallin, unavoidably in 2003, used data
that did include much of the recent (and unprecedented) upswing in U.S. house prices, but did
not include the current downswing.”
While each of the previously mentioned articles developed the framework for which
economists can estimate the intrinsic value of real-estate, none identify which factors are most
important for spawning bubble activity. Goodman and Thibodeau (2008) conclude that a major
determinant of bubble activity is the supply elasticity of housing. A similar result was implied in
Abraham and Hendershott (1996) where the researchers studied whether coastal cities were
subject to more bubble activity compared to inland cities. Abraham and Hendershott (1996)
determine that coastal cities were more affected by non-fundamental forces than inland cities.
Contributing to this notion, Saiz (2010) concludes that most areas that are widely regarded as
supply-inelastic are severely land-constrained by their geography. Also, Saiz (2010) determines
that strict regulatory constraints to development are strongly associated with physical land
scarcity. Another suspected “bubble generator” is credit availability. As stated by Higgins and
Osler (1998), “The idea that credit dynamics could affect house price growth is closely related to
the bubble hypothesis: a bubble occurs whenever asset prices experience a sustained rise beyond
the levels justified by fundamentals, and this remains true even if the bubble is accompanied or
fueled by rapid credit growth.” Wheaton and Nechayev (2008) evaluate the degree to which
economic fundamentals contributed to the rise in house prices by using time series analysis
(notably regime switching models). They conclude that prices rose far faster than could be
explained by fundamentals and that the degree of excess price appreciation was strongly related
5

to new influences on the housing market. These influences were the widespread availability of
subprime loans and purchases of houses as second homes and investments. Lai and Van Order
(2010) define a bubble as a “regime shift that is characterized by a change in the properties of
deviations of actual house price growth from its fundamentals, which comes from estimates of
house price growth as a function of lagged responses to the present value of expected future
service flows.” The researchers find evidence of momentum in the deviations from house price
growth fundamentals during the time period 1999-2005, with momentum increasing after 1999.
Most importantly, they conclude that the bubble began in the second half of 2003 due to random
changes which were associated with interest rate fluctuations and increasing subprime and ARM
activity.
Due to the number of competing economic models of housing behavior it is important to
evaluate which model has the deftest performance. Stevenson (2008) conducts a study that
compares competing models for housing market behavior. He concludes that the error correction
specification is the most consistent model and also has the least diagnostic problems. Building
from the Abraham and Hendershott (1993, 1996) framework on error correction models,
Capozza et al. (2004) deploy econometric techniques to uncover bubble behavior in different
housing markets. The researchers translate the error-correction framework into a corresponding
second-order difference equation that defines a bubble as when the coefficient pairs (serial
correlation and mean reversion estimates) lie in the “divergent or explosive region.”

6

3. PRELIMINARIES
Since previous research has found error-correction models to be the most sound when
analyzing bubbles, this research adopts the framework of Capozza et al. (2004). The first
variable to be estimated is the log of real equilibrium value, which will be the long-run
equilibrium value for the unit price of housing space that is determined by economic
conditions,
= (

:

)

Where (

(1)
) is a vector of exogenous explanatory variables such as population level, real

income, real construction cost and user cost.
The user cost variable is a derived variable that is adapted from Himmelberg et al.
(2005). This variable consists of six components. The components of the user cost variable
represent both costs and benefits to homeownership. As stated in Himmelberg et al. (2005),
“These items should be viewed in opportunity cost terms. For example, an owner might make
annual maintenance expenditures or else allow his home to slowly depreciate in value; either
way, a cost is incurred.”

The first variable used in the derivation is the interest rate that a

homeowner forfeits through ownership. This interest rate is the risk-free rate earned on a riskless
treasury bill. The second component of user cost is the yearly property tax rate, which varies by
metropolitan area in Florida. This component was derived through the FNC database as assessed
value of property divided by property tax paid.
7

The next variable materializes as a benefit to homeownership and is the tax deductibility
of mortgage interest and property tax payments. The mortgage rate, as opposed to the treasury
bill rate, was used when computing the tax benefit of homeownership. Moreover, the tax rate is
constant across time and metropolitan area. This study assumes that the marginal tax rate of the
typical homebuyer is 25%, as in Himmelberg et al. (2005, p.8). Another component used in the
derivation captures the effect of maintenance costs and is simply an estimated depreciation rate.
The depreciation rate of housing is used as 2.5%; such as estimated in Harding et al. (2004,
p.24).
Another benefit to homeownership is the yearly expected return for the housing
investment. There are a few points to address concerning the expected return for homeowner.
First, the expected rate-of-change of house prices is a metropolitan area specific expectation that
could be correlated with time invariant features such as land supply restrictions. Thus, pooled
OLS on the panel will be problematic due to omitted variable bias. To address issues, a rational
expectations model of home price appreciation is developed and estimated using fixed effects for
metropolitan statistical area.

