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Abstract

In this paper we assess whether persistently too low interest rates can cause
an overvaluation of real estate. To do this, we regress the deviation of real
estate prices from their fundamental value (overvaluation) on the deviation of
short term interest rates from the Taylor-implied interest rates. We additionally
assess whether interest rates that have remained low for a longer period of time
have a greater impact on house price overvaluation by calculating the number of
consecutive periods that observed short term rates have been lower than those
implied by the Taylor rule. Our results for 15 OECD countries indicate that
there is a strong link between interest rate deviations and the overvaluation of
real estate. This impact is especially strong when interest rates are too low, for
too long. We argue that leaning against asset price fluctuations would not be
necessary if central banks ensure that rates do not deviate too far from Taylor-

implied rates.

1 Introduction

In the aftermath of the recent global financial crisis, central banks have been widely

criticized for having kept interest rates too low for too long. As a consequence, an
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important strand of research has emerged focused on understanding whether rates that
were too low spurred excessive risk taking in the banking sector leading to the buildup
of the crisis (Maddaloni and Peydro, 2009; Altumbas et al., 2010; Cajueiro et al., 2010;
Dubecq et al., 2010). Estimating deviations of short term rates from rates implied
by some benchmark model, one set of authors have argued that a deviation from the
Taylor rule was a primary cause in the build up of the financial crisis (see among others
Taylor, 2010; Kahn, 2010; Nier and Merrouche, 2010). Others, however, have shown
that direct linkages are weak at best and that financial market developments would
have been only modestly different if monetary policy had followed a simple Taylor rule
(Bernanke, 2010; Dokko et. al, 2009).

Another strand of literature has argued that property-price collapses have histori-
cally played an important role during episodes of financial instability (see among others
Ahearne et al. 2005; Goodhart and Hofmann 2007). As a consequence, debate sur-
rounding role that asset prices should play in monetary policy has been ripe. Some
authors have called for central banks to react to movements in asset prices (Borio and
Lowe 2002, Cecchetti et al. 2000) while others have shown that using monetary policy
to lean against asset-price fluctuations may not be a sensible strategy (Assenmacher-
Wesche and Gerlach, 2008).

In this paper, we add to the discussion by assessing the validity of accusations that
policymakers created the current crisis by reacting insufficiently to growing inflation
pressure or that they raised the likelihood of an asset price bubble by placing insufficient
weight on credit and asset prices when setting interest rates. We do this by examining
whether persistently too low interest rates can cause an overvaluation of real estate.
Our methodology involves regressing the deviation of real estate prices from their
fundamental value (overvaluation) on the deviation of short term interest rates from
the Taylor-implied interest rates (”interest rates too low”). As an additional regressor,
we define a dummy variable that captures the duration of a negative deviation of the
observed interest rates (”for too long”).

Our results for 15 OECD countries indicate that there is a strong link between

interest rate deviations and the overvaluation of real estate. This impact is especially



strong when interest rates are too low, for too long. Our findings have important policy
implications with regards to monetary policy and asset prices. In particular, we argue
that if interest rates are set at similar levels to those implied by the Taylor rule, real
estate overvaluation can be reduced. We therefore show that leaning against asset price
fluctuations would not be necessary if central banks ensure that rates do not deviate
too far from Taylor-implied rates.

The rest of the paper is organized as follows. Section 2 describes our model for
estimating real estate overvaluation. Section 3 estimates interest rate deviations from
from Taylor-implied rates. Section 4 presents our estimations and discuss our findings.

Section 5 briefly concludes.

2 Deviation of Real Estate Prices from their Fun-

damental Value

2.1 The Fundamental Real Estate Price Model

To calculate the fundamental value of real estate, we apply a similar approach as Hott
and Monnin (2008): The fundamental value of a house (F;) is given as the sum of the
future discounted fundamental imputed rents (H;). Fundamental imputed rents are
defined as the market clearing price (i.e. rent) on a housing market.

To calculate the fundamental value of imputed rents, we assume that each household
spends the autonomous amount d plus the fraction a of its income 1, per period on
housing (Cobb-Douglas utility function). In period ¢ the price for occupying a housing
unit for one period (rent/ imputed rent) is H;. Therefore, the demand for housing (d;)
1s:

Yt

=a>— +d. 1
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Further, we assume that in ¢ there are N, identical households. Hence, aggregated

demand for housing (D;) in period ¢ is:



Y, _
D, = aﬁt + (1 — a)dN,, (2)

t

where Y; = y,N; is the aggregated income. Aggregated demand for housing, there-
fore, depends on the imputed rent, the number of households (or population) and the
aggregated income (or GDP).

