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Abstract Much attention has been given to claims that real estate prices in Spain
are overvalued in relation to income and how plummeting house prices can
jeopardize the economy (The Economist, 2003 and IMF, 2004). The measure of
income elasticity on housing expenditure is often of considerable interest to applied
researchers and policy makers in real estate economics, but the problem of omitted
variables in some estimation techniques can lead to severe biases. In this paper we
estimate the income elasticity of the demand for housing in Spain based on the
cross-section of prices and income in fifty Spanish provinces from 1996 to 2002. In
comparison to long-run equilibrium models fitted with time-series data, our results
show a much weaker role of income growth as a vehicle for house price increases in
the long run. According to our estimates, the rate of growth of house prices in Spain
between 1998 and 2003 points to a real estate bubble with prices above the long-
term equilibrium level.

Keywords Income elasticity . Cross-section . Housing expenditure

JEL Classifications R20 . E21

Introduction

The real estate prices in Spain increased by 75% in real terms between 1997 and
2003 (from "684.80 per square meter in 1997 to "1,428.16 in 2003). This growth in
real estate value has outpaced the drop in interest rates and the increase in personal
income to the extent that between 1997 and 2003, the ratio of annual mortgage
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repayments to the annual per capita income has increased by approximately 20%.1

Within the same time horizon, mortgage interest rates have fallen while personal
income levels have moved upward.

This observed rise in real estate prices relative to income ratios has led many to
infer that the Spanish housing market is experiencing a real estate bubble. While the
task of defining a real estate bubble is not an easy one, most have agreed on three
broad categories: from a statistical point of view, a real estate bubble is an
abnormally high trough-to-peak price rise [e.g., a price increase that falls in the top
quintile of previous price increases (IMF, 2003)]. According to this definition, a
price boom caused by a prolonged growth in income qualifies as a bubble. The
second definition for real estate bubbles calls for the price of the asset in question to
exceed its fundamental value by a large margin [see Cochrane (2001) for example].
However, if market participants view the expectation of future gains as a
fundamental reason to buy a house, the resulting price boom followed by a bust
may not necessary qualify as a bubble. In other words, if prices at any given time
reflect all available information, a bubble cannot exist because the houses are all
efficiently priced. The third definition pegs the price of assets to its long-term
equilibrium level (Kim and Suh, 1993; Gallin, 2003). According to this character-
ization, a price boom caused by a transitory demand shock qualifies as a bubble.
However, prices may not necessarily be inefficient if they are above long-term
equilibrium levels; instead, the market is positioned for a possible price collapse in
the near future.

In this paper, we examine the long-term equilibrium relationship between house
prices and income to determine if a real estate bubble exists in Spain. In other
words, we focus on a necessary condition (albeit not sufficient) for the existence of a
real estate bubble (i.e., house prices are increasing at a faster rate than implied by
income growth). The role of income as a vehicle for price growth will depend on the
value of the income elasticity of the demand for housing. For example, while The
Economist (2003) argues that real estate prices in Spain may be above their long-
term equilibrium level by as much as 50%, Ayuso and Restoy (2003) and Martı́nez
and Maza (2003) at the Bank of Spain suggest that the overvaluation is between 8%
and 20%. Evidently, one important cause of the disagreement on the over- and
undervaluation of house prices lies in the estimation of income elasticity of housing
demand.

We estimate the income elasticity of the demand for housing in Spain based on a
cross-section of prices and income in fifty Spanish provinces between 1996 and 2002.
Next, we use the time series data to calculate the degree of price overvaluation in
the Spanish real estate market, restricting the value of the income elasticity to our
cross-sectional estimate. To the best of our knowledge, this is the first study that
uses the income elasticity of housing demand estimated cross-sectionally to calculate
the degree of price overvaluation in the Spanish real estate market. Previous
attempts to obtain the degree of price overvaluation in the Spanish real estate
market are mostly based on time series procedures for extracting the income
inelasticity. Though income elasticity can be estimated with cross-sectional or time-
series data, we show that time-series analyses tend to overestimate the value of the
income elasticity of demand for housing (which can in turn lead to an underestimation

1 Annual mortgage repayments are calculated with a 30-year mortgage with 100% financing based
on the corresponding market interest rate.
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of the degree of price overvaluation). We argue that the difference between the values
of the income elasticity in time-series and cross-section analyses may be due to the
omission (or misspecification) of relevant variables that are serially correlated with
income and the investment demand for housing, such as the formation of expectations
about future capital gains in the real estate market.

Our contribution to the literature is twofold: first, we help determine if there is a
real estate bubble in Spain by measuring the responsiveness of housing expenditure
in relation to personal income; and second, we overcome the omitted component
problem by estimating the income elasticity of house demand cross-sectionally. With
respect to the latter, we show that the evolution of real estate prices across different
locations in Spain may be evidence that such omitted variables have a stronger
positive correlation with income across time than across locations (i.e., time-series
analyses will tend to overestimate the value of the income elasticity of the demand
for housing as a consumption good compared to cross-section analyses). Also, by
using repeated cross sections between 1996 and 2002, we are able to explore the
testable implication of a positive correlation between income and investment
demand cross-sectionally [intuitively, the estimated value of the income elasticity of
housing demand is expected to be relatively high during booms (1998–2002) and low
during busts (1996–1997)].

The rest of the paper is organized as follows. Section 2 surveys and describes
some conflicting evidence of income elasticity of the demand for housing. Section 3
contains an analysis of the dataset used in the paper. Section 4 explains the
empirical model and strategy. Section 5 holds the findings. Section 6 concludes.

