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Abstract 

In this paper we use a relatively general intertemporal asset pricing model where housing 
services and consumption are non-separable to obtain a measure of the potential 
overvaluation of housing in relation to rents in Spain, the United Kingdom and the United 
States. The results show that part of the increase in real house prices during the late nineties 
can be seen as a return to equilibrium following some undershooting of house prices after 
previous peaks. However, more recently, marked increases in house prices have led price-
to-rent ratios to well above equilibrium in all three countries by 2002. More specifically, the 
price-to-rent ratios were around 20% above equilibrium in Spain and the UK, and around 7% 
in the US.  Part of that overvaluation –particularly in Spain and the UK– may be attributable 
to the sluggishness of supply in the presence of large demand shocks in this market and/or 
the slow adjustment of observed rents to the conditions prevailing in the housing market.  
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1. INTRODUCTION 

Since the late 1990s, many industrialised economies have experienced a protracted period 

of significant increases in property prices. In some of these economies the process has 

become particularly acute after the heavy correction of stock market prices set in train at the 

end of 2000. It is now becoming conventional wisdom that such a surge in real estate prices 

has substantially contributed to the resilience of private consumption thereby moderating the 

depth and length of the cyclical downturn that both the US and the European economy 

experienced in that period. Actually, a number of studies (see e.g. Case, Quigley and Shiller, 

2001 and BIS, 2002) have documented the fact that the wealth effects associated with real 

estate are more significant than those linked to financial asset holdings in most economies. 

 

Given the important role that non-financial wealth seems to play as a determinant of 

aggregate demand, it is worth exploring the determinants of house prices in order to better 

assess the prospects of the economy. In particular, a key issue in this regard is to assess 

whether a particular level of prices is sustainable in the sense of being consistent with 

economic fundamentals. 

 

Most of the empirical literature on this matter has made use of simple asset pricing models 

where the expected return on housing is equal (up to a constant) to the return on alternative 

investments. In most cases (Poterba, 1984, 1991; Topel and Rosen, 1988; Mankiw and Weil, 

1989; Muellbauer and Murphy, 1997) the asset return condition is used together with a 

housing services supply rule to express house prices in terms of a set of macroeconomic 

variables. Others, however (Case and Shiller, 1988; Clayton, 1996), have directly tested an 

implicit relation between house prices and rents, using present value models that resemble 

those used to explain the price-to-dividend ratios in the financial literature. This approach has 

the advantage of not requiring the specification of the user cost of housing and/or of the 

market price of housing services. One drawback, however, is that rents are normally 

measured with noise. In addition, the relationship between prices and rents is normally 

affected by supply restrictions, regulations and contractual practices in the rental market that 

are not easily captured by standard asset financial models. Moreover, the available empirical 

studies typically exploit theoretical relationships that imply either a constant or a relatively 

restrictive specification of the discount factor for future asset payoffs which is not consistent 

with a meaningful intertemporal asset pricing model.  
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Indeed, as for any other asset, equilibrium house prices should be related to future rents 

through a stochastic discount factor, determined by agents’ intertemporal marginal rate of 

substitution which, as usual, would depend on their aversion to risk and to fluctuations in 

their consumption bundle. Moreover, insofar as houses yield utility by providing services that 

are not likely to be separable from private consumption, the relevant discount factor would 

itself be affected by housing market conditions. This suggests that an adequate modelling of 

house prices would ideally require a general intertemporal model with more than one good. 

Recent work by Aoki, Proudman and Vlieghe (2002), who use an equilibrium model to 

explain the impact on house prices of some institutional features of the UK real estate 

market, confirms this intuition. 

 

In this paper we use a relatively general intertemporal asset pricing model with non-

separability between housing services and consumption in the relationship between house 

prices and rents. The model allows us to derive a benchmark that can be used to obtain a 

measure of under −or over− valuation of house prices. In order to estimate the model we 

make use of the approximation technique developed by Restoy and Weil (1998) to obtain 

explicit equations for equilibrium returns and asset prices. We also take into account in our 

estimates possible transaction costs and regulations that hinder the immediate adjustment of 

house prices and rents to changing conditions by specifying a dynamic relationship that 

permits transitory but persistent deviations from equilibrium. In order to control for 

measurement errors and the potential endogeneity of explanatory variables, the model is 

estimated by GMM. 