The rational expectations model is discussed further in the

hypothesis section. For results, see appendix chapter, “On Rational Expectations.”
Finally, the last term in derivation of the user cost is the risk-premium of homeownership,
which rewards homeowners for bearing additional risk versus the alternative of renting. The
risk-premium of homeownership is assumed to be 2.0% across time and metropolitan area as in
Flavin and Yamashita (2002). Denote user cost as
(

)

(3)
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then:

where

denotes the risk free rate in period t,

the mortgage rate,
and

the property tax rate,

the depreciation rate,

the marginal tax rate,

the expected appreciation rate of real estate,

the risk premium of ownership. Consider the following numerical example for the

Tampa-St. Petersburgh area for January 2001 where the risk-free rate(
property tax rate (
mortgage rate (

) is 5.15%, the

) is 1.64%, the marginal tax rate of the typical homebuyer ( ) is 25%, the
) is 6.79%, the depreciation rate ( ) is 2.5%, the expected appreciation of

home-prices for the upcoming year (

) is 7.95%, and lastly the risk-premium of

homeownership ( ) is 2.0%. Then, the user cost for the Tampa-St.Petersburgh area for January
2001 is 1.23%. The user cost is interpreted as the monthly cost per dollar of house value. So,
for every dollar of home price, the owner pays 1.23 cents per month in cost. Finally, the errorcorrection model draws heavily from Capozza et al.(2004) and is specified as:
)+
where

,

(4)

is the log of real house values at time t and ∆ is the difference operator. The first term

on the right-hand side, , is the serial correlation coefficient and
equilibrium. The third variable on the right-hand side,

is the rate of reversion to

measures the contemporaneous

adjustment to fundamentals. Equation (3) can be expanded into difference equation form by the
substitution of

for

which results in the following:

)

)

Consider the case where

=

, a constant such that

(4)
≠

, then equation (4) can be viewed

as a second order difference equation:
+

=K;

(4a)
9

where a1, a2, and K are all constants. We can study the dynamic behavior of equation (4) by
applying the z-transform,
Where

=A

, then (4a) becomes:

A

,

(4b)

After canceling the common (nonzero) factor,

(4b) becomes:

.

(4c)
)

Substitution of
for

and

for

into (4c) leaves,
)

.

(5)

The solution of this quadratic is the pair of roots
) √

,

given by:

)

(6)

When the estimated parameters satisfy the following inequality:
)

4 ,

(7)

Then the roots are complex and oscillations or cycles will occur. Thus, when

satisfy the

inequality in (7), housing prices with exhibit oscillatory or cyclical behavior.
A necessary condition for convergence to equilibrium is that the absolute value of serial
correlation, , is less than one:
| |

.

(8)
10

Thus, (7) and (8) divide the areas for which the (α , β) pairs will fall. Figure (1) details the
dynamic behavior of the (α , β) pairs dependent on their relationship to the inequalities (7) and
(8).
Figure 1: Conditions for Dynamic Behavior of (α, β).
Region

Condition

Description

I.

)

4 , | |

Convergent, No Oscillation

II.

)

4 ,| |

Divergent, No Oscillation

III.

)

4 ,| |

Convergent, Oscillation

IV.

)

4 ,| |

Divergent, Oscillation

Thus, when autocorrelation is greater than 1.0 house prices are diverging from their
fundamentals. However, house prices will also overshoot when the autocorrelation and mean
reversion coefficient pairs are values located within the “oscillatory” region (Regions III and IV).
Capozza et al. (2004, p.3) states that, “mathematically, a coefficient pair that lies in the divergent
or explosive region is one way to define a “bubble.”‟

11

4. DATA
Previous literature concerning real-estate markets peg housing prices to various different
housing indexes. The most notable of these are the S&P Case-Shiller index, the National
Association of Realtors index (NAR), and the Office of Federal Housing Enterprise Oversight
(OFHEO) index. This study uses the hedonic index developed by Dorsey et al. (2010) and was
provided by the Mississippi based mortgage technology firm FNC, Inc. In much of the previous
housing studies concerned with the price behavior of the housing market often entertain housing
price indexes that are of either median-sales price or repeat-sales methodology. The most
popular of the mentioned indexes are the National Association of Realtors (NAR) median-sales
price index and the S&P Case-Shiller repeat sales index. Also frequented is the Office of
Federal Housing Enterprise Oversight (OFHEO) house price index which, similar to the S&P
Case-Shiller index, is of repeat-sales methodology. The advantage of these indexes rests with
the relatively small amount of data needed for calculation. Each index, however, is not without a
common shortcoming. No index of either repeat-sales or median-sales price methodology is able
to control for changes in the quality of each house in the sample collected. The inability to
control for quality causes bias in each indexes‟ respective estimate of the state of the housing
economy (Gatzlaff et al., 1997). The hedonic index developed in Dorsey et al. (2010), however,
can control for quality. Thus, in order to provide precise estimates of the effect of fundamental
and non-fundamental factors on the housing economy necessitates the use of a hedonic index.
The hedonic house price index (referred to as RPI), begins in January 2000, which is the first
month considered in this study. Thus, for estimating model (1) this data are used as a measure of
12

housing prices is the FNC RPI. The explanatory variables for model (1) come from several
different sources. Population level data by metropolitan area was obtained through the census.
Other variables such as income, employment, unemployment, and the consumer price index
(CPI) were obtained through the Bureau of Labor Statistics. Measures of construction costs can
be obtained through RS Means. The variables used in the derivation of the user cost measure
were obtained through different sources and previous literature. The risk-free rate is the standard
3 month Treasury bill rate was obtained through the Federal Reserve Bank of St. Louis (FRED).
The property tax rate was derived from data provided by FNC. Historical mortgage rates were
obtained from Freddie Mac and consist of the historical 30 year, 15 year fixed rate mortgages
and historical 1 year adjustable rate mortgages. Summary statistics are reported below in Table
1.