The Income Elasticity of Housing Demand

On the premise that a typical household can optimize its utility with a mix of
housing and non-housing related goods, subject to a budget constraint, a static
demand curve for housing can be easily obtained. In addition, if elasticity is
regarded as the typical responsiveness of housing expenditure to personal income,
we have a quantifiable measure of housing demand. Earlier efforts by Arcelus and
Meltzer (1973), Mayo (1981), Goodman and Kawai (1984), Hansen et al. (1996),
López et al. (1997), Gallin (2003), and Martı́nez and Maza (2003) show that the
income elasticity for home owners can range anywhere between 0.5 and 2.8. This
variation should not be viewed as an anomaly since income elasticity can vary across
regions, socioeconomic factors and estimation techniques.

For this study, we take on the perspective of Wilkinson (1973) by estimating the
income elasticity of the demand for housing as a consumption durable (i.e., housing
is viewed as a set of services that can satisfy household needs such as shelter,
sanitation and the ownership of a favored location). Implicit in our analysis is the
assumption that real estate bubbles are caused by transitory shocks to the
investment demand of housing and hence an appropriate benchmark for the long-
term equilibrium level of house prices relates to the long-term equilibrium rela-
tionship between house prices and income.

By and large, there are two distinct approaches to measuring income elasticity:
the first category examines the time-series relationship between housing expendi-
ture (or prices) and income, and the other involves a cross-section evaluation of
housing expenditure and income.
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Most time-series studies produce considerably higher estimates of income elas-
ticity compared to cross-section analyses: a recent paper by Gallin (2003) estimates
the long run income elasticity of housing demand in the US to be between 1.45 and
1.71. For Spain, López et al. (1997) obtain a value of 1.2 while Martı́nez and Maza
(2003) show that it is closer to 2.8. Our empirical analysis departs from studies that
focus on establishing a cointegration relationship between prices and income, speed
of price adjustments, and error-correction specifications to measure the degree of
overvaluation. Apart from the problem of a small sample size, the reliability of a
time series analysis is dependent upon the correct specification of expectations and
how they affect real estate prices. Gallin (2003) also argues that the absence of
cointegration does not preclude house-price bubbles since one might not find a
linear relationship if the housing market is beset by non-linear rational bubbles. In
addition, mis-specifying the formation of expectations may well contaminate the
estimation of the cointegrating vector in a time series (Kim and Suh, 1993).

By means of cross-section analyses, Hun (1963), Wilkinson (1973), Polinsky
(1977) and Goodman and Kawai (1982, 1986) find that the income elasticity of
house demand can range between 0.69 and 1.0 in the US. Using Spanish household
survey data for 1991, Manrique and Ojah (2003) show it is between 0.8 and 1.0. Our
study differs from the empirical work of Manrique and Ojah in that we use province
level data from 1996 to 2002, whereas they focus on household survey data for a
single year (1991). One advantage of estimating the income elasticity of house
demand by using repeated cross sections between 1996 and 2002 is that this
procedure allows us to test for the potential correlation between income and the
investment demand of real estate cross-sectionally (with borrowing constraints, the
investment demand for housing will be larger in higher-income provinces, resulting
in upward-biased income elasticity estimate). Since we are interested in the long-
term equilibrium relationship between income and housing expenditure, this
positive correlation will bias the results if we estimate the income elasticity with
data covering a period of booming prices (when investment demand is high). The
use of repeated cross sections between 1996 and 2002 allows us to infer the im-
portance of this bias by comparing the value of the cross-sectional estimate of the
income elasticity during busts (1996–1997) and booms (1998–2002).

Description of the Data

The data used in this study are extracted from the following sources: Sociedad de
Tasación, Ministerio de Fomento (issuing authority for certification of finished con-
struction work), Instituto Nacional de Estadı́stica (INE), Bank of Spain, SEOPAN,
Grupo I, Analistas Financieros (AFI) and Bolsa de Madrid (Madrid stock ex-
change). (See Appendix for a more detailed breakdown.)

The evolution of real estate prices, income per capita, mortgage interest rates, the
stock market index and the stock of houses in Spain between 1987 and 2003 is shown
in Fig. 1. From this diagram, we observe three distinct segments from this time
period: the real estate prices (measured as the average price per square meter)
increased 60% in real terms between 1987 and 1991, decreased 17% in real terms
between 1991 and 1997 and increased 75% in real terms between 1997 and 2003.

Figure 1 suggests that the price of houses in Spain is closely related with the
economic cycle—increasing when the per capita gross domestic product (GDP)
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strengthens and decreasing when the per capita GDP growth slows down during
recessions. In the same figure, we see that the GDP per capita increased 19% in real
terms during the first housing boom (1987–1991); a mere 4% increase between 1991
and 1996, and a 22% increment in real terms between 1996 and 2003.

The relationship between mortgage interest rates, the stock market index and
house price is less clear-cut. The mortgage interest rates (both in nominal and real
terms) were high during the first housing boom (at an average of 15% and 10% for
the nominal and the real interest rate respectively). It decreased sharply both in
nominal and real terms between 1991 and 1997 (when real estate prices decreased in
real terms), and continued to decline in the second housing boom (1997–2003).

Fig. 1 Description of the most relevant variables: 1987–2003
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As for the relationship between house prices and the stock market index, the
general conjectures are: to the extent housing is an investment-good, real estate prices
and stock prices will tend to be negatively correlated because of the substitution effect
(although they can be positively correlated if both types of investment respond to a
major common stimulus, such as interest rate levels); if housing is a consumption-
good, real estate prices and stock prices will have a positive relation because of the
wealth effect; and finally, if housing is both an investment and a consumption-good,
the relationship between real estate prices and stock prices will depend on the
strength of each effect. It is not the purpose of this paper to test for this relationship
empirically but rather, our aim is to take into account the contemporaneous effect of
stock prices on real estate prices. In that respect, the stock market has shown a higher
degree of volatility compared to real estate prices, particularly over the second
housing boom. For example, between 1997 and 2000, both the Madrid stock market
index (IBEX) and real estate prices increased in real terms by 28% and 22%
respectively. Yet between 2000 and 2003, while real estate prices continued to
accelerate (increasing 43% in real terms), the stock market plummeted (decreasing
17% in real terms).