 

The dynamic model is estimated for Spain, the United Kingdom and the United States, which 

have historically experienced large fluctuations in real-estate returns and sharp increases in 

house prices in the most recent past, both in absolute terms and in relation to the trend of 

rents. According to our results, which naturally have to be interpreted with due caution owing 

to the difficulties involved in dealing with all the frictions present in this market, part of the 

surge in real house prices in the late nineties can be seen as broadly compatible with the 

historical adjustment pattern of prices and rents to equilibrium conditions. However, current 

levels are, in the three countries considered, clearly above what their long-term fundamentals 

would suggest. 

 

The paper is structured as follows. In Section 2 we introduce the intertemporal asset pricing 

model. In Section 3, we explain our empirical strategy, comment on the database we use, 
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and present the main empirical results. Lastly, in Section 4 we outline the main conclusions 

of the paper. 

 

2. THE MODEL 

2.1. Set-up 

We assume an economy where agents’ preferences are defined over an aggregator, C , of 

consumption goods, c , and housing services, h , which has the following CES form 
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Agents’ intertemporal preferences are of a Generalised Isoelastic (GIP) form (see Epstein 

and Zin, 1989, and Weil, 1990) 
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where ρ  is the inverse of the elasticity of intertemporal substitution and γ  is the coefficient 

of relative risk aversion. 

The budget constraint that agents face in this economy may be written as  
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where tW  is their real wealth, expressed in terms of a composite price index ( tP ), thP ,  and 

tcP ,  are the prices of consumption and housing services, respectively, and wR~  is the real 

return (in terms of P) on the equilibrium portfolio of (real, human and financial) assets. 

2.2. Intra-period decisions 

According to the consumption aggregator function (1), for a given C , the optimal distribution 

of real expenditure between consumption and housing services is given by 

t
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where the composite price-index is 

( )[ ] ηηη αα −−− −+= 1
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2.3. Intertemporal decisions and asset pricing 

From (4), (5) and (6), the budget constraint (3) can be written after intra-period maximisation 

as 

( ) 1,1
~

++ −= twttt RCWW       (7) 

Therefore, equilibrium intertemporal consumption and portfolio decisions can be obtained by 

simply solving a standard single consumption good maximisation problem where preferences 
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are of a GIP type. Since our goal is to exploit explicit equilibrium relationships between an 

asset price and its fundamentals, it is useful to adopt the “approximate” equilibrium approach, 

outlined in Restoy and Weil (1998). 

More specifically, given an asset i  (say a house), we can approximate its (net) return 

between t and t+1, 1,
~

+tir , as 

iti
i

tititi kqqdr −−+≈ +++ ,1,1,1,
1~~

δ
,    (8) 

where 1,
~

+tid  is the real growth rate of dividends (rents) expressed in terms of tP , between t 

and t+1, iq  is the (log) asset price-dividend ratio and iδ  and ik  are linearisation constants, 

the former being equal to )(1 iqEe −− . 

Assuming that consumption growth and asset returns are all homokedastic, the difference 

between the expected return on any two assets is constant.1 This, of course, applies to the 

return on the equilibrium portfolio. Let us then define iwπ  as 

1,1,
~~

++ −≡ twttitiw rErEπ ,     (9) 

where ww Rr ~ln~ = . 

Solving (8) forward for tiq , , assuming that bubbles are unfeasible, taking expectations on 

both sides of the resulting expression, and using (9) yields 

                                                 
1 Note that in this homokedastic framework both covariances of individual asset returns with aggregate 
consumption and with market returns are constant. For GIP preferences, this implies that the risk 
premia of all assets do not vary over time. See Epstein and Zin (1989), Weil (1990) and Giovannini 
and Weil (1989). 
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Restoy and Weil (1998) show that the equilibrium relationship between the expected return 

on the wealth portfolio and the expected consumption growth (consumption function) can be 

approximated by the simple linear expression 

[ ] 11,
~

++ += tttwt XEurE ρ , 

where )lnln( 1−−≡ ttt CCX  is the growth rate of the consumption aggregator, and u is a 

constant. This implies that (10) can be written as 
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Therefore, the price-to-rent ratio can be 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. Significantly, the coefficient of relative risk aversion γ  

does not explicitly appear in equation (11). Note, however, that it affects the equilibrium ratio 

through its effects on both iwπ  (and therefore, on m) and the discount term iδ . 

