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Abstract: This study contributes to the ongoing debate over the causes of housing bubbles. The
argument that excessively low interest rates were responsible for the rapid increase in house prices
over the last decade has received considerable attention in the literature. However, few papers have
attempted to quantify the extent of house price overvaluation in countries that have seen housing
booms and busts, in addition to quantifying the looseness of monetary policy. For a sample of 10
OECD countries, we estimate fundamental house prices using demand and supply side
characteristics of the housing market. This is supplemented with analysis of price to rent ratios
and fundamental price to rent ratios. Loose monetary policy is defined as the deviation of the short-
term interest rate from the rate which the Taylor rule would prescribe. The empirical results
suggest that for some countries deviations from the Taylor rule played a role in the surge in house
prices and that a monetary policy stance less discretionary and more closely aligned with a Taylor
rule could curtail some of the imbalance in the housing market.

I INTRODUCTION

uch of the recent interest in housing bubbles has emanated from the
booms and busts observed in the housing markets of a number of OECD
countries. We have seen that when housing bubbles burst, they tend to plunge
an economy into recession through declines in consumption and investment.
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This occurs first because homeownership comprises a large proportion of
national wealth, and second because financial institutions lending to the
residential sector tend to hold a considerable volume of mortgage related assets
on their portfolios, such that house price reversals cause disruption to the
financial system.

It has been argued retrospectively that periods of low interest rates create
an environment conducive to the build up of imbalances in the housing sector.
Interest rates influence house prices by making credit cheap and increasing the
demand for houses through a number of channels. First, lower interest rates
reduce the opportunity cost of buying a house compared with investing in other
assets. Second, a type of financial accelerator effect creates a feedback loop
between house prices and interest rates as the net worth of borrowers changes
in response to changes in the value of their assets. A number of studies
including Iacoviello (2005) and Calza et al. (2009) have shown that a reduction
in interest rates increases the value of houses by increasing the present value
of future user costs, enhancing borrowers’ current debt capacity and demand
for housing. Studies have also shown that more developed mortgage markets
amplify the effect of monetary policy on housing variables (Assenmacher-
Wesche and Gerlach, 2008) and that financial innovation and securitisation can
exacerbate the effect of interest rates on housing market activity (Diamond and
Rajan, 2009). Finally, interest rates can affect house prices through the risk
taking channel, where lower rates of interest encourage financial institutions
to lever up in order to achieve a target rate of return — a search for yield effect
(Rajan, 2005 and Borio and Zhu, 2008).

A well cited and much disputed argument for the cause of the US housing
bubble is that of Taylor (2007) who asserts that the deviation of the Federal
Funds rate during the 2000s from the rate implied by his 1993 monetary policy
rule made housing finance cheap and attractive, leading to a bubble. This
position is supported by Robert Gordon (2009, p. 6):

It is widely acknowledged that the Fed maintained short-term interest
rates too low for too long in 2003-04, in the sense that any set of
parameters on a Taylor Rule type function responding to inflation and
the output gap predicts substantially higher short-term interest rates
during this period than actually occurred. These low interest rates made
it particularly profitable for banks and nonbanks to make mortgage loans
and to pay large fees to the mortgage brokers who originated them, and
thus indirectly the Fed’s interest rate policies contributed to the housing
bubble.
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The idea that interest rates veered too far from a Taylor type rule has
frequently appeared in the literature examining the housing bubble in the US,
but has been given little or no attention in the cross country literature. As
Taylor points out, the Fed’s loose monetary policy stance was followed by several
other central banks around the world.! Much of the crisis literature has
modelled the effect of low interest rates on house prices, both linearly and non-
linearly.2 However, few papers have looked at the effect of a deviation of interest
rates from a monetary policy rule on the deviation of house prices from their
fundamental value. Our approach differs from previous analyses in that it looks
at the co-movements of these variables from their presupposed normative or
equilibrium value, as opposed to just looking at the co-movement of these
variables in their observed non-equilibrium state. In this way, the paper gives
a contribution to the literature from a different perspective by attempting to
quantify the extent of house price overvaluation in countries that have seen
house price booms, and to examine Taylor’s (2007) hypothesis on a cross country
basis.