Panels e and f in Fig. 1 show the evolution of the stock of houses in aggregate and
per capita form. We observe that the stock of houses enjoyed a uninterrupted increase
over the entire period. The per capita growth is however stronger during the first and
the second housing booms (7% and 8% respectively) compared to the period of Bsoft
landing’’ of real estate prices where accumulated growth was only 4%. This
observation suggests that the evolution of the real estate market in Spain between
1987 and 2003 is driven by demand rather than supply shocks. For time periods 1987–
1991 and 1997–2003 (boom), both the prices and quantity increased rapidly. From
1991 to 1997 (recession), prices fell and the quantity of houses stagnated.

As for the stock of houses per household, panel g in Fig. 1 shows that this number
remained constant at around 1.5. In other words, approximately one-third of houses in
Spain are non-primary homes (no distinction is made between homes that are rented
or owned under this category). According to data from the Bank of Spain, the
number of non-primary homes has remained roughly stable since 1981 (29.2% in
1981; 31.8% in 1991 and 31.5% in 2001). In 2001, 15.96% of homes are either sec-
ondary or vacation homes (many of them owned by non-Spaniards) and 15.51% are
unoccupied houses. The percentage of unoccupied houses in Spain is high, and this
has attracted a great deal of attention from policy makers and the media, par-
ticularly when housing prices started to soar in 1998. The fact that more than 30% of
houses in Spain are non-primary properties has important implications for real
estate bubbles. For example, many have pointed out that the transaction costs of
buying and selling real estate is simply too prohibitive for the market to behave in a
speculative fashion. However, the buying and selling of non-primary houses can be
far less costly (from the point of view of transaction costs) than trading in primary
properties, particularly when the house is unoccupied. The combined effects of low
transaction costs and high opportunity costs (for not selling non-primary properties
when prices are high) can have dynamic consequences on a real estate bubble.

In Fig. 1, we define a household as a social unit living in the same house and we
calculate the number of households in Spain every year by dividing total population
by the average size of one household as reported by the national statistics office of
Spain (INE). The average size of households has declined steadily during this period
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of time, from 3.25 members in 1997 to 3.00 in 2002, and this implies that the growth
in the amount of houses per capita between 1987 and 2003 can almost be entirely
accounted for by the reduction in the size of the average household in Spain.

In panel h, we compare the stock of houses to the number of houses needed to
accommodate the growing number of Spanish households (calculated as the ratio of
Spanish population to the size of an average household). On average, 34% of houses
in Spain are either secondary or unoccupied houses (i.e., not first houses) and this
proportion of secondary houses has remained fairly stable between 1987 and 2003.

For data across provinces, Table 1 displays the average price per square meter of
newly built houses for all of the fifty Spanish provinces. The price per square meter
has increased across all provinces between 1995–1996 and 2002–2203. Sevilla, Las
Palmas and Álava exhibit the largest increase in prices (more than double in nom-
inal terms).

The stock of houses and the average size of houses in each province are displayed
in Table 2. Houses can differ in size considerably across provinces. For example, an
average house in Oviedo is 87.24 square meters in size whereas an average house in
Lugo is approximately 109.08 square meters. In general, average houses are smaller
in densely populated provinces where the price per square meter is also higher, such
as Barcelona with 91.17 square meters and Madrid with 90.79 square meters.

Figure 2 plots the progress of the real estate prices per square meter for the
provinces from 1995 and 2003. Most of the provinces experience a decline in real
terms between 1995 and 1998 to then increase between 1998 and 2003. With a few
exceptions, real estate prices increased between 55%–75% in real terms between
1995 and 2003—suggesting a pattern of demand shocks that are not significantly
different across provinces.

Panel a in Fig. 3 displays the GDP per capita against the price per square meter
for each of the provinces (both variables are averages from 1996–2003 and deflated
by the consumer price index in each province).

In panel b, we plot the real GDP per capita against the value of the stock of
houses per capita (price per square meter multiplied by the stock of houses divided
by population). Both panels in Fig. 3 exhibit a positive relationship between real
prices and real income (i.e., provinces with higher per capita income also show
higher house prices).

Demand shocks will have an effect on house prices as long as related building
costs increase in line with demand and vice-versa (i.e., for huge price oscillations,
supply has to be rigid, at least in the short run). Figure 4 summarizes the different
cost of inputs for the construction of houses between 1999 and 2003 from INE, the
Ministry of Construction and Infrastructure (Fomento) and the association of
construction companies (SEOPAN) that we use to proxy for supply conditions in
Spain. The chart also displays the evolution of the price of newly built houses in the
Madrid region.

Garcı́a-Montalvo (2000) and data from Grupo I suggest that the cost of land can
represent between 50 and 55% of the final price of housing in periods of expansion.
From Fig. 4, we can see that in Madrid, the price of newly built houses increased by
48% in real terms between 1999 and 2003. Of the inputs, land and labor seem to be
positively related to the real estate price level. The price of materials such as
cement, steel and ceramic remained constant. Implicitly, the chart suggests that the
rising cost of building a house is due to rising land and labor costs.
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Table 1 Average price per
square meter ("): newly built houses.
Spanish provinces

Source: Sociedad de Tasación, at:
http://www.st-tasacion.es/indice.html

Note: Prices for newly built houses
in the capital city of the province.