To calculate the supply of housing units in ¢ (.S;) we assume that it is given as the
depreciated supply in ¢ — 1 plus the construction of new housing units in t — 1 (B;_1).

Backward iteration leads to the following supply function:

t
Se=(1=08)Si1+Bia=(1-06)S+ Y _(1-8)"' B, (3)

j=1
where 0 is the depreciation rate of housing units and Sy is the initial housing stock.

The market clearing condition is:
Y, _
Dt = Ck—t + dNt = St- (4)
H,
By rearranging this equation we get the fundamental value of rents:

Y, Y,
— = X — .
Sy — dNy (1—6)tS + 23:1(1 —0)71B;_j — dN;

H =« (5)

To derive the fundamental value of houses (FP;), we calculate the sum of the future
discounted fundamental imputed rents (H;). The discount factor is assumed to be the
sum of the mortgage rate r; in period ¢ and the constant parameter p. This parameter

p reflects a risk premium as well as maintenance costs (as a fraction of the house price).
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By replacing H; by the fundamental values of imputed rents from equation (5), we get

Pt:Et

the following fundamental house price equation:
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Equation (7) implies that the fundamental value of houses is driven by present and
future aggregated income, population, and mortgage rates and by past, present and

future construction activities.

2.2 Calibration Method
2.2.1 Calibration of Fundamental Rents

In a first step to calibrate fundamental real estate prices we adjust the development
of the fundamental imputed rents (H;) to the development of the observed rents (M,).
While in the short run, actual rents can deviate from their fundamental values, in the
long run, they do not develop completely independent. Hence, we choose parameter
values that minimize the mean square difference (MSE) between actual and imputed
rents. While doing this, we also have to make sure that the parameter values are not
implausibly high or low.

According to equation (5), we need parameter values for a, d, § and Sy. In addition,
since actual rents are expressed as an indicator, we need a conversion factor to compare
their level with the righthand side of equation (5). Multiplying this conversion factor
with the parameter a leads to the new parameter «. The allowed range of the four

parameters is:

e a5 > 0 (preference parameter 1 > « > 0 multiplied with a positive conversion
factor),
e d > 0 (positive autonomous housing demand),

e 0.03 > ¢ > 0 (depreciation rate; based on assumptions in the literature') and

e Sy > 0 (positive initial housing stock).

Altogether we have to solve the following minimization problem:

1See, for example, Harding et al. (2006), McCarthy and Peach (2004), Pain and Westaway (1997)
and Poterba (1992).
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where T' is the end of our data sample, m; = In(M;) and h; = In(H;) and subject to:
a; >0,d>0,0<6<0.03and Sy > 0.

2.2.2 Calibration of Fundamental Real Estate Prices

To calibrate fundamental house prices we use the calibrated series for H; and assume
that agents are rational and have perfect foresight.? We can, therefore, replace the
expected future fundamentals in price equation (7) by their actual values. This implies

that for t < T and 7 < ¢:

Etfi(Ht) = Ht and

Et_l‘(mt) = My.

For t > T, however, we do not have actual values of the fundamentals. For simplicity,
we use a VAR model to forecast the values of the fundamentals after the end of our
data sample (¢ > T'). A problem is that H, is not stationary. To deal with this problem,
we look the derivation of the log imputed rents (h;) from their trend (hi"e"?). We use a
Hodrick-Prescott filter with a high A to get a considerably stable trend.?> Then we use
the residuum 7 = h; — hi"" and the mortgage rate r; for our VAR estimation. The
number of lags included in the VAR is chosen by the Schwarz criterion, considering
a maximum of four. In the next step we use the parameters of the VAR to calculate
expected future interest rates and deviations of the imputed rents from their trend. We

assume that the trend will grow constantly by w = A%, — h¢"® where ¢ > 0. This

constant is assumed to lie between the minimum (w™") and the maximum (w™**) of
the past growth of the trend. As a result we get forecasts for future imputed rents and

mortgage rates.

2This assumption is equivalent to the ‘ex post rational prices’ in Shiller’s (1981) work on stock

prices.
3We use A=400,000 with quarterly data.