We apply a standard model of house prices to estimate the size of housing
bubbles for each country in the sample, in addition to looking at deviations of
the price to rent ratio from the estimated fundamental price to rent ratio. We
estimate a series of equations which explain housing bubbles as deviations from
the Taylor rule as a group by using the Seemingly Unrelated Regressions
technique and independently as a Vector Autoregressive system. We report a
statistically significant relationship between Taylor rule deviations and the
deviation of house prices from their fundamental value. Whilst the impact of
Taylor rule deviations on housing bubbles is more pronounced over the last
decade, in line with Dokko et al. (2011) we find a quantitatively small impact
of monetary policy on housing bubbles, and this is in tandem with a
considerable body of literature which attributes a greater role to excessive credit
provision in driving the rapid increase in house prices. While interest rates
affect lending and borrowing behaviour through the channels mentioned above,
it is likely that the historical relationship between interest rates and house
prices became less stable over the last decade in light of exuberant behaviour
observed in the global financial system. We argue that a monetary policy stance
more closely aligned with a Taylor type rule could reduce some of the imbalance
in the housing market, but would not be all effective on its own without being
complemented by instruments of macroprudential policy.

The paper proceeds as follows. Section II reviews the literature on
fundamental house prices and outlines the house price model. Section III
1 This point has been emphasised more recently in Taylor (2014).

2 See for example Ahearne et al. (2005), Goodhart and Hofmann (2008), Jarocinski and Smets
(2008), Del Negro and Otrok (2007), Dokko et al. (2011) and Sa et al. (2014).
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examines price to rent and fundamental price to rent ratios for the countries in
the sample. Section IV outlines the Taylor rule and reviews the literature on
the impact of Taylor rule deviations on house prices. Section V presents the
empirical results from examining the effect of Taylor rule deviations on housing
bubbles. Section VI concludes with a brief discussion of the policy implications.

IT FUNDAMENTAL HOUSE PRICES

One of the classic definitions of an asset price bubble is that given by
Stiglitz which states that “... if the reason the price is high today is only because
investors believe that the selling prices will be high tomorrow when
fundamental factors do not seem to justify such a price, then a bubble exists.”
(1990, p. 3) We say that there exists a bubble when observed prices exceed those
justified by fundamental factors, the latter referring to a collection of variables
which we believe should drive asset prices.3 In the present analysis, we take
the term “housing bubble” to be synonymous with house price overvaluation.

Figure 1 shows that house prices in many advanced market economies rose
substantially above their previous long-run trend in the last decade. In order
to capture the fundamental price of housing or what house prices should have
been in the absence of exuberant price inflation, it is necessary to construct a
model of house prices. Economic theory suggests that factors which drive house
prices should include permanent income, the user cost of housing, costs of
construction, the availability of credit, and the size of the population. It is
important to note that houses serve as both an investment and a consumption
good; Holly and Jones (1997, p. 553) suggest that “... the determination of house
prices can be considered in two complementary ways: as the outcome of a
market for the services of the housing stock and as an asset.”

McCarthy and Peach (2004) present a model of the housing market in which
the demand price of housing is determined by the housing stock, permanent
income of households (proxied by nondurables and services consumption) and
the user cost, while the supply price is determined by residential investment
and the costs of construction. The results from a VECM show that the coefficient
on consumption indicates a high long-run income elasticity of housing demand,
while the coefficient on user costs indicates a low long-run elasticity of housing
demand.

In a similar vein, Gallin (2006) presents a supply and demand model of the
housing sector, where the driving variables on the demand side include income,
population, wealth and the user cost, and costs of construction and depreciation

3 For a very good overview of the bubble literature, see Brunnermeier and Oehmke (2012).
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Figure 1: Real House Prices 1970 — 2014
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rates on the supply side. Interestingly, Gallin debunks the notion that house
prices are strongly influenced by income as typically illustrated by cointegrated
time series. Analysing 95 metropolitan cities in the US over 23 years, Gallin
uses panel data tests for cointegration and argues that the error correction
specification may in fact be inappropriate for modelling the housing sector.

Poterba (1984) expresses house prices as a function of the present value of
its future net rents discounted by the home owner’s real after tax interest rate.
He argues that in equilibrium homeowners equate the marginal cost and
benefits of the services derived from the housing which they own, where the
marginal benefit is the real implicit rental price from the house, and the
marginal cost is the user cost of the asset.

