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Abstract

This paper analyses the contribution of interest rates to explain recent house price
developments in Spain trying to reconcile different pieces of evidence. On the one hand,
empirical evidence supports the view that interest rates are a key variable to explain house
price developments. As a matter of fact, using simple asset pricing relations recent changes
in house prices could be fully explained by movements in ex-post real interest rates.
However, more refined asset pricing models show that the changes in the discount factor
cannot fully explain the recent course of house prices in Spain. To resolve this puzzle we
provide evidence that shows that the actual real cost of financing might have decreased
significantly less than what the course of ex-post real rates would suggest.

JEL: E43, G12

Keywords: house prices, real interest rates, intertemporal marginal rate of substitution,
stochastic discount factor






1 Introduction

One of the most relevant developments in the Spanish economy over the last 15 years has
been the sharp reduction in nominal interest associated with the process of nominal
convergence and EMU membership. Although inflation rates have also declined substantially
over the same period, inflation-adjusted interest rates — often called ex-post real rates — have
fallen by almost 10 percentage points since 1990 (see Graph 1). Clearly, using this variable as
an indicator of the cost of capital for domestic agents, we can identify a huge reduction in
financing costs and expect a substantial impact on agents’ real and financial decisions and on
asset prices.

Indeed, the Spanish economy has experienced significant transformations in the
recent past which are all consistent with a substantial reduction in financial costs. In
particular, in 2005 the household saving ratio was around four percentage points lower than
the average over the first half of the previous decade. Net financial saving (the change in
financial assets minus the change in financial liabilities) of households and firms has fallen
dramatically. In the former case net financing saving has even changed its traditional
positive sign to a negative figure. The debt of the private non-financial sector has risen
10 160% of GDP, more than twice the 1995 ratio. In addition, the economy has recently
witnessed a substantial real-estate boom which has led housing prices to increase by more
than 100% in real terms since 1997. Finally, economic activity — heavily supported by
domestic demand, especially consumption and investment in construction — has increased
markedly in the last few years, with GDP growth averaging more than 3.5% since 1991.

Estimating the impact of lower interest rates on agents’ balance sheets, asset prices
and associated macroeconomic developments is not an easy task. For one thing, the
economy has also faced other relevant structural changes. In particular, some labour market
reforms and intensive immigration flows have reduced supply-side rigidities and contributed
to substantial employment creation. These developments, together with the consolidation of
an environment of macroeconomic stability within EMU, have prompted an upward revision
of consumers’ permanent income and reduced investors’ uncertainty. Like low interest rates,
these structural factors contribute to higher expenditure propensity and demand for financing.

In this paper we summarise and exploit the results in Ayuso and Restoy (20064,
2006b) and Blanco and Restoy (2006) to analyse the contribution of interest rates to explain
recent house price developments in Spain. In particular, the available empirical evidence
supports the view that the interest rate is a key variable to explain recent house price
developments in Spain. As a matter of fact, using simple valuation relations recent changes in
house prices could be fully explained by movements in ex-post real interest rates. However,
more refined asset pricing models show that changes in the discount factor alone do not
explain the recent course of house prices in Spain. This puzzle is solved by providing
evidence supporting the hypothesis that the observed decrease in ex-post real interest rates
since mid 1990s is likely to overestimate the fall in the ex-ante real interest rates experienced
by the Spanish economy.

1. See Malo de Molina and Restoy (2005) for an analysis of the main financial developments affecting the
Spanish economy.
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The paper is structured as follows. In the second section we review the empirical
results on the relationship between house prices and interest rates, including those which
make it explicit the role of credit. In the third we exploit the long-term equilibrium condition
between rents and house prices to assess the recent movements of the latter variable. In the
fourth we provide some evidence on the recent course of ex-ante real interest rates in Spain
by combining several macroeconomic and financial approaches. Section 5 concludes.
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2 Some empirical evidence of the relationship between house prices and interest
rates

From a theoretical perspective, the interest rates are a key variable to explain house prices
through its effects on user cost but also on credit availability. Thus, the permanent income
hypothesis states that spending decisions by individuals depend on permanent income and
real interest rates. In this context, borrowing is the mechanism which allows agents to smooth
their spending intertemporally and therefore adjusts passively to spending decisions.
However, in the presence of liquidity constraints current income rather than permanent
income and nominal rather than real interest rates have a role to play in explaining credit
developments. Indeed, one of the key criteria banks apply in granting loans is the initial debt
burden (ratio of interest payments plus repayment of principal over income), which depend on
the level of the nominal interest rates. It is also worth noting that asymmetric information
problems imply that borrowing capacity is affected by changes in house prices since they
determine the collateral available for bank lending.

The available empirical evidence confirms that the interest rates are a key variable to
explain credit developments in Spain. Nieto (2003) and del Rio (2002) study the determinants
of household borrowing estimating a single-equation error correction model. They find that
the long-term equilibrium level of household borrowing (debt ratio in the second case) is
negatively related to nominal interest rates (debt burden in the second case) and
unemployment and positively related to spending (gross domestic income in the second
case). As for the short-term dynamic of household borrowing, the specification include,
among other variables, housing wealth (house prices in the second case) and the error
correction term. The evidence reported in both papers suggests that one of the main drivers
of household debt between mid 1990s and the beginning of 2000s is the interest rate (debt
burden in the second case).

Also, Martinez-Carrascal and del Rio (2004) estimate a Vector Error Correction
Model (VECM) where consumption and household borrowing are modelled jointly. The results
show that both consumption and borrowing are positively related to financial and/or housing
wealth and labour income in the long term, and negatively related to nominal interest rates.
They also find that disequilibria in the loan market are restored through adjustments in both
consumption and borrowing. By contrast, when consumption is not in the long-term
equilibrium level implied by fundamentals adjustment takes places only through movements in
this variable (and income). Finally, the evidence they provide suggests that household
borrowing developments between mid 1990s and mid 2000s can be largely explain by
changes in the long-term fundamentals and, among them, the interest rates play a
crucial role.

As to house prices, the expected return on the asset "house” has to be equal to the
return on an alternative investment with a comparable level of risk. As shown in Poterba
(1984 and 1991), this condition, together with the equiliorium condition in the market for
housing services, implies that real house prices depend on income, the housing stock and the
user cost, which is the alternative return on investments with the same level of risk minus
the expected increase in house prices net of depreciation. In empirical applications the latter
variable is normally proxied by the risk-free interest rate due to difficulties in estimating both
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the expected increase in house prices and the return on alternative investments with the
same risk.

Martinez-Pagés and Maza (2003) analyse the determinants of house prices in
Spain following Poterba (1984, 1991) but using single-equation error correction models
which permit them to distinguish between short-term and long-term equilibria. Interestingly,
they find that when the parameters of the model are unrestricted house prices are only
determined in the long run by income, with interest rates playing no role at all. However,
they argue that the high correlation between income growth and nominal (and real) interest
rates creates an identification problem that prevents them from properly estimating the
effect of these variables on the long-term equilibrium house prices. When they estimate a
model imposing that long-run income elasticity is equal to one, interest rates appear
significant with a semi-elasticity of -4.5.