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. If 0=ρ , expression (11) 

collapses to the standard expression of prices as a function of future expected payoffs 

discounted at a constant rateδ . 
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Expression (11) is not however suitable for empirical exercises since housing services and, 

therefore, the consumption aggregator C, are not observable. Moreover, the variable id~  is 

expressed in terms of a composite price index P that incorporates the shadow price of 

housing services, which is normally not available either. In order to circumvent those 

difficulties, we could first make use of the intraperiod equilibrium condition (4) in order to 

express C only in terms of non-housing consumption, c, and the relative price of 

consumption ( PPc / ). We could then calculate the relative price of consumption by using the 

approximation2 

c

hc

P
P

P
P ba lnln ∆−≈∆ ,        with b > 0     (12)  

Finally, assuming that the housing market is in equilibrium implies that rental prices should 

be equal to the shadow price of housing services. This means that 
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Therefore, putting together (4), (11), (12) and (13) we can express the equilibrium price of 

houses in the economy as 
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growth rate of rents, expressed  now in terms of the price of the consumption good, and the 

subscript i has been dropped from q and d to denote aggregate variables. 

                                                 
2 Under a Cobb-Douglas price aggregator this approximation would be exact with a = 0 and b equal to 
the share of housing expenses in total household expenditure. Under a CES aggregator like (6) it can 
be seen as a linear approximation around   = 1, where there is no structural interpretation of the 
coefficient b.   
 

η
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Expression (14) has of course the same rationale as expression (12). It is worth noting, 

however, that τ , the coefficient of the expected sum of future growth of rents when they are 

deflated by the price of the consumption good, is in general different from 1. The reason is 

that, thus deflated, rents play two roles, as dividends of an asset and as a relative price of 

housing services. 

Thus, the first component in the equation for τ  –i.e. the “1”– reflects that, as before, the 

higher (lower) the growth rate of rents, the higher (lower) the payoff of housing investment. 

But a higher (lower) relative rental price also increases (reduces) the overall price level and 

therefore reduces (increases) the purchasing power of a given growth rate of dividends 

(expressed in terms of the consumption good). This makes real assets less (more) attractive. 

This additional effect is captured by the second component of the equation forτ  and 

depends on b, the parameter which, according to expression (12) determines how the 

change in the relative rental price affects the overall price level under our linear approach.3 

Finally, an increase in the relative price of rentals also affects the optimal distribution 

between consumption goods and housing services. When this relative price increases 

(decreases), consumption goods increase (decrease) their share, meaning an increase 

(decrease) in tx . As this is a change in the distribution of the components of the CES 

aggregator (it is not a change in the aggregator itself) it should not affect q. Thus, the third 

element in τ  corrects the change in q caused by this change in tx . 

By making this dual effect of rents (deflated by consumption prices) on the price-dividend 

ratio clear, expression (14) illustrates the consequences of two important features of our 

approach: namely, using an equilibrium approach to determine the relevant discount factor 

for future asset-payoffs and assuming non-separability between consumption and housing. 

                                                 
3 Note that the other parameter in equation (12), a, is embedded in m’. 
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3. THE EMPIRICAL ANALYSIS 

3.1. Empirical strategy 

Equation (14) provides an equilibrium relationship for the (ln) ratio of house prices to rents. 

Let the corresponding observed value of the ratio be denoted by tq  to distinguish it from the 

equilibrium ratio ∗
tq . Thus,  

ttt gqq += *                                                         (15) 

where tg is the gap, at t, between the observed ratio and its equilibrium value. To empirically 

test the model, we make a number of assumptions regarding tg . First, we allow tg  to 

depend on a state variable capturing transitory demand pressures in the housing market. It is 

worth noting that because of the specific nature of this market –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. Therefore, 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 (2001) 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. 

Additionally, we also allow tg to show some degree of persistence. In this case, the rationale 

is related also to the information available on rents. 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 –when needed– with some stickiness. 