Province 1995–1996 2002–2003 % Change

Almeria 653 1,218 87%

Cadiz 765 1,288 68%

Cordoba 729 1,236 70%

Granada 720 1,277 77%

Huelva 602 1,104 83%

Jaen 624 1,068 71%

Malaga 623 1,206 94%

Sevilla 711 1,423 100%

Huesca 570 954 67%

Teruel 574 1,005 75%

Zaragoza 813 1,569 93%

Oviedo 939 1,618 72%

Baleares 700 1,355 94%

Las Palmas 696 1,425 105%

Tenerife 780 1,387 78%

Santander 949 1,618 70%

Avila 724 1,137 57%

Burgos 1,039 1,809 74%

Leon 747 1,257 68%

Palencia 753 1,140 51%

Salamanca 941 1,548 64%

Segovia 818 1,325 62%

Soria 712 1,193 68%

Valladolid 820 1,539 88%

Zamora 671 1,138 70%

Albacete 610 1,070 75%

Ciudad Real 623 1,009 62%

Cuenca 724 1,001 38%

Guadalajara 785 1,298 65%

Toledo 621 1,034 66%

Barcelona 1,470 2,713 85%

Girona 691 1,149 66%

Lleida 658 1,094 66%

Tarragona 721 1,261 75%

Badajoz 572 881 54%

Caceres 685 982 43%

A Coruña 839 1,340 60%

Lugo 632 925 46%

Ourense 703 1,204 71%

Pontevedra 750 1,039 39%

Logroño 744 1,305 75%

Madrid 1,442 2,658 84%

Murcia 657 1,168 78%

Pamplona 841 1,610 92%

Alava 1,079 2,462 128%

Guipuzcoa 1,464 2,632 80%

Vizcaya 1,152 2,020 75%

Alacant 608 1,126 85%

Castello 590 1,032 75%

Valencia 720 1,223 70%
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Province 1996 2003 Average size

(sq. meters)

Almeria 229,615 312,621 99.40

Cadiz 420,769 529,791 90.68

Cordoba 309,897 342,978 98.07

Granada 391,819 468,733 103.83

Huelva 194,801 247,006 98.36

Jaen 272,989 310,373 101.99

Malaga 587,623 783,666 96.58

Sevilla 658,568 765,941 97.66

Huesca 114,071 134,750 103.58

Teruel 91,900 98,682 103.87

Zaragoza 402,437 436,762 91.69

Oviedo 494,993 555,219 87.24

Baleares 431,201 530,050 108.36

Las Palmas 415,535 430,674 98.80

Tenerife 359,072 453,097 95.60

Santander 253,137 317,705 94.77

Avila 158,422 167,619 91.30

Burgos 195,816 222,724 100.71

Leon 260,966 280,443 100.23

Palencia 90,003 104,762 100.96

Salamanca 186,359 211,222 96.02

Segovia 91,297 100,701 101.25

Soria 63,054 65,959 103.44

Valladolid 218,046 240,241 97.61

Zamora 109,113 119,690 97.74

Albacete 167,620 189,929 103.35

Ciudad Real 217,177 247,373 109.94

Cuenca 129,537 137,199 103.16

Guadalajara 107,794 135,228 105.65

Toledo 269,193 322,719 106.63

Barcelona 2,005,083 2,344,962 91.17

Girona 356,032 433,125 106.27

Lleida 181,806 211,711 105.70

Tarragona 384,641 463,070 102.25

Badajoz 299,387 317,907 102.77

Caceres 265,792 276,687 94.03

A Coruña 474,984 550,446 100.11

Lugo 172,547 192,220 109.08

Ourense 185,820 201,238 95.85

Pontevedra 365,630 412,640 99.74

Logroño 149,608 176,902 95.95

Madrid 2,186,219 2,642,850 90.79

Murcia 495,943 621,062 99.94

Pamplona 227,257 276,793 103.79

Alava 115,089 130,805 95.80

Guipuzcoa 259,977 308,178 91.93

Vizcaya 447,673 496,843 89.06

Alacant 807,975 1,070,348 100.73

Castello 304,873 332,691 103.36

Valencia 1,088,917 1,290,962 104.22

Table 2 Stock of houses and
average size of newly built houses.
Spanish provinces

Source (Stock): Calculations
based on INE Census data for
1991 and 2001 and Bank of
Spain’s estimates of yearly stock
based on number of newly built
houses and the depreciation rate.

Source (Average size):
Calculations based on INE Census
data for 1991 on the distribution
of houses according to size.
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Land is a costless input (in terms of production) and most part of its value is
derived from the value of the house that will be sitting on it. In other words, the true
cost of land is an opportunity cost that grows with housing demand. In this respect,
the price of the single most important input, land, is pretty much given by demand
conditions. If demand falls, the price of land is expected to fall. If demand increases,
the price of land will raise. With regards to the cost of labor, there is nothing in the
data to suggest that this cost has increased exogenously; but rather, since labor de-
mand is derived from housing demand, it will always swing in tandem with demand.

Evidently, a large number of transactions in the real estate market involve the
purchase and sale of old houses (instead of newly built houses) and the price of
these houses is seldom based on the cost of material and labor alone since they are
already built. It is therefore prudent to assume that the supply is rigid2 in the short
run because land is rather fixed, and demand shocks become the single most
important determinant for price oscillations. Henceforth, we shall focus on the
income elasticity of demand.

The Empirical Model and Strategy

Consider a simple representative consumer demand model of housing where the
agent decides on an optimal mix of housing and other goods. The individual
expenditure on housing will in turn depend on per capita income, Y; the user cost of
housing, UC; average household size, HS; and other individual demand shifters, DS.
The house is purchased for consumption and/or investment purposes.

EXP ¼ D Y;UC;HS;DSð Þ ð1Þ

The user cost of capital is dependent on the mortgage interest rate, IR; income
and property taxes, maintenance and depreciation rates and expected capital gains.

2 Montalvo (2000) points out that due to bureaucratic red tape that can often set companies back 4
to 5 years, the supply of land in Spain will not respond fast enough to changes in demand,
particularly when demand is booming.