Both the restricted and the unrestricted models suggest that a large part of the rise
in house prices in Spain between 1997 and 2002 can be explained by changes in the
fundamentals but they also find that the expansionary behaviour of house prices also reflected
an adjustment towards their long-term equilibrium level since in mid 1990s houses were
somewhat undervalued. In the same way, by 2002 prices had increased beyond what was
needed to restore their long-term equilibrium level leading to an overvaluation between 8%
and 17%, compatible with the normal short-term dynamic adjustment of the Spanish housing
market.

More recently, Gimeno and Martinez-Carrascal (2006) analyse the dynamic
interaction between house prices and loans for house purchase using a VECM. Their results
show that in the long run housing credit is positively related to house prices and income
and negatively related to nominal interest rates and house prices are positively related to
housing credit and income. They also find that when credit departs from the level implied by
its long-term determinants the equilibrium is restored through movements not only in this
variable but also in house prices. By contrast, house price disequilibria are fully corrected by
changes in this variable. As for short-run dynamics, the evidence they report suggests that
causality between house prices and loans goes in both directions, indicating the existence of
mutually reinforcing cycles in both variables. Changes in house prices since mid 1990s can
be largely explained by changes in fundamentals, among which nominal interest rates play
akey role. However, in 2004 house prices were above their long-term equilibrium level,
suggesting the existence of overvaluation.
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3 Modelling house prices under a financial approach?

The relevance of interest rate changes to explain recent house price behaviour in Spain can
be illustrated by analysing the latter from a purely financial approach which exploits the
parallelism between a house which provides rents (or housing services) and a financial asset
which provides different payoffs during a long period. The simplest case under this approach
is the well-known Gordon dividend discount model. In this model the long-term equilibrium
level of real house prices is derived as the present value of future real rents, discounted using
a constant discount factor. Usually the discount factor is obtained adding a constant risk
premium to the ex-post real interest rate:

Do rirp_d (1)
P

where D stands for real rents, P is the real house price, r is the risk-free real interest rate, RP
is the risk-premium on the housing asset and d stands for the future growth rate of real rents.
Expression (1) can be rewritten as:

r+k @)

where k stands for the spread RP —d . Given D and k, expression (2) can be used to estimate
the impact on prices of changes in interest rates. The non-linear relationship between P and r
implies that this impact is highly sensitive to the level of both r and k. The spread k can be
estimated from (1) using information on the rent to price ratio and the real interest rates.
Proxing the latter by the inflation-adjusted long-term bond yield® we obtain that in Q4 1997 k
was approximately zero (both the inflation-adjusted long-term interest rates and the rent to
price ratio were around 4%). Between Q4 1997 and Q4 2004 the inflation-adjusted interest
rate fell by 3.5 pp. Using expression (2), as rents have not varied much in real terms, such a
reduction in the real interest rates implies a 700% increase in real house prices for a nil value
of k, much more than the 110% observed. Therefore, this simple valuation relation suggests
that the movement in the real interest rates, proxied by the inflation-adjusted long-term bond
yield, can more than explain the sharp rise of house prices in Spain between 1997 and 2004.

The static relation (1), however, is valid only under highly restrictive conditions
including constant expected real rent growth and constant interest rates. Moreover, it does
not consider any possible discrepancy between observed prices and fundamentals due to
frictions that could prevent the immediate adjustment of supply and demand in this market.
Finally, it also ignores the possible effects of taxes on the equilibrium relationship between
house prices and rents.

As shown in Ayuso and Restoy (2006a, 2006b), these deficiencies can be partially
solved by employing more general intertemporal asset pricing models to estimate the
dynamic equilibrium relationship between house prices and rents. Possible transaction costs
and regulations that hinder the immediate adjustment of house prices and rents to changing

2. This section heavily draws from Ayuso and Restoy (2006b).
3. The nominal bond yield is adjusted using the most recently published annual inflation rate.
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conditions can also be taken into account by specifying a dynamic relationship that permits
transitory but persistent deviations from equilibrium. The effects of taxes are more difficult to
incorporate in the analysis, although it is possible to indirectly assess its likely role in the most
recent developments in house prices in Spain.

3.1 The set-up
Following Campbell and Shiller (1988), we can approximate the (net) real return of any asset
(say a house) between tand t+7, I, , as

1
rt+1 ~ dt+1 + qt+l - g qt -k 3)

where d,,
price-dividend ratio and & and K are linearisation constants, the former playing the role of
a discount rate as will be explained later on.

is the real growth rate of dividends (rents) between t and t+7, ( is the (log) asset

We will now assume that the risk class of housing (understood as the equilibrium risk
premium over any other asset) is constant.* For any portfolio m, let us then define T, as
Tn=E - BT )

m,t+1°

where I stands for the (log) real return on the portfolio m.

Solving (3) forward for @, , assuming that bubbles are unfeasible, taking expectations
on both sides of the resulting expression, and using (4) yields

0

+ Et 255 (dt+s - rm,t+s)' ()

s=1

qt* Z_(k +ﬂ-m)

Therefore, we can approximate (up to a constant) the price-to-rent ratio as the
present discounted sum of future expected rents minus the present discounted sum of future
expected returns on any asset or portfolio of assets. The latter plays the role of the stochastic
discount factor that should be applied to future payoffs.

As a particular case, we could consider as the reference portfolio a claim on future
consumption growth, which in a standard representative agent economy will be equal in
equilibrium to the economy’s aggregate (wealth) portfolio. If intertemporal preferences are
assumed to be of a generalised isoelastic form (see Epstein and Zin, 1989, and Weil, 1990),
Restoy and Weil (1998) show that the equilibrium relationship between the return on the
wealth portfolio (I,) and consumption growth (X)) can be approximated by the simple linear
expression

E, (rw,m): u+pE x. .

4. This is obviously the case in standard asset pricing models where returns are homoscedastic. Note
that the expected capital gain on housing does not need to be constant as typically assumed in the
standard empirical specifications of the relationship between house prices and rents.
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where p is inverse of the elasticity of intertemporal substitution (which under GIP
preferences may not to be equal to the relative risk aversion coefficient) and U is a constant.
Ayuso and Restoy (2006a) show how this model could be extended to the case in which
preferences are non-separable between good consumption and housing services and derive
equilibrium house prices in that set-up. In particular, they provide the following equation for
the equilibrium price-to-rent ratio in the housing market:

0 =h+7E Y. 6°d,, —pE, D.0° X, ®)
s=1 s=1

and 7 is a constant that depends on both the elasticity of

where = (—k + 7, +u)

intertemporal substitution and the elasticity of substitution between housing and
consumption.

Therefore, in this setting the price-rent ratio is approximated by a linear function
of the discounted sum of future expected growth rates of rents and the discounted sum of
future expected growth of the consumption aggregator. Not surprisingly, the higher the future
expected rents the higher the current price of houses. Also, the higher the future expected
consumption aggregator, and the higher the inverse of the elasticity of intertemporal
substitution, then the higher the equilibrium discount rate of future rents and, therefore, the
lower the current asset price. It is worth noting that when p =0, equation (6) collapses to
the standard expression where prices are a function of future expected payoffs discounted at
a constant rate o .

