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Abstract of Dissertation

Studies of Equilibrium Conditions in Housing Markets

This dissertation studies the market equilibrium conditions for housing markets
from three related perspectives, macro inter-city, macro intro-city, and micro intra-city.
At macro inter-city level, Dividend Pricing Hypothesis requires that for arbitrage
equilibrium to hold, rental returns and appreciation returns in different cities have to trade
off each other. At macro intra-city level, Standard Urban Model predicts that for areas
with decreasing transport cost, increasing income, and decreasing densities, appreciation
returns should be higher in suburbs than in center cities. Since arbitrage equilibrium
requires that total returns are the same for suburbs and center cities, rental returns have to
be higher in center cities than in suburbs. At micro intra-city level, a textbook assumption
is that rental returns are the same for all housing units within a single housing market
regardless the size of the unit. A model with arbitrage and segmentation predicts that
rental returns are constant at moderate segment of the housing market. At wealthy
segment of the housing market, however, rental returns seem to decrease with the value
of the housing unit.

Tests with carefully formulated panel data show considerable arbitrage
opportunities between cities. Investment allocation within cities seems to be explained
well by Dividend Pricing Hypothesis and fits the arbitrage equilibrium at macro level.
Significant market segmentation is confirmed by a micro data set collected for

Washington, D.C. metropolitan area.
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Chapter 1 Introduction

There is considerable controversy regarding the existence of equilibrium
conditions in housing markets. The dividend pricing hypothesis (DPH) states that the
total rate of return in housing markets, the sum of rental return or the rent-to-asset price
ratio (CAP rate) and appreciation return, should be equal on a risk-adjusted basis. This
condition is summarized by Glaeser and Gyourko (2007) as an arbitrage equilibrium.
Empirical evidence, however, produces conflicting results about whether the dividend
pricing hypothesis fits housing markets. This dissertation studies this aspect of housing
markets from three different perspectives: an inter city macro analysis, an intra city
macro analysis, and an intra city micro analysis.

The first essay takes on the cross section relation between rent and asset prices of
housing. Arbitrage across cities should result in approximate equality of risk-adjusted
rates of total return to housing investment. DPH then requires that CAP rate trades off
against the appreciation rate in different cities. However, the literature has not reached
consensus about the extent to which the DPH holds in housing markets. A number of
studies have found that the estimated coefficient of lagged, current, or future house price
appreciation measures in a DPH equation in a crossection of housing markets is
significantly different than negative one, which is necessary if expected total return is to
be equated across cities. Others believe that it holds approximately. Recently, Hwang,
Quigley, and Son (2006) report that DPH holds for Korean housing.

The present value model, which is the basis for DPH, further implies that the rate

of subsequent rent appreciation should vary inversely with current CAP rates and directly



with appreciation rates. Once again, the empirical literature has had difficulty confirming
this expectation.

This first essay revisits this topic utilizing panel data sets with more precisely
measured rental, appreciation rates and improved CAP rate measures. The results are
generally consistent with previous observations that an arbitrage equilibrium of returns
across metropolitan housing markets does not exist and that total return is higher in cities
with higher CAP rates. There is evidence that, for multifamily properties but not single
family housing, the prediction of PVM that rates of changes in rental and asset prices
move together, does hold in a crossection cities.

The second essay looks at two aspects of the equilibrium condition in the housing
markets. First, it develops the implications of the standard urban model (SUM) for intra-
city variation in both house price appreciation and CAP rate. It then takes this implication
to the data to determine if appreciation rates do vary systematically as predicted by the
SUM. Second, the paper uses this systematic variation in appreciation rates to test the
DPH for total return to housing investment within cities.

The SUM predicts that, for cities with falling density gradients which characterize
U.S. cities, appreciation at the center city will be lower than in suburban areas. The DPH
then predicts that central city CAP rates must compensate by being higher. Tests
performed using the American Housing Survey provide support for the predictions of the
SUM for differences in rent appreciation within metropolitan areas. The spatial pattern of
asset price appreciation, on the other hand, is only weakly associated with the pattern
predicted by SUM. Strong empirical evidence is found in support of the DPH within

metropolitan areas. Both the distributions of CAP rates and of total return to housing



within the city have the pattern predicted by theory. Overall, within metropolitan areas,
investment allocation seems to be explained by capital theory much better than among
MSAs.

The third essay is a micro study of housing market equilibrium condition. DPH
implies that, within a single housing market, there should be a linear relation between net
rental income and asset value should be observed given that house price appreciation can
be assumed fixed. The slope of this relation is CAP rate of landlords. The assumption that
CAP rates should not vary with the size of the unit is implicit in the literature. This
assumption of a constant CAP rate is based on an arbitrage equilibrium in which
landlords are free to divide a given amount of interior space into a small number of large
units or large number of small units.

This paper formulates a model of a segmented rental housing market which
demonstrates that CAP rates should actually be concave in unit value. The model is
calibrated to user cost computations for Washington, D.C. and predicts that CAP rates
should fall as value exceeds $600,000. Based on the theory a specially matched micro
data set on rents and values of equivalent units is collected and the relation between CAP
rates and value is tested. The theory is confirmed as CAP rates decline significantly as
value exceeds $600,000. This result has important implications for research on real estate
pricing in general and for research on bubbles and inefficiency in residential real estate
markets in particular. It also explains the counterintuitive result that the fraction of

renters is lower when CAP rate falls.



Chapter 2 Testing the Dividend Pricing Hypothesis in Housing Markets: Are There Inter-
City Differences in Returns to Housing Investment?

2.1 Introduction

Housing markets should achieve an arbitrage equilibrium in which the risk-
adjusted total rate of return should be equated across housing markets'. Given that total
return is the sum of the capitalization (CAP) rate and future appreciation, in cross section
data on metropolitan housing markets, appreciation should trade off against the
capitalization rate in one-on-one fashion in order to equate total return.” If this relation
does not hold, it suggests arbitrage is possible and real estate investors have failed to
allocate capital to markets where total return is highest. Either there is failure to arbitrage
across real estate markets, or there is some empirical problem in measuring CAP or
appreciation rates.

The issue considered here is the housing equivalent of the dividend pricing
hypothesis (DPH) in which the CAP rate is dividend return. A substantial literature, for
example, Scott (1985), Campbell and Shiller (1987), Fama and French (2002) using time
series analysis of security dividends and appreciation®, has found that the DPH does not
hold for common stocks. Part of the reason for this failure may be related to the
discretionary nature of dividend policies. Management may set dividends to convey
information about future prospects of the firm. In the case of CAP rates, market prices

rather than managerial discretion, determine the dividend yield on residential real estate.

! Technically risk-adjusted total rates of return should be equal. Following other papers in the literature,
risk adjustment across cities will not be considered. Alternatively one can assume risk-neutral investors.

? In the long run, expected appreciation should converge to actual appreciation.

* It is common practice for cross section studies of asset pricing to include risk factors for the stock market,
for example, see Diether, Malloy, and Scherbina (2002), Gomes, Kogan, and Zhang, (2003), Johnson
(2004). It is generally accepted that asset pricing in financial markets is too complicated to be explained
without risk factors in the short run in cross section studies.



Hwang, Quigley, and Son (2006) argue that managerial discretion could be the reason for
the failure of dividend pricing model to hold for common stocks and find confirmation of
the hypothesis using Korean housing market data®.

The discounted present value relation also implies that rents must rise more
rapidly in areas where the CAP rate is lower. Of course this should follow from fact that
these areas should also have higher rates of appreciation in price in order to achieve a no
arbitrate equilibrium. In spite of its potential importance, the problem of arbitrage
equilibrium across housing markets has attracted only modest attention.

The empirical literature generally suggests that the cross section relation between
CAP rates and appreciation rates has been significantly less than one’. Glaeser and
Gyourko (2007) have summarized this problem in terms of the predictability of housing
prices using rents and user cost (CAP rate) under the assumption that arbitrage has
eliminated gains from trade. They argue that the failure of CAP rate differences to reflect
differences in appreciation rates arises due to problems in going from gross rent to net
operating income needed to produce a true CAP rate. In particular, differences in
operating costs are difficult to measure.

This essay revisits the contradiction between the implications of an arbitrage
equilibrium across metropolitan housing markets and empirical tests of the relation
between current CAP rates and the future change in value or rent. In comparison to
previous studies, this paper constructs its own estimates of CAP rates, and rent changes

and asset price changes using micro-data from the American Housing Survey. Testing for

* However, their cross section results reject the dividend pricing hypothesis.

> Technically, the measured relation should be between a CAP rate based on net operating income rather
than total rent and after tax returns should be equated. As is generally the case in the literature, gross rent
will be assumed to be proportional to net operating income and tax effects will be ignored in the current
discussion. In Chapter 4, tax effects will play a major role.



relations across markets is based on a panel which allows use of area fixed effects to
eliminate unobserved heterogeneity that confounds the relation between gross rent and
net operating income.

The rest of this chapter is organized as follows. Section 2.2 presents a standard
application of capital theory to the housing market, traces implications for the relation
between the CAP rate and appreciation of value and rent. Section 2.3 reviews the
literature on previous tests of the implication. Section 2.4 introduces data and empirical

strategy. Section 2.5 presents the empirical results and Section 2.6 concludes.

2.2 A Housing Market Model Relating Rent and Asset Value

There are a number of approaches in capital theory that can be applied to the
valuation of housing. For example, see Gordon (1959), Jorgenson (1963), and Hall and
Jorgenson (1967). Many of these approaches are in fact equivalent6. The relation between
asset value and rental price can also be derived from standard capital theory’ when
housing is viewed as an investment that generates return in the form of rent and
appreciation. The total return to owning a unit of housing capital is on the sum of rental
return based on net rental income from the housing services generated by the housing unit
and appreciation return due to change in the value of the housing unit. In equilibrium of
the housing market, arbitrage by investors should insure that the total after-tax, risk-

adjusted rate of return to housing capital should be same for across housing markets.

® There is a long line of literature that documents different asset pricing models including discounted
present value (DPV) model, discounted cash flow (DCF) model. Miller and Modigliani (1961) provide an
early discussion of the different approaches in the valuation of shares and point out that those approaches
essentially derive the same results.

7 See, for example, the discussion in Ling (1992) where and example of a formal DPV model applied to
NOI from residential properties under alternative income tax and expected appreciation scenarios is
presented.



The model used here is modified version of Gordon model where the dynamics of
rent is explicitly specified. Application of the present value model (PVM) in a housing
market assumes that when a housing unit is treated as an investment or asset, it should be
valued as the present value of future rental return that it generates. At an arbitrary time

t =0, the asset value of a housing unit V' is determined by

Vy = [e "V AR " dt 2-1)
t

where 7 is the real discount rate which equals the real user cost of capital for housing, o
is the depreciation rate, R is real net rental income at time ¢ = 0 and the rental income
growth rate is a constant, €. Adjustment factor A reflects the ratio of net rental income
to gross rent due to costs of maintenance, utilities, management, vacancy, and taxes. A
varies across cities due to differential property taxation and costs of operating inputs due
to variation in price and climate. ® The opportunity cost of capital, i, and depreciation, &,
should be relatively constant across cities but may vary over time. After taking the

definite integral over the period 0 to «, we find that

Vo = AR, [ e dt
t

0-i-5)
MR 2-2)
(0-i-5)

R,
(i+5-0)

¥ A may vary over time due to changes in inflation, depreciation, and tax provisions. This research
follows the general pattern in the literature of ignoring these fluctuations. Alternatively, it would be
necessary to determine future expectations for inflation and taxes in order to understand variation in A4
over time.



Equation (2-2) states that, assuming the discounted present value relation in Equation (2-
1) holds, the CAP rate is determined by the sum of the real cost of capital (the real
interest rate) and economic depreciation minus the expected future appreciation in asset
value.

To compensate for a fall (rise) in the CAP rate holding the real cost of capital and
depreciation rate constant, the expected future appreciation in value must rise (fall) by
the same amount if the PVM and the DPH are to hold. Under either PVM or the DPH,
changes in the expected rental growth or house value appreciation rate 8 will lead to an
equal and opposite change in the CAP rate. Intuitively, a rise (fall) in the rent growth rate
increases the current value of housing and this rise (fall) in current value leads to a fall
(rise) in the CAP rate.

In a cross section of metropolitan housing markets, the real interest rate and
depreciation should be virtually identical. This implies that the variation in CAP rate in a
cross section of cities is due to differences in A and in the rent appreciation. If we let » be

the sum of the discount rate and depreciation, we get

e Y. (2-3)

While there may be modest differences in A across different housing markets at a given
time, unless these differences are systematically associated with future rent appreciation

rates, under either the PVM or DPH, the CAP rate has a one-to-one tradeoff with rent

appreciation. Equation (2-3) should hold if expectations are introduced. Let €° be the



expected future rent appreciation rate and assume under rational expectation we have

6 = 0°. Equation (2-3) implies that

(2-4)

00°

Equation (2-3) is very similar to the CAP Rate Equation’ derived from the condition of

arbitrage equilibrium:

CAP=r-g° (2-5)

where g° is the expected house price appreciation. Therefore, the test of Equation (2-5)

is whether the following equation holds.

ocaP __, y
6ge ( - )

The first set of estimates and testing in this paper are based on Equation (2-3) and the
CAP Rate Equation or Equation (2-5).