Fig. 2 The real price per square meter in Spanish provinces: 1995–2003
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Additionally, the rental rate could be an important determinant of the demand for
housing because a good portion of the demand for housing is related to hedging the
future cost of housing services. Furthermore, with borrowing constraints, omitting
the rental rate may result in a spurious correlation between income and the demand
for housing. In this study we do not consider the effect of rental rates on the demand
for housing for two reasons. First, we lack province-level data on rental rates for the
period considered. Second, only 12% of households in Spain live in rented prop-
erties while the percentage of families that live in their own property has increased
steadily since 1970: from 70% in 1970 to 85% in 1991, and to 88.5% in 2001 (Bank
of Spain). This may be attributed to the rigid legal system protecting the rights of
tenants who rent (resulting in owners withdrawing their properties from the rental
market) and tax incentives for home ownership.

Fig. 3 Gross domestic product and price of houses. Spanish provinces: 1996–2003
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A log-linear solution to the model would relate the log per capita expenditure on
housing to the logarithm of the other relevant variables:

ln EXP ¼ �þ �1 ln Y þ �2 ln IRþ �3 ln HSþ �4 ln � ð2Þ

where q is the component of the user cost of capital that is subject to changes in
income and property taxes, maintenance and depreciation rates and expected capital
gains. The expectation of future capital gains is the main determinant of the demand
for housing as an investment-good.

Empirically, the following model can be estimated:

ln EXP i
t ¼ �þ �1 ln Y i

t þ �2 ln IR i
t þ �3 ln HS i

t þ �4 ln � i
t þ " i

t ð3Þ

where i denotes province and t denotes the time period.
For this study, we will leave q unspecified (i.e., we will not model the way

individuals form their expectations on future capital gains in the real estate market).
Omitting q amounts to leaving out the most important variable that affects the
demand for housing as an investment good. If our goal is to estimate the demand for
housing as a consumption good, omitting q is a serious problem; especially if q is
correlated with any of the determinants of the demand for housing as a consumption
good:

H1: corr �t;EXPtð Þ 6¼ 0; corr �t;Ytð Þ 6¼ 0

Hypothesis 1 (H1) states that the omission of q will result in a biased b1 esti-
mate—the income coefficient and the direction of the bias will depend on the sign
of the correlation between the omitted variable, expenditure on housing, and
income. For instance, if individuals expect large capital gains in the real estate
market when the economy is booming (and they spend more on housing to take
advantage of these capital gains), the omission of q will result in an upward bias for
the income coefficient (i.e., the value of the income elasticity implied by the
estimation of b1 will be too large compared to the true value). Similarly, H1 implies
that a misspecification of q (the way expectations are formed) will result in biased
estimates.

Fig. 4 The price of newly built houses and the cost of inputs: 1999–2003
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To get around the omitted variable problem we propose to estimate a time fixed-
effect variation of equation 3:

ln EXP i
t ¼ �þ dt þ �1 ln Y i

t þ �3 ln HS i
t þ �4 ln � i

t þ " i
t ð4Þ

where �i
t ¼ �t8i (omitting qt will not cause a bias on b1, the income elasticity of house

demand, with the shocks to qt captured by the time fixed-effects, dt).

H2 : � i
t ¼ �t8i

Hypothesis 2 (H2) assumes that omitting � i
t will not lead to biases in the

estimated income coefficient b1 because shocks to expectations about future capital
gains in the real estate market have a common time effect across locations. For
example, when individuals expect large capital gains (or losses) from investing in
real estate in Madrid, they also expect large capital gains (or losses) from investing
in real estate in Barcelona, Bilbao or any other province in Spain. Since we define
our provinces by their respective per capita income level, there is no correlation
between income and qi for any given time period.

However, a correlation between the investment demand and income cross-
sectionally may still exist if, in the presence of borrowing constraints, income is an
important determinant of the investment demand for housing. In this case, the
investment demand for housing will be bigger in higher income areas, introducing
an upward bias to the estimated income elasticity. We are interested in the long-
term equilibrium relationship between income and housing expenditure and this
positive correlation will be problematic only if the are transitory shocks to the
investment demand. When viewed in the context of a real estate bubble, this bias
will be larger during booms (when investment demand is large), than busts (when
investment demand is low). This in turn implies that the value of the income
elasticity of house demand should be high in periods of boom (1996–1997) and low
during periods of busts (1998–2002):

H3 : � t1

1 < � t2

1 ; for t1 ¼ 1996; 1997 and t2 ¼ 1998� 2002

The rejection of H3 amounts to reject the hypothesis that income and the
investment demand for housing are correlated cross-sectionally. If H2 is satisfied and
H3 is rejected, we can estimate b1 in equation 4 using a time-effect dummy variables
model (covariance model) that allows for the pooling of the cross-sectional and
time-series data. The disturbance term of the pooled regression will satisfy the
assumptions of the classical linear regression model and the coefficient estimates
will be unbiased. In terms of the efficiency of the model, estimating the pooled data
will present no special problems when this is done in a cross-sectional dominant
model such as ours, where the intercepts are allowed to vary by time only (the
number of time-specific dummy variables required is relatively small). Furthermore,
if H1 is satisfied, the value of the income elasticity estimated with the time effect
dummy variables model will be significantly smaller than the value of the income
elasticity estimated with time series data.

Our empirical strategy follows a two-step procedure: first, we estimate b1 in
equation 4 using a time effect dummy variables model. Next, we estimate b2 and b3
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in equation 3 using the time-series variation in the data, subject to the value of b1,
estimated from step one.

Empirical Results

The aim of this study is to quantify the relationship between prices and income
across provinces and we begin this section by recalling the positive relationship
between the price of houses and GDP per capita across provinces (see Fig. 3).

Table 4 displays the results from the time fixed-effects estimation of the pooled
cross-sectional-time series data for five different models. In these models, the
dependent variable is the real per capita expenditure on housing calculated as the
price per square meter in a given province (deflated by the consumer price index in
each province and year) multiplied by the size of an average house and times the
stock of houses per capita in that province. This definition of expenditure on
housing captures the households’ contemporary expenses on primary and secondary
houses in addition to the opportunity cost of not exercising the option of selling the
property at the given market price. This opportunity cost is important in a country
like Spain where one-third of the stock of houses are non-primary properties.