Both expressions (5) and (6) are suitable for the empirical determination of the
equilibrium house-to-price ratio. The latter permits a more genuine equilibrium analysis
as housing prices are solely determined by rents and macroeconomic developments. It does
however rely on a specific parameterisation and on relatively demanding intertemporal
equilibrium conditions of a representative agent. The former only requires assuming that there
are no arbitrage opportunities and that the risk premia of all assets are stable over time.

Therefore, it seems justified to explore the extent to which the estimation of the
equilibrium price-to-rent ratio depends on the asset pricing model employed and, in
particular, to investigate whether estimates vary with the stochastic discount factor applied to
future expected rents. As this seems to be in essence an empirical question, we propose
computing equilibrium prices according to both equations (5) and (6). The former will also
admit several versions depending on the definition chosen for the reference portfolio m.
We will then be able to assess the differences found and to identify those results which are
robust to the choice of a particular discount factor. Also, before estimating long-run equilibria
we have to enlarge our equations in order to capture the short-term dynamics arising from
extant rigidities in this market.

3.2 The empirical approach
Let the observed value of the the (log) ratio of house prices to rents be denoted by @, to

distinguish it from the long-run equilibrium ratio ql* , which is the value consistent with
expressions (5) and (6). Thus,

qt = qt* + gt (7)
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where g, is the gap, at t, between the observed ratio and its equiliorium value. The rationale
for this gap can be found in both the rigidities that affect the adjustment of quantities in the
property market as well as the slow adjustment of average prices in the rental markets.

As building a new house takes a long time, the responses by supply to
unexpected demand shocks are very likely to show a high degree of sluggishness and prices
would tend to overreact in the short run to such shocks. DiPasquale and Wheaton (1994),
Kenny (1999) or Genesove and Mayer (2001) have documented the relevance of supply
adjustment costs to explain house price behaviour. Ortalo-Magné and Rady (2006) also show
how house prices may overreact in the short run to income shocks because of the interaction
between young credit-constrained households and old non-constrained ones.

By contrast computed rents tend to vary much less. As will be explained later,
we compute rental prices from the corresponding domestic CPI shelter components.
However, as the average maturity of rental contracts is typically well above one quarter, it will
take some time for changes in the equilibrium value of rents to be fully incorporated into the
corresponding CPI component. This lag will be all the greater the longer the average maturity
of rental contracts. Thus, even if there are no unexpected demand shocks, the price-dividend
ratio will converge to its equilibrium with some stickiness.

As obtaining an explicit theory-based expression for 9; is beyond the scope of this
paper, we adopt a purely empirical approach. In particular, we characterise 9; as follows

(D(L)gt :ﬂ Wt +gt (8)

where @(L) is a standard polynomial of order p in the lag operator L that meets the usual
stationarity conditions, W, is a zero-mean stationary variable capturing demand pressures
(sothat S is expected to be positive) and &, is standard iid white noise. Note that according
to expression (8), prices can deviate from equilibrium only transitorily, although deviations may
show some degree of persistence. In this respect, the slow adjustment of d; towards its
long-run equilibrium level after a shock resembles the adjustment pattern that characterises
the behaviour of rigid variables in standard overshooting models.

Combining (6) and (8) we obtain:

P P © )
qt:g(l_z ¢i)+z #$0q., +7 E 258 d.s—pE 255 Xiys
i=l1 i=l1 s=1 s=1

p © p
-7 z ¢ B 255 dos+p Z SE., 255 Xi s + 8 W +&,
o1 o il

s=1
where g =K+ 7.

Likewise, combining (5) and (7) yields:
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00

p p o
g, = h(l_z ¢|) +Z ¢iqt—1 + Et 255 dt+s - Et 255 rm,t+s
i=1 i=1 s=1 s=1

(10)

p s
D HEL DA+ GEL D L AW ey
i=1 s=1

2
Il
—

In order to generate the regressors that incorporate consumers’ expectations in
equations (9) and (10) we make use of the VAR approach suggested by Campbell (1993) as
adapted by Rodriguez et al. (2002). This VAR approach permits a very general interaction
between house prices and rents (and the remaining variables) as we do not impose ex-ante
any direction of causality between one and the other.

Thus, for each discount factor we define y, = [ylt | y2t] as a k-vector where Yl is
a vector of dimension 2 including d, and the discount factor and Y2, is a (k-2) vector
incorporating other variables which help predict yl . As shown in Campbell and
Shiller (1988), we can re-write any VAR for Y, as a VAR (1) model for a pp-dimensional
variable Z; which includes Y, and pp-7 lags of the variables in this vector. Denoting this
transformed VAR(1) by

Zt+1 =a+ Azt + §t+l (1 1)

we can easily compute the expectations terms in (9)-(10) as

EY S d,, =i2 §(I—A)_[ﬁ I-A(-6A) |a+6A(I-5A) 7| 12

s=1 |

and

0 S -1 -1 -1
EYS ., =i3| 8 (1 -A) {ﬁ I-A(I-6A) |a+6A(I-5A) z,| (3

s=1

where j stands for the discount factor, i2 (i3) is a k vector made up of zeros except for the
component corresponding to the position of d, (jt)in Z,, which is equal to 1.

In the empirical application, we follow Campbell (1993) and replace O by the sample
average of the (log) consumption-wealth ratio.®

As to the estimation methodology, it is worth noting that both the expectations
variables at t and W, might be correlated with the error term. Therefore, we estimate (9)-(10)

by GMM and instrument these variables.

3.3 Results
We use quarterly data spanning the longest available period: 1987Q1-2004Q4. Although this
is a relatively short period, it is worth noting that it covers the end of the mid-eighties boom in

5. Nothing substantial changes if we consider the alternative calibration suggested in Campbell (1993),

based on the estimate of the time-preference parameter @ in V, = ZSi E,U(C,).
i=0
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the Spanish housing market, the subsequent correction and the new expansionary stage that
started in the late nineties and is still going on. Thus, it seems to include a complete cycle in
the market.

As usual in the literature, rents are computed from the corresponding component of
the consumer price index.® As to house prices, we have used the average price per square
metre of all dwellings released formerly by the Spanish Ministerio de Fomento and currently
by the Ministerio de la Vivienda.

The return on the reference portfolio m in equation (10) has been proxied by three
different empirical variables. As in most papers in the literature, we used first a broad stock
index. In particular, we considered the return on the Ibex-35.” Then, we used a bond portfolio
by considering the total return index released by the Banco de Esparia, which measures the
(monthly) total return on a theoretical portfolio made up of all outstanding bonds issued by
the Spanish Treasury with a residual maturity longer than 1 year.® Finally, to include a proxy in
which both stocks and bonds can play a role, we also considered the change in households’
financial wealth as a proxy for the return on Spanish households’ portfolio. In this regard, it is
worth noting that, for quarterly data at least, it seems reasonable to expect price-change
effects to dominate quantity movements in that portfolio.

As to the variables in y2 (i.e. the candidates to help predict rents and the different
stochastic discount factors) we included (the adequate stationary transformations of) GDP,
(net) financial and non-financial wealth, household consumption — except for the model where
it is included in y1, — and the 10-year interest rate. Finally we proxy transitory demand
pressure - i.e. the vector W, in equation (8) — by the de-meaned and sign-changed changes
in households’ financial wealth. Thus, an increase in W, captures the transitory positive effect
on housing demand caused by a transitory fall in the price of alternative financial assets.