To calibrate the fundamental property price, we still need a value for the sum
of maintenance costs and risk premium p, the future growth of the trend (w) and a
conversion factor ay (rent index to property price index). The allowed range for the

different parameter values is:

e «, > 0 (positive conversion factor),

e 0.12 > p > —0.01 (risk premium plus maintenance costs; based on assumptions

in the literature) and

o W™ > > w™" (country specific trend growth).

We chose parameter values that lead to the best fit between the log of fundamental
(p; = In(Py)) and the log of actual prices (p¢ = In(P)). Hence, we have to solve the

following minimization problem:

T
) 2
min E ¢ pF 9
0z = [p¢ — pi] 9)

subject to: ap > 0, 0.12 > p > —0.01 and w™*® > @ > w™™",

2.3 Housing Data

We calibrate the model for 15 OECD countries: Australia (AU), Canada (CA), Finland
(FI), France (FR), Germany (DE), Ireland (IE), Japan (JP), the Netherlands (NL),
Norway (NO), Spain (ES), Sweden (SE), Switzerland (CH), the UK and the US.

According to equation 5), (7), (8) and (9), we need data on GDP (Y}), population
(Ny), construction (By), rents (M), mortgage rates (r;) and real estate prices (Pf).
Since we consider only real data, we also need CPI data.

The main data sources are the BIS, Datastream, IMF (IFS) and the OECD (MEI).
For most series we have quarterly data from 1981 Q1 to 2010 Q3. The annual data
on population data is transformed into quarterly data by linear interpolation and for

some countries the time series are shorter.?

4The shortest time series is for IT: 1990 Q1 to 2010 Q1.



2.4 Calibration Results

Figure 1 shows the development of actual and fundamental real estate prices for the 15
OECD countries. As we can see, actual prices fluctuate much more than fundamental
prices. According to Table 1, the standard deviation of actual real estate growth rates
(p¢ —p¢_,) is about three times higher than the standard deviation of fundamental real
estate growth rates (p; — p}_,).

There are episodes with high deviations of actual real estate prices from their fun-
damental value (overvaluation). We can easily see the housing bubbles around 1990
and around 2007 in many countries. Given the definition of the fundamental real estate
price, average overvaluation is (close to) zero. However, the standard deviation of the

overvaluation varies between 9% (IT) and 37% (IE).

3 Interest Rates

3.1 Deviations from Taylor-rule implied rates

To address the issue of whether too low interest rates contribute to the build up of
the real estate bubbles, we assess observed short term interest rates in 15 OECD
countries relative to their Taylor-implied rates (Taylor, 1993). The Taylor rule is a
benchmark policy tool that states that short-term interest rates should be a function
of the following: (i) actual inflation relative to the targeted level; (ii) the deviation of
economic activity from its full employment level and (iii) the level of short-term interest
rates consistent with full employment. In general, interest rates should be higher when
inflation is above target, (m; —m;) > 0, or when output is above its potential, (y; —y;) >
0. Taylor (1993) estimated the long-run real value of the federal funds rate to be about
2 percent. The equation for the Taylor rule accordingly shows that when inflation
and output are equal to their targets, the policy rate should equal 2 plus the rate of
inflation. Equivalently, when inflation and output equal their targets, the real value of

the federal funds rate should equal 2 percent. The Taylor-implied rates are calculated



in the following way:

it = ap + 7+ Be(me — ) + By (ve — ¥7) (10)

where a is the assumed equilibrium real interest rate, m; denotes the inflation rate,
7 captures the desired rate of inflation, y; — y; denotes the output gap: the difference
between GDP (y;) and its long-term potential non inflationary level (y;). We set
Br = B, = 0.5 and 7* = 2%. The deviation of observed rates from the Taylor-implied

rates can be calculated as:
(ije —ij,) (11)

for each country j in our sample.

3.2 Interest Rate Data

3.3 Summary Statistics

Table 2 presents the summary statistics of interest rate deviations for each country.
The correlation matrix is presented in table 4. Fig 2 plots the evolution of the observed
interest rates together with the Taylor-implied rates.