The above tests has been used by many including Hamilton and Schwab (1985)
and Capozza and Seguin (1996) to test how well the DPH describes actual asset pricing

in a cross section of metropolitan housing markets. The principal challenge in performing

? The CAP Rate Equation (Equation (2-5)) is similar to the empirical model in Phillips (1988). The
alternative test is to regress expected future appreciation on current CAP rate and it has been used by, for
example, Capozza and Seguin (1996) and Clark (1995). Hamilton and Schwab (1985) implemented both
forms. While no theory or empirical evidence indicates which form is superior, both are implemented in
this paper and the results of Equation (2-3) and Equation (2-5) are presented.



the test in Equation (2-3) or Equation (2-5) is the confounding effect of the ratio of net to
gross rental income, A, which varies across housing markets, and even across types of
housing units. Previous literature has tended to ignore this problem. This study will use
city-specific fixed effects to eliminate the effects, in a cross section of cities, of
differences in the difference between gross and net rental income across cities. A second
challenge concerns the measurement of expected future appreciation which, in this study,
will be measured in a number of alternative possible ways.

Another implication of Equation (2-1) is that holding, 7, 8, €, and R, constant,

we can derive the appreciation in asset value as the following.

AR(1+6)"  AR,(1+06)

Via=V. _ (i+6-0) (i+5-6)
v AR,(1+6) (2-7)
(i+5-6)
=0
or

og
22 1 2-8
20 (2-8)

where g is the house price appreciation rate. If the expected growth rate of rents is

constant, PVM predicts that asset prices will change at the same rate. This result is
logically consistent with the CAP Rate Equation and the DPH. Holding total rate of
return and rent appreciation rate constant any change in the rate of growth in rents will

force house value to change in by the same percentage to hold the CAP rate constant and

10



maintain total return constant across markets. Equation (2-7) and Equation (2-8) are the

basis of the second set of tests of this paper.

2.3 Previous Literature on Empirical Tests of PVM and DPH
Empirical studies that test the implications of PVM or the DPH for residential real
estate have produced somewhat conflicting results. In this section the time series and

panel studies will be discussed first, followed by cross section studies.

2.3.1 Time Series Tests of the PVM and the DPH

In a time series study of individual metropolitan housing markets, Case and
Shiller (1989) estimate a Weighted Repeated Sales index to provide a precise estimate of
housing price appreciation. However, they assume the “dividend-price ratio” to be 5 %
which does not allow a variation in the rent-to-asset price ratio. They evaluate the
expected value relation by testing for excess returns in specific metropolitan area housing
markets. They conclude that excess returns do not exist in the long run because a
profitable trading rule could not be found for individual home owners when viewed at the
neighborhood level, although their study suggests such rules appear to exist for some of
the MSAs being studied if one uses overall MSA price indexes.

To test the PVM and for differences in total return across submarkets within a
single metropolitan area housing market, Meese and Wallace (1994) construct a Fisher
ideal housing price index using implicit attribute prices from nonparametric estimation of
hedonic housing price regressions for various communities in the San Francisco -

Oakland CMSA. Their rental series is far less refined. It is based on advertised rental

11



properties in the Oakland Tribune and the San Francisco Chronicle, specifically the
advertised rent for two bedroom apartments. They find that in the long run, house price,
rent, and cost of capital indices are cointegrated. However, they find that, in some
communities, short run periods of excess returns can be identified.

Blackley and Follain (1996) construct structural models of supply and demand for
rental housing services using national data. They modify the residential rent component
of the Consumer Price Index to get a real rental price series. Rental user cost is calculated
within a net present value framework. Essentially, the first period rent is calculated so
that the net present value of the project equals zero. Subsequently, rental user cost is
calculated using rent, real appreciation, tax benefits and other costs. They use quarterly
data to estimate an adaptive expectations model to get expected appreciation. They
simulate the impact of user cost on rent within the multi period present value model
framework using the estimates from the structural models. The simulation results show
that rent ultimately (after 100 years) increased by about 5% due to a 10% change in user
cost, but only one-third of the adjustment was completed in the first ten years. This
finding contradicts theoretical predictions and indicates arbitrage opportunities in real
estate market in the short and long run. Most noteworthy for this study, the empirical
results fail to demonstrate differences in rental returns trade off for differences in
appreciation rates in US housing markets even in the long run.

Hwang, Quigley, and Son (2006) test the DPH using panel data from Korean
housing market. Their analysis is an extension to Campbell and Shiller (1988). A unique
feature of the Korean rental market, the Chonsei contract, which requires a large sum of

be deposited by renters and the yield/interest serve as rental payment. This feature allows

12



the authors to calculate implicit dividends (rents) for each type of rental housing. They
find that the DPH holds in the Korean rental housing market and argue that the failure of
DPH in tests on the US housing market may be the result of data problems.

Taken together, these time series and panel data studies of housing markets
provide moderate support for the hypothesis that the PVM relation generally applies to

the movement of observed rents and asset prices

2.3.2 Cross Section Tests of the PVM and the DPH

In cross section studies of metropolitan areas, most empirical tests are based on
theoretical models where rents are assumed to be constant. The empirical models
following that assumption would be a straight forward implementation of Hall and
Jorgenson (1967). Also, most of the empirical models ignore the difference between
gross rent and net rental income A .

In an early paper, Hamilton and Schwab (1985) impute rent-to-asset price ratios
for a set of characteristics they define as standard home of constant quality at the
Metropolitan Statistical Area (MSA) level. They use the AHS Metro sample for three
survey years 1974 (18), 1975 (21), and 1976 (20). The number of observations in each
year is given in the parentheses. Their data is essentially a cross section data set. They
used coefficients from hedonic equations for owners and rents estimated by Malpezzi,
Ozanne, and Thibodeau (1980) in their CAP rate calculations. They find that, in the mid
1970’s, the effect of rent-to-asset ratios on expected appreciation was non-significant.

They conclude that the PVM and DPH are not supported by their results.

13



Phillips (1988) considers the relation between CAP rates and appreciation of both
asset and rental prices. She estimates CAP rates using pooled regressions of both rental
and owner occupied units rather than separate measures of rent and value. Her American
Housing Survey data consist of a panel of 12 cities and 6 years from 1974 to 1979. She
finds that both the expected real rate of appreciation in housing asset prices and rent had
significant negative effects on the CAP rate but the estimated coefficients are far less than
unity (-0.011, -0.005 respectively).

Clark (1995) examines the relation between CAP rates and rent appreciation for a
cross section of cities. He uses decennial census data but at the tract level and finds that
CAP rates and rent appreciation sometimes had a negative and significant relation, and
sometimes the relation was non-significant. Nonetheless, he concludes these empirical
findings support present value hypothesis.

Capozza and Seguin (1996) argue that the lack of a negative relation between
CAP rates and value appreciation in Hamilton and Schwab (1985) might be the result of
measurement error in the independent variable or arise due to high transactions and
information costs, asymmetric information, and differences in the quality of rental versus
owner-occupied housing. Capozza and Seguin (1996) try to overcome these problems by
using a panel of 64 metropolitan areas data using 1960 through 1990 decennial census.
Their initial results are the same as Hamilton and Schwab but, when they use
instrumental variables for the CAP rate to deal with possible measurement error, they

produce results more favorable to the no-arbitrage equilibrium result. Specifically the
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rent/price ratio at the beginning of a decade is negatively and significantly related to
appreciation over the decade."

Although Hwang, Quigley, and Son (2006) find empirical support for the DPH in
their time series studies, they noted that the price-deposit ratios of Chonsei contracts in
Korean were negatively correlated with house price appreciation (referred to as “return”
in the paper). In other words, apartments with high deposit-price ratios or apartments
with higher CAP rates subsequently had higher appreciation rates. This indicates a
violation of the no-arbitrage equilibrium condition because profitable trading rule
involves investment in units with higher Chonsei deposit to asset price rates.

Verbrugge (2008) estimates user cost and rent series for single family units by
MSA, region, and nationally for the U.S. In contrast to expectations based on PVM, he
finds that in all tests, compared to various rental price series, asset prices are
characterized by excess volatility, differing trend, and even failure to be cointegrated with
rents.

Gallin (2008) tries to establish a link between rent to asset price ratio and future
changes in real rents and prices in aggregate US time series. He uses standard error-
correction models and long-horizon regression models. To correct for the bias in the
long-horizon regressions, bootstrap techniques are applied. He finds that even after
controlling for real interest rate, expected real house price appreciation is positively
correlated with the rent-to-asset price ratios during 1970 through 2005. While this is an
aggregate time series result and not directly comparable to cross section studies it does

suggest that higher CAP rates are associated with higher total return.

' The estimated coefficient of CAP rate is 5.81 and 6.13. Of course, in order to compensate for a 1% lower
CAP rate in the current year, appreciation over the subsequent decade would need to be over 10 % but
these ratios are at least much closer to 10 than many other studies.

15



The failure to support PVM exists in studies in commercial real estate as well.
Plazzi, Torous, and Valkanov (2006) study the relation between CAP rate and future total
rate of return and future rental growth of using a panel data set of four types of
transactions (commercial real estate, apartment, office, retail, and industrial) for US cities.
Their study is carried out within a dynamic Gordon framework that is based on Campbell
and Shiller (1988). Contrary to the prediction of arbitrage equilibrium and PVM, Plazzi,
Torous, and Valkanov find log CAP rate positively predicts total rates of return for the
apartment, industrial, and retail samples. They also find log CAP rate positively predicts
future rental growth rate at longer horizons for the apartment, industrial, and retail
samples. This contradicts the predictions of both the Gordon model and PVM. On the
other hand, the office sample shows much less connection between current CAP rate and
future total rate of return''. Current CAP rate is also negatively associated with future
rent growth rate for office properties, especially at longer horizons. However, the sizes of
the estimates are way too small for PVM to hold.

Among those authors who have been concerned with this contradiction between
the different test results and their conflicting implications for DPH and PVM theory, most
believe the difficulty comes from transactions costs, incomplete markets (inability to sell
short), imperfect information, measurement error, etc. However, these types of market
imperfections should only contribute to the speed of adjustment, not the amount of
adjustment, in the long run. This paper revisits this topic and uses more precise measures
of the crucial variables and panel data to allow for city-specific differences in the ratio of

operating income to operating revenue, i.e. differences in A.

"' Only 8-year horizon bias-adjusted estimate is significant.
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2.4 Data and Empirical Strategy

To test the PVM using the relation in Equation (2-3) and Equation (2-5), measures
of CAP rates and expected appreciation in value and rent are needed. The American
Housing Survey (AHS) 1991 - 2007 is the main data source. Survey years may be
combined to form a panel data set. The AHS national survey maintains a sample that is
revisited during subsequent survey years. The AHS national data for all cities were s
collected every two years during the time period covered in this study. The AHS metro
survey, on the other hand, surveys different cities in different survey years and the sample
is generally much larger for each metropolitan area. Compared to the metro survey, the
national survey covers more cities (around 140 metro areas each survey year) and all the
metro areas are included in the survey each year, but each metro area has a very modest
sample.

This paper uses Phillips (1988) '* method to estimate CAP rates for each
metropolitan area. Rather than estimating separate rental and value hedonic equations,
forming two price indexes, and dividing, Phillips uses the following regression method to

estimate the CAP rate directly using pooled owner and rental housing data.

log(price) = Xf+owny+¢ (2-9)

"2 Note that both rent and asset value measures in the AHS are censored. It is well know that biases will
appear if Ordinary Least Squares (OLS) are used in these situations. However, this paper would not attempt
to correct the biases caused by the censoring for two reasons. One is we need to establish the correlation
between the bias and explanatory variables in DPV tests to relate the bias to DPV testing results and so far
we do not have that correlation and we do not believe estimates from limited dependent variables methods
would improve our estimation significantly. Also, the correction of such biases requires significantly more
complicated computations for our estimation of rent-to-asset ratios so the cost of such correction
overweighs the benefits.

17



In Equation (2-9), price is the value of the housing unit when it is owner occupied unit
and annual rent when it is a rental unit. X is a vector of housing characteristics that
determine the quantity of housing services produced by the unit and own is a dummy

variable which is one when it is owner occupied unit and zero when it is a rental unit and

¢ is a random disturbance term. The estimated CAP rate is simply e 7. The advantage of
this method is that the heterogeneity between owner occupied housing units and rental
units in measuring the CAP rates is can be controlled by the housing characteristics X .
The potential effect of heterogeneity between owner occupied units and rental units on
the empirical testing of PVM relation is tested by including different variables in X . As
a further check on the possible effects of heterogeneity between rental and owner units
the CAP rate is estimated separately for single and multifamily housing units.