Himmelberg, Mayer and Sinai (2005) consider user cost to be the key
determinant of house prices. They measure the cost of owning a home (user
cost) by calculating the imputed annual rental cost of owning a home. “A correct
calculation of the financial return associated with an owner occupied property
compares the value of living in that property for a year — the ‘imputed rent’ or
what it would have cost to rent an equivalent property — with the lost income
that one would have received if the owner had invested the capital in an
alternative investment — the opportunity cost of capital.” (2005, p. 74)
Equilibrium in the housing market occurs where the expected annual cost of
ownership equates with the annual cost of renting: if ownership costs rise
without a commensurate increase in market rents, house prices must fall to
convince potential homeowners to buy instead of renting, and vice versa. Thus
to evaluate whether house prices are too high or too low relative to
fundamentals, Himmelberg et al. compare the true one year cost of owning a
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house (user cost) with the one year cost of renting a house. Within this
framework, a bubble exists when homeowners (or potential homeowners) have
unreasonably high expectations about the future value of a house relative to
the current cost of ownership, causing them to pay too much for the house today.

Muellbauer and Murphy (1997) estimate a three equation model of the
housing market: a demand equation which determines house prices as a
function of the housing stock, real incomes and interest rates; a supply equation
which determines the supply of new houses; and an equation showing how the
stock of houses changes over time as new houses are completed. The house price
equation is derived from the demand for housing services by inverting and
rearranging the demand equation, so that the dependent variable is house
prices as opposed to the quantity of housing services or the housing stock.
Variants of this approach have appeared in Mankiw and Weil (1989); Poterba
(1984, 1991); Meen (1990); Roche (2001) and Fitzpatrick and McQuinn (2007).

2.1 A Model of House Prices

In a similar approach to Muellbauer and Murphy (1997)4 inter alia we
specify demand side and supply side equations to estimate the equilibrium
(fundamental) price of housing. The demand price for housing is specified as:

P{= ay + 1y, + Papop, — Bgmort, — Bysupply; + Psrent; + & (&Y

Fundamental house prices (P{ ) are a function of real disposable income per
capita (y,), the total population of the country (pop,), the real (inflation adjusted)
mortgage interest rate (mort,),5 the supply of new dwellings (supply,) and the
real cost of renting a property (rent,). Housing supply is expected to have a
negative effect on house prices, as increased supply should put downward
pressure on prices, ceteris paribus. In the spirit of Himmelberg et al. (2005), a
higher cost of renting should push up house prices if individuals can switch
from renting to buying, all else equal. In addition, the real rental price is a good
proxy for the real user cost, as in equilibrium the rental cost should equate with
the user cost of housing. The residual ¢; in Equation (1) constitutes the housing
bubble — the difference between observed house prices and their estimated
fundamental value (P, ~ P{ ). The focus of this paper is to examine if ¢; can be
attributed to loose monetary policy.
The estimated supply equation is given by:

Supply; = a; + pipermit, — focost; + farinv; + u, (2)

4That is, excluding a third equation for how the stock of housing evolves over time.
5 Where a representative mortgage rate is unavailable, we use the interest rate on 10-year
government bonds, i.e., approximate long-run rate.
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where permit; is the number of permits issued for the construction of new
housing units, cost; refers to the total cost of residential construction and rinv
refers to real residential investment.

The data for estimating Equations (1) and (2) is quarterly and spans the
period 1970Q1 to 2013Q4 for most countries. The majority of the data was
obtained from the OECD Economic Outlook and Main Economic Indicators
databases, as well as the IMF International Financial Statistics database,
and various national sources. All relevant variables are seasonally adjusted and
descriptions and sources for all data can be found in Table A1 of the Appendix.

The ten OECD countries in the sample include: Australia, Canada,
Denmark,b Japan, New Zealand, Norway, Sweden, Switzerland, the United
Kingdom and the United States. We choose these countries as their monetary
policy is not part of a currency union in which a single policy interest rate is
confronted with very heterogenous development of house prices. For example,
McQuinn and O’Reilly (2008) show that had the interest rate in Ireland been 2
per cent higher in 2005Q4, this would have reduced house prices by around 22
per cent. Similarly, Honohan and Leddin (2006) show that since joining the
EMU, Irish interest rates deviated substantially from various specifications of
the Taylor rule over 1999-2004 and this is reported to have had a lasting effect
on property prices. Thus, a single policy rate may have been too low for
countries like Ireland and Spain which experienced massive housing booms,
but appropriate for other members of the EMU such as Germany. Therefore,
we do not deem it plausible to examine if deviations from the Taylor rule were
responsible for housing booms in countries whose monetary policy is
administered by a central bank governing policy across a currency union, as
the counterfactual scenario is unlikely to be an interest rate closer to the Taylor
rule for each individual country in the union.