All variables used in the empirical estimates have been deflated by the Spanish CPI
index excluding shelter.

Table 1 shows some descriptive statistics for the main variables used in the analysis,
while Graph 2 depicts the path of (deflated) house prices, (deflated) rents and the (In)
price-dividend ratio corresponding to housing investment. Real house prices display an
upward trend throughout the available sample, the level reached in 2004 being three times
higher than in 1987. Real rents, which also display an upward trend, have increased less
(838%) and, as a consequence, the price-dividend ratio has grown very sharply over the
sample period. Also worth noting are the wide fluctuations in house prices and therefore in
the ratio.

6. See, for instance, Mankiw and Weil (1989) or Case and Shiller (1989 and 1990). For a critical view of
this approach, see Clayton (1996).

7. We also tried the return on a world stock index (the MSCI World index) as well as a combination of
returns on the domestic (until 1998Q4) and the world (since 1999Q1) stock exchanges. Both discount
factors provided fairly similar results to those reported here.

8. For details on the index, see Banco de Espafia (1991). It is also worth noting that non-government
bonds have traditionally played a very minor role in Spanish households’ portfolios.
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The main results of the GMM estimates are shown in Table 2.° Here we present
estimates for five specifications: i) the equilibrium “consumption” model — as in equation (9);
ii) three versions of equation (10) corresponding to the three different definitions of the
reference portfolio m; and iv) a simple constant discount factor model. As can be seen, all but
the constant discount-factor model fit the data well. Moreover, they show Sargan tests
well above 10% and residual standard errors that vary between 6% and 12%. On the
contrary, the results for the constant discount factor model are much poorer. The Sargan test
rejects the instrument set and there is clear evidence of residual autocorrelation, maybe
caused by an overestimate of the parameter ¢1 which violates stationarity conditions. As this
does not change when more lags in ®(L) or alternative instrument sets are considered, we
interpret the results in column 5 as evidence in favour of time-varying discount factors.

Focusing therefore on the results for equations (9) and (10) we find clear evidence of
strong price inertia. While one lag is enough to properly characterise the dynamics of §,, ¢51
is estimated at around 0.9. Also, ,B is found to be significant in the four models considered.
Finally, it is worth noting that the point estimate for p implies an elasticity of intertemporal
substitution around 0.1, well in line with the results in the available literature.'®

In any case, it is important to note that we are not interested in econometrically
discriminating among the stochastic discount factors considered. Our objective is rather
to analyse the implications of choosing different reasonable discount factors with a view to
identifying those results which are robust across models.

To that end, we built both an estimated equilibrium price-dividend series and an
estimated short-term adjustment path to equilibrium, where rigidities in the housing market
are explicitly taken into account. Thus, while an observed ratio above the estimated
equilibrium value would imply some overvaluation, an observed ratio above the adjusted one
would mean that it is reverting to its equilibrium more quickly (if it is below equilibrium) or more
slowly (if it is above equilibrium) than implied by the equation.

As our focus is on identifying the commonly shared implications of the four estimated
model, we build "average” long-run equilibrium and short-term adjustment paths as simple
arithmetic averages of the results for each model and assess the uncertainty surrounding this
"average” behaviour by comparing them to the maximum and minimum model estimates in
each year, which provide us with a sort of "plausibility” range.

Graph 3 shows the average, minimum and maximum estimated equilibrium values
for the price-to-rent ratio. As can be seen, the average equilibrium ratio displays some
upward trend since the mid-1990s, which is later followed by a rapid increase in the observed
ratio. The latter, moreover, tends at first to restore equilibrium in the market after the sharp
decrease in the price-to-rent ratio that followed the end of the previous boom in the early
nineties. The increase in the observed ratio, however, ends up going markedly beyond that
required to restore equilibrium, thereby pointing to an overvaluation of house prices in relation
to rents. It is worth remembering at this point that our approach does not allow us to
discriminate between house price overvaluation and rent undervaluation.

9. Regarding the estimation of the four different VARs, the number of lags has been chosen according to
the Akaike criteria, after testing that no residual correlation was left. VARs tend to explain better the
changes in real rents than in the discount factor, as is revealed by the different equation standard errors,
which are in general reasonably small for the former (around 0.5%). For the latter, they range from 0.8%
for consumption growth to 12% for the real return on the stock exchange index.

10. See, for instance, Campbell (1993).
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The uncertainty in the estimated average behaviour is, as could be expected, quite
significant. Notably, however, despite model diversity, the result that the increase in the ratio
since 1998 contributed to restore equilibrium is fairly robust. In the same vein, all models
coincide in pointing that house prices are above equilibrium at the end of the sample period.

Graph 4 replicates the exercise in Graph 3 for the estimated short-term adjustment
path. As commented above, the differences are much less significant in this case. Thus all
models allow it to be concluded that during the current boom in the housing market, the
price-dividend ratio has moved well in line with its historical short-term adjustment pattern. At
the very end of the sample period the observed ratio is only marginally above the short-term
estimated path.

3.4 Taxes

Before concluding this section, it should be mentioned that both in the theoretical model and
in its empirical application we have not considered taxes. The detailed analysis of the impact
of the tax-subsidy system on rents and house prices is a complex task that falls outside the
scope of the paper. In particular, it is important to note that the heterogeneous tax treatment
of individual agents makes it very difficult to identify the "marginal” agent affecting asset
pricing conditions.

Nevertheless, we can make use of the results reported in a recent paper by
Garcia-Vaquero and Martinez Pagés (2005) on taxes and the housing market in Spain
to investigate the potential effects of ignoring taxes on our estimates.

Thus, note first that if we could identify the marginal agent and its tax treatment,
we would be able to obtain a tax modified version of equation (5) for it. More concretely, we
would have to take into account that the dividends obtained from the asset (house) in each
period will include rents plus subsidies obtained minus taxes paid. The net flow of taxes and
subsidies can always be expressed as a percentage of rents and the corresponding ratio
could be seen as a sort of "net tax rate” on rents. Thus, if we still use Dt for real rents — dt
being its (log) growth rate — and represent that net tax rate as Y/, it is easy to see that:

)
=ln——'—=~q + (14)
0 =In D,(1- ) O + i

where qtb is the price-to-rent ratio before taxes.