Therefore, we characterise tg  behaviour as follows 

tttt wgg εβφ ++= −1 ,                                                (16) 
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where ,11 <<− φ tw is a zero-mean stationary variable capturing demand pressures –so 

that β   is expected to be positive– and tε  is a standard iid white noise. Note that according 

to expression (16) prices can deviate from equilibrium only transitorily, although deviations 

may show some degree of persistence. 

Combining (15) and (16) and using (14) to eliminate the unobservable equilibrium ratio we 

obtain 
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In order to generate the regressors that incorporate consumers’ expectations in equation (17) 

we make use of the VAR approach suggested by Campbell (1994) as adapted by Rodríguez 

et al. (2002). This VAR approach permits a very general interaction between house prices 

and rents –and the remaining included variables– as we do not impose ex-ante any direction 

of causality between one and the other. 

Thus, we define [ ]ttt yyy 2|1≡  as a k-vector where [ ]ttt xdy ,1 =  and ty2  is a (k-2) vector 

incorporating other variables which help predict ty1 . As shown in Campbell and Shiller 

(1988), we can re-write any VAR for ty  as a VAR (1) model for tz , where tz  includes ty  and 

p-1 lags of the variables in this vector, p being the number of lags in the original VAR. 

Denoting this transformed VAR(1) by 

11 ++ ++= ttt Azaz ξ         (18) 
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where i2 (i3) is a k vector made up of zeros but the component corresponding to the position 

of )( tt xd in tz , which is equal to 1. In the empirical application, δ  is replaced by its sample 

value –i.e. 
−

−−= qe1δ . 

As to the estimation methodology, it is worth noting that both the expectations variables at t 

and tw might be correlated with the error term4. Therefore, we estimate (17) by GMM and 

use lags of all regressors as instruments. 

3.2. Data 

We use quarterly data covering the longest available common period for the three countries 

considered: 1987Q1-2002Q2. As usual in the literature rents are computed from the 

corresponding component of the consumer price index.5 As to house prices, we have used 

the average price per square metre of all dwellings released by the Spanish Ministerio de 

Fomento, the average house sale price released by the Office of the Deputy Prime Minister, 

and the median house price index OFHEO, for Spain, the United Kingdom and the United 

States, respectively. Both rents and house prices have been deflated by the corresponding 

domestic CPI indices excluding shelter. 

 

As to the variables in ty2  (i.e. the candidates to help predict rents and consumption growth) 

we have included (the adequate stationary transformations of) GDP, (net) financial and 

(gross) non-financial wealth and a 3-month interbank rate. They are standard arguments in 

the demand functions for both non-durable consumption and housing. Data have been taken 

from the websites of the domestic statistics offices –and deflated by the domestic CPI index 

excluding shelter.6 Finally, the set of candidate variables to proxy transitory demand 

pressures –i.e. the vector tw  in equation (16)– includes (deviations from the mean of the 

stationary transformation of) GDP and the (sing-changed-deviation-from-its-mean) return on 

                                                 
4 Note that the former are generated regressors. 
5 See, among other, Mankiw and Weil (1989) or Case and Shiller (1989, 1990). For a critical view on 
this approach, see Clayton (1996). 
6 Except for Spanish non-financial wealth, which has been taken from internal estimates at the Banco 
de España. See Estrada and Buisán (1999). 
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two alternative investments: a standard broad stock index7 and changes in financial wealth, 

used as a proxy for a broader return index also including corporate bonds and public debt. 

 

Table 1 shows some descriptive statistics for the main variables used in the analysis, while 

Charts 1 to 3 depict the path of (deflated) house prices, (deflated) rents and the (ln) 

price-dividend ratio corresponding to housing investment in the three countries considered. 

As expected, real house prices display an upward trend throughout the available samples.8 

This trend is more marked in Spain –where prices have multiplied by 2.2 since the beginning 

of the sample– and the United Kingdom –1.9– than in the United States – 1.2. Prices have 

fluctuated more, too, in the former two countries. Real rents, which also display an upward 

trend, have increased more markedly in the United Kingdom and Spain too, although the 

rises have been lower than those in house prices – 36%, 30% and 12%, respectively, in the 

United Kingdom, Spain and the United States. As a consequence, price-dividend ratios have 

grown in all three countries although to a higher extent in Spain than in the United Kingdom 

or the United States. Finally, it is worth noting that the fluctuations in this ratio have also been 

important in Spain and the United Kingdom and less acute in the United States. 