13

Table 1: Summary Statistics of Florida Metropolitan Statistical Areas
Variable
Unemployment
Rate(%)
Mortgage Rate (%)
Residential Price
Index( Real RPI)
Transactions
Real Per-Capita
Personal Income
Real Construction
Costs
Log of User Cost
Five Year % Change
in Population

2000-2010
5.695

2000-2005
4.489

2006-2010
7.143

(2.912)
5.588
(0.921)
128.467

(0.991)
5.818
(0.988)
122.035

(3.694)
5.312
(0.745)
136.187

(32.764)
1,800.49
(2,113.79)
28,416.34

(26.127)
2,211.93
(2,484.85)
27,573.22

(37.875)
1,306.76
(1,406.41)
29,428.08

(3,169.01)
101.467

(3,018.78)
97.576

(3,048.19)
106.135

(9.208)
-2.305
(0.404)
0.096

(4.048)
-2.362
(0.441)
0.097

(11.268)
-2.235
(0.334)
0.095

(0.037)
13.303
(0.949)
1004

(0.052)
13.405
(0.946)
840

(0.042)
13.349
(0.948)
N
1844
*Standard Deviation reported in parentheses
Log of Population
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5. EMPIRICAL ESTIMATES
The first stage of estimation pertains to equation (1) where the long-run equilibrium prices of
housing are the fitted values

. In order to avoid omitted variable bias, equation (1) was

estimated using fixed effects for month and metro area. The main reason for the suspicion of
omitted variable bias with pooled OLS is the importance of land supply restrictions to the model.
As mentioned in the literature review, areas with stricter land supplies often experience more
dramatic price run-ups than areas that are land locked. Thus, metro area fixed effects absorbs
this time invariant land supply. The long-run equilibrium prices of housing are modeled by
equation (1‟) and the results are reported in Figure 2.

(1‟)
= natural logarithm of FNC, INC. Residential Price Index
= natural logarithm of User Cost
= the five year percentage change in population
= natural logarithm of the population level
= natural logarithm of real construction costs
= natural logarithm of real per-capita personal income

The results in Figure 2 are similar to the findings of Capozza et al.(2004). However, the sign of
the log-of-population variable is not consistent with existing literature. This inconsistency is
attributable to the data sample and the inclusion of 5 year change in population as a variable.
15

Specifically, consider smaller metropolitan statistical areas that exhibited very high house prices
as opposed to larger metropolitan areas to which home prices were not as accelerated (for
example, Port. St. Lucie experienced a much more pronounced acceleration of home prices than
did Jacksonville).
Figure 2: Fixed Effects Estimation (metro, month): Fundamentals.
Variable
Dependent Variable: Log of
RPI
Log of User Cost
Five Year % Change in
Population
Log of Population
Log of Real Construction
Cost*
Log of Real Per-Capita
Personal Income

Coefficient

t-Statistic

-0.0485***
(0.00769)
4.3921***

-6.30

(0.1449)
-1.2032***
(0.0728)
0.5515***
(0.0666)
3.1598***

30.32

-16.52
8.28

34.95

(.0.0904)
N
1844
R-squared
0.7289
*** Denotes significance at 1%, *for more discussion on this variable see appendix section,
“Concerning Construction Costs.”
Since the 5 year change in population is controlled for the sign of the log-of-population variable
should be interpreted as the elasticity between home prices and a change in location to an area
with a higher population. Also, besides the log-of-user cost, each coefficient is larger in
magnitude than those in Capozza et al. (2004). This could be attributable to the sample of
housing markets, the time horizon of the study, or the difference in methodology of the house
price index used (hedonic vs. median price series). The fitted values from the estimation of
model (1) are then used in construction of the mean reversion and contemporaneous price

16

adjustment of variables needed for estimation of model (4). The second stage estimates employ
fixed effects in the same manner of the first. The variables are defined below in Table 2.
Table 2: Error Correction Model Variable Definitions
Variable
Dependent Variable
Autocorrelation
Mean Reversion
Contemporaneous Price
Adjustment

Function

Definition
̂
̂

Thus, we are interested in seeing how much of

̂

is attributable to autocorrelation, mean

reversion, and the contemporaneous price adjustment to long-term fundamentals. The results
from fixed effects estimation of model (4) are contained in Figure 3 below.
Figure 3: Fixed Effects Estimation: Error Correction Model
Variable
Dependent Variable:
(Serial Correlation)
(Mean Reversion)
(Contemporaneous
Adjustment)