If we make the assumption that changes in the net tax rate are unpredictable for the
marginal agent, it follows directly from equation (14) that nothing changes on the right-hand
sides of equations (5) and (6), as E, igs Ay, =0 Therefore, combining (7) and (14) to

s=1
obtain an empirically workable equation for the observable before-tax price-to-rent ratio we
have:

qtb:qt*"'gt_‘//t (15)

From the results in Garcia-Vaquero and Martinez (2005) it is possible to obtain a
proxy for W, for different classes of households. More specifically, they obtain (annual)
estimates of the wedge introduced by all relevant taxes and subsidies affecting housing
demand (VAT, property tax, income tax relief, etc.) in the user costs of houses for different
households according to their income, their age, and their property tenure (landlord, tenant,
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first-home owner occupier, second—home owner). Since user costs have to equal rents at
(before tax) equilibrium, we can use the ratio of the estimated wedge to the user costs before
taxes as a proxy for . More precisely, if we allow for some measurement error we can
write y, = A, + A, +v,, where ¢, is the estimated ratio of the tax wedge to the user costs
before taxes and v is iid white noise uncorrelated to the shock in equation (8)."" After some
algebra, we can obtain modified versions of (9) and (10) that explicitly include taxes:

p p o 0
G =n (l_z ¢|)+Z $0., +7 E, 255 d..—pE 255 Xiss
i=1 i=1 s=1 s=1
p 0 P )
-7 z ¢ E. 255 d.stp Z PE. 255 X 15 + B W — (16)
i=1 s=1 i=1 s=1

Ag+A Zp: PG+ Ex

P P © 0
g =n' (l_z $) +Z #9,., + E, 255 dt+s - E 255 Mo tes
i=1 i=1 s=1 s=1

p o

p @
_Z ¢| Et—l 255 dt—1+s + Z ¢iEt—1 255 rw,t—1+s + ﬂ W, — (17)
i=l1 s=1

i=1 s=1

ﬂ‘é,t +/I i ¢i§t—i +84I

Graph 5 shows the behaviour of é’t for three representative household classes.
Note that the net tax rate has always been positive during the sample period for landlords and
negative, i.e. the net effect has been that of a subsidy, for owner-occupiers. For those who
buy a house and decide to leave it unoccupied, the net tax rate is positive only since the late
nineties. In all three cases, however, the estimated tax rates show an upward trend, although
for landlords this trend does not start until the end of the nineties.

Table 3 shows the estimates of A obtained from equation (16) and the three
empirical versions of equation (17) for the representative landlord, where the quarterly
net tax rate has been obtained by linearly interpolating the annual one. As can be seen,
the coefficient estimates are small, non-significant and in one case even the sign is wrong.'?
If we made our computations including the non-significant point estimates for A nothing
substantial would change. These results support the view that taxes are unlikely to have been
a key determinant of the sharp increase in the ratio observed in the last few years.

11. We thank the authors for providing us with these series. See the quoted reference for more details on
how the representative agents are chosen and the tax wedges are computed.

12. These results do not change if the alternative net tax rates for representative households who are first-
home owner occupiers or second-home owners are considered instead.
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4  Estimating ex-ante real interest rates'®

Although there are alternative ways of reconciling the results of the Gordon model and
those found in section 3, in this section we provide evidence supporting the hypothesis
that the observed decrease in ex-post real interest rates since mid 1990s is likely to
overestimate the fall in the ex-ante real interest rates experienced by the Spanish economy.

According to the Fisher equation, ex-post real rates only provide an accurate proxy
to the actual risk-free real interest rate if ex-post inflation does not differ much from expected
inflation and the inflation risk premium is small. This means that, in stable economies
where inflation does not show much volatility and remains close to a relatively low figure most
of the time, average ex-post real rates over a certain period represent in that case a
reasonably good approximation to the average actual real interest rate. Spain, however,
cannot be presented as an economy with a stable macroeconomic regime during the 1990s.
The economy underwent a very significant transformation, going from a period of exchange
rate instability, large public deficits and high inflation at the beginning of the last decade of
the 20" century to a new regime characterised by EMU membership, fiscal surpluses and
moderate inflation. Moreover, the regime shift was not a gradual, predetermined process but
a sinuous road whose end-point did not become certain until almost mid-1998. Therefore,
itis very likely that the course of inflation expectations was substantially driven by the
probability attached to a scenario of unsuccessful nominal convergence — which did not
materialise — thereby creating a peso problem. At the same time, there are good reasons to
believe that ex-post real rates during much of the previous decade incorporated a
compensation for uncertain inflation. This means that the observed decline of ex-post real
interest rates could be at least partially explained by overly pessimistic inflation expectations
during the first half of the decade and by a decrease in the inflation risk premium as the
economy approached EMU. This would mean that the low level of ex-post rates today
reflects, at least to some extent, a higher predictability of inflation and lower inflation risk.
That would, in turn, imply that the decrease in the actual real cost of capital could have been
lower than suggested by the course of ex-post real rates.

There are, however, a number of difficulties in estimating directly the contribution
of changes in the inflation regime to the observed course of ex-post real rates in Spain.
In particular, inflation-indexed bonds have never been traded and there is no reliable series
of inflation expectations at different horizons. We must therefore rely on economic and
financial theory to derive implicit real interest rates.

4.1 The macroeconomic approach

As a starting point, it is useful to analyse international evidence on short-term interest rates.
Assuming that capital markets are integrated, one should expect real short term rates not to
diverge much across countries. It is therefore potentially helpful to use as a reference for
Spanish real interest rates those of countries where this variable can be measured more
accurately. This is the case of markets where there has long been an active market for
inflation-indexed government bonds (as in the UK) and of countries where the relative stability
of the inflation regime makes ex-post real rates a reasonable proxy for the actual riskless rate
(as in Germany and, to a lesser extent, the United States).

13. This section heavily draws from Blanco and Restoy (2006).
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Table 4 presents average three-month inflation-adjusted interest rates for Germany,
the UK and the United States, along with average 10-year indexed-bond yields for the UK.
We present evidence for two periods: i) 1990-1998 and ii) 1999-2005. As can be seen,
the actual level of average ex-post real rates differs somewhat across countries. However, the
difference between periods is remarkably similar across countries, with the exception of
Spain. For Germany, the United States and the UK, average ex-post real rates have declined
somewhere between 1 1/2 and 1 3/4 percentage points. In Spain, however, the decrease is
much sharper (more than 5 percentage points), thereby pointing either to a radical failure of
the capital market integration hypothesis or to a missmeasurement of the actual decline in the
risk-free real interest rate in the Spanish case.

Another possibility is to exploit intertemporal equilibrium relations for domestic
producers and consumers. For example, one traditional rule of thumb is to set equilibrium real
rates equal to potential output growth. Potential growth actually increased in Spain during
the nineties, due essentially to high employment creation. According to various estimates,
average potential GDP growth was about 0.5% higher in the period 1999-2005 than in the
period 1990-1998." A more refined measure could be a proxy for the marginal productivity
of capital. According to Banco de Espafna’s internal estimates, the average ratio of Gross
Value Added to the capital stock in the manufacturing sector actually went down from 1999,
in comparison with the first period, by an amount close to 1.3%, a similar figure to that found
for the decline in ex-post real rates in other countries.

Looking at the intertemporal marginal rate of substitution (IMRS) of a representative
Spanish consumer, we could also derive a measure of equilibrium real interest rates.
In Table 5 we provide the average implicit interest rate derived from the first order equilibrium
conditions of a representative agent for several specifications of preferences. All data are
drawn from Spain’s Quarterly National Accounts.

Using first the standard isoelastic CRRA utility function, we find that average implicit
real interest rates would have gone up and not down in the second sub-period for any
reasonable value of the risk aversion parameter. This is not surprising as the IMRS is,
in this case, a monotonic positive transformation of consumption growth and this has been,
on average, almost 1% higher in the second sub-period. Using some form of multiplicative or
additive external habits does not change the picture much. For plausible parameters,
the average implicit real interest rate becomes either larger or, at most, slightly smaller in the
second sub-period.