In model 1, expenditure is regressed against per capita GDP. In model 2,
expenditure is regressed against per capita GDP and time fixed-effects (year
dummies). In model 3, expenditure is regressed against per capita GDP, year
dummies and year dummies interacted with per capita GDP. In model 4, expenditure
is regressed against per capita GDP, year dummies and a coastal dummy with a value
of 1 for the coastal provinces of Andalucia, Murcia, Valencia and Catalunya. Finally,
in model 5, expenditure is regressed against per capita GDP, year dummies, a coastal
dummy and a per capita GDP-interacted coastal dummy. All variables are in logs and
deflated by the consumer price index.

The year dummy and income interacted year dummy variables allow for the
estimation of the income elasticity by pooling the cross-section samples. Kmenta
(1986) deliberately points out that Bthe reasoning underlying the covariance model
(dummy variables model) is that in specifying the regression model we have failed
to include relevant explanatory variables that do not change over time and/or others
that do not change across cross-section units, and hence the inclusion of dummy
variables is a cover-up of our ignorance.’’ If the investment demand for real estate
changes across time, our setup will allow for this to show up in the values and
significance of the year dummies.

Models 2 to 5 in Table 4 show that the values of the year dummies decrease
between 1996 and 1997 and increase after 1998. This is consistent with the hypothesis
that shocks to the investment demand for housing have a time effect common to all
provinces (H2). However, the fact that income and housing expenditures may be
correlated across time can lead to an underestimation of the standard errors and
overestimation of the significance of the coefficients. We estimate all the models
using the variables in logs, since the percentage change in income and housing
expenditures is less likely to be correlated across time than the levels.

Table 3 shows the results of estimating three different models for each year
separately and for the total changes in income and housing expenditures between
1996 and 2002. We observe that neither the value of the income elasticity coefficient
nor the significance of the coefficient change from one year to another (except for
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the coastal dummies, which we shall discuss next). This suggests that pooling the
various cross-sections increases the efficiency of our estimation without affecting the
results. Furthermore, the fact that the value of the income elasticity remain
unchanged since 1998 supports the assumption that income is uncorrelated with the
investment demand for real estate cross-sectionally (H3) (note that we obtain
similar values for the income elasticity of house demand during booms (1998–2002),
when the investment demand is high, and busts (1996–1997), when the investment
demand is low). One possible explanation for this finding is that the Spanish real
estate market is not credit constrained: financial institutions in Spain can be fairly
generous with mortgages; coupled with one of the lowest mortgage interest rates
within the European Union since 1997, the value of Spanish household debt as a
proportion of their disposable income has increased from 56% to 95% over this
time period (Bank of Spain).

In all of the five models (Table 4), income (measured as per capita GDP) is strongly
significant and the value of the implied income elasticity ranges between 0.70 and
0.95. These values are much smaller than those obtained by recent time-series
analyses of the Spanish market for houses (H1 and H2), which in turn implies a much
weaker role of income growth as a vehicle for house price increases in the long run.

In model 3, none of the income-interacted year dummies are significant and
adding these variables to the analysis does not improve the fit of the model. One
possible interpretation of this observation is that income elasticity is not affected by
time effects because demand shocks are similar across provinces, at least when these

(1) (2) (3)

1996 0.868** 0.872** 0.579**

St. errors (0.234) (0.235) (0.255)

R2 22.2 23.1 31.6

1997 0.868** 0.879** 0.607**

St. errors (0.230) (0.231) (0.250)

R2 22.8 23.9 31.9

1998 0.913** 0.924** 0.656**

St. errors (0.231) (0.232) (0.252)

R2 24.5 25.5 32.8

1999 0.903** 0.916** 0.681**

St. errors (0.230) (0.232) (0.254)

R2 24.2 24.9 30.8

2000 0.946** 0.955** 0.751**

St. errors (0.227) (0.230) (0.251)

R2 26.4 26.8 31.6

2001 0.979** 0.986** 0.803**

St. errors (0.222) (0.224) (0.246)

R2 28.7 29.0 33.2

2002 0.902** 0.903** 0.777**

St. errors (0.228) (0.231) (0.256)

R2 24.4 24.5 26.5

1996–2002 0.914** 0.895** 0.435**

St. errors (0.379) (0.375) (0.381)

R2 10.7 14.4 28.1

Num. Obs. 50 50 50

Table 3 Income elasticity
(cross-section OLS)

* Coefficient significantly different
from 0 at the 90% confidence interval.

** Coefficient significantly different
from 0 at the 95% confidence interval.

(1) Expenditure against income.

(2) Expenditure against income and
coastal dummy.

(3) Expenditure against income,
coastal dummy and coastal dummy
interacted with income.

Expenditure is real per capita expen-
diture on housing. Income is real per
capita GDP; coastal dummy takes 1
for Mediterranean coastal provinces;
all variables, except dummies, are in
logs.

Dependent variable: LOG Real Exp
(Log per capita real expenditure). 50
provinces—1996–2002.
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Table 4 Pooled time series-cross section OLS

(1) (2) (3) (4) (5)

Cons 0.588 1.344* 1.419 1.286* 3.216**

(0.757) (0.802) (2.302) (0.801) (0.858)

Y 0.959** 0.910** 0.902** 0.918** 0.709**

(0.081) (0.086) (0.247) (0.085) (0.092)

Year96 j0.152** 0.154 j0.150** j0.141**

(0.066) (3.076) (0.066) (0.064)

Year97 j0.175** 0.137 j0.174** j0.169**

(0.066) (3.073) (0.066) (0.063)

Year98 j0.170** j0.273 j0.169** j0.166**

(0.065) (3.089) (0.065) (0.063)

Year99 j0.139** j0.152 j0.138** j0.139**

(0.065) (3.107) (0.065) (0.062)

Year00 j0.109* j0.515 j0.109* j0.112*

(0.065) (3.148) (0.064) (0.062)

Year01 j0.090 j0.802 j0.090 j0.092

(0.064) (3.182) (0.064) (0.062)

Y96 j0.033

(0.333)

Y97 j0.034

(0.332)

Y98 0.011

(0.333)

Y99 0.001

(0.334)

Y00 0.043

(0.338)

Y01 0.076

(0.341)

Coastal j0.064* j9.157**

(0.039) (1.759)

Ycoastal 0.983**

(0.190)

Statistics

R2 0.290 0.310 0.311 0.316 0.366

Adj. R2 0.288 0.296 0.284 0.300 0.349

Num. Obs. 350 350 350 350 350

* Coefficient significantly different from 0 at the 90% confidence interval.