Coefficient

t-stat

0.1190***
(0.02310)
0.009176*
(0.004767)
0.2323***

5.15
1.92
17.28

(0.01344)
N
1812
0.146628
***Denotes significance at 1%, ** 5%, *10%.
As demonstrated, there is a highly significant degree of serial-correlation which exists amongst
house price behavior in a monthly series. Also, not only is the degree of serial-correlation
greater than that of mean reversion, the statistical significance of mean reversion is only at 10%.
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6. VARIATION IN SERIAL CORRELATION AND MEAN REVERSION
After estimation of equations (1) and (4) it is clear that market dynamics were at play in the
sampled housing markets. However, variables which affect market dynamics are unknown. This
stage of the study aims to uncover the conditions for which market dynamics will vary.
Different estimates of α and β will be evidence of cross-sectional variation in dynamic responses.
Consider a vector of variables

which are suspected to cause variation in serial correlation

and mean reversion. To estimate the interaction of
needed. First, create {

( )∑

on market dynamics a transformation is

, where the mean of each variable

is taken by

metropolitan area, then multiply the resulting value times the market dynamic of interest. Thus,
rewrite (4) as
∑
} { ∑

{

( )∑
( )∑

)} +

{

}

)

(4‟)
where indexes the variables,

indexes metropolitan statistical area, and t indexes time. As in

Capozza et al. (2004), this study expects variation in market dynamics will depend on
information costs, supply costs and constraints, and expectations.
First, consider the effect of information costs on the real estate market. Due to product
heterogeneity in real estate markets consumers tend to have difficulty in determining the value of

18

their potential choice of housing. This difficulty results in high information costs. Thus, to
study the effect of information costs on the real estate market one must consider the number of
transactions in the market. Clapp et al. (1995) study this effect and argue that an increase in the
number of transactions results in an increase in the mean reversion of the real estate market.
Capozza et al. (2004) use population and population density as proxies for the number of
transactions in a metro-area. These variables, however, can lead to misleading results when
considering metro-areas of similar size. The number of transactions was provided in monthly
form by FNC, INC.
The next variable hypothesized to have an effect on serial-correlation and mean reversion
is the effect of expectations. As market participants expect increasing prices real estate markets
will exhibit greater degrees of serial correlation. It is expected that the “backward looking
expectations” mentioned in Case and Shiller (1988, 1989) and Shiller (1990) are strongly
correlated with the health of the real estate market. Case and Shiller (1988) use surveys to
determine that participants in booming real estate markets have greater magnitudes of expected
house price appreciation. Capozza et al. (2004) employs per capita personal income as a
variable to proxy for house price expectations. This study explicitly models both near-term and
distant expectations by drawing from Muth (1961). Therefore, the expectation of house prices in
period ‘t’ is represented by the predicted value of the FNC,inc. residential price index (RPI)
conditional on the previous periods information, or
|

4

),

|

), …,

|

),4

See Appendix for coefficients and standard errors from the rational expectations model.
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thus, market participants are assumed to consider expectations as far ahead as 6 months. The
information set consists of the lagged values of the mortgage rate (see comment earlier on this
variable), unemployment rate, and housing permits. Testing the expectations hypothesis will
determine which, if any, expectation has a larger effect on serial correlation and mean reversion
in markets.

5

Lastly, consider the effect of increasing supply costs on market dynamics. Capozza et al.
(2004) makes the argument that the effect of increasing supply costs is correlated with an
increase in the degree of serial-correlation in a housing market. Thus, since the cost of
construction is related to the fundamental value of the structure it should be expected that
increasing supply costs would re-enforce house prices. The results of the fixed effects panel
estimation for metro-area are listed below in Figure 4.

5

nd

See also Maddala, G.S. 1992. Introduction to Econometrics, 2 ed., Macmillan.
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Figure 4: Fixed Effects Estimation of Variation in Market Dynamics
Variable
Dependent Variable:
Serial Correlation
Serial Correlation *
Change in Construction
Costs
Serial Correlation *
Change in Number of
Transactions
Serial Correlation *
|
)
Change in

Serial Correlation *
|
)
Change in

Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)

Coefficient

Variable (continued)

Coefficient

0.1511***
(0.0235)
2.5395***

Mean Reversion

0.0129***
(0.0050)
0.0251

Mean
Reversion*Change in
Construction Costs

(0.6211)
0.4147***

Mean
Reversion*Change in
Number of Transactions

(0.0606)
-1.0359**

Mean
Reversion*Change in
|
)

(0.5115)
-1.6073***

Mean
Reversion*Change in
|
)

(0.5311)
-0.2655

Mean
Reversion*Change in
|
)

(0.5622)
-1.5345**

Mean
Reversion*Change in
|
)

(0.6082)
-1.0914*

Mean
Reversion*Change in
|
)

(0.6477)
-0.6291

Mean
Reversion*Change in
|
)

(0.6567)
Contemporaneous
Adjustment
N
***Denotes significance at 1%, ** at 5%, * at 10%
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(0.0973)
-0.0298**