Two different measures of house price appreciation are calculated. One is the
Office of Federal Housing Enterprise Oversight (OFHEO)’s House Price Index (HPI)
appreciation. It is a weighted repeat sales index ' based single family housing
transactions. Recent AHS files use the concept of SMSA which is the 1980 design of
Primary Metropolitan Statistical Areas (PMSAs)'*. OFHEO estimates HPI based on
Metropolitan Statistical Areas (MSAs) and Metropolitan Statistical Area Divisions
(MSADs). The HPI covers a large number of metropolitan areas and it can be matched
with the AHS metropolitan area definition so that value appreciation can be matched with
CAP rates.

This paper also relies on the fact that the AHS survey returns to the same units to

generate repeat-value and repeat-rent indexes using the households’ own estimates of

13 See, for example, Case and Shiller (1989),
'* A list of official definitions for these metropolitan areas can be found from Census Bureau at
http://www.census.gov/geo/www/GARM/Ch13GARM.pdf
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housing value and reported rent. The panel nature of the national AHS means that
changes in estimated value and rent for the same units are observed. The appreciation
estimates constructed from AHS are simply the average of all available observations for
each pair of matched housing units between two different survey years. Units that
experienced major upgrades or changes reported on the later survey year were excluded
from the rent and value appreciation estimates. Units that experienced tenure status
change in the two survey years are not included in the appreciation calculations.

Expected house price and rent appreciation are measured using actual changes in
the values estimated by the occupants. In addition to the annualized two-year
appreciation in value estimate coming from the AHS, both one year and annualized three-
year OFHEO house price index change are used to measure expected appreciation in
housing value. Ideally, a CAP Rate Equation would have the expected rate of house or
rental price change as its independent variable but this is not observable. Based on
previous literature, a variety of alternatives ranging from lagged to actual future one to
three year appreciation rates are used for expected appreciation.

A series of CAP Rate Equation models with different appreciation rates and
subsamples of the data are estimated. The relation among metropolitan area CAP rates,
subsequent house price appreciation, and subsequent rent appreciation for simple cross
sections of cities from different years is also estimated.

A CAP Rate Equation is estimated for each individual year as well as estimated
with panel two way fixed effects. For each year and in the panel, samples of single family
housing units and multifamily units are also estimated separately besides a combined

estimation for both types of units. Multifamily units may be more homogenous than
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single family units. For each category mentioned above, different house price
appreciation measures are also used. CAP rates and AHS house price appreciation and
rent appreciation are calculated for each tenure mode. There are 15 individual estimates
and they will be discussed in the next session in detail.

There is a problem with comparing the combined samples of single and multi-
family estimates. Estimates of the CAP rate rely on the sample size of housing units in
the each housing type. If sample size is small, measurement error in the CAP rate
becomes quite large. When that happens, observations are dropped. This is usually not a
problem because sample sizes are generally adequate when CAP rates are estimated with
housing units of different housing types are combined. However, many cities do not have
enough multifamily housing units to produce reliable estimates. CAP rates for
multifamily in these cities could not be calculated. For survey year 1997, so few CAP
rates could be calculated that CAP Rate Equations could not be estimated. This problem
is addressed by estimating two sets of CAP Rate Equations for housing types in the
combined samples. One set of regressions are estimated with all the cities for which CAP
rates could be calculated. To make the analysis comparable for different housing types as
well as combined samples, the other set of regressions drops all the CAP rates for a city if
at CAP rate for least one housing type could not be estimated due to inadequate sample
size. This second set of estimates makes the number of observations for each individual

CAP Rate Equation across different housing types the same.

2.5 Empirical Results
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The existence of an arbitrage equilibrium condition requires that total return be
equated across markets which would imply that coefficient of expected house price
appreciation in a CAP Rate Equation (Equation (2-5)) be -1 for Equation (2-6) to be
satisfied. In estimating Equation (2-3), DPH requires that an estimated coefficient of
approximately -1 for Equation (2-4) to hold. The estimated constant term in both CAP
Rate Equation and Equation (2-3) can be interpreted as the total rate of return to housing
investment. And finally, DPH requires that Equation (2-6) holds when Equation (2-5) is
estimated.

The results from estimating the CAP Rate Equation are presented in Table 2-1 to
Table 2-12. The overall results do not offer evidence supporting DPH in housing market.
The results from estimating Equation (2-3) are displayed in Table 2-13 to Table 2-16.
Equation (2-7) results are in Table 2-17 to Table 2-20. The estimation results are

discussed in turn below.

2.5.1 Estimates of the CAP Rate Equation

Table 2-1 to Table 2-3 present CAP Rate Equation results for the full sample
(both multifamily and single family units) combined for each individual survey year as
well as panel estimates. All of the estimates of measured tradeoffs between appreciation
and CAP rate are significantly greater than the -1 expected under DPH. The overall
results are robust to different expected house price appreciation measures used.

Table 2-1 uses the one-year percentage change calculated using OFHEO HPI as
the expected house price appreciation measure. Among the 8 individual year estimates, 3

years have wrong (positive) sign and 2 of them are significant. During those years, there
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are significant economic arbitrage opportunities that could not be explained by theory. Of
the estimates with correct (negative) sign, only 2 are significant, the highest significant
tradeoff between CAP rate and appreciation rate is for one estimated equation in year,
2001, which is only -0.12, far larger than the -1 that is expected based on DPH. When
panel estimates are used to deal with the unobserved errors for individual year
regressions, both of the 2 estimates are significant and have incorrect (positive) signs.
Again, the spatial economic arbitrage opportunities seem to exist over a sustained period
of time. In other words, areas with high appreciation over the sample period constantly
enjoy high rental returns as well.

Table 2-2 uses the annualized three-year percentage change calculated using
OFHEO HPI as the expected appreciation measure. Among the 8 individual year
estimates, 3 years have wrong (positive) sign and all of them are significant. Of the
estimates with correct (negative) sign, only one is significant and the tradeoff between
CAP rate and appreciation rate is only -0.1. When panel estimates are used to deal with
the unobserved errors for individual year regressions, both of the 2 estimates are
significant and have incorrect (positive) signs.

Table 2-3 uses annualized two-year AHS house value appreciation based on the
change in occupant estimates as the expected appreciation measure. Among the 8
individual year estimates, 5 years have the wrong (positive) sign. None of the estimated
tradeoffs are negative and significant. Both of the 2 panel estimates have incorrect
(positive) signs and are significant.

Tables 2-4 to Table 2-6 contain CAP Rate Equation results for single family

housing units for each individual survey year and panel estimates. Table 2-4 uses one-
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year OFHEO HPI appreciation as the expected appreciation measure. Among 7
individual year estimates (year 1997 does not have enough observations to estimate the
regression), 3 years have the wrong (positive) sign and all of them are significant. For
1999 and 2001 when measured tradeoffs are negative and significant, the tradeoff is
between -0.07 and -0.17. In panel estimates, both of the 2 estimated CAP rate coefficients
are positive.

Table 2-5 uses annualized three-year OFHEO HPI appreciation as the expected
appreciation measure. Among 7 individual year estimates, 4 years have the wrong
(positive) sign and 3 of them are significant. The two negative and significant tradeoffs
are -0.15 and -0.21. In panel estimates, both of the 2 estimated CAP rate coefficients are
positive and significant.

Table 2-6 uses annualized two-year AHS house value appreciation based on the
change in occupant estimates as the expected appreciation measure. Among the 7
individual year estimates, 3 years have the wrong (positive) sign. Two negative and
significant coefficients are -0.09 and -0.2. Both of the 2 panel estimates have incorrect
(positive) signs and are significant.

Tables 2-7 to Table 2-9 contain CAP Rate Equation results for multi-family
housing units for each individual survey year and panel estimates.

Table 2-7 uses one-year OFHEO HPI appreciation as the expected appreciation
measure. Among 7 individual year estimates, 3 years have the wrong (positive) sign and
2 of them are significant. The only negative and significant estimate is -0.14. In panel

estimates, both of the 2 estimated CAP rate coefficients are positive.
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Table 2-8 uses annualized three-year OFHEO HPI appreciation as the expected
appreciation measure. Among 7 individual year estimates, 4 years have the wrong
(positive) sign and 2 of them are significant. None of the estimated coefficients is
negative and significant. In panel estimates, both of the 2 estimated CAP rate coefficients
are positive and significant.

Table 2-9 uses annualized two-year AHS house value appreciation based on the
change in occupant estimates as the expected appreciation measure. None of the
estimates are negative and significant. Both of the 2 panel estimates have incorrect
(positive) sign and are significant.

Tables 2-10 to Table 2-12 contain CAP Rate Equation results using single family
and multifamily combined estimates. The difference between the “combined” sample and
“full” sample is that the “combined” sample are adjusted so it is comparable to single
family and multifamily sample due to the multifamily sample size problem addressed in
“data and empirical strategy” section.

Table 2-10 uses one-year OFHEO HPI appreciation as the expected appreciation
measure. Among 7 individual year estimates, 3 years have the wrong (positive) sign and
all of them are significant. There is a single significant negative coefficient estimate but it
is only -0.1. In panel estimates, both of the 2 estimated CAP rate coefficients are positive
and one is significant.

Table 2-11 uses annualized three-year OFHEO HPI appreciation as the expected
appreciation measure. Among 7 individual year estimates, 4 years have the wrong

(positive) sign and 3 of them are significant. None of the measured negative coefficient
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estimates is significant. In panel estimates, both of the 2 estimated CAP rate coefficients
are positive and significant.

Table 2-12 uses annualized two-year AHS house value appreciation based on
owner estimates as the expected appreciation measure. Among the 7 individual year
estimates, 4 years have the wrong sign and 3 of them are significant. The only negative
and significant coefficient estimate is -0.17. Both of the 2 panel estimates have incorrect
signs and significant.

Overall, there is strong evidence that the CAP rate tends to have a positive
relation to subsequent appreciation, exactly opposed to the predictions of DPH. This
suggests that expected total return is higher in cities with higher CAP rates. To the extent
that here is measurement error in the estimate of appreciation used to approximate
expected appreciation, this would bias the estimate coefficient down, not give it a

positive bias.

2.5.2 Estimates of the Relation between CAP Rate and Rent Appreciation

Tables 2-13 to Table 2-16 report estimates of Equation (2-3). Table 2-13 contains
estimates for full sample. Among the 8 individual year estimates, 4 years have the wrong
sign (positive). None of the estimates are significant. Panel estimates also have the wrong
sign and are non-significant. Table 2-14 reports estimates for single family housing units.
All but one individual year estimate is negative and three estimates are significant and
negative. However, the smallest estimated coefficient is -0.30. Panel estimates show a
significant estimate of -0.06. Table 2-15 reports estimates for multi-family housing units.

4 out of the 7 individual year estimates are positive and the smallest estimated coefficient
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is -0.58 in 1999. However, the panel estimates are both positive and insignificant. Table
16 reports estimates for the combined sample. 3 out of the 7 individual year estimates are
positive and the smallest estimated coefficient is -0.36 in 1999. Again, panel estimates

are both positive and statistically insignificant.

2.5.3 Estimates of the Relation between Appreciations in Rent and Value

Tables 2-17 to Table 2-20 report estimates from Equation (2-7). Table 2-17
reports estimates for the full sample. All of the 8 individual year estimates and the two
panel estimates are positive and significant as expected based on PVM. However, none of
the estimates are close to unity as predicted by theory. Table 2-18 reports estimates for
single family housing units. All but one individual year estimates have the correct sign.
However, the sizes of the estimated coefficients are too small for PVM to hold. One
possibility is that individual year estimates might be contaminated by the measured errors.

Table 2-19 reports estimates for multi-family housing units. All the estimates
have the correct (positive) sign. More importantly, 3 individual year estimates are not
significantly different from unity as expected based on PVM. Similarly the two panel
estimates are not significantly different than unity. Also, panel estimates of the constant
term which is theorized to be zero, are indeed zero. Table 2-20 displays the estimation
results for Equation (2-7) for combined sample. Similar to the multifamily estimates, all
these estimates have the expected sign and significance. Panel estimates are not

significantly different from one.