Of the 15 countries, six (Finland, Ireland, Italy, Spain, Switzerland and the US)
have interest rates that have, on average, been too low over the sample period. In
Finland, interest rates were too low for much of the 1980s and early 1990s. Since the
introduction of the Euro in 1999, rates have remained consistently too low relative
to the Taylor-implied rates. In Ireland, Italy, Spain, observed were too low in the
early 1980s and similarly to Finland, have remained consistently too low since 1999.
In Switzerland and the US, rates were generally too low in the late 1980s and early
1990s and again from the late 1990s. Pairwise correlations of interest rate deviations
are, on average, positive and significant while correlations between observed rates and

Taylor-implied rates range between 0.55 (Netherlands) and 0.89 (Italy).



4 Estimations

4.1 Too Low?

Our baseline regression for analyzing the relationship between real estate overvaluation

and interest rate deviations from Taylor-implied rates can be written as:

(P — 150) = g + Bz — 1) + €1, (12)
where (p? — p}); captures real estate overvaluation and (i; — 4! ); denotes interest rate
deviations from Taylor-implied rates for country j at time ¢. We estimate equation (12)
separately for each country, as well as within a system of equations using seemingly
unrelated regressions (SUR).

Panel a of table 5 presents the results from estimating separate equations for each
country. In most cases, interest rate deviations have a significant negative impact on
real estate overvaluation. The finding provides evidence that low interest rates do con-
tribute to real estate overvaluation, and subsequently, to the creation of housing bub-
bles. The impact is largest for Ireland where interest rate deviations explain up to 50%
of real estate overvaluation. Here, a 1% deviation of interest rates from Taylor-implied
rates results in a 6% overvaluation. In Switzerland, France and Canada, interest rate
deviations of around 1% result in an overvaluation of around 2%. For the 15 countries
in the sample, the average resulting overvaluation is around 4% following a deviation
of around 1%.

SUR estimates assume that the error terms across the equations in a system are
correlated. We test the independence of our equations using the Breusch-Pagan La-
grange Multiplier test (Zellner, 1962; Breusch and Pagan, 1980; and Greene, 1997) and
find that the test rejects independence. We therefore re-estimate equation 12 using
SUR. The results are presented in panel a of table 6. Our findings are qualitatively
unchanged from those obtained using OLS. For those countries whose coefficients were
not significant in the individual country equations. On average, interest rate deviations

explain around 20% of real estate overvaluation in our sample.

10



4.2 'Too low for too long?

To test whether interest rates that have remained low for a longer period of time have
a greater impact on house price overvaluation, we create an additional variable that
calculates the number of consecutive periods that observed short term rates have been
lower than those implied by the Taylor rule. Here, a larger number corresponds with
a longer period of loose policy rates. The dummy variable D; is included in each

regression as follows:

(p{ —pf) :at—i-ﬁ(it—z';f)—i-”yDt—i-et. (13)

Again we estimate using both OLS and SUR. The results of estimating equation 13
using SUR are presented in panel b of table 5. For each of the 15 countries in the
sample, D, is positive, and in most cases significant. This implies that the longer
the rates deviate from the Taylor-implied rates, the greater the impact on real estate
overvaluation. We find similar results using SUR estimations, presented in table 6 panel
b. The R-squared increases on average from around 20% to 40% when we account for
the duration of the rate deviation. For Ireland, interest rates and the length of the
deviation from Taylor-implied rates together account for around 80% of real estate
overvaluation. For Norway and Spain the corresponding amount is around 65% and
around 45% for Switzerland, Finland and Sweden.

In a SUR system, parameters are estimated using the same number of observations
for each equation. When equations are unbalanced, additional observations that are
available for some equations, but not for all, are discarded, potentially resulting in a
loss of efficiency. To test whether we lose efficiency from estimating with an unbalanced
sample, we run a set of additional SUR regressions, omitting first Italy (81 observations)
and then Ireland (91 observations). The results remain qualitatively unchanged when

using more observations on a smaller sample of countries®.

®Results using a smaller sample of countries are not presented here for brevity but are available

from the authors on request.
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5 Conclusions

In this paper, we add to the discussion on whether policymakers created the current
crisis by reacting insufficiently to growing inflation pressure or that they raised the
likelihood of an asset price bubble by placing insufficient weight on credit and asset
prices when setting interest rates. We do this by examining whether persistently too
low interest rates can cause an overvaluation of real estate. Our methodology involves
regressing the deviation of real estate prices from their fundamental value (overvalua-
tion) on the deviation of short term interest rates from the Taylor-implied interest rates
("interest rates too low”). As an additional regressor, we define a dummy variable that
captures the duration of a negative deviation of the observed interest rates (”for too
long”).