** Coefficient significantly different from 0 at the 95% confidence interval.

EXP, per capita real expenditure on housing is: PriceSq:Meter�SizeAverageHouse�StockHouses
Population

Y is per capita GDP; Year96–Year01 are year dummy variables; Y96–Y01 are year dummy
variables interacted with GDP per capita; Coastal is a dummy variable that takes 1 for
Mediterranean coastal provinces; Ycoastal is the coastal dummy variable interacted with GDP per
capita. All variables, except dummies, are in logs.

Dependent variable: EXP (per capita real expenditure). 50 provinces—1996–2002.
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provinces are classified according to their income level. This again supports the
assumption that income is uncorrelated with the investment demand of real estate
(or its speculative component). Furthermore, the year dummies are highly significant
with values increasing across time starting in 1998. All in all, this suggests that the
shocks that affect the investment demand for real estate do vary across time but are
common to all locations at any given time (H2).

In model 4 we include a coastal dummy and in model 5 we include a coastal
dummy interacted with income. These dummies are time independent and their role
is to take into account the possibility of a demand for houses in coastal provinces by
non-residents (foreigners and Spanish nationals from other provinces). In both
models, the coastal dummies are significant and inclusion of these variables
improves the fit of the model, particularly for the coastal intercept.

Table 5 displays the results of estimating the income elasticity and the coefficients
of other demand shifters using the time-series data. All variables are in logs and
deflated by the consumer price index. In model 1, per capita expenditure on housing is
regressed against per capita GDP. In model 2, the cost of mortgages and the Madrid
stock market index are added to the regression. Models 3 to 6 restrict the coefficient
on income at 0.95 (Models 3 and 4) and 0.70 (Models 5 and 6).

From models 1 and 2, we obtain relatively high values for the income elasticity
(1.695 and 2.916), even after variables such as the stock market index are added to
the analysis. It is interesting how income alone is able to explain 78% of the time-
series variation in the data. These high values for the income elasticity are similar to
those obtained by earlier time-series studies (López et al., 1997; Gallin, 2003;
Martı́nez and Maza, 2003) and considerably higher than our cross-section estimates.
We want to emphasize that the purpose of this rudimentary time series analysis
(models 1 and 2) is to compare the value of income elasticity estimated with time-
series data and cross-section data. The results obtained should be taken with caution
given the small sample size of the time-series data.

As for the cost of mortgages, we find this variable significant in the restricted
models with an expected negative sign (i.e., the drop in interest rates since 1991,
particularly between 1998 and 2003, helps explain the increase in housing
expenditure). However, when income elasticity is unrestricted and the cost of
mortgages is included in the model, the cost of mortgage coefficient is positive.

From a theoretical point of view, the significance of interest rates for the decision
to purchase a house is unclear. Lower interest rates on mortgages can make real
estate purchases more affordable in the short run (Phillips and VanderHoff, 1992),
especially if home buyers are credit constrained. However, if the interest rate is low
because inflation (current and expected) is low, houses are not necessarily cheaper
in the long run.3 Even if mortgage interest rates are not important in the long run
(interest rates are not included in the regressions in models 3 and 5), regressions
may yield significant coefficients if consumers do not anticipate low interest rates
(because of low inflation) or if interest rates are correlated with unobservable
components that have an effect on housing expenditure.

3 Instead of using mortgage interest rates, we calculate the cost of mortgages as the monthly
mortgage repayment per "1,000 for a 30-year mortgage and market interest rates. The mortgage
interest may exaggerate the effect of declining interest rates in recent years. When interest rates are
low (as they have been since 1997) additional reductions in interest rates are accompanied by
relatively smaller reductions in mortgage repayments since reductions in interest rates apply only to
the interest component of mortgage repayments.
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Table 5 shows the difference between the observed price and the fitted price in
the unrestricted model (1) and in the restricted models 3 to 6. The results indicate
that the Spanish households_ expenditure on housing in 2003 is above its long-term
equilibrium level which, according to our definition, implies that there is a real
estate bubble in Spain. According to the restricted models (the value of the income
elasticity is restricted to the values estimated cross-sectionally), the difference
between housing expenditure in 2003 and the level predicted by the model is be-
tween 24.0% and 34.3% (lower if the decrease in the cost of mortgages is taken into
account). More importantly, the results in Table 5 show that the value of the income
elasticity plays a vital role in the approximation (the lower the value of the income
elasticity the higher the estimated difference between the observed and the fitted
price). For example, when the income elasticity takes a value of 0.7, 0.95 and 1.69,
the estimated price overvaluation is 34.3%, 31.0% and 20.1%, respectively. Since
cross-sectional estimates of the income elasticity are consistently lower than time
series estimates, our repeated cross-section approach will yield a higher degree
of price overvaluation compared to earlier time series estimates using Spanish
data.