 

3.3. Results 

Regarding the first step of our empirical approach, Table 2 shows the main results of the 

estimation of the three different VARs focusing on the two equations of interest (namely, 

those for tx  and )td . The number of lags has been chosen according to the Akaike criteria, 

after testing that no residual correlation was left. 

Our VAR models explain better changes in rents than in real consumption in Spain and the 

United States, as revealed by the corresponding sR 2  – 0.47 versus 0.27 in the former case 

and 0.45 versus 0.40 in the latter. In the United Kingdom, however, the equation for 

consumption growth fits better – 0.57 versus 0.39 for rents. Standard goodness-of-fit tests, 

on the other hand, are comfortably passed, as shown in the table. 

As to the second step, the main results of the GMM estimates are shown in Table 3, where, 

first of all, it is worth noting that the different models satisfactorily pass the usual goodness-

                                                 
7 Namely, Índice General de la Bolsa de Madrid (Spain), FTSE-All  (United Kingdom) and S&P 500 
(United States). 
8 See, for instance, Englund and Ionnides (1997), who find that trend in their analysis of 15 developed 
countries. 
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of-fit tests. In addition, the results of the Sargan test do not reject the overidentifying 

restrictions imposed and there is no sign of residual autocorrelation. 

There are some differences between the three equations worth noting. Thus, in the United 

States it cannot be rejected that the gap between the observed price-dividend ratio and its 

equilibrium value follows a white noise process. In the other two countries, however, the gap 

exhibits some persistence –φ  is estimated slightly below 0.8. In Spain, it seems to respond 

also to (sign-changed) changes in the real return on alternative financial investments, the 

corresponding coefficient being, as predicted, positive –that is, an increase in the real return 

on alternative assets tends to reduce housing demand and, therefore, the gap. 

τ  is negative and significant in all three countries –in Spain it is only marginally significant, 

however– which means that the effect of a change in rents (deflated by a CPI) on the 

purchasing power (in terms of an overall price index) of the given path of those rents is 

substantial. Unfortunately, we cannot retreive from our results an estimate of η . Yet we can 

use them to support the use of a CES aggregator instead of the simpler Cobb-Douglas 

approach because for 1=η  our estimates of ρ  (higher than 1 as commented below) would 

imply a positiveτ . As a matter of fact, negative values of τ  point towards 1<η , that is, 

towards some degree of complementarity between consumption goods and housing 

services. 

 ρ  varies between 1.24 in the United Kingdom –the only case in which it is only marginally 

significant– and 4.27 in USA. In Spain, it is estimated at 3.05. The corresponding elasticities 

of intertemporal substitution  (0.81, 0.23 and 0.33) are somewhat higher than those 

estimated in the literature from aggregated consumption data, which oscillate around 

0.1-0.2.9 Yet they are still lower than the estimates based on micro studies, which tend to be 

just below 1.10 

To assess the consistency between current house prices and their fundamentals, it is worth 

starting by noting that apart from the observed and the equilibrium price-dividend ratios, in 

Spain and the UK we may build a third price-dividend series: the adjusted price-dividend, 

defined as the observed one minus the estimated error in equation (17). Thus, while an 

observed ratio above the estimated equilibrium value would imply some overvaluation, an 

                                                 
9 See, for instance, Hall (1988), Campbell (1999) and, for Spain, López-Salido (1995). 
10 For the United Kingdom and the United States, see Attanasio (1999) and the references therein. For 
Spain, see López-Salido (1995), where, however, the elasticity is estimated slightly above 1. 
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observed ratio above the adjusted one would mean that it is reverting to its equilibrium 

quicker (if it is below equilibrium) or more slowly (if it is above equilibrium) than implied by the 

equation.11 Charts 4.1 to 4.3 show the different price-dividend series (observed, adjusted and 

the estimated equilibrium) for each country. 