26



Overall, the above results show very mixed evidence about the application of
DPH to housing markets. On the one hand, an arbitrage equilibrium does not seem to
exist in the housing market. Appreciation rates and CAP rate do not trade off each other
as indicated by DPH. On the other hand, an important aspect of DPH has been confirmed
by multifamily housing units data that rent appreciation rates are the same as house price
appreciation rates within our sample. While these results are internally consistent in that
higher rates of growth in rents are consistent with higher rates of asset price appreciation,
the positive relation with CAP rates is inconsistent with an arbitrage equilibrium across
cities. These results are quite consistent with Hamilton and Schwab, Phillips, Plazzi,

Torous, and Valkanov and stand in sharp contrast to Capozza and Seguin, and Clark.
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2.6 Conclusions

This paper studies the implications of PVM and DPH in housing market with
more precisely measured CAP rates and alternative appreciation rate measures. The
previous disagreement on whether either PVM or DPH is supported by empirical data in
housing markets is examined using more precise estimates of CAP and appreciation rates
in a panel of U.S cities

A first finding is that the different results from previous literature may not be
robust because they focus on particular time periods or particular appreciation rate
measures. There is a variation in individual year estimates of the CAP Rate Equation.
Alternative measures of appreciation rates will sometimes produce contradicting results
as well. However, the panel data results, which allow one to difference out the effects of
variation in the ratio of net rental income to gross rent, appear to contradict the
predictions of both PVM and DPH. The complexity of housing market is well described
by these models. There is little support for the existence of an arbitrage equilibrium in
which expected total return is equated across cities based on the CAP Rate Equation
estimates reported here. However, there is evidence that appreciation in rents and
appreciation in house value are closely related to each other as expected from both the
PVM and DPH. This last finding is particularly strong for multifamily units and indicates
that analysis of market segmentation may be important for a deeper understanding of

housing market.
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Chapter 3 Testing the Dividend Pricing Hypothesis Based on Intra-City Returns to
Housing Investment

3.1 Introduction

The lack of empirical support for the existence of an arbitrage equilibrium among
urban housing markets discussed in the previous chapter raises serious questions about
the validity of the dividend pricing hypothesis (DPH) in residential real estate. Empirical
tests in previous chapter compare total rates of return among cities. A natural question
and extension is to see whether DPH works in an intra-city housing market.

This chapter examines systematic differences in appreciation rates within a
metropolitan area and uses them as the basis for testing DPH. Arbitrage equilibrium
implies that the expected total rate of risk-adjusted return to investment in different
housing units should be the same. In the housing market, total rate of return includes
rental return or CAP rate and appreciation return. DPH as applied to housing holds that
segments of the housing market where expected appreciation in house price is greater
should have lower CAP rates so that expected total return is equalized.

This paper argues that under the standard urban model (SUM), in cities where
rising income and falling transportation costs lower the density gradient, the expected
rent appreciation rate and house price appreciation rate should vary directly with distance
from the city center. In other words, appreciation rates are higher in the suburbs than in
the city centers.'> Under this expectation, arbitrage equilibrium and DPH imply that CAP

rates should vary inversely with distance to the city center.

'> An example of an alternative approach to the SUM is Capozza and Sick (1994) who set the purchase
price of land through a process that satisfies the capital asset pricing model (CAPM) assumption. They
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The rest of this chapter is organized as follows. Section 3.2 is a simple
presentation of SUM and its implications for DPH. Section 3.3 reviews previous
empirical studies. Section 3.4 introduces the construction of data. Section 3.5 is the

empirical strategy. Section 3.6 presents the empirical results and Section 3.7 concludes.

3.2 Theoretical Relation between the SUM and the DPH
Standard capital theory, including DPH, can be represented by the Gordon (1959)
model. Consider the anticipated relation between rent-to-asset price ratio (CAP rate) and

appreciation in a single housing market that conforms to the Gordon model,

7,
—=r-g (3-1)
Py
where r,, is net rental income from housing, p,, is the purchase price of housing, — is
Pu

rent-to-asset price ratio or CAP rate, r is the total rate of return required for investment
which can be viewed as a constant for the same period across the same housing market,

and g is the rate at which asset price is changing. The total rate of return, measured as

the sum of the CAP rate and appreciation rate, should be constant for different locations
within the same housing market unless there are differences in systematic risk that vary
with distance. Given that an arbitrage equilibrium tends to equate total return, if the

expected appreciations at different locations is established, the variation of the CAP rate

derive the purchase price of agricultural land for conversion to urban land based on capitalized rents from
housing and a required rate of return over the riskless rate of including sources of systematic and
unsystematic risk. The speed of land conversion and pricing of that land at the edge of the city is shown to
be very complex. Accordingly the analysis presented here will deal only with developed portions of the
city.
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with respect to location within a single housing market can also be identified. It happens
that the literature based on the SUM implies that, for most U.S. cities in most time
periods, there are theoretical reasons to expect rent appreciation and so asset price
appreciation to vary directly with distance. In order to maintain constant total return,
DPH would then require that CAP rates vary inversely with distance.

The SUM established early through Alonso (1964), Mills (1967), Muth (1969)
and extended by Muth (1971), Smith (1976), DeSalvo (1977), Brueckner (1987),
Turnbull (1995) and many others provides a basis for understanding the relation between
location and residential house price appreciation. If such a relation is systematic within a
single housing market, it can be used as a basis in testing capital theory in that housing
market.

Theoretical analysis of systematic differences in rent and house price appreciation
within a city has been very rare. In an early systematic analysis of difference in rent and
house price appreciation with respect to the location, age, and size of the unit under SUM,
Rachlis and Yezer (1985) pointed out that the suburbs should have higher appreciation
rates and lower CAP rates compared to central city. This paper tries to understand the
systematic difference in rent and house price appreciation at different locations within a

city through a model of urban structure.

3.2.1 House Price Appreciation and the Population Density Gradient
Before looking at the within-city distribution of house price appreciation, this
paper examines the population density first. Housing demand of households is a

fundamental drive of house price appreciation. Also, the systematic differences in house
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price appreciation within a city can be analyzed through the same process that causes the
population density function flatten over time.

In the empirical literature on the SUM, the population density gradient is used to
characterize the shape of population distribution across a city. McDonald (1989) provided
a survey of early econometric specifications and estimates of the density gradient of
urban population. In the SUM, population in an urban area follows a negative exponential

density function as defined in Mills (1970).

D(u)= Dye ™" (3-2)

where D(u) 1s the population density at # miles from the CBD, D, is the population
density at the CBD and 7, is the population density gradient. As a result of the negative

exponential distribution, any change in the density gradient will cause population
distribution to change differently at different locations within a city. For example, a
decrease in the density gradient will flatten the density function and therefore, population
in the suburbs will experience higher percentage increase in price relative to the city
center.

If the household demand for housing increases, due perhaps to an increase in
income, the population density gradient will also flatten and population in the suburbs
will rise compared to that in the center city. It is possible to demonstrate that, if the
density gradient falls (density function flattens) the price for residential land and housing
services will experience a higher percentage increase in the suburbs than in the city center.

Empirical evidence, for example Mills and Tan (1980), of falling density gradients over
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time has been established for many countries. The evidence of falling density gradients
suggests that the population density functions for most of cities flatten over time and
therefore, the house price appreciation in these cities should be higher in the suburbs than
in the city center.

Under the SUM, income and commuting cost are fundamental determinants of the
population density gradient. Rising income and decreasing commuting cost reduce the
density gradient which in turn produces house price appreciation that varies directly with
distance from the city center. The relation among income, commuting cost, and housing

price is summarized next through a model of urban structure.

3.2.2 Income, Transportation, and Changes in House Price

In this section, the relation between conventional urban growth processes, in
which population density gradients decline and differential rates of house price
appreciation in the center and periphery of the city is developed.

We begin with a monocentric city that has a central business district (CBD) where
all the residents of the city are employed. The city is located in a featureless plane and
households’ location choice only concerns the distance from the CBD, u . Household
utility U (X ,H ) is derived from consumption of composite non-housing goods NH and
housing services, H . Households must travel to CBD to work and shop. The per round
trip mile cost of commuting/transport is a constant 7c . Households receive income 7 .
Note that workers’ wages are not compensated for their location choice in this model.

The rental price of housing services is 7, and it is a function of distance to the CBD. Per
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period price for the composite non-housing consumption good is normalized to one.

Therefore, households face the following budget constraint:

I=r,H+X +tcu (3-3)

Substitute Equation (3-3), the budget constraint, into the households’ utility function and

the households’ maximization problem becomes

]{lggy}cU(l —r,H —tcu, H) (3-4)
First order conditions are:
with respect to u
oH or oH
Ul|-tc—r,—-H—2 |+U,—=0 3-5
1( " ou ou j ? du (3-5)
with respect to H
U(-r,)+U, =0 (3-6)

Combining Equation (3-5) and Equation (3-6) we have:

ory tc
o T 3-7
ou H -7)
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Equation (3-7) is a version of the Muth’s equation. Muth’s equation states that rental
price of housing services is a decreasing function of distance to the city center. It can be
used to show that rising income and decreasing commuting cost flattens the house price
function.

Divide both sides of Equation (3-7) by r,, and we can find the slope of the

housing price function, or the housing price gradient, 7,,,

ory,
Ou g 1€ (3-8)
o " ryH

Differentiating Equation (3-8) by income and commuting cost, gives an expression for

the effects of changing income and commuting cost on the housing price gradient as

follows.
87711 -2 6(I’H )
= H -
Py te(r, H) 8IH (3-9)
and
ony _ 1 2 6(VHH) _
s (r,HY " +1tc(r,H) ” (3-10)

a(rg]H) and a(VH H) determine the signs of aaﬁ and 9y according to

The signs of
otc /4 otc

Equation (3-9) and Equation (3-10). Although it is not straightforward to determine the
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a(rHH) and a(rHH)
ol

signs of
8 otc

analytically, especially given that the derivation has to

a(’"H]_I)
otc

e . . . H
hold the utility constant, empirical evidences point out that % >0 and <0.

De Leeuw (1971) reviewed 5 early cross section studies and found a positive relation
between income and total housing expenditure. Mayo (1981) reviewed 27 studies with
aggregate or individual level data and all the studies found positive relation between
income and total housing expenditure. In a numerical simulation, Altmann and DeSalvo

(1979) found the increasing transportation cost and decreasing income lower house

ony

values. Therefore, it is clear that > >0 and Oty

" < 0. Rising income and decreasing
commuting cost will flatten the house price function which raises the price of housing in
the suburbs compared to that in the center city. In other words, increasing income and
decreasing transportation cost over a period of years will cause the percentage change in
house price higher in the suburbs than in the center city.

Over time, real household income has increased and commuting cost decreased.
Using data from American Housing Survey, Ong and Taylor (1995) find that between
1977-78 and 1985, all race/ethnicity groups in the 10 metropolitan areas studied
experienced increase in average commute speed. Gordon, Lee, and Richardson (2004)
obtain similar results to Ong and Taylor using data from Census, Nationwide Personal
Transportation Study, and National Household Travel Survey. Gordon, Lee, and

Richardson find increasing commute speed for all different measurement groups through

the time periods of 1983, 1990, to 1995'°.

' However, commute speed for all the categories has decreased from 1995 to 2001.
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Combining empirical evidence that real income rises and commuting cost
decreases over time with the theoretical result that rising income and decreasing
commuting cost flatten the housing price gradient implies that both the rental and asset
prices of housing services grow at a higher rate in the suburbs than in the center city over
time.

The question of immediate interest is whether the empirical evidence fits the
prediction of SUM. That is, first of all, do rising income and falling commuting cost
decrease density gradient and flatten density function and secondly, do we observe the
house price appreciation rate or rent appreciation rate higher in the suburbs than in the

city center.

3.3 Literature on Intra City Variation in Density Gradient and Price Appreciation

There has been a large body of empirical literature studying the population
density gradient and its determinants.

An early study of urban population densities using a negative exponential form is
Clark (1951) who studied the urban population densities for a number of US and

European cities using Equation (3-2). Parameters D, and 77,, were calculated by first

estimating the average density for concentric circles (mile by mile in radius) around the
city center and then regressing the natural log of densities on the radius. Clark concluded
that rising transportation cost increases the density gradient.

Muth (1961) also studied the urban population densities for a number of US cities
using similar method as Clark. Muth expanded Clark’s study by including more cities and

also by selecting a random sample of 25 census tracts in each city in estimating the
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density gradients. Muth found that cities with lower transport cost and higher income
tend to have lower density gradients.
Mills (1970) studied urban densities of population and other economic activities

for a number of US cities. Mills estimated D, and 7,, using a Newton-Raphson method

and also included an estimated parameter measuring the portion of land that was
available for residential sector. He found that rising income decreased the population
density gradient. However, Mills found evidence that commuting cost has the opposite
(positive) sign as implied by theory if the passage of time can be served as a proxy for
change in commuting cost. In other words, he found that decrease in commuting cost
increased the population density gradient.

Alperovich (1983) studied the population density gradient and its determinants for
a number of cities in Israel. He calculated density gradients using an econometric model
that is similar to Muth (1961). Alperovich reported that income and transportation cost
both had the expected signs and the significance level was high in explaining changes in
the population density gradient.

Mills and Price (1984) examined determinants of changes in population and
employment density gradients for a panel of US cities in 1960 and 1970. The density
gradients were calculated following Mills method. Mills and Price found that income had
the expected (negative) sign in different population density equations. However, it was
not significant.