(0.0152)
-0.0436

(0.1156)
0.3392***

(0.1195)
-0.1128

(0.1256)
0.3684***

(0.1312)
0.4967***

(0.1342)
0.0795

(0.1310)
0.2509***
(0.0141)
1756
0.1973

The results above provide striking evidence of the determinants of market dynamics.
Serial-correlation and mean reversion are increasing in markets with higher levels of real
construction costs, though; the latter of which is statistically insignificant. Furthermore, markets
with a higher volume of transactions exhibit higher levels of serial-correlation with lower levels
of mean reversion. The estimated effect of transactions on mean reversion is a departure from
Capozza et al. (2004), whom reported that markets with larger populations (their proxy for
transactions) exhibited higher levels of mean reversion. Lastly, serial-correlation is related to
expectations of price behavior but only with expectations of 1, 2, 4, and 5-months ahead of
market information. Moreover, the sign suggests that expectations and serial-correlation are
inversely related, which is not consistent with the before mentioned hypotheses. Mean reversion
is highly correlated with increases in expectations of 2, 4, and 5-months ahead of market
information. As depicted, statistical significance of the interaction of mean-reversion and
expectations varies by month. This is likely due to the use of a monthly series of house prices as
opposed to annualized data.
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7. OTHER ESTIMATION TECHNIQUES
The market dynamics reported in Figure 4 were also estimated using pooled-OLS which
resulted in appropriately signed effects suggested by existing literature. However, pooled-OLS
is problematic due to the failure to control for the amount of developable land in a metro-area.
Metro-areas with stricter land constraints are expected to exhibit higher degrees of serialcorrelation. However, the interaction effects of the amount of developable land in a metro-area
on serial-correlation and mean reversion were statistically insignificant in Capozza (2004). To
justify the use of fixed effects over pooled OLS one must utilize the specification test devised by
Hausman (1978) with the fixed effects estimator as consistent under both null and alternative
hypotheses and pooled OLS estimator inconsistent under the alternative. Thus, a chi-square
statistic that rejects the null hypothesis confirms erroneous estimation with OLS and suggests
that fixed effects estimation is the choice technique.
(

̂

){

[

̂

]}

̂

) = 33.71

The Hausman test safely rejects the null hypothesis of consistency amongst both estimators.
Another estimation strategy involves estimation of (1) and (4) for 2 separate samples; the
first of which corresponding to the price-run up in house prices and the other for tumbling house
prices. These time periods were generally 2000-2005 and 2006-2010 for the metro-areas
specified in the sample. The results are depicted below. . The equilibrating price relationship is
estimated using fixed effects and each set of results are reported below in Figure 5.
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Figure 5: Fixed Effects Estimation of Equation (1) for (2000-2005) and (2006-2010).
Variable
Dependent Variable: Log of
Real RPI
Log of User Cost
Five Year % Change in
Population
Log of Population
Log of Real Construction
Costs
Log of Real Per-Capita
Personal Income

2000-2005 Estimates

2006-2010 Estimates

-0.03892***
(0.006034)
0.4907**

0.14335***
(0.02005)
3.5709***

(0.2322)
2.3195***
(0.1216)
1.1073***

(0.2349)
-0.009
(0.02252)
-1.1076***

(0.08841)
1.5206***

(0.1509)
1.5862***

(0.1231)
N
1004
0.8448
***Denotes significance at 1%, ** at 5%

(0.1379)
840
0.680139

Holding true with estimates from existing literature, the fundamental factors determining the
price of real estate are appropriately signed during periods of house price appreciation.
However, on the down-swing estimates of the effect of changing fundamentals are not
appropriately signed. First, the results suggest an inverse relationship between house prices and
construction costs. This estimated relationship is the result of depreciating house prices coupled
with increasing construction costs. More interestingly, the sign on the user cost variable is at
odds with existing literature during 2006-2010. This is clearly the result of decreasing home
prices coupled with decreasing values of user cost through the bust. The key issue which
explains why user cost is decreasing rests with the reaction of markets towards decreasing home
prices. As the market began to crash the risk-free rate was slashed to a very low level and
mortgage rates responded by decreasing also. Through the derivation of user cost it is clear that
decreases in the risk-free rate and the average mortgage rate will result in decreases in user cost.
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Therefore, the simultaneous decrease in home prices and user cost result in the inappropriate
sign. Using the fitted values from estimation of (1) for 2000-2005 and 2006-2010 estimation of
(4) is completed and displayed below in Figure 6.
Figure 6: Fixed Effects Estimation of Market Dynamics for (2000-2005) and (2006-2010).
Variable
Dependent Variable:
(Serial Correlation)
(Mean Reversion)
(Contemporaneous
Adjustment)

2000-2005

2006-2010

-0.05617*
(0.0339)
0.0469***
(0.0105)
0.2227***

0.01353
(0.02795)
0.1223***
(0.0167)
0.53768***

(0.0252)
972
.1309
***Denotes significance at 1% and ** at 5%.