Our results for 15 OECD countries indicate that there is a strong link between
interest rate deviations and the overvaluation of real estate. This impact is especially
strong when interest rates are too low, for too long. Our findings have important policy
implications with regards to monetary policy and asset prices. In particular, we argue
that if interest rates are set at similar levels to those implied by the Taylor rule, real
estate overvaluation can be reduced. We therefore show that leaning against asset price
fluctuations would not be necessary if central banks ensure that rates do not deviate

too far from Taylor-implied rates.
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Table 1: House Price Overvaluations

23 - Pi_a pi - Pi-a 23 - pi
observ. mean stdev min max mean stdev min max mean stdev min max
AU 97 0.04 0.07 -0.08 0.26 0.01 0.02 -0.03 0.06 0 0.24 -0.28 0.48
CA 119 0 0.05 -0.16 0.1 0 0.02 -0.04 0.05 0 0.13 -0.18 0.26
FI 131 0.02 0.1 -0.24 0.29 0.01 0.03 -0.07 0.09 0 0.23 -0.39 0.56
FR 122 0.03 0.08 -0.13 0.2 0.01 0.02 -0.05 0.04 0 0.27 -0.36 0.52
DE 113 0 0.02 -0.07 0.05 0.01 0.01 -0.02 0.04 0 0.15 -0.22 0.22
IE 91 0.04 0.09 -0.17 0.22 0.02 0.05 -0.07 0.1 0 0.37 -0.52 0.62
IT 81 0.02 0.04 -0.05 0.1 0.02 0.02 0 0.07 0 0.09 -0.16 0.14
JP 141 -0.01 0.04 -0.07 0.11 0.01 0.04 -0.11 0.07 0 0.28 -0.47 0.38
NL 103 0.04 0.05 -0.06 0.16 0.03 0.02 -0.01 0.08 0 0.25 -0.34 0.35
NO 120 0.04 0.08 -0.19 0.18 0 0.02 -0.06 0.04 0 0.32 -0.57 0.62
ES 95 0.04 0.07 -0.13 0.2 0 0.03 -0.07 0.06 0 0.33 -0.42 0.62
SE 99 0.04 0.07 -0.21 0.13 0.02 0.02 -0.03 0.07 0 0.18 -0.31 0.29
CH 143 0 0.05 -0.12 0.18 0.01 0.02 -0.03 0.04 0 0.17 -0.22 0.41
UK 97 0.02 0.1 -0.21 0.23 0.01 0.03 -0.05 0.08 0 0.25 -0.38 0.42
Us 95 0 0.07 -0.23 0.12 0 0.02 -0.05 0.02 0 0.18 -0.23 0.41
average 110 0.02 0.07 -0.14 0.17 0.01 0.02 -0.05 0.06 0 0.23 -0.34 0.42
Table 2: Interest Rate Deviations
Variables Observations Mean Std dev Min Maz IR corr
Australia 117 0.929 2.807 -7.438 7.715 0.82
Canada 117 0.769 2.548 -5.607 6.116 0.82
Finland 119 -0.875 3.399 -11.399 6.425 0.70
France 119 1.115 2.629 -7.814 8.510 0.86
Germany 119 0.848 1.879 -3.572 6.513 0.80
Ireland 118 -1.164 6.064 -18.946 9.454 0.56
Italy 119 -0.097 3.112 -10.025 8.048 0.89
Japan 98 0.331 1.810 -4.269 5.272 0.75
Netherlands 119 0.403 2.384 -5.513 7.033 0.55
Norway 117 1.159 3.860 -14.219 7.391 0.58
Spain 88 -0.759 3.229 -5.871 7.455 0.76
Sweden 113 0.727 3.160 -7.470 12.501 0.80
Switzerland 119 -1.238 1.804 -6.681 3.276 0.82
UK 117 0.344 2.495 -8.476 5.544 0.81
Us 123 -0.631 2.802 -10.361 5.926 0.75

Note: IR corr refers to the correlation between the observed short term interest rate and the deviation from Taylor-implied rates.
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Figure 1: Real estate prices.
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Figure 2: Interest rates.
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Figure 3: Real estate price overvaluation and interest rate deviations.
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