We have also checked whether non-separable preferences between consumption
and leisure could provide somewhat different results. Indeed, as employment ratios have
increased markedly in Spain in the recent past, one could conjecture that this might
compensate the positive effect of consumption growth on the marginal rate of substitution.
Indeed, using the KPR preferences’® we find that the implicit risk-free rate falls in the second
sub-period for high values of the elasticity of intertemporal substitution. But the maximum
decrease we obtain is, for sensible parameter values, still less than 2%. This is a figure which
lies well below the observed fall in ex-post real rates in Spain, although it is in line with that
found in other countries.

14. See, for example, Denis et al (2006).
15. See King, Plosser and Rebelo (1988).
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4.2 The financial approach

In Section 4.1 we have made use of equilibrium conditions of a representative agent.
This analysis requires relatively strong assumptions on specific features of the economy,
such as preferences, technology and the ability of agents to design intertemporal
consumption and investment plans. A more robust approach is to exploit, as we did in
section 3, pure non-arbitrage conditions in financial markets. As we saw, these conditions
imply that all securities should be priced by applying to their future payoffs a common
stochastic discount factor which, as shown in Huang and Litzenberger, 1988, is directly
linked to the return on a risk-free security. This discount factor is also equivalent to the IMRS
of the representative agent under the equilibrium conditions of section 4.1. As in section 3,
we do not aim at identifying the precise stochastic discount factor that prevents arbitrage
opportunities but consider instead some alternative methods useful to extract helpful
information.

421 THE HANSEN-JAGANNATHAN FRONTIER

Hansen and Jagannathan (1991) derive regions for the admissible mean-standard deviation
pairs for the discount factor with the sole assumption that markets are free of arbitrage
opportunities. The expression for the standard deviation bound is given by:

o(m)=[(E(p)~ E(MEX))' =" (E(p) - E(ME(x))]"* (18)

where m is the discount factor, p is the vector of security prices, X is the vector of payoffs,
Y is the variance-covariance matrix of payoffs and E() is the unconditional expectation
operator. It is apparent from expression (18) that to compute the HJ frontier we only need
securities market data.

Note that, by restricting the standard deviation of the discount factor to a maximum
level (E), we can obtain a lower (E1) and an upper (E2) bound for the average level of the
discount factors (see Graph 6) and, implicitly, for the real interest rate (remember that
E(m) =1/(1+r), where r stands for the real interest rate).

In this section we use this approach to find bounds for the average level of the
ex-ante real interest rates. To do that we use monthly data for a sample of Spanish securities
including 18 portfolios of stocks (10 size portfolios and 8 industry portfolios), 2 short-term
securities with a time of 3 months and one year to maturity, respectively, and a portfolio of
long-term debt.’® Returns are computed in real terms (deflated by the Spanish CPI index)
assuming a holding period of one month.

Graph 7 shows the HJ frontiers estimated for the periods 1990-96 and 1999-2005
using all securities in our dataset. We exclude from the analysis the years 1997 and 1998,
which is an interim period where security prices are likely to incorporate already many of
the relevant features of the monetary union regime. As can be seen in the graph, for
reasonable values of the standard deviation, the ranges for the means of the discount factors
are relatively narrow in both periods and they do not overlap. In particular, the means of the
discount factors are higher in the second period, suggesting a fall in the average level of
the real interest rate. Interestingly, the mid-point of the bound is similar to the level implied
by the ex-post short-term real interest rates. However, as explained in the introduction,
we suspect that this result might be contaminated by a peso problem. More specifically, if

16. Annex 1 describes the composition of these portfolios and the computation of the monthly real
returns.
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inflation expectations during the first period were systematically higher than observed inflation,
the average ex-post return and, therefore, the estimated mean of the discount factors would
be overstated.

Therefore, we repeat the same exercise excluding short-term securities but retaining
longer-term fixed-income instruments. Graph 8 shows the results. We can see that the size of
the region of the admissible pairs of mean and standard deviation of discount factors
increases dramatically for the two periods. Also, the two regions are now much closer
compared with Graph 7. Thus, it is much harder to reject the hypothesis of equal average
levels of real interest rates in the two periods.

Graph 9 shows the estimated HJ frontiers using only the 18 portfolios of stocks.
In this case the HJ frontiers are even closer, making it harder to reject the hypothesis that
the average level of real interest rates is the same in the two periods. However, the size of the
range is very large. Therefore, once we exclude fixed-income securities the average level of
the real interest rate is estimated with high uncertainty.

4.2.2 EXPLOITING IDIOSYNCRATIC RISK
Given the uncertainty of the previous approach in estimating the average level of real interest
rates, in this section we rely on an alternative approach recently proposed by Flood and Rose
(FR), which allows us to obtain point estimates for that variable as opposed to ranges.

FR consider the standard decomposition of the Euler equation:
p! = E((m,x),) = COV (M, X)) + E (M, )E (X)) (19)

where COV,()and E,()are, respectively, the covariance and expectations operators, both
conditional on information available at t, M, is the discount factor used to discount income
accruing in period t+1, and ptj and th+1 are, respectively, the price of asset j in period t and
the payoff of that asset at time t+1. Equation (19) can be rewritten as

t+1 5 ( pt COV (mt+1 H th+1 )) + gtjﬂ (20)

Where 8t+l - Xt+1

6, =1/E /(M)

E,(x/.,)is a prediction error orthogonal to information at time t, and

_ The standard approach in finance to make equation (20) stationary is to normalise by
P FR propose normalising by the systemic component of this price (@), which is defined
as the value of P{ conditional on idiosyncratic information available at t being set to zero.

t+l / pl 51( ptj /ptj _COV(mHl’ t+1 / pt )) + gljﬂ / pt (21)
FR rewrite equation (21) as
t+1 / pt =0, (ptJ / ﬁt )+ ut+1 @2)
where V=gl /P! -6, COV(M,,,x},/P!). They note that assuming that

cov (m,,,, m/rit)moves only because of aggregate phenomena, Stin (22) can be
consistently estimated using either OLS or GMM.
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FR propose the following two-step strategy to estimate é't. In the first step they
estimate the following J (the number of securities) time series regressions by OLS

In( pt] / plj—l) = 0‘0l + Zaij ftl +th @39)
i=1
where fti are a set of N aggregate factors and th is the residual, which captures the
idiosyncratic part of asset price j return. Using estimated coefficients of regressions (23),
the estimated systematic price is defined as

ptj = ptj—l eXPL@OJ + idij fti] 24)
i=1
In their empirical implementation, FR estimate regressions (23) using as factors the
market-wide stock market return and the three Fama-French factors: the overall market return
less the treasury-bill rate, the performance of small stocks relative to big stocks, and the
performance of "value” stocks relative to "growth” stocks. In these time series regressions
coefficients are estimated as fixed parameters using all the sample period.

In the second step they estimate cross-sectionally the following regressions for every
period t

th+l / th = 5t( th / th ) + utj+1 (25)

FR note that using pﬂ in place of the unobservable ﬁtj might induce measurement
error. Also the existence of a generated regressor in equation (25) might potentially understate
the OLS standard errors. To handle both potential econometric problems, they estimate (25)
using GMM. In these regressions variables are defined in nominal terms, whereby the
parameter é't is interpreted as the inverse of the expected nominal discount factor in period t.