(0.0286)
812
.3128

N

Finally, (3‟) is estimated to evaluate the hypotheses for the two separate periods of price
behavior to uncover any systematic relationship between rapid price acceleration or deceleration
and other related variables. The results are reported in Figure 7 and Figure 7‟.
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Figure 7: Fixed Effects Estimation of Variation in Market Dynamics (2000-2005)
Variable
Dependent Variable:

Coefficient

Variable (continued)

Coefficient

Serial Correlation

-0.0387
(0.03422)
1.7023

Mean Reversion

0.0528***
(0.0114)
-0.7246*

Serial Correlation *
Change in Construction
Costs
Serial Correlation *
Change in Number of
Transactions
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)

Mean
Reversion*Change in
Construction Costs

(1.2383)
0.8321***

Mean
Reversion*Change in
Number of Transactions

(0.0910)
-0.0606

Mean
Reversion*Change in
|
)

(0.5828)
1.0172*

Mean
Reversion*Change in
|
)

(0.5233)
0.4957

Mean
Reversion*Change in
|
)

(0.5819)
0.4439

Mean
Reversion*Change in
|
)

(0.6081)
0.3466

Mean
Reversion*Change in
|
)

(0.6539)
-1.2461**

Mean
Reversion*Change in
|
)

(0.2512)
Contemporaneous
Adjustment
N
***Denotes significance at 1%, ** at 5%, * at 10%
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(0.3764)
-0.0282

(0.0406)
-0.1616

(0.2126)
0.6455***

(0.2173)
-0.1573

(0.2349)
0.6661***

(0.2412)
0.0812

(0.2427)
-0.0242

(0.2512)
0.2482***
(0.0255)
916
0.2386

Figure 7‟: Fixed Effects Estimation of Variation in Market Dynamics (2006-2010)
Variable
Dependent Variable:

Coefficient

Variable (continued)

Coefficient

Serial Correlation

.1608***
(0.03977)
0.4554

Mean Reversion

-0.0091*
(0.0052)
-0.0704

Serial Correlation *
Change in Construction
Costs
Serial Correlation *
Change in Number of
Transactions
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)
Serial
Correlation*Change in
|
)

Mean
Reversion*Change in
Construction Costs

(0.7479)
-0.1671**

Mean
Reversion*Change in
Number of Transactions

(0.0722)
-1.1285

Mean
Reversion*Change in
|
)

(0.7402)
-0.8414

Mean
Reversion*Change in
|
)

(0.6906)
-0.1480

Mean
Reversion*Change in
|
)

(0.6375)
-0.9117

Mean
Reversion*Change in
|
)

(0.6410)
-0.7585

Mean
Reversion*Change in
|
)

(0.5991)
-0.3584

Mean
Reversion*Change in
|
)

(0.5539)
Contemporaneous
Adjustment
N
***Denotes significance at 1%, ** at 5%, * at 10%
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(0.1381)
-0.0036

(0.0098)
0.2646**

(0.1338)
-0.0901

(0.1294)
0.0906

(0.1200)
-0.0906

(0.1146)
-0.1372

(0.1172)
-0.1325

(0.1041)
-0.2592***
(0.0148)
733
0.3907

The estimates reported above suggest that during the up-swing in house prices only increases
in transactions and expectations of home prices are expected to have any effect on serialcorrelation. This is not only suggestive of house prices deviating from fundamentals (supply
costs) but also suggests the “backward looking expectations” hypothesis of Case and Shiller
(1988, 1989). Also, mean reversion is correlated with construction costs and expectations.
During the downswing of home prices, however, estimation reveals that only the volume of
transactions had any significant effect on serial correlation while only expectations formed 1period ahead of market information were correlated with mean reversion. Concerning
expectations, the sign of the interaction effects on serial correlation are of great interest since
they take issue with the hypothesis of backward-looking expectations. The contradiction with
Case and Shiller (1988) can be explained by the reaction of rational individuals. Initially,
consider that serial correlation was increasing with expectations as prices were increasing (as
estimated from 2000-2005). Then, at some point rational individuals change their willingness to
invest in real estate. This moment occurs as the financial crisis becomes part of their information
sets. Therefore, during the crash, rational individuals treated real estate as risky and the
collective notion to invest began to wane due to significant changes in the health of the economy.
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8. DISTRIBUTION OF THE FITTED PARAMETERS
The remainder of this study concerns the use of the second-order difference equations and
during which time periods were metro-areas exhibiting oscillatory or convergent behavior. I use
the parameter estimates from Figure 7 to generate the monthly values of serial-correlation and
mean reversion and then analyze these values according to the inequality found in equation (7).
The scatter plot below (Graph 1) depicts the monthly dynamic pair (

) varying by metro-area

and interaction effects6.
Graph 1: Dynamic Pairing

Variation in Market Dynamics (α,β)
0.035

0.025

Mean Reversion

0.015
0.005
-0.005 0.1

0.11

0.12

0.13

-0.015

0.14

0.15

0.16

0.17

0.18

0.19

Autocorrelation

6

For fitted values of the market dynamics in (2000-2005) and (2006-2010), see Appendix section, “Scatter Plots of
Other Estimation Methods”.
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Although the market dynamics are generally concentrated in Graph 1, autocorrelation varied
between 0.1272 and 0.1839 while mean reversion varied between -0.0125 and 0.0385.
Therefore, house prices in Florida metro areas had substantially more variation in autocorrelation
than mean reversion.
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9. RELATING THE (α,β) PAIRS TO THE DIFFERENCE EQUATION
A direct result of allowing the estimate of serial-correlation and mean reversion to vary is the
ability to relate the pair to one of the four regions developed earlier in the study. The four
regions characterize the behavior of prices to economic shocks. In the estimation framework,
these shocks were the variables interacted with serial-correlation and mean reversion. The four
regions are listed below in Figure 1‟. These conditions are placed on Figure 5 to characterize
the dynamic behavior of house prices for the entire panel.
Figure 1‟: Results for Dynamic Behavior of (α , β).
Region

Condition

Description

% of
Values in
Region

)

I.