Thurston and Yezer (1994) expanded the previous literature and studied increased
industry disaggregation. They studied the determinants of population and employment

density gradients for 7 sectors in 11 US cities over 14 years. Density gradients were
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estimated using a two-point method following Mills (1972). They found that increasing
income reduced the population density gradient and flattened the density function. They
also found that density gradients flattened over time. A proxy for commuting cost,
transportation investment, had the correct (positive) sign as predicted by SUM although it
was not significant.

Bertaud and Malpezzi (2003) studied population densities of 48 cities around the
world over a time period of about a decade. They estimated density gradients following
Clark and Muth. They found that income and transportation costs had the expected signs
on the population density gradient.

The flattening effect of income on the population density function has also been
found in the context that does not involve direct estimates of changes in the density
gradient. Brueckner (2000) argued that rising income and falling commuting costs caused
urban sprawl. Margo (1992) found that an increase in household income increased the
proportion of suburban population.

Although some proxies for transportation cost fail to behave as theory predicted,
overall speaking, the empirical evidence is quite strong suggesting that income and
decreasing commuting cost flatten density gradients as predicted by SUM. On the other
hand, empirical evidence testing house price appreciation at different locations within
city offers mixed results.

There is no question in the literature that income influences house price
appreciation. A number of papers in the literature, including Malpezzi (1999), and
Capozza, Hendershott, Mack, and Mayer (2002), have pointed to rising income as an

important determinant of house price appreciation. The more important question is that
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given the trend of rising income over time and the prediction of SUM, do we observe
house price appreciation rising at higher rate in the suburbs than in the city center.

Rachlis and Yezer (1985) tested the theory that the suburbs should have higher
appreciation rates and lower CAP rates compared to central city. They used a micro data
set consisting of housing units from Atlanta, Baltimore, Fort Lauderdale, Richmond, and
Rochester in 1975 and 1978. Their empirical evidence showed housing units appreciate
faster when located further away from the central city.

Case and Mayer (1996) estimated the house price changes in 168 Massachusetts
cities and towns. They studied price changes using three time periods, 1982 to 1992,
1982 to 1988, and 1988 to 1992. They found that, after controlling for town
characteristics and amenities, appreciation rates decreased with the distance to central
city (Boston) for all the three time periods.

Archer, Gatzlaff, and Ling (1996) studied the pattern of house price appreciation
within Miami from 1971 to 1992. Their results were similar to Case and Mayer. They
found that appreciation rates are lower in places further away from the center city. They
argued that the results can be explained can be explained by the attractiveness of CBD
and its ocean-side location.

Anglin (2007) documented the large variation in house price appreciation among
different parts of the Toronto metro area (divided into 12 zones) during 1989 to 2007. On
average, zones that belonged to the city of Toronto had slightly lower monthly
appreciation rate (0.003275) than the suburban zones'’ (0.0038).

These empirical studies fail to reach an agreement about whether house price

appreciation is faster in the suburbs than in the city centers. Consolidating these

17 Zone 7 includes part of the city and is excluded from this summary.

60



conflicting results is the first objective of this paper. If it is observed that a systematic
pattern of appreciation variations within cities predicted by SUM is valid, we can use this
prediction of differential appreciation over distance as the basis for testing DPH under an

intra city framework.

3.4 Data

This paper uses the American Housing Survey (AHS) national sample as the data
source. Survey years1991 to 2007 are used. Three variables of interest, CAP rate, rent
appreciation rate, and house price appreciation rate, need to be constructed from the
survey data. All three variables are constructed for city center and suburb separately
given that this paper is an intra-city study. Ideally, we would like to have separate CAP
rate estimates for single family and multifamily housing units. Multifamily housing units
are linked to rental market more often than single family housing unit. We may expect
different results for applying DPH to the two different housing types. However, once the
data for each city is divided into central city and suburb observations, we do not have
enough data points to calculate CAP rates for each housing type. This is especially true
for multifamily housing units. As a result, CAP rates are calculated for both housing
types combined.

The AHS identifies the geographic location of a unit as center city or suburb. This
division provides us the convenience of separating observations geographically. Also,
such division allows enough observations be found in either location category to

estimating the CAP rate.
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CAP rates are estimated following Phillips (1988) by estimating the following

equation for each location category in each city.

log(price)=Xﬂ+own7/+5 (3-11)

In Equation (3-11), price is the value of the housing unit when it is owner occupied and

annual rent when it is a rent occupied unit. X is a series of housing characteristics that
determine the rent and value of housing units and own is a dummy variable which is one

when it is owner occupied unit and zero when it is a rental unit. ¢ is normally distributed

disturbance term. The estimated CAP rate is simply e .

To construct the rent and house price appreciation rates for center city and
suburban locations in each city, a special feature of the AHS is utilized. The AHS
national survey goes back to the same housing units in each survey year (usually every 2
years). This allows evaluation of the house price appreciation and renal appreciation
given that tenure status has not been changed over the two year period'®. The
appreciation rates for either location category in each city are simply the mean change in

valuation of all units in the same category in that city.

3.5 Estimation Strategy
Once the variables of interest are computed, the empirical tests are relatively
straightforward. In this paper, two sets of tests are performed to test the theory discussed

above. The first set of tests is a set of simple t-tests to see if the SUM prediction that

'® The frequency of tenure change or the change of tenure status is assumed to be not related to CAP rates
or appreciation rates so the estimates are not subject to sample selection problem.
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appreciation rates vary directly with distance holds in the data. The second set of tests is a
combination of regressions and t-tests to show if the prediction of DPH that areas with
higher expected appreciation have lower CAP rates applies in an intra city framework
and whether total rates of return are the same at different parts of each metropolitan area.
These tests are discussed in turn.

The first set of tests evaluates whether the pattern of value and rent appreciation
distribution at different locations within the same city predicted by SUM through a set of
t-tests. SUM predicts that rent appreciation rate in the suburbs is higher than in the city
center in each city. In the first test, we take the difference of rent appreciation rates
between suburb and center city for each city and then test whether the difference can be
explained by SUM. In equilibrium, house price appreciation is the same as rent
appreciation. In the second test, we take the difference of house price appreciation rates
between suburb and center city for each city and then test whether the pattern of the
difference is the same as for rent appreciation between areas of the city.

The second set of tests evaluates DPH. In the first test, we test for the pattern of
CAP rate differences at different locations within the same city. The SUM predicts that
rent appreciation rate in the suburbs should higher than in the city center. Given that
pattern, DPH then predicts that the CAP rate at city center is higher than that in the
suburbs. We take the difference of CAP rates between city center and suburb for each
city and then test whether the difference can be explained by differences in appreciation
as predicted by DPH.

DPH also predicts that the sum of appreciation and CAP rate move so that total

rate of return in the suburbs and city center are the same in each city. This can be tested
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in at least three ways. The first one is a CAP Rate Equation which is derived from

Equation (3-1):

CAP=r—-g° (3-12)

where g° is the expected house price appreciation assuming expectation is rational and
perfectly forecast the future appreciation. Total rate of return to housing o includes

rental return and appreciation return The CAP Rate Equation states that when priced
correctly under the DPH, higher appreciation rates exactly trade off for lower CAP rates.

AP .
Therefore, the test is whether oc — =—1 holds. This set up with the current data set can

og

only be used to test that total rate of return is same for different parts of the city and for
all cities. We do not expect the test results to change significantly from the results in the
inter city chapter.

Another DPH test we can do is to regress total rate of return in city center on the

total return in the suburbs.

rcenter = ﬂl + ﬂ2rsubui‘b (3- 1 3)

Total rate of return to city center r,,,. and total rate of return to suburban properties

enter

s 1D €ach city is estimated by adding rental return and housing price appreciation

rates. This test directly evaluate intra city version of DPH. If total rates of return between

the city center and suburb are the same, we expect f, =0 and S, =1.
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The final test we can perform regarding DPH in this intra city model is a t-test.
We take the difference of total rate of return between city center and suburb. If intra city

DPH holds, t-test will show that the difference is not significantly different from zero.

3.6 Empirical Results

Tables 3-1 and Table 3-2 contain the results of a test of whether appreciation rates
in the suburbs are higher than in center city as predicted by the SUM. Table 3-1 tests the
difference in rent appreciation between suburbs and center city. The average difference in
rent appreciation between center city and suburb is statistically significant but
economically small (0.5 percentage points per year). The positive sign of the difference
fits the predictions of the SUM.

In Table 3-2, the difference in house price appreciation between center city and
suburb is examined. DPH suggests that the rate of house price appreciation and rent
appreciation should be the same in equilibrium. Therefore, we should expect house price
appreciation has a similar spatial distribution to rent appreciation as predicted by SUM.
The differences in Table 3-2 are not economically significant with highest average
difference is 0.015. Among the 8 single periods, house price appreciation rates are higher
on average in the suburbs for 5 periods and only 1 is statistically significant. In one
period, house price appreciation rates in the city center are statistically higher. When all
observations from all years are put together, house price appreciation is slightly higher on
average in the suburbs. However, that result is not quite statistically significant.

Overall, these results provide very mixed evidence that SUM predicts the

distribution of appreciation rates within cities. Rent appreciation rates in the suburbs are
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higher than in center city. House price appreciation in the suburbs seems to be higher
than in the center city. However, that result is not statistically significant. We turn to the
next question: whether DPH holds in an intra city framework which is tested in Tables 3
to 6.

Table 3-3 examines the difference in CAP rates between center city and suburb. If
appreciation rates are higher in the suburbs within a city as predicted by SUM, then DPH
suggests the CAP rate should be higher in the center city. Table 3-3 shows that the
average difference in CAP rate between center city and suburb has the sign predicted by
SUM and DPH. Once again, the average difference seems economically small. CAP rates
are higher on average in the city center for all but one period but only one is statistically
significant. When all observations from all years are put together, CAP rate is higher on
average at center city and the t-test is statistically significant.

Table 3-4 shows results from a CAP Rate Equation. The tradeoff between CAP
rate and appreciation rate measured by house price appreciation is always lower than 0.17
for the single-year estimates. In 3 out of the 8 periods, the coefficient on house price
appreciation has the wrong sign as expected. The results are confirmed by two-way fixed
effect model where the measured tradeoff is negative (as expected) but non-insignificant.

Table 3-5 presents results from Equation (3-13). The hypothesis is that the
constant term is 0 and the coefficient of total rate of return in the suburbs is 1. In all the
regressions, the coefficient on total rate of return in the suburbs has the correct sign. Only
one estimate is not statistically significant. The estimates that are significant range from
0.46 to 0.83 for individual periods. The t-tests for two estimates cannot reject at 0.99

confidence level that the coefficient is 1. The confidence intervals of 2 other estimates at
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0.99 level lies very close to 1. In 5 out of the 8§ individual periods, the constant term is
significantly different from zero. Fixed effects estimate of the coefficient on total rate of
return in the suburbs is 0.70 though t tests reject that the coefficients are 1 at 0.99 level.
The constant estimates are not significantly different from zero. These results provide
much stronger empirical evidence that supports DPH than the evidence that inter-city
studies find.

Table 3-6 shows the t-tests for total rate of returns between suburb and central city.
In one out of eight periods, total rates of return are statistically different between suburb
and central city. When all the observations are polled, the difference is small and not

statistically significant.
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Table 3-1 Rent Appreciation Rate Difference between Suburb and Center City

Year Obs. Mean  Std. Dev. T test
1991 64 -0.001 0.038 -0.2594
1993 69 0.011 0.040 2.246
1995 64 0.004 0.030 1.065
1997 51 0.001 0.042 0.217
1999 63 0.007 0.052 1.113
2001 64 0.003 0.037 0.698
2003 64 0.000 0.050 0.079
2005 60 0.013 0.058 1.676
Overall 499 0.005 0.044 2.474

Table 3-2 House Price Appreciation Rate Difference between Suburb and Center
City

Year Obs. Mean Std. Dev. T test

1991 64 0.009 0.039 1.922
1993 69 0.015 0.038 3.388
1995 64 -0.011 0.045 -2.014
1997 51 -0.004 0.036 -0.746
1999 64 0.002 0.051 0.274
2001 64 0.006 0.055 0.841
2003 64 0.007 0.056 1.065
2005 60 -0.004 0.056 -0.502
Overall 500 0.003 0.048 1.388

Table 3-3 CAP Difference between Center City and Suburb

Year Obs. Mean Std. Deyv. T test

1991 64 0.004 0.046 0.784
1993 69 0.013 0.045 2414
1995 64 0.004 0.046 0.765
1997 51 0.011 0.058 1.342
1999 64 -0.005 0.057 -0.647
2001 64 0.004 0.045 0.683
2003 64 0.010 0.056 1.402
2005 60 0.007 0.031 1.694
Overall 500 0.006 0.048 2.776
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Table 3-6 Total Rate of Return Difference between Center City and Suburb

Year Obs. Mean Std. Dev. T test

1991 64 -0.005 0.061 -0.638
1993 69 -0.002 0.048 -0.417
1995 64 0.016 0.059 2.110
1997 51 0.015 0.075 1.393
1999 64 -0.006 0.070 -0.727
2001 64 -0.002 0.065 -0.234
2003 64 0.002 0.064 0.303
2005 60 0.010 0.063 1.275
Overall 500 0.003 0.063 1.073

3.7 Summary and Conclusions

This paper studies tests of SUM and DPH in an intra city framework. It first tests
the appreciation rates distribution within a city predicted by SUM. It then tests the DPH
based on SUM and finally it tests the arbitrage equilibrium condition and DPH. This
study carefully constructs appreciation measures and CAP rate measures from AHS
survey data.