In all three countries, the increases in the last years have brought house price-to-rent ratios 

above their equilibrium values. In Spain, the equilibrium ratio exhibits a downward trend 

since the beginning of the sample, which is related to some improvement in expectations on 

consumption growth in a context of catching-up of the Spanish economy with those of their 

European partners in the Economic and Monetary Union as well as to increases in the 

expected growth for rents12. Despite this trend, part of the increase in real house prices since 

1998 may be seen as a return to equilibrium values. As a matter of fact, the fall after the 

peak in 1991 resulted in relatively severe overreaction. Nevertheless, in 2000 real house 

prices already exceeded the estimated equilibrium and in 2002 they show –in relation to 

rents– an overvaluation of around 20%, the highest in the available sample.13 However, while 

in 2000 and 2001 price-to-rent ratios grew on average above the adjusted path, in 2002 they 

grew below such a path, thus showing some signs of an incipient return towards equilibrium. 

In the United Kingdom the picture is somehow similar. After some overreaction following the 

previous peak, the price-to-rent ratio has been above both, the equilibrium and the adjusted 

paths during the last years. Estimated overvaluation is also around 20%, on average, in 2002 

and there were no signs of a reversion towards equilibrium.14 It is worth noting, too, that the 

equilibrium ratio is currently around 15% lower than in 1987, although the bulk of the fall 

occurred at the beginning of the nineties and the equilibrium ratio has been fairly stable 

since. 

Finally, house prices in relation to rents also seem to be overvalued in USA, albeit  to a 

lesser extent: around 7%. This overvaluation, however, also reaches its peak at the end of 

the sample. Contrary to Spain and the United Kingdom, overreactions are less marked15 in 

this case and the equilibrium ratio does not exhibit any clear trend. As a matter of fact, part of 

                                                 
11 In the United States, however, the adjusted ratio and the equilibrium ratio coincide, as the gap 
seems to behave as a white noise. 
12 According to our estimates, τ  is negative. 
13 Martínez-Pagés (2003) estimates a simple reduced-form equation for house prices in Spain and 
finds a similar overvaluation. 
14 Both the magnitude and the timing of the overvaluation are very similar to those reported by some 
private analysts. See, for instance, Goldman Sachs (2002). 
15 Meen (2002) finds that the price elasticity of house supply is higher in the United States than in the 
United Kingdom. This might explain why overreactions are less important in the former. 
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the increase in the observed ratio since the mid-nineties may be explained in terms of a 

similar increase in its equilibrium value. 

A potentially relevant caveat must however be made. Both in the theoretical model and in its 

empirical application we have not considered taxes. In principle, the equilibrium 

relationship (14) should only hold for the after-tax values of prices and rents. The analysis of 

the impact of tax-subsidy national systems on the transaction and rental value of prices for a 

representative agent is a complex task that falls outside the scope of the paper. But it is 

worth noting that, assuming tax changes are essentially unpredictable by economic agents, 

that feature would only affect the value of the intercept term m’ in equation (14). More 

importantly, making the plausible assumption that discretionary variations in taxes or 

subsidies are unrelated to the right-hand side variables in equation (17) would imply that our 

estimates of the slope parameters would be robust to those changes in taxation. Finally, 

even if we could estimate the impact of tax changes on prices and rents, it is not clear how 

taxation could be fully incorporated into our intertemporal framework. Additional non-neutral 

assumptions would have to be made on other variables for both private agents’ and 

government budget constraints to hold at all times. 

 

4. CONCLUSIONS 

House prices have increased markedly in many industrialised countries in recent years, 

apparently backing the strength of households’ consumption in a context of otherwise 

weakening activity. Against this background, this paper has sought to assess whether current 

price levels are broadly consistent with their economic fundamentals. 

Thus, we have used a relatively general intertemporal asset pricing model where housing 

services and consumption are non-separable and, therefore, they both affect the equilibrium 

stochastic discount factor of future payoffs. In order to take into account slow adjustment 

dynamics of housing prices to changing conditions, we have adopted an approach that 

allows for systematic transitory deviations of price-to-rent ratios from equilibrium conditions. 

We have then made use of quarterly data spanning the period 1987-2002 on three different 

countries –Spain, the United Kingdom and the United States– where house price increases 

have been particularly sizable in recent years to estimate the potential overvaluation of 

housing in relation to rents in each case. 
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According to our results, which given the approximations implicit in the model and the 

difficulties of taking into account all possible frictions present in this market, have to be taken 

with due caution, part of the increase in real house price-to-rent ratios during the late nineties 

can be seen as a return to equilibrium following some overreaction of house prices after 

previous peaks. This overreaction was particularly marked in Spain and the United Kingdom. 