4 ,

| |
4 ,

| |
4 ,

| |

| |

0%

Convergent,

0%

Oscillation
)

IV.

Divergent, No
Oscillation

)

III.

100%

Oscillation
)

II.

Convergent, No

4 ,

Divergent,
Oscillation
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0%

The results for each estimation method conclude that there was no overshooting behavior
amongst prices in the sample of metro-areas. However, this could be the consequence of using
monthly data for extreme-house price behavior versus the use of annual data for longer-term
persistent house price evolution as in Capozza et al. (2004).
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10. CONCLUSION
Through the entirety of this study I estimated the equilibrating relationship of house prices
consistent with existing literature for 14 metro-areas in Florida during the tumultuous housing
market of 2000-2010. From these estimates I computed the degree of serial-correlation and
mean reversion existing in the sample. Then, I evaluated each of the three hypotheses related to
the effect of economic shocks on serial-correlation and mean reversion in each specific metroarea. The results suggest that serial-correlation is increasing with supply costs and transactions
while decreasing with expectations. Also, mean reversion is increasing with supply costs and
expectations while decreasing with transactions.
The next topic of the study evaluated the former estimation techniques based on the samples
from (2000-2005) and (2006-2010) so as to uncover variation in the dynamic responses of
housing markets corresponding to the boom and bust in house prices. During the boom in house
prices serial correlation was increasing with supply and information costs while expectations had
an inconsistent effect. Serial correlation was increasing with expectations formed for 2 periods
ahead of market information at the 10% level of statistical significance. Furthermore, serial
correlation was decreasing with increases in expectations for 6 periods ahead of market
information at the 5% level of statistical significance. Increases in supply and information costs
were found to decrease mean reversion during the boom of house prices while mean reversion
was increasing with expectations at 2 and 4 periods ahead of market information.
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The story is hardly as simple concerning the bust in house prices. On the way down, serial
correlation is increasing with supply costs while decreasing with information costs. Expectations
played an insignificant interaction with serial correlation. Supply and information costs were
found to have non-significant interactions on mean reversion while only expectations formed 1
period ahead of market information caused increases in mean reversion. For each exploration of
market dynamics the plotted values of mean reversion and autocorrelation indicate that the
dynamic pair belong to the convergent, no oscillation region of dynamic behavior. Thus, using
these regions as a way to define bubble behavior suggests that for the monthly series of Florida
metropolitan statistical area house prices from 2000-2010 house prices were convergent and nonoscillatory.
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12. APPENDIX

12.1. On the Estimation of Construction Costs
The most problematic variable in this study was the construction cost variable. The existing
body of bubble literature select only metropolitan areas for which RS Means and Co. have the
existing construction cost indexes for. Only five cities in Florida have a historical construction
cost index. As mentioned in the main body, the construction cost index for each city is assumed
to be an accurate representation of the cost in an entire metropolitan statistical area. So, for the
remaining metro areas in the study I arrived at two possibilities. First, I can use the average
value of the construction cost indexes across the existing cities in Florida as a broad measure of
where costs are going. Then, I could use this value for each metro area that lacks the
construction cost data. This method is sure to fail while analyzing the determinants of serial
correlation and mean reversion. Second, a multiple regression equation can be constructed out of
variables that are likely correlated with an increase in construction costs. The regression model
is featured in (1).

(1)
Where:

= real construction cost

= log of FNC, inc. Residential Price Index
= log of home transactions
= log of real per capita personal income
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Each independent variable is unique to the time period and to the metro area to which it belongs.
The variables that were most correlated with construction costs were the FNC,INC residential
price index, housing permits, home sale transactions, per capita personal income. Also, dummy
variables were used for each year in the sample. The dummy variables concern the tumultuous
market post 2006. Without the dummy variables, the regression equation may yield counterintuitive signs due to the downswing of house prices, construction, and income. The results are
below in table 3.
Table 3: Construction Cost Estimation: Pooled OLS.
Variable
Log (Real RPI)
Log (Housing Permits)
Log(Transactions)
Log(real PCPI)
2001 dummy
2002 dummy
2003 dummy
2004 dummy
2005 dummy
2006 dummy
2007 dummy
2008 dummy
2009 dummy
2010 dummy
Constant
N
R-squared
*** Denotes significance at 1%.