In this paper we employ the approach proposed by FR to test whether and by how
much the average level of the real interest rate has fallen in the Spanish economy between
the periods 1990-98 and 1999-2005. To do that we employ the 18 portfolios of stocks used
to derive the HJ frontier. We estimate the time series regressions using only two factors:
market-wide return and the performance of small stocks relative to big stocks. The former is
the total return (including dividends) on the Madrid Stock Exchange General Index and the
latter is the difference between the return on portfolios made up of securities in the decile of
the smallest and largest stocks, respectively. Parameters are estimated using the last 60
monthly observations.

Unlike FR we are only interested in the average level of the real interest rates. In order
to reduce noise we estimate the cross-section regression as a pool where the discount
factor parameter is assumed to be fixed within the two periods of interest. More specifically,
we estimate the following regression

X, /P =0,(pl/pl)+5,(p!/p)HD9Y, +ul, (26)

where D99, is a dummy variable which takes value 1 from January 1999. In regression (26)
the payoffs thJr1 are deflated by the Spanish CPI. Therefore, parameters 5, and §, should be
interpreted in real terms. Note that 51 can be expressed as o, =141, where [is

the average real interest rate in the period 1990-96, and ¢, as 0, =T, — I, where I,is the
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average real interest rate in the period 1999-2005. Therefore, §, measures the change in
the average real interest rate level between the periods 1990-96 and 1999-2005.

Regression (26) is estimated by GMM using the first lag of the explanatory
variables as instruments. Table 6 presents the estimated parameters together with their
standard errors. Coefficient &, is not significant at the standard levels, implying that
the null hypothesis of equal real interest rates in the two periods cannot be rejected. The point
estimate of coefficient 6, is 1.005, implying an annual real interest rate of around 6.2%
(=1.00512-1), which seems very high, a result consistent with FR, who also obtained high
average estimates for the implied (nominal) interest rates in their sample. However, the
two-standard-error confidence interval band for the real interest rate is quite wide (0-16%),
suggesting that this variable is estimated with much uncertainty.

All'in all, results reported in this section based on pure arbitrage considerations show
no evidence of a significant decrease in the implicit real risk-free rates since the late 1990s.
Still, a natural follow-up would be to try to introduce greater structure into these models
in order to increase the accuracy of the estimates.
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5 Conclusions

Since the early nineties, real interest rates, proxied by the difference between the nominal
ones and actual inflation, have decreased substantially in Spain. Given their role as a major
component of the discount factor for any future payoff we should expect, other things equal,
asset prices to have increased as a result. Against this background, some simple calculations
allow the recent boom in house prices in this country to be fully explained as a simple
conseguence of the drastic reduction in (ex-post) real interest rates.

Our results, however, show that when the asset pricing exercise is done in a
sufficiently refined way that takes into account that changes in the discount factor have to
affect all assets, house prices are above their long-term equilibrium. Nevertheless, they are in
line with the adjustment path we should expect when the long-term equilibrium increases as a
consequence of movements in their fundamental determinants and prices overreact in the
short term to these movements.

A first implication of this result is that contrary to a situation characterised by a
bubble episode, the most likely scenario for future house prices in Spain is one where
equilibrium is restored in an orderly way — which does not necessarily require an adjustment in
nominal terms — and consequently, there is no need for policy action, beyond a prudent
monitoring of the process aimed at promptly detecting any significant departure from the
estimated short-term adjustment path.

And the second one is that, at least during the period considered, changes in
ex-post real rates are a bad proxy for changes in ex-ante real rates, which are the
relevant ones in standard asset pricing models. Underlying this result surely is the significant
transformation underwent by the Spanish economy from a regime of exchange rate instability,
large public deficits and high inflation to a new one characterised by EMU membership,
fiscal surpluses and moderate inflation. In this process, which did not become certain until
almost mid-1998, the course of inflation expectations is likely to have been substantially
driven by the probability attached to a scenario of unsuccessful nominal convergence.
Under these circumstances, we should expect nominal interest rates — and therefore ex-post
real rates — to be affected by both a non-negligible inflation risk premium and a standard peso
problem as, fortunately, the alternative scenario of no convergence never materialised.
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ANNEX 1: SECURITIES MARKET DATA

In the empirical exercises we use monthly data for a sample of Spanish securities including 18
portfolios of stocks (10 size portfolios and 8 industry portfolios), 2 short-term securities and a
portfolio of long-term debt. The sample period expands from January 1990 to December
2005.

The 10 size portfolios are made up from a dataset which includes all stocks traded
on the electronic segment of the Spanish stock exchanges (“mercado continuo”). More
specifically, at the end of each year stocks which have traded the following year are classified
in 10 portfolios with the same number of stocks, according to the market value of the
company on that date. Portfolio returns are computed as the equally weighted returns on
individual stocks. Returns include dividends and are corrected by splits.

The industry portfolios are made up using the total return (including dividends)
sectoral indices published by the Madrid Stock Exchange (MSE). Between 1940 and 2001
the MSE had been using 10 sectoral indices. Starting in 2002, these series were discontinued
and new series were created. The new sectoral classification offers more detailed information.
More specifically, there are 7 sectoral indices and 29 sub-sectoral indices. For 8 of the
previous indices we were able to update the series using the new indices. These are the 8
industry portfolios we use in our empirical exercises. The sectors included are the following:
banking, utilities, food, construction, investment companies, telecommunications, oil and
basic materials.

The two short-term securities are notional bills issued with a time to maturity of 3
months and one year, respectively. Returns are computed using theoretical prices for these
securities derived from the 3-month interest rates traded on the Madrid interbank market
(EURIBOR rates since 1999) and one-year Treasury Bill yields, respectively.

Finally, the portfolio of long-term debt is the total return index of JP Morgan. This
index is made up of bonds issued by the Spanish Treasury. The average duration of the
portfolio over the sample period is 4.5 years. The index considers both changes in prices and
coupon payments.

All returns are computed in real terms (deflated by the Spanish CPI index) assuming
a holding period of one month.
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NOMINAL AND INFLATION ADJUSTED THREE-MONTH INTEREST RATES GRAPH 1
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HANSEN-JAGANNATHAN FRONTIERS GRAPH 7
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DESCRIPTIVE STATISTICS
SAMPLE PERIOD 1987Q2-2004Q4

Mean

Median
Maxinnum
Minium

Std. deviation
Skewness
Kurtosis
Jarque-Bera [d)
F-value

Dho (&) Or (&)
0.02 0.00
0.02 0.00
0.08 0.03
-0.07 -0.02
0.02 0.01
-0.58 0.26
3.84 4.01
5.35 3.92
0.04 0.14

g (c)
433
4.80
5.28
4.50
018
0.60
2.79
4.39
0.11

Dlc (=)
0.01

0.01

0.03
-0.02
0.01

-0.34
3.47
2.05
0.36

Rm (b)
0.01
0.02
0.34
-0.35
0.14
-0.46
3.37
2.97
0.23

R10y (b)
.09
0.08
0.11
0.07
0.01
0.01
2.87
0.33
0.85

Dby (&)
0.01

0.01

0.04
-0.02
0.01

-0.05
3.69
1.46
0.48

Dby (=)
0.02
0.02
0.08
-0.05
0.02
-0.28
3.13
0.97
0.62

TABLE1

Rpd (0)

0.02
0.02
0.08
-0.05
0.02
0.03
2.96
0.01

0.99

a. Dlhp, DI, Dic, Dly and Dlw stand for the first difference of the logs of house prices, rents, household consumption, GOP and household tota
net weatth, respectively. Allthem have been deflated by a CPl index excluding shefter.
b. Rm, R10y and Rpd stand for the return on the Ibex-35 stock exchange index, the return on 10-year public debt, and the bond total return
index, respectively. Returns have been deflated by a CPlindex excluding shelter. R10y has been de-trended to guarantee stationarity.

c. q stands for (log) ratio of house prices to rents.
d. Jargue-Bera stands for the Jarque-Bera normality test whose p-value is shown in the row below.