Our methodology allows for a comparison of different provinces and identification
of areas that are most severely overpriced. The five provinces with the highest degree
of overvaluation are Avila, Salamanca, Barcelona, Burgos and Guadalajara; the five

Table 5 Time-series OLS. Dependent variable: EXP (per capita real expenditure). 1987–2003

(1) (2) (3) (4) (5) (6)

Cons j5.615** j16.987** 1.460** 2.179** 3.832** 4.890**

(2.153) (6.362) (0.036) (0.402) (0.042) (0.431)

Y 1.695** 2.916** Restricted Restricted Restricted Restricted

(0.226) (0.582) [0.95] [0.95] [0.70] [0.70]

Mortgage 0.189 j0.156* j0.230**

(0.150) (0.087) (0.093)

StockIndex j0.178*

(0.098)

Statistics

R2 0.788 0.88 0.18 0.29

Adj. R2 0.774 0.85 0.12 0.24

Num. Obs. 17 17 17 17 17 17

Price Overvaluation (% difference between observed price and fitted price)

1991 12.7% 9.4% 15.4% 8.3% 17.0%

1995 j4.8% j7.1% j4.8% j7.9% j4.5%

1996 j9.0% j9.6% j11.3% j9.7% j12.3%

1997 j15.4% j12.5% j17.8% j11.6% j19.4%

2001 0.0% 12.0% 5.6% 15.7% 6.5%

2002 10.9% 22.0% 15.6% 25.4% 16.2%

2003 20.1% 31.0% 24.0% 34.3% 24.3%

* Coefficient significantly different from 0 at the 90% confidence interval.

** Coefficient significantly different from 0 at the 95% confidence interval.

EXP, per capita real expenditure on housing is: PriceSq:Meter�90�StockHouses
Population

Y is per capita GDP; Mortgage is the monthly mortgage repayment on "1,000, based on a 30-year
mortgage and market interest rates; Stockindex is the Madrid stock market index. All variables,
except dummies, are in logs.
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provinces with the lowest degree of price overvaluation are Lleida, Pontevedra,
Huesca, Pamplona and Ciudad Real. However, we urge readers to exercise caution
when interpreting these comparisons due to the low explanatory power of this
procedure.

Figure 5 plots the current and the predicted price per square meter. In panel a,
the results are obtained from the models without the cost of mortgages. In panel b,
the results are obtained from adding the cost of mortgages into the analysis (when
this variable is statistically significant and has the correct sign). The observed price
per square meter is above its equilibrium level in 1990 and 1991 before falling below
its equilibrium level in the late nineties; rising above its equilibrium level in 2002
and 2003. The magnitude of the gap between the observed price and the predicted
one depends on the value of the income elasticity of demand—larger when
mortgage costs are not taken into account and when the income elasticity is lower.
In all cases, the data suggest that some of the increases in house prices between 1997

Fig. 5 Observed and fitted price per square meter: 1987–2003
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and 2003 point to a recovery after prices fell below equilibrium levels in the mid-
1990s. The prices after 2001 however, are above equilibrium levels.

Conclusions

In this paper, we have argued that the process of speculation in the real state market
is to a large extent, unobservable and that the different income elasticity of demand
estimates obtained from time-series and cross-sectional analyses may be explained
by the omission of relevant variables that are correlated with income across time but
not across locations.

We estimate a time effect dummy variables model of pooled cross-section and
time series data. Our pooled data estimates of the income elasticity of the demand
for housing in Spain (0.7 to 0.95) are lower compared to previous time-series
estimates, suggesting that income growth albeit an important determinant of house
prices is not as dominant as suggested by time-series analyses.

According to our estimates, the rate of growth of house prices in Spain between
1998 and 2003 is consistent with the existence of a real estate bubble in that house
prices are between 24% and 34% above their long-term equilibrium level.

Appendix

Variables and Sources of Data

Variable Source

Price per square meter (Provinces). The price

per square meter of newly built houses in fifty

Spanish provinces. 1996–2003.

Sociedad de Tasación

Price per square meter (National). The average

price per square meter of houses in Spain.

1987–2003

Ministerio de Fomento

Gross Domestic Product (Provinces). Current

prices. 1996–2002

Instituto Nacional de Estadı́stica (INE)

(Data for 2002 computed from INE GDP data

on Spanish regions and 2001 distribution of

regional GDP across provinces).

Consumer Price Index (CPI) (Provinces and

National). Base year 1992. 1995–2003

Instituto Nacional de Estadı́stica (INE)

Mortgage Interest Rate (Nacional). 1987–2003.

Average of mortgage interest rates applied

by Spanish Banks and BCajas’’.

Bank of Spain

Population (Provinces). 1996–2003 Instituto Nacional de Estadı́stica (INE).

From 1986 to 1995 the data has been scaled to

match the series from 1996 to 2003.

Number of Newly Built Houses (Provinces).

1997–2003

Ministerio de Fomento (Certificates of finished

construction work).

Stock of Houses (Provinces and National).

1996–2003 for provinces and 1987–2003

for national.

Computed from INE (Censos de Población y

Viviendas 1991 y 2001), data on newly built

houses by province and Bank of Spain
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fronteras de la polı́tica económica. Centre de Recerca en Economı́a Internacional (CREI),
Barcelona

Goodman A, Kawai M (1982) Permanent income, hedonic prices, and demand for housing: new
evidence. J Urban Econ 12:214–237

Goodman A, Kawai M (1984) Replicative evidence on the demand for owner-occupied and rental
housing. South Econ J 50:1036–1037

Goodman A, Kawai M (1986) Functional form, sample selection, and housing demand. J Urban
Econ 20:155–167

Hansen J, Formby J, Smith W (1996) The income elasticity of demand for housing: evidence from
concentration curves. J Urban Econ 39:173–192

Hun Lee T (1963) Demand for housing: a cross-section analysis. Rev Econ Stat 45:190–196
International Monetary Fund (2003) When bubbles burst. World Econ Outlook, Chapter 2
International Monetary Fund (2004) Economic prospects and policy issues, World Econ Outlook,

Chapter 1
Kim K, Suh S (1993) Speculation and price bubbles in the Korean and Japanese real estate markets.

Real Estate Finance Econ 6:73–87
Kmenta J (1986) Elements of econometrics, 2nd ed. Macmillan, New York, Collier Macmillan,

London
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