However, more recently, marked increases in house prices led price-to-rent ratios to well 

above equilibrium in all three countries by 2002. More specifically, the price-to-rent ratios 

were around 20% above equilibrium in Spain and the United Kingdom, and around 7% in the 

United States. It is worth noting, however, that part of that overvaluation –particularly in 

Spain and the United Kingdom– may be attributable to the sluggishness of supply in the 

presence of large demand shocks in this market and/or the slow adjustment of observed 

rents to the conditions prevailing in the housing market. 
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Table 1. Descriptive statistics
Sample period 1987Q2-2002Q2

SPAIN UK USA
Dlhp Dlr q Dlhp Dlr q Dlhp Dlr q

 Mean 0.0127 0.0043 4.8047 0.0104 0.0050 4.3705 0.0034 0.0019 4.1433
 Median 0.0129 0.0039 4.7855 0.0110 0.0066 4.3421 0.0039 0.0019 4.1309
 Maximum 0.0569 0.0205 5.0365 0.1392 0.0759 4.6137 0.0221 0.0160 4.2521
 Minimum -0.0684 -0.0126 4.5627 -0.0679 -0.1217 4.2113 -0.0252 -0.0165 4.0799
 Std. Deviation 0.0236 0.0074 0.1193 0.0458 0.0277 0.1054 0.0092 0.0062 0.0464
 Skewness -0.4140 0.0849 0.0963 0.3034 -1.4289 0.5882 -0.4507 -0.1267 0.6225
 Kurtosis 3.8739 2.6185 1.9780 2.4404 9.0118 2.1340 3.3467 3.1263 2.3497

 Jarque-Bera 3.6839 0.4432 2.7490 1.7321 112.618 5.4231 2.3704 0.2037 5.0139
 Probability 0.1585 0.8012 0.2530 0.4206 0.0000 0.0664 0.3057 0.9032 0.0815

Notes:
 - Dlhp stands for the first difference of (ln) house prices deflated by a CPI index excluding shelter
 - Dlr stands for the first difference of (ln) rents deflated by a CPI index excluding shelter
 - q stands for (ln) ratio of house prices to rents
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Table 2. VAR estimates
Endogenous variables: rents, consumption, GDP, (net) financial and (gross) non-financial wealth and
3-month interbank rate. All are in real terms. All but the last are in first (ln) differences.
Sample period: 1987Q1:2002Q2

Rents Consumption Rents Consumption Rents Consumption

0.47 0.27 0.39 0.57 0.45 0.40
0.006 0.008 0.024 0.006 0.005 0.006

Q1 0.30 (0.58) 0.01 (0.91) 0.25 (0.61) 0.13 (0.72) 0.04 (0.85) 0.50 (0.48)
Q4 5.56 (0.24) 0.68 (0.98) 3.23 (0.66) 3.68 (0.60) 5.11 (0.28) 4.57 (0.47)
Q8 8.88 (0.35) 1.72 (0.99) 3.74 (0.91) 11.3 (0.19) 17.4 (0.03) 7.85 (0.45)

Notes:
 - All VARs include two lags of the endogenous variables. 
 - Qi stands for the standard test on residual autocorrelation up to order i. P-values in brackets.

SPAIN UK USA

2R
σ
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Table 3. GMM estimates 

Sample period: 1987Q3:2002Q2 

SPAIN UK USA 

1.53 (.00) 0.19 (.44) 5.90 (.00) 
0.76 (.00) 0.79 (.00) -- 
-1.72 (.12) -0.35 (.01) -2.54 (.00) 
3.05 (.03) 1.24 (.23) 4.27 (.00) 
 1.27 (.00) -- -- 

9.54 (.05) 6.13 (.29) 7.69 (.26) 
0.054 0.070 0.069 

1.24 (0.27) 2.00 (0.16) 0.32 (0.57) 
5.55 (0.24) 4.38 (0.36) 1.40 (0.84) 
6.68 (0.57) 12.5 (0.13) 10.8 (0.21) 

Notes: 
 - Instruments: Lags 1 and 2 of all variables in the RHS 
 - P-values in brackets 
 - w = -(real log) rate of growth of households' financial wealth 
 - Qi stands for the standard test on residual autocorrelation up to order i. P-values in brackets. 
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