Overall, we find evidence supporting both SUM and DPH in an intra city
framework. We have strong evidence that rent appreciation rates are higher in the suburbs
than in the center city although we only find modest evidence that house price
appreciation is higher in the suburbs. For some years, evidence shows that house price
appreciation is lower in the suburbs. The difference in results between models using rent
and value change is curious given that, in equilibrium, rates of growth should be equal
between these two. The evidence that rent appreciation is higher in the suburbs

predicted by SUM is rather strong. CAP rates are found higher in the central city as
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predicted by DPH. Total rate of return differences between center city and suburb are not
significant which is consistent with arbitrage equilibrium condition being met within each
city. Overall, this paper finds much stronger empirical evidence supporting DPH than

inter-city studies have done previously.
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Chapter 4 Arbitrage Conditions, CAP Rates, and Segmentation in the Housing Market: A
Micro Study

4.1 Introduction and Motivation

Rent-to-asset price ratios (CAP rates) of any good in a competitive market should
be governed by a no arbitrage condition based on user cost of the supplier. Producers
should be indifferent between renting and selling consumer durables and the arbitrage
condition expressing that indifference is the capitalization rate (CAP rate) of net rental
income. Although computation of the capitalization rate can be complex, particularly
given that tax treatment of residential real estate, the general position in the literature is
that the CAP rate should not vary with the value of the unit.

While the constant CAP rate assumption has many proponents, some recent
literature has come to question its empirical validity. Glaeser and Gyourko (2007)
conclude that observed rents appear to be too low to justify the asset prices observed in
housing markets if the CAP rate is based on the user cost of landlords. Verbrugge (2008)
finds that rents and asset prices fail a cointegration test in many markets. Garner and
Verbrugge (2008) observe that, based on surveys of owner occupants in the Consumer
Expenditure Survey, estimated rental equivalence is concave in estimated house value.

This paper proposes a model of a segmented housing market in which the CAP
rate is expected to be constant over a range of house values and then decreases thereafter.
It then tests the model using data collected for carefully matched housing units, and finds
that the CAP rate is not constant and that rent increases at a decreasing rate with value.
The segmented housing market model reconciles the standard textbook model of

residential real estate and the observed data. In the segmented model, arbitrage
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equilibrium of landlords determines the measured CAP rate for lower value units and
arbitrage equilibrium for occupants determines the measured CAP rate for higher valued
units. The rest the chapter is organized as follows. Section 4.2 reviews evidences and
arguments in support of the idea that CAP rates are constant and real estate markets are in
an arbitrage equilibrium. Section 4.3 identifies arguments against the proposition that
CAP rates are constant. Section 4.4 presents a model with variable CAP rate and an
arbitrage equilibrium. Section 4.5 discusses the data. Section 4.6 is the empirical analysis

and Section 4.7 concludes.

4.2 The Case for Constant CAP Rates and Landlord Arbitrage

It is not difficult to find empirical support for the position that CAP rates for
consumer durable purchases are constant. Taking automobiles as an example of a major
consumer durable, it is possible to observe the ratio of lease to purchase prices as a
function of vehicle price. The CAP rate should be constant reflecting arbitrage
equilibrium for manufacturers whose decision to lease is based on the opportunity cost of
selling capitalized at a corporate rate that does not vary across models with different
selling prices. The empirical validity of this proposition was verified by going to
individual manufacturers’ websites. Major producers, including Buick, Chrysler, Acura,
and Porsche, provide estimated leasing prices which indicate a virtually constant
capitalization rates for their own vehicles. A sample of ten automobile manufactures was
selected based on data availability. The estimated relation between lease and purchase

prices produced a function that was slightly convex at the upper end of the market as
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shown in Table 4- The departure from linearity, is both statistically insignificant and

economically too small.

Table 4-1 Automobile Capitalization Rate vs. Sales Price

Dependent variable: Automobile CAP rate

Sales price (1,000 $) 7.81E-08
(1.24)
Constant 0.223
skkk
(48.60)
Observations 96
R? 0.016

Notes: Absolute values of t statistics are reported in the parentheses
* significant at 10%; ** significant at 5%; *** significant at 1%

The same seller arbitrage condition found in automobile and other durable goods
markets motivates the assumption that CAP rates are constant within a local housing
market. Indeed, models of real estate pricing where CAP rate does not vary with value
are standard, see, for example, DiPasquale and Wheaton (1996) as shown in Figure 4-1.
Further the expression for user cost, on which the CAP rate is based, assumes that the
user cost per unit of housing capital is constant, provided that the expected rate of

appreciation does not vary with value itself.

' The possible pricing strategy of over quoting leasing cost to push sales of expensive vehicles is ignored
due to the assumptions that the strategy should only play a role in market capitalization rates in the short
run.

75



Figure 4-1 CAP Rate and User Cost from DiPasquale and Wheaton (1996)
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A commonly accepted method for estimating CAP rates, developed by Phillips
(1988), implicitly assumes that the CAP rate is not a function of value. Tests for
efficiency in asset pricing following the tradition of Case and Shiller (1989) also share
this assumption. Finally there is a substantial literature on valuation of rental property
that capitalizes net rental income by a constant user cost to get value based on the
assumption that the landlords are in an arbitrage equilibrium. For a recent example from

this literature see Benjamin, et al (2008).
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Smith and Smith (2006) use a very micro level data set similar to that collected
for this study to estimate housing value and rents. They conclude that actual house prices
deviated from predicted value based on observed rents by more than forty percent in five
of the cities studied but argue that rent to asset price ratios are mean reverting and
maintain the assumption that equilibrium requires that rent be linear in value.

The Bureau of Economic Analysis (BEA) uses owners’ estimates of rental
equivalence to estimate CAP rates for households as a function of housing value based on
the 1991 Residential Finance Survey. The resulting CAP rates, shown in Figure 4-2, are
currently used to transform owner's value into implicit rental income for incorporation in
the National Income and Product Accounts (NIPA). Overall the CAP rate appears
convex in value but that is largely the product of very low value units where depreciation
and operating cost, including vacancy and bad debt losses, may be unusually large as a
proportion of gross rent. The BEA CAP rates have been included in this section on
arguments for a linear relation between rent and value because they are virtually constant
once unit value exceeds $75,000 and they are certainly not concave as those who argue
for a variable CAP rate contend in the next section. If the BEA’s assumptions about the
relation between CAP rate and value are not correct, this could have important

implications for the measurement of national income.
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Figure 4-2 BEA CAP Rate Measure Based on 1991 Residential Finance Survey
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A final point made by those who believe that rents are linear in value is that the
proportion of renters falls with value. It seems counterintuitive that the probability of
renting would fall with value if rent was actually concave in value so that the relative
price of rent was falling at the same time that the proportion of renters was falling. It is
then argued that measurement problems obscure the constancy of the CAP rate. Two
problems are commonly cited. First, hidden heterogeneity in the housing units,
particularly differences in expected appreciation between rental and owner units.*’
Second, differences in the ratio of operating costs to value are sometimes cited as a

. .. . . . .21
possible source of variation in CAP rates measured using the gross rent-to-income ratio.

2 For an excellent demonstration that these differences are not found in the data see: Gatzlaff, Green, and
Ling (1998).

*! The most common argument here is that, for very low value rentals, credit risk and depreciation are both
higher due to the characteristics of the occupant. However these effects disappear well before the value
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4.3 The Case for Variable CAP Rates and/or Failure to Arbitrage by Landlords

A recent paper by Glaeser and Gyourko (2007) concludes that observed rental and
asset prices of housing are inconsistent with an arbitrage equilibrium for landlords. They
suggest that part of the apparent problem may be that some determinants of the CAP rate,
including maintenance cost, risk, risk preference, and expected appreciation, are difficult
to measure.”? However, they argue that current rents are too low to support asset prices
for rental units that equal the asset prices of comparable owner units, thus violating the no
arbitrage condition because, given current rents, landlords should sell the units to owner-
occupants.

Curiously, the literature which assumes CAP rates are constant contains results
which appear to violate that assumption. Although Phillips (1988) developed a much-
used technique for estimating CAP rates based on pooled regressions of both rental and
owner occupied units under the assumption that the rent/value ratio was constant within a
given housing market, she found that the expected real rate of appreciation in housing
asset prices did not have the expected negative relation to CAP rates. Specifically, she
reported that the estimated coefficient of various measures of expected appreciation in a
CAP Rate Equation was significantly greater than zero but also well below unity. Indeed
the estimated value was -0.01. This value implies that total return to housing investment
across markets is directly related to the CAP rate which is a violation of the inter-area no-

arbitrage condition of equality in total return that should characterize the equilibrium of

segments of the market studied here (the lowest house value in the micro data this analysis is based on is
over 100 thousand dollars).

221t is well known that CAP rates tend to rise with age of structure, see Palmon and Smith (1998). This is
due to the dominance of rising maintenance costs over falling depreciation rates in determining the change
in user cost as building ages.

79



housing markets. Similar results were obtained by Hamilton and Schwab (1985) using a
different empirical technique for measuring CAP rates.

Blackley and Follain (1996) estimated a four-equation structural equation of the
U.S. housing market and simulated the relation between rents and user cost over time.
They found that only half of a change in user cost is reflected in rents and the lag on the
adjustment process is very long, with only one-third of the adjustment completed in the
first ten years. These and subsequent research have established the failure of rent-to-asset
price ratios to fall with estimates of expected appreciation has been well established as a
stylized fact in the literature.

In a study of property tax capitalization, Palmon and Smith (1998) found that
CAP rates tend to fall with interior square footage of single family housing units in
Houston. In a sense, these results anticipate the empirical work in this paper. However,
they note that CAP rates fall with size, and presumably value, in passing but provide no
further explanation or comment.

Recently Verbrugge (2008) constructed user cost and rent series for single family
units by MSA, region, and nationally for the U.S. over time. In contrast to expectations,
he found in all tests that compared to various rental price series, asset prices are
characterized by excess volatility, differing trend, and even failure to be cointegrated with
rents. These differences do not appear to be explained by volatility in his measure of user
cost. Furthermore, Garner and Verbrugge (2008) have used owner’s estimates of rental
equivalence and value reported in the Consumer Expenditure survey to study the

determinants of reported rental equivalence. As is evident from the scatter diagram
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shown as Figure 4-3, they find that rental equivalence is concave in value.”> While
owner estimates of rental equivalence and value are not transactions prices, it is difficult
to see why owners of higher value units should report significantly lower rent-to-asset
price ratios, particularly given that the question is asked in four successive interviews as

part of successive waves of the Consumer Expenditure Survey.

Figure 4-3 Annual Rental Equivalence vs. House Value from Garner and Verbrugge
(2008)
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Overall, it appears that the case against the constant CAP rate assumption, in
which rent/asset price ratios reflect an arbitrage equilibrium of landlords, is quite strong

and deserves serious testing and explanation. However, it does imply the counterintuitive

> It is tempting to dismiss owner’s estimates of what their unit would rent for as uninformed speculation.
Certainly the relation between rental equivalence could arise due to estimation error by the owner-
respondents. But the survey collects data for 4 successive quarters and the argument is that, by the fourth
quarter, owners have attempted to determine the rental price of their units.
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result that there is low fraction of renters in high value housing in spite of the fact that the

rent-to-asset price ratio is falling!

4.4. A Model with Variable CAP Rates and Arbitrage Equilibrium

Titman (1982) developed a model of market equilibrium in which the
homeownership rate fluctuates with the distribution of user costs within the population
based primarily on differences in marginal tax rates compared to the relatively constant
user cost of landlords. Households with user cost below that of landlords choose to own
and those with higher user costs rent. Given the positive association between income and
marginal tax rate, income and user cost should vary inversely and hence homeownership
rates should rise with income.

The model proposed here is based on the fundamental insight in Titman except
that it has a segmented housing market. It relies on the fact that user cost of households
varies inversely with income due to the tax treatment of owner-occupied housing and the
relatively lower borrowing cost facing households with higher income. Furthermore,
because housing consumption rises with income (even for rental housing) and also varies
inversely with user cost, housing value should increase with income.**

An informal discussion of the model will be presented first, followed by a more
formal presentation of the fundamental equations of the model calibrated to the case of
the Washington, D.C. housing market which will be the object of the hypothesis testing
reported in the next section of this paper.