Coefficient
13.6131***
-2.2381***
8.2441***
-27.7951***
1.5829***
3.2157***
3.2942***
8.8456***
18.7201***
27.9361***
45.5686***
53.5686***
64.0977***
66.1403***
271.9176***
660
.9892

t-stat
11.00
-5.96
21.05
-14.49
3.53
7.12
7.12
17.73
32.30
42.33
74.60
106.44
117.68
110.48
14.97

All variables are significant and carry the expected sign except for the log of personal income.
This, however, is overlooked due to economic and statistical significance. To test the potential
differences between the fitted construction estimates vs. the actual estimates in the metro areas
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for which construction cost indexes are unavailable estimation of the fundamental price
relationship is imperative. So, both fundamental equations are estimated using fixed-effects
(metro area, period) but one fixed-effects model uses the actual construction costs and the other
uses the fitted construction costs.
Table 4: Equilibrating Relationship with Estimated Construction Cost: Fixed Effects.
Variable
Construction Cost (fitted)
Log (Population)
5 year % change in population
Log (User Cost)
Log (Real Per Capita Personal
Income)
N
R-squared

Coefficient
-0.0105***
1.9576***
0.4429
-0.0164
4.6102***

t-stat
-22.20
11.69
1.71
-1.31
36.79

660
.8414

Table 5: Equilibrating Relationship with Actual Construction Cost
Variable
Construction Cost (actual)
Log (Population)
5 year % change in population
Log (User Cost)
Log (Real Per Capita Personal
Income)
N
R-squared
*** Denotes significance at 1%.

Coefficient
-0.0089***
1.4285***
0.6824***
-0.0187
4.5277***

t-stat
-17.70
8.07
2.36
-1.37
33.13

660
.8114

The use of fitted construction costs causes no dramatic changes in the equilibrating relationship
amongst house prices and their fundamental factors. Each variable carries both statistical and
economic significance with the appropriate sign suggested by the existing body of literature with
the exception of construction costs. As depicted, the sign for construction costs is negative in
both instances. This result is a feature of depreciating home values while construction costs
continue to increase in the latter half of the sample data.
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12.2. On Rational Expectations
Due to the hypothesized effect of expected house price behavior on market dynamics and the use
of 1-month a head house price expectations (user cost derivation) a rational expectations model
was developed. But first, a few preliminary assumptions need discussion.
(1) There exists a unique mathematical expectation of the random variable
given set of information

based on the

.

(2) Economic agents behave as if they know this conditional expectation and equate their
own subjective expectation of

to this conditional expectation. Thus, the economic

agent behaves as if he has full knowledge about the model.
Thus, suppose that economic agents are making metropolitan statistical area specific
expectations of 1, 2, .., 6-steps ahead of house price behavior,

. One can go about

modeling these expectations by starting with the expression;
(1)
Where

is the expected level of the FNC,inc. Residential Price Index. Furthermore, to

eliminate the systematic component in the forecast error we require that expectations be
unbiased, that is
(

)

In order to solve for

one must condition on market information from which

economic agents would form expectations. Thus, solve the conditional expectation
of (

|

). The information set for which we model expectations through consists of the

unemployment rate, housing permits, and the mortgage rate.
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(

|

)
)

Both the variables unemployment rate and mortgage rate are taken in decimal form and the
mortgage rate is the average mortgage rate between the 15 year fixed rate mortgage, 30 year
fixed rate mortgage, and 1 year adjustable rate mortgage. Housing permits were collected and
taken in log form. Thus, the fitted values from (2) are used as the expected price behavior of
housing market “i” at period “k” which is the number of periods for which the expectation is
formed ahead of market information. The results are reported in Table 6 below.
Table 6: Rational Expectations (Dependent Variable is log-of-real RPI)
Independent
(t-1)
(t-2)
Variable
Unemployment -14.169***
Rate
13.941***
(0.53585) (0.5260)
Mortgage Rate -8.486*** -8.3638***

Log of
Housing
Permits

(0.2615)
(0.2567)
-0.0365***
0.0482***

Lag
(t-3)

(t-4)

(t-5)

(t-6)

-14.437***

-14.616***

(0.5167)
-8.210***

(0.5069)
-8.0604***

(0.2510)
-0.0251***

(0.24636)
-0.0137**

14.722***
(0.49618)
7.8748***
(0.2432)
-0.0011

14.914***
(0.4838)
7.7274***
(0.2382)
0.01048*

(0.00669)
1792

(0.00656)
1778

(0.006397)
1764

(0.00709) (0.00697)
(0.00683)
N
1834
1820
1806
***Denotes significance at 1%, ** at 5%, * at 10%
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12.3. Scatter Plots of Other Estimation Methods
Graph 2: Dynamic Pairing 2000-2005

Variation in Market Dynamics (2000-2005)
0.08

0.07
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Mean Reversion
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0

0.02

Autocorrelation

Graph 3: Dynamic Pairing 2006-2010

Variation in Market Dynamics (2006-2010)
0.015
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0.165

0.17

0.175

12.4. Metropolitan Statistical Areas
MSA Code

MSA Name

15980

Cape Coral-Fort Myers, FL

19660

Deltona-Daytona Beach-Ormond Beach, FL

23540

Gainesville, FL

27260

Jacksonville, FL

29460

Lakeland-Winter Haven, FL

33100

Miami-Fort Lauderdale-Pompano Beach, FL

36100

Ocala, FL

36740

Orlando-Kissimmee-Sanford, FL

37340

Palm Bay-Melbourne-Titusville, FL

37460

Panama City-Lynn Haven-Panama City Beach,
FL

37860

Pensacola-Ferry Pass-Brent, FL

38940

Port St. Lucie, FL

45220

Tallahassee, FL

45300

Tampa-St. Petersburg-Clearwater, FL
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12.5. Variation in Housing Prices
Graph 4: Florida House Prices 2000-2010

Real Florida Housing Prices by Metro-Area
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