GMM ESTIMATES (g) (b) (c)
SAMPLE PERIOD 1987Q2-2004Q4

Constant
7
p
¢
B

Sargan test

Q8 (d)

ARCH1 (g)
ARCH4 (g)
ARCHS (g)
Bera-Jarque (f)

Consumption growth

0.96 (.12)
-14.7 (.09)
10.5 (.09)
0.88 (.00)
2.76 (.05)

0.28 (.96)
0.119
2.67 (.10)
9.70 (.05)
13.8 (.09)
0.73 (.39)
3.55 (.47)
9.92 (.27)
0.60 (.74)

Discount factor

Return on Ibex-35

0.58 (.09)

0.88 (.00)
3.14 (.00)

2(.81)
0.119
0.89 (.34)
3.88 (.42)
6.31 (.61)
0.31 (.58)
4,83 (.30)
11.1(.19)
0.10 (.95)

Return on bond
portfolio

0.27 (.34)

0.95 (.00)
1.75 (.00)

2.52 (.28)
0.062
0.64 (.42

households' financial

Change in

wealth
0.25 (.28)

0.95 (.00)
1.74 (.00)

4.30 (12)

0.063
0.06 (.81)
1.13 (:89)
4.72 (.79)
0.09 (.77)
4.31(.37)
5.95 (.65)
0.65 (.72)

a. Instruments: one lag of the variables invalved. In the first column one lag of consumption growth, rent growth and 10-year de-trended
interest rate has been added to overidentify parameters.

b. P-values in brackets.

c.wincolumns 2 to 4 is the -(real log) rate of growth of households' financial wealth beyond its sample average.
d. Qi stands for the standard test on residual autocorrelation up to order i,

&. ARCHI stands for the standard test on residual ARCH-type heteroscedasticity up to order i.
f. Bera-Jarque stands for the Bera-Jarque test on residual normality.
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Constant

-0.06 (.62)

1.02 (.00)
0.16 (.65)

14.1 (.00)
0.031
5.19 (.02)
29.1 (.00)
44.7 (.00)
0.09 (.36)
8.15 (.08)
10.9 (.21)
3.14 (:21)

TABLE 2



GMM ESTIMATES OF TAX EFFECTS ON THE PRICE-TO-RENT RATIO (&) TABLE 3
SAMPLE PERIOD 1987Q2-2004Q4

Discount factor
Change in households'

Consurnption growth Return on lbex-35 Return an bond porfolio ) )
financial wealth
A 0.01 0.01 -0.00 0.00
(p-valus) 0.47) 0.25) 0.91) (0.94)

a. Instruments: the same as in Table 3 plus the net tax rate at ¢ and {-7.

REAL INTEREST RATES TABLE 4
& Ex-post 3-month real interest rate 10-year indexed
Spain Germany UK USA sengl yisleh Uik
1990-1993 5.31 347 418 2.21 3.76
1999-2005 -0.04 1.684 2.38 0.72 2.08
Change -5.35 -1.53 -1.80 -1.50 -1.69
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IMPLIED REAL INTEREST RATES DERIVED FOR ALTERNATIVE SPECIFICATIONS OF PREFERENCES TABLE 5

%

1890-1898 1999-2005 Change
ISOELASTIC garmma=0.1 2.21 2.27 006
PREFERENGCES garmma=1 3.93 4.52 0.58
gamma=5 11.58 14,93 3.35
gamma=0.1 3.55 4.20 0.66
ABEL. PHI=-0.75  gamma=1 5.28 6.49 1.21
garmnma=5 13.02 1710 4.08
garnma=0.1 2.66 2.91 0.25
ABEL. PHI=-0.25  gamma=1 4.38 517 0.80
gamnma=>5 12068 15.65 3.689
garmnma=0.1 177 1.63 -0.14
ABEL. PHI=0.25 gamma=1 3.47 3.87 0.39
gamma=>5 11.11 14,22 311
garnma=0.1 0.88 0.37 -0.52
ABEL. PHI=0.78  gamma=1 2.57 2.57 0.00
gamma=5 1015 12.79 2.84
EXTERNAL ADDITIVE garmma=0.1 2.20 2.28 0.ov
HABITS b=0.25 garmma=1 3.80 4.56 076
gamma=5 10.69 15.02 4.33
EXTERNAL ADDITIVE gamma=0.1 2.20 2.27 0.07
HABITS b=0.5 gamnma=1 3.78 4.47 070
garmnma=5 29.80 14.01 1.22
EXTERNAL ADDITIVE garnma=0.1 2.21 2.25 0.04
HABITS bo0.75 gamma=1 3.59 4.14 0.55
gamnma=>5 415 a.97 4.82
KPE PREFERENGES garmnma=0.1 3.36 4.48 112
a4 garnma=1 3.93 4.52 0.59
gamma=>5 5.43 4.66 -1.77
KPR PREFERENCES garnma=0.1 347 411 0.84
505 garmma=1 3.93 4.52 0.58
gamma=5 7.289 .31 -0.897
KPR PREFERENGCES garmma=0.1 2.98 374 076G
a=0.5 garmma=1 3.93 4.52 0.58
gamnma=>5 3.158 7.5 -016

Real interest rates in sub-period j (=1, 2) are estimated using the expression

N . . . . .
i where Nj is the number of quarters in sub-period j, mt is the
rj:l—l/(zlmtj+i/Nj) | q p j

discount factor in period t, which is is proxied using the several specifications of preferentes.

For isolestastic preferences, m, = I[;’(gm )‘7 ; where g, =c, /c, and ct is per capita

seasonally-adjusted private non-durable consumption in real terms; for Abel’s preferences
_ —y D .

m, = A(9..)"(g.) ; for external additive preferences m, = ﬂ((ct+1 ~bc,) /(ct ~bc,, )) " and

for KPR preferences m, = £(g,,,)” (9., ) "7 where n, =(1-N,) (1-N,,) and Ntis

the ratio of employment to the population aged over 16. We use quarterly data from Spain’s
National Quarterly Accounts and is set to 0.995.
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ESTIMATION RESULTS FOR THE MEAN OF THE IMRS DERIVED FROM THE METHOD PROPOSED BY FLOOD TABLE 6
AND ROSE (2005)

Coefficient Std. error
8, 1.0053 0.0037
[ 0.0025 0.0050
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