Rental housing is supplied by normal landlords (hereafter “landlords”) whose

decisions are based on a conventional CAP rate computation and by “inframarginal

* These points are related because quantity of housing consumed by owners is based on user cost.
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landlords”, whose supply of rental housing is perfectly inelastic.”” The number of
inframarginal landlords is small and they are assumed, for analytical convenience, to be
distributed uniformly across the housing stock. In one segment of the market, where
housing value is lower, most households have user cost higher than that of landlords and
the demand for rental housing is far greater than the supply from inframarginal landlords.
The CAP rate does not vary with value in this segment of the housing stock and it is
based entirely on the user cost of landlords. Households choose tenure by comparing their
personal user cost with the CAP rate determined by landlords.

In the other segment of the market, house value is sufficiently large so that
virtually all households wishing to consume that quantity of housing have high enough
income and marginal tax rates so that user cost is lower than that of landlords.
Accordingly, landlords are not active in supplying rental housing in this segment.
However, inframarginal landlords are active. The observed CAP rate is lower than that
for landlords and is based on the CAP rate of the marginal households (renters) at which
the supply of rental units from inframarginal landlords clears the housing market. In this
segment of the market the CAP rate is determined by the marginal households who are in
arbitrage equilibrium between renting and owning. Because of the positive association
between income and housing consumption, the observed rent-to-asset price ratio falls
throughout this segment of the housing market. The net result is the apparently
counterintuitive finding that both the fraction of renters and the rent-to-asset price ratio

tend to fall as the value of the housing unit rises.

% Inframarginal landlords may be owner-occupants who wish to retain ownership of a housing unit for any
number of idiosyncratic reasons. There may be a personal attachment to a particular unit, a desire to avoid
a taxable event associated with sale of the unit, etc.
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Housing market equilibrium produced by this model is illustrated in Figure 4-4.
The CAP rate set by landlords is constant and average user cost of households is
decreasing with value of housing consumed by households. At each housing value, user
cost of households consuming that amount of housing services has a distribution around
the mean which is drawn as uniform for purposes of illustration. Households make their
tenure choices by comparing their user cost and market CAP rate. The share of housing

supplied by inframarginal landlords comprises the small area at the top of each bar.
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Figure 4-4 CAP Rate, User Cost, and Inframarginal Rent
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The market capitalization rate is still set by landlords until the CAP rate of

households falls sufficiently low so that inframarginal landlords can meet the entire

demand for rental housing. This occurs at house values sufficiently high that the mean

household CAP rate is significantly below that of landlords. As the quantity of housing,

and hence its value, increases beyond this point, rental housing is supplied by

inframarginal landlords and it is priced based on the user cost of the marginal household

renting in that quantity segment of the market. Thus there are two segments of the

housing market and an arbitrage equilibrium holds in each. In the lower value segment,

there is a no-arbitrage equilibrium based on CAP rates of landlords. In the high value




segment of the housing market the no-arbitrage equilibrium is based on the CAP rates of
the marginal households who rent. If this prediction of the model holds in the data, there

should be a rent curve that is concave overall in house value which is show in Figure 4-5.

Figure 4-5 Expected Relation between Rent and House Value

Rent Rents predicted \A
with constant
CAP rate

Rents predicted with variable
CAP rate

~
— T /L
Landlords determine

CAP rate The marginal renter Value
determines the CAP rate

It is possible to calculate the CAP rates of landlords and consumers that are shown in
Figure 4-4. Because the subsequent section will test the theory using a dataset collected
specially in 2008 from Washington, DC, user cost and CAP rate are calculated for the
Washington, DC metropolitan area with most recent data in 2007.

Landlords are assumed to set the price of housing correctly following the

valuation model proposed by Ling (1992). For each unit of housing service, landlords can
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charge 7, . The sales price of a property producing H units of housing services for the

total of N time periods should be set at:

=1 (1+k)t =1 (1+k)t ! =1 (1+k)t
(4-1)
puHI(1-B)1+g) 1(1-7.)+7, 4B,
1+ k)

where py, is price level for each unit of housing service, p is general inflation, 7, is

income tax rate, 0 is annual tax depreciation deduction, ¢ is tax deductible operating

cost, which increase at the rate of 7. Property owners incur a cost B at time of sale and
properties appreciate at a rate of g. The capital tax rate is 7, percent and 4B is the

adjusted tax basis of the property at time of sale and k is the weighted average cost of

capital:

T
AB, =r, *H-Y6, (4-2)

t=1

and

k=(1-7)i+(1-7,,)RP (4-3)

where i is nominal interest rate, and, RP is the risk premium and 7,, is the tax rate
associated with the risk premium. Equation (4-1) is the basis for calculating the

landlords’ CAP rate shown in Figure 4-7.
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Table 4-3 lists parameter values for Washington, DC appropriate for a one year
holding period are used to compute the landlords’ CAP rate. The CAP rate of landlords
based on Equation (4-1), consistent with the textbook example in Figure 4-1, does not
vary with the amount of housing services in the unit (i.e. the CAP rate is not a function of
H).

Next, it is necessary to determine the user cost of households as a function of
house value in Washington, D.C. for 2007. User cost, uc, is calculated using average
household characteristics of households in each house value interval based on the
American Housing Survey (AHS) 2007 national survey for the Washington, D.C.
metropolitan area. Marginal tax rates for 2007 are taken from the appropriate federal and
state income tax schedules. User cost of households follows a standard formula following
with the assumption that households sell properties after one year to match the same

holding period as that for landlords.

uc=(i+rpX1-ri)+c+B-g (4-4)
where 7, is the property tax rate. The parameter values are listed in Table 4-3.

Home owners bear the whole cost of B in one year period since the problem is
simplified to one year. In order to measure the variation in user cost by house value it is
necessary to discover the way income, mortgage interest rates and marginal tax rates vary
with house value in the Washington, DC metropolitan area. Table 4-2 shows that
mortgage interest rates from the American Housing Survey tend to fall slightly with

income.

*% For a good discussion of the user cost literature, see Green and Malpezzi (2003).
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Table 4-2 Washington DC Mortgage Rate Distribution by Income Level Calculated
Based on the 2007 American Housing Survey

Variable Income Group Obs. Mean Std. Dev.
Household Income Full sample 406 88127 87187
First mortgage rate <10000 4 5.94 0.79
First mortgage rate >=10000 & <16050 0 - -
First mortgage rate >=16050 & <40000 15 6.61 1.51
First mortgage rate >=40000 & <65000 34 6.53 1.15
First mortgage rate >=65000 & <131450 71 6.41 0.98
First mortgage rate >=131450 & <200300 37 5.79 0.80
First mortgage rate >=200300 & <357700 9 5.68 0.94
First mortgage rate >=357700 8 5.13 0.55

Figure 4-6 demonstrates the empirical relation between housing consumption in
Washington and household income. This corresponds to the point that user cost of
housing is decreasing with respect to home value due to the fact that home owners with

higher income (and lower user cost of housing capital) tend to consume more housing.

Figure 4-6 Household Income and Housing Consumption for Washington DC
Metropolitan Area from the 2007 American Housing Survey
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Average user cost of households is computed as a function of house values using
Equation (4-4) above and applying the mortgage interest rates in Table 4-2 along with the
appropriate marginal tax rates of both federal and state income tax for Washington, DC

based on the relation between income and house value in Figure 4-6.

Table 4-3 Parameters Used in Calculating CAP Rate and User Cost for Washington
DC Metropolitan Area (2007)

Parameter  Value Note
i 0.06 Landlord interest rate
RP 0.03 Risk premium
Ty 0.03 Property tax rate
P 0.015 General inflation
Ty 0.36 Income tax rate
o) 0.03 Tax depreciation deduction
C 0.02 Operating cost
7o 0.045 Annual increase in operating cost
B 0.03 Cost of selling
V4 0.06 House price inflation
T 0.36 Capital gain tax rate
T 0.24  Tax rate associated with risk premium

The result is shown in Figure 4-7 where user cost for households is a decreasing
function of house value. The main driving force in this relation is the variation in
marginal tax rates, although differences in mortgage interest rates reinforce the negative

relation.
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Figure 4-7 CAP Rate and Mean User Cost for Washington DC Metropolitan Area in
2007
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Figure 4-7 confirms the relation between CAP rates of landlords and households
that is the basis for the theoretical model presented in Figure 4-4. It is not possible to
estimate the number of inframarginal landlords as a function of house value. However,
the results displayed in Figure 4-7 suggest that, as house value rises above $600,000, user
cost of households falls significantly below that of landlords. This suggests that $600,000
is a likely point to find that landlord user cost is not the basis for the observed CAP rate

in the Washington, D.C. housing market.

4.5 Micro Data
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Data are collected consistent with a natural experiment performed by the housing
market in which the effects of heterogeneity in structures can be removed by a careful
matching of physical and geographic characteristics of housing units. Rental records and
sales records are matched at the property (housing unit) level for the District of Columbia
and its Maryland suburbs. Advertised rents are collected from Craig’s List
(www.craigslist.com) and Condo.com from August 2008 through the beginning of
September 2008. Sales price data and property information come from county tax records
for properties that are sold from Jan 1% 2008 through June 30™ 2008.

Each pair of properties is the same type, either single family or multifamily, in the
same zip code, within close proximity, often on the same block by physical address, and
finally similar in size and other physical characteristics.

For single family housing units, 46 pairs in 40 zip codes were matched, and for
multifamily housing units, 102 pairs in 50 zip codes were matched. Most of these
matches were located in Montgomery County, Prince George’s County and the District of
Columbia with a small number in Fredrick County. Appendix A1 further discusses the
data collection process and identification of matched pairs.

Summary statistics for the micro data are shown in Table 4-4. A scatter plot of the
matched rent vs. house value is shown in Figure 4-8. This matched-pair data on posted
prices may be compared to the graph of owner estimates of rental equivalence and value
in Figure 4-3. It seems apparent that the survey data indicate greater concavity than the

market prices.”’

7 Because there is no public access to the BLS rental equivalence data, differences in the degree of
concavity of the rent-value relation between the two types of data cannot be tested.
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Table 4-4 Descriptive Statistics from the Matched D.C. Housing Data

Single Family
Variable Obs. Mean Std. Min Max
Dev.
House value 46 415993 225312 165000 1125000
Annual rent 46 27949 11739 17100 66000
Individual unit CAP rate 46 0.0732 0.0216 0.0436 0.1553
Multifamily
Variable Obs. Mean Std. Min Max
Dev.
House value 102 255737 164652 105000 1528569
Annual rent 102 18840 6866 11400 66000

Individual unit CAP rate 102 0.0795 0.0166 0.0432 0.1371

Figure 4-8 Scatter Plot of Matched House Value and Rent
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4.6 Empirical Test of the Relation between CAP Rates and Asset Value

The relation between asset and rental prices for these matched pairs of units can
now be estimated with and without fixed effects at the zip code level. It is assumed that
the appreciation rates are the same for these carefully matched housing units within the
same zip code, because the effects of physical and geographic heterogeneity have been
removed. The test for concavity in the rent-value relation can proceed by direct

estimation of equation:

Rj = ,B3Vj +:B4Vj2 +é (4-5)

where R; is the rent for a housing unit j, ¥, is the asset price of the matched housing

unit and ¢ is an identically and independently distributed disturbance. The segmented
market model developed above predicts a concave rent function with respect to value in
which f; is positive and f, is negative. The conventional view of a constant CAP rate
predicts 5, =0.

Table 4-5 shows ordinary least squares estimates of the parameters of Equation

(4-5):
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Table 4-5 OLS Estimation of Equation (4-5)

Multifamily Single Family Combined
Value 0.0809 0.0806 0.0806
kkk skkk skkk
(45.64) (14.48) (20.89)
Value? -2.64E-08 -2.75E-08 -2.75E-08
skskk skkk skskk
(12.64) (3.60) (5.20)
Observations 102 46 148
R? 0.9713 0.9514 0.9612

Notes: Constant terms suppressed for all estimations.
Interactions between multifamily housing dummy and house value,
house value squared in “Combined” column are not reported. Both
estimates are statistically insignificant and small, which indicates
there is no clear difference between the multifamily and single family
housing.
Absolute values of't statistics are reported in the parentheses
* significant at 10%; ** significant at 5%; *** significant at 1%

Estimation results fit the prediction of the model with segmentation. The second
order effect of asset values on rents is negative and significant in all the equations
whether estimated separately using single family or multifamily housing units or
combined. Interestingly, estimation results show that housing type is not significant in
determining the rent/value ratio at different levels of housing value.”® This is consistent
with the theory and indicates that effects of unobserved heterogeneity are removed in the

matching process as effectively for single as for multifamily housing.”

% Tests of interactive dummy variables indicated that the estimated differences in the parameters for single
and multifamily housing are not statistically significant.

