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a b s t r a c t

We combine the real estate model of Potepan (1996) with the spatial equilibrium approach
of Roback (1982) to prove the interdependency of housing prices, rental prices, building
land prices and income via one simultaneous equilibrium analysis. Using unique cross-
sectional data on the majority of German counties and cities for 2005, we estimate the
equations in their structural and reduced form. The results show significantly positive
interaction effects of income and real estate prices. Moreover, we can confirm model
predictions concerning the majority of exogenous determinants. In particular, expectations
about population development seem to be among the most important determinants of
price and income disparities between regions in the long term.

� 2011 Elsevier Inc. All rights reserved.

1. Introduction

Until now, regional equilibrium analyses of real estate
markets have been characterized by two qualities. First,
these analyses rely on theoretical approaches that exclu-
sively and explicitly reflect the interactions between indi-
vidual real estate sectors. Steady-state relationships to
the labor market and possible interdependencies between
income and several real estate prices, such as, housing,
rental and building prices, have not been examined thus
far. Second, in empirical evaluations, equilibrium analyses
of real estate sectors in the US or in Canada have been
examined predominantly. Thus, equilibrium studies inves-
tigating model valuation for European markets, for exam-
ple, are underrepresented.

Initial work on regional housing markets in a steady
state is presented by Fortura and Kushner (1986), Manning
(1989) and Rose (1989), who estimate demand and supply
models in their reduced forms. Ozanne and Thibodeau
(1983) develop the first theoretically-based approach for

describing the mechanisms of real estate sectors. It
consists of two sectors: the renter submarket and the
homeowner submarket. The rental market is the sector
for housing services consumed by tenants and owner-
occupants equally, where the rental price reflects the price
of housing. In contrast, the homeowner market depicts the
production side of housing, where the housing price equals
the amount that landlords and homeowners have to pay
when purchasing habitable living space. The long-term
relationship between both sectors is ensured by no arbi-
trage conditions. Despite the small number of degrees of
freedom, they are able to classify the age structure and
land-use restrictions as the most important price determi-
nants in their reduced-form approach.

Potepan (1996) introduces an extension of this concept
by including the market for building land in his attempt to
describe the process of providing housing space in more de-
tail. To do so, he decomposes the real estate sector into three
fields. The first sector describes land provision, the second,
housing production and the third housing consumption.
Using a two-stage least squares procedure, Potepan (1996)
estimates a three-equation system for the majority of US
metropolitan areas. He finds that infrastructure quality,
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property taxes, population size and land-use restrictions
matter most in explaining regional price disparities.

Although this three-equation system represents a com-
plete model, connections to the labor market remain unex-
plored. According to the spatial equilibrium approach of
Roback (1982), household living and firms’ production deci-
sions depend fundamentally on the level of local amenities.
Those amenities determine housing environment and house
prices, but they also affect production and income. Because
the supply of amenities is limited, the market process leads
to adjustments in location decisions of households and firms
given preferences and production strategies. Therefore, di-
rect and indirect effects of amenities, prices and income be-
come capitalized. With regard to empirical evaluation, the
result is no spatial autocorrelation should exist when the
market adjustment is completed. In equilibrium, no further
arbitrage opportunities exist and market agents at the mar-
gin are indifferent across space (Albouy, 2009; Berger et al.,
2008; Ebertz and Buettner, 2009; Glaeser and Gottlieb,
2009; Rappaport, 2008; Winters, 2009).1 However, if compe-
tition for the most productive and highest quality location is
neglected, the results may be one-sided and biased (Glaeser
and Gyourko, 2008).

Admittedly, Ozanne and Thibodeau (1983) and Potepan
(1996) hint at the possible endogeneity of income, but they
do not pursue a deeper investigation of this concept. In-
come is generated by the labor market, which is affected
by location decisions according to the spatial equilibrium
approach. Market agents, in turn, orient themselves based
on real estate prices, income and amenities according to
their individual strategy. In sum, from a theoretical point
of view, the spatial equilibrium model yields a justification
for the interdependent relationship between income and
housing prices.2

Because dominantly US data have been used in the re-
search conducted so far, applying the model to another
housing market environment provides a method to vali-
date the model. The US market exhibits an owner-occupied
rate of approximately 66% (US Census Bureau, 2009). With
such a high owner-occupant rate, that specific housing de-
mand is automatically reflected in the price structure. In
contrast, housing markets characterized by a more sym-
metric distribution of preferences could provide new in-
sight into long-term price factors; e.g., in Germany, only
approximately 42% of all households are owner-occupied
(ECB, 2005).

In this paper, we extend the three-equation system of
Potepan (1996) with an additional income equation to cap-
ture interactions between the real estate market and the
labor market in steady state, but also to control for local
externalities between regions. For our empirical evalua-
tion, we use cross-sectional data covering approximately
95% of all independent cities and counties in Germany for

the year 2005. In the first step, we estimate the four-equa-
tion system consisting of housing prices, rental prices,
building land prices and income via a three stage least
squares regression to clarify the structural relationships
at play. In the second step, we estimate the reduced form
separately for each equation to detect the total effects of
exogenous price determinants. Thereby, regardless of the
theoretical setting, which already considers externalities
across space, we present additional estimates to account
for spatial correlation due to the nature of data to make
our findings as robust as possible.

The remainder of this paper is organized as follows:
Section 2 presents the theoretical background. Section 3
describes the data and the empirical methods. Section 4
discusses the results, first presenting the structural form
estimations, followed by the reduced form estimations.
Section 5 concludes the paper.

2. Theoretical background

This paper begins with the real estate model of Potepan
(1996). That model describes the entire value-added chain
of housing from production to consumption to analyze re-
gional disparities in steady states. The setting consists of
three subsectors, each delineating one aspect of housing.
They are sequentially linked by no-arbitrage conditions;
therefore, rational agents can equally reflect demand and
supply in consecutive submarkets. Similar to Potepan
(1994), we convert prices, costs and income to real terms
using a regional price index to investigate market pro-
cesses in the absence of money illusion or in terms of rel-
ative prices.3

Starting at the top of the model, the market for housing
services depicts the consumption of good housing. In such
a market, tenants and owner-occupants determine the
housing demand together, where the price for housing ser-
vices is the rental price. Just as tenants transfer their pay-
ments to landlords during each period, homeowners
implicitly do the same for themselves. Thus, there exists
one unified market price for all households. In equilibrium,
under the user-cost of capital approach, households are
indifferent regarding the choice between the two options
for tenure choice, renting or owning.

The demand function HSD can be generally described as
follows:

HSD ¼ HSD ðr; inc; am; seniors; t; foreigners; HHsizeÞ;
ð1Þ

where:

@HSD

@r
6 0;

@HSD

@inc
P 0;

@HSD

@am
P 0;

@HSD

@seniors
6 0;

@HSD

@t
6 0;

@HSD

@foreigners
6 0;

@HSD

@HHsize
6 0:

If housing is a normal good, the willingness to consume
housing services will decrease with a higher rental price, r,

1 Analyses that incorporate migration flows as a key driver to explain
market processes are shown, e.g., Jeanty et al. (2010) and Vermeulen and
van Ommeren (2009), while in Hwang and Quigley (2006) the aspect of
market regulation is stressed.

2 A long-term relationship between income and house prices using US
time-series data is presented in Holly et al. (2010), whereas no relationship
is detected by Gallin (2006).

3 In our empirical analysis below, we treat all converted variables (prices,
costs and income) as endogenous. For this reason the instrumental variable
method is used, which should ensure consistent and efficient estimators.
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