% Problems of unobserved heterogeneity are potentially greater for single family housing because
differences in structure type are larger. In some cases, multifamily unit pairs were actually within the same
structure, and in other cases, multifamily units were offered for rent or sale.
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Figure 4-4 and Figure 4-5 above show the different predictions of the model with
market segmentation calibrated to Washington, D.C. data, for the relation between rents
and asset prices for single family and multifamily housing units. Figure 4-9 shows the
actual rent/value relation strongly supports the model with segmentation in which the
market CAP rate is decreasing at the upper end of housing market. Casual inspection of
the predicted and actual relation between CAP rates and value shows remarkable
agreement.

The concavity in the value/rent function in Figure 4-9 appears to be less extreme
than that found in Consumer Expenditure Survey data shown above in Figure 4-3 where
owners’ estimates of value and rental equivalence are related but the general functional
form is similar. This could be due to the measurement of rental equivalence or the fact

that the data are taken from a number of metropolitan areas.
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Figure 4-9 Relation between House Value and Annual Rents in Separate
Estimations for Multifamily and Single Family Housing Units
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A piecewise linear spline function estimation provides an even sharper test of the
segmented housing market model. Spline regressions specifically assume that the data are
segmented. They are designed to estimate the slopes of the linear relations in different
segments of data. The pattern of landlord CAP rates and user cost of owners displayed
in Figure 4-7 suggests that the observed relation between rent and value in a segmented
model of the Washington. D.C. housing market should be piecewise linear, with a slope

that is constant over the first $600,000 of value. To illustrate the estimation process, first

assume housing stock is segmented at some housing value V", which is called a joint or

knot. Housing units that are less expensive are subscripted with 1 and are subscripted 2
otherwise. Rents and house value at two different segments follow different CAP rates

but CAP rates within segments are assumed constant:
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R =p +e (4-6)

R, =pV, +¢ (4-7)

Notice that for simplicity, error terms from Equation (4-6) and Equation (4-7) are
assumed to be drawn from the same normal distribution as is done in the literature. The

combined estimation is

R, =[SV, 1D, + V1D, + & (4-8)

where D,/ D, is 1/0 when housing units belong to the first segment and 0/1 otherwise.

After some iteration, Equation (4-8) can be expressed as:

R=pBX +pBX,+¢ (4-9)

where X, =V,,D,+V "D, and X, =V,,D,—V"D, . Equation (4-9) is used to estimate the

slopes of the two segments.

The estimation can be carried out with specific assumptions about the position of
joints in the relation or maximization procedures can be designed to search for such joints
if they are not known.>® Two versions of Equation (4-9) are estimated. One imposes the
joint based on the actual average user cost and market CAP rate calculation shown in

Figure 4-7. Because Figure 4-7 shows clearly that user cost moves significantly lower

30 See, for example, Marsh, Maudgal, and Raman (1990) for a discussion.
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than the landlords’ CAP rate for housing valued above 600,000 dollars, the model is
estimated with a single joint exists at housing consumption of 600,000 dollars. Two
alternative Spline models are estimated in which joints are determined endogenously, one
with a single knot and the other with two knots. Estimation results are shown in Table 4-6
are both significant and meet expectations. The CAP rate of higher value housing units is
significantly lower than that of lower value units. Figure 4-10 allows comparison of the

estimation results.
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Table 4-6 Spline Estimation of Equation (4-9)

Exogenous Knot Endogenous Knot(s)
Single Knot Single Knot
Segment Estimate Segment Estimate
(House Value $) (House Value $)
0-600000 0.071 0-816784 0.067
ek sk
(38.60) (47.57)
600000- 0.026 816784- 0.016
sksksk sk
(5.18) (2.11)
Observations 148 Observations 148
R? 0.9536 R? 0.9466
Double Knots
Segment Estimate
(House Value $)
0-579523 0.071
skesksk
(45.85)
579523-1054046 0.026
sksk
(3.61)
1054046- 0.030
kk
(2.32)
Observations 148
R’ 0.9544

Notes: Constant terms suppressed for all estimations.
Absolute values of't statistics are reported in the parentheses
* significant at 10%; ** significant at 5%; *** significant at 1%



Figure 4-10 Relation between House Value and Annual Rents in Two Segments of
the Same Housing Market
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Comparison of Figure 4-7 and Figure 4-10 shows remarkably close agreement
between the pattern of CAP rates expected and the observed rent to value relation from
the spline estimates. Recall the calibrated model prediction that, for values below
600,000 dollars, CAP rates should be based on user cost of landlords and then fall to rates
based on user cost of higher income households.?’ This pattern is found in the rent/value

data.

4.6 Conclusions

310f course the estimated rent-to-asset price ratio is based on gross rents received by landlords and the
landlords’ required CAP rates calculated are lower because they are based on net rental income. But these
adjustments to rent are costs for both owners and landlords.
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The empirical results obtained from the specially collected matched-pair data on
rental and owner properties support the predictions of the model of a segmented housing
market. It appears that the CAP rate is variable, particularly as house value becomes
sufficiently large. The results reject the constant CAP rate assumption across all house
values. For lower valued units, ranging up to 600,000 dollars in the Washington D.C.
dataset, it appears that an arbitrage equilibrium at a constant rent/value ratio exists.

These results have a number of implications. First, there is a substantial segment
of the housing market for which the traditional analysis is of asset price based on rents
capitalized at the user cost of landlords is appropriate. Second, applying this CAP rate to
rents of higher value housing units may give the false impression that these unites are
overpriced. Third, tests for efficiency in housing market pricing that use rent to value
ratios may result in incorrect conclusions unless the rents and values are carefully
matched.?” Fourth, the current CAP rates that are used by the BEA in the determination
of national income should be reconsidered. Finally, the results presented here call into
question the findings a great number of scholarly papers that assume, often implicitly,
that CAP rates do not vary with unit size or value.*

Given the empirical evidence that rent-to-asset price ratios fall with value, it may
seem paradoxical that the fraction of renters falls with value also. The theory presented
here demonstrates that this is far from a paradox. Indeed it is the relative lack of renters
as value rises that causes landlords to retreat from this segment of the market. An

arbitrage equilibrium exists throughout the housing market but, at the lower end it is

32 The finding of inefficiency is quite common in studies that use a single rental price index applicable to
the entire housing market. See, for example, Case and Shiller (1990).

3 It is very common for empirical studies to use the ratio of a rental price index for a housing market to a
house value index for the same market as a measure of either the CAP rate at a point in time or the change
in the CAP rate. If this paper is correct, this technique is problematic at best.
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based on user cost of landlords and at the upper end it is based on user cost of the
marginal renter.

The segmented market model suggests the shape of the rent to value relation
should vary according to the number of inframarginal landlords and the distribution of
household user costs for higher income households. As the number of inframarginal
landlords increases, the concavity in the rent-value relation should increase. CAP rates
for high value units should be highly variable over time across markets because the user
cost of renters at high end of the market could vary significantly with factors such as
inflation and mortgage rates and the number of inframarginal landlords may also be quite
variable across space and time. These implications of the model may be of interest for

future research.
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Chapter 5 Conclusions

This dissertation studies the equilibrium conditions in housing markets from three
different perspectives: an inter city macro analysis, an intra city macro analysis, and an
intra city micro analysis.

The first essay studies the implications of DPH and PVM in housing markets with
more precisely measured CAP rates and alternative appreciation rate measures. The
previous disagreement on whether either PVM or DPH is supported by empirical data is
discussed in the literature review. A first finding is that the different results from previous
researches may not be robust because those studies focus on particular time periods or
particular appreciation rate measures. There is a variation in individual year estimates of
the CAP Rate Equation. Alternative measures of appreciation rates sometimes produce
contradicting results as well. However, the panel data used here produces results, which
allow one to difference out the effects of variation in the ratio of net rental income to
gross rent that has confounded previous cross section studies. The results appear to
contradict the predictions of both PVM and DPH. The complexity of housing market is
not well described by these models. There is little support for the existence of an
arbitrage equilibrium in which expected total return is equated across cities based on the
CAP Rate Equation estimates reported here. However, there is evidence that appreciation
in rents and appreciation in house value are closely related to each other as expected from
both the PVM and DPH. This last finding is particularly strong for multifamily units and
indicates that analysis of market segmentation may be important for a deeper

understanding of housing market.
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The second essay studies the SUM and DPH in an intra city framework. It first
tests to see if differences in appreciation rates within a city follow the pattern predicted
by the SUM. It then tests the DPH based on the assumption that investors know the
predictions of the SUM and finally it tests the arbitrage equilibrium condition and DPH.
This study carefully constructs appreciation measures and CAP rate measures from AHS
survey data.

Overall, there is evidence supporting both the SUM and DPH in an intra city
framework. In particular the tests confirm the prediction of the SUM that rent
appreciation rates are higher in the suburbs than in the center city although there is only
weak evidence that house price appreciation is higher in the suburbs. For some years,
evidence shows that house price appreciation is lower in the suburbs. The difference in
results between models using rent and value change is curious given that, in equilibrium,
rates of growth should be equal between these two. The evidence that rent appreciation
is higher in the suburbs, as predicted by the SUM, is rather strong. CAP rates are found
higher in the central city as predicted by DPH. Total rate of return differences between
center city and suburb are not significant which is consistent with arbitrage equilibrium
condition being met within each city. Overall, this paper finds much stronger empirical
evidence supporting DPH for intra-city housing markets than inter-city studies have done
previously.

The third essay studies the equilibrium condition in a single housing market. It
proposes a model with market segmentation and infra-marginal landlords. Empirical
results obtained from the matched-pair data on rental and owner properties support the

predictions of the model of a segmented housing market. It appears that the CAP rate is
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variable, particularly as house value becomes sufficiently large. The results reject the
assumption common in the literature, including textbooks, that the CAP rate is constant
across all house values. For lower valued units, ranging up to 600,000 dollars in the
Washington D.C. dataset, it appears that an arbitrage equilibrium creates a constant
rent/value ratio. An arbitrage equilibrium exists throughout the housing market but, at the
lower end it is based on user cost of landlords and at the upper end it is based on user cost
of the marginal renter.

These results imply that there is a substantial segment of the housing market for
which the traditional analysis is of asset price based on rents capitalized at the constant
user cost of landlords is appropriate. However applying this CAP rate to rents of higher
value housing units may give the false impression that these unites are overpriced. The
standard assumption that the CAP rate is constant within a single housing market is
problematic especially in housing markets where many home owners have low user cost

of owning housing capital.
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Appendix

A1l Micro Data Collection Process

The special micro data set collected to support the empirical tests reported here
builds on an approach taken by Smith and Smith (2006) who attempted to find pairs of
single family units matched. They selected units that differed by no more than 100
square feet in interior area, one bedroom, and one half-bath. Units were located within a
one-mile radius. The purpose of this match was to eliminate differences in physical
attributes and location that could cause rents and values to differ so that CAP rates could
be constructed directly as the rent-to-asset price ratio.

The data collection process used in this study is similar to that of Smith and
Smith (2006) but improves on their technique in two ways. First, the matching process
does not rely only on merging records in a commercial database. Because this study
focuses on Washington D.C., neighborhood characteristics and physical characteristics
can be compared more carefully. The second, and more important improvement, is the
inclusion of multifamily housing unit matches. In contrast to single family housing units,
multifamily housing units have the advantage of being more homogeneous. Given that
many pairs are located within one physical building, structural characteristics and
proximate surroundings are identical. Even for pairs that are not in the same building,
many are located in a single development that was designed and constructed by a single
builder so that units in various buildings of a complex are essentially identical. The
reliability of the multifamily data provides not only comparison to but also serves as a

double check for the single family housing units analysis
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The method of data collection began with property transfer and tax records from
Washington DC and counties in the Maryland suburbs. Real estate transactions occurring
between January 1, 2008 and June 30, 2008 were selected. Landlords posted rental
advertisements on internet websites (craigslist.org and condo.com), and these advertised
rents were used to determine annual gross rent. For each rental record on which an
address was available, that address was used to find the property in county tax records. In
some cases the address on the advertisement was combined with other information
published in the records (for example, owner’s name, square footage or other physical
characteristics) and used to identify the property in the tax records. County tax records
provided the location, and some physical characteristics which allowed reasonable
comparisons between the rental records and sales records and were used to select
potential matches in this first step. On the basis of this initial screening for matches,
some records could be identified as good matches, particularly cases where units were in
the same structure or same block.

After initial screening, promising pairs that were possibly matches but not in
identical locations were subject to a test of distance using Google Map. As a result of
this is the second screening, some properties were found to be located within 0.5 miles so
that they were selected as matches in this second step. In a third step, potential matches,
usually not located further than 1 mile or which were proximately located but had
physical characteristics that were hard to compare, were evaluated using the “shoe
leather” approach to determine by physical inspection of the exterior if they were

matched pairs.
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