A log-linear specification of Equation (1) relates the log of house prices to
the log of all the independent variables. Note that in this specification, all
variables are measured in levels (or percentages for mortgage interest rates).
We find that for most countries the variables are integrated of order one (we
fail to reject the null hypothesis of a unit root), while the estimated residual is
stationary, suggesting that there is a cointegrating relationship between the
driving variables and the dependent variable. We therefore estimate error
correction models for Equations (1) and (2) using the method of Engle and
Granger. The short-run demand equation takes the form:

6 While the Danish krone is pegged to the euro and monetary policy follows that of the ECB, it is
assumed here that its central bank can independently set interest rates as it did prior to joining
the EMU in 1999.
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AP[ =, + Ji_1 + B1AP]_ + BoAy,_1 + B3Apop,_1 — ByAmort,_;

3
— BsAsupply;_1 + PgArent,_y + & ®

where 1;,_; represents the error correction term, i.e., the deviation of house
prices from their fundamental value — ¢; from Equation (1). The short-run
supply equation is written as:

ASupply; = a; + A;_1 + f1ASupply;_1 + BoApermit;_1 — f3Acost;_q (4)

+ ﬂ4Arinvt_1 + Uy

2.2 Comparing Actual and Fundamental House Prices

The results of estimating Equations (1) to (4) are presented in the Appendix,
Tables A2-A7. The long-run models are presented in Tables A2-A4, and the
short-run (error correction) models are presented in Tables A5-AT7.

We estimate the house price model (Equation 1) over two time periods —
1970Q1 to 2013Q4 (Model 1) and 1970Q1 to 2000Q4 (Model 2). The latter period
saw much less fluctuation in house prices for most countries, such that the
relationship between prices and fundamental variables may be more stable,
compared to the period from 2000 to 2008 and later, when rapid increases in
mortgage lending were observed. We take the fitted values from both models
and the first model can be seen as a lower bound for the extent of house price
overvaluation while the second model can be seen as an upper bound (i.e.,
maximum).”

The coefficients in the housing supply function (Equation (2), Table A2) are
similar across countries, with construction costs bearing a negative sign in line
with the expectation that an increase in the costs of constructing houses should
reduce the number of new houses being built. The related short-run models
(Equation (4), Table A5) show a negative and generally significant error correc-
tion term, but with a lot of variation in the size of the coefficients — for example
in the United States, according to the model, a supply gap corrects at 2.5 per
cent per quarter, while in Canada it corrects at 28 per cent per quarter, all else
equal. The residential investment variable becomes less significant in the short-
run models also.

Turning to the housing demand estimates (Equation (1), Tables A3 and A4),
we find that most of the driving variables are statistically significant at the
1 per cent level and have the correct signs in line with intuition. This is
observed in Model 1 (1970Q1 to 2013Q4) and Model 2 (1970Q1 to 2000Q4). The
income elasticity is similar in magnitude across countries: 1 for the United
States, 0.87 for the United Kingdom, 1.28 for Australia and is a little higher

7 As illustrated later, the second model predicts greater house price overvaluation in the period
from 2000 onwards.
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Figure 2: Real House Prices and Fundamentally Implied Value
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for Sweden at 1.65. The mortgage interest rate is significant for only four
countries, and while having the anticipated sign, is very small in absolute value
for each country (from —0.01 to —0.001). This type of outcome has been reported
and discussed previously in for example, Case and Shiller (2003) and in
McQuinn and O’Reilly (2008), and is a problem in reduced form models. The
supply variable is highly significant and positive for most countries, which is
at variance with the theoretical model. Only for some countries in Model 2 is
the coefficient significant and negative, suggesting that a fall in supply should
increase house prices. The R2 values average around 80 per cent, suggesting
that about 20 per cent of observed house prices over the sample period can be
attributed to non fundamental factors.

In terms of the error correction models for house prices (Equation (3), Tables
A6 and A7), the error correction term is significant and negative for most
countries across both Model 1 and Model 2. The correction speeds to a
disequilibrium in the long-run relationship between house prices and the
driving variables vary between 4 per cent and 15 per cent per quarter, with the
UK showing a relatively low adjustment speed of 3 per cent per quarter in both
models.

To illustrate the types of predictions from the models, the fitted values from
the two regressions are plotted in Figure 2. For nearly every country, the fitted
values stay in line with the observed house prices before departing from the
observed value in the post 2000 period. For the United States, Model 2 predicts
a house price series closer to the long-run series after 2000, suggesting that the
size of the bubble was substantial. For the United Kingdom, we see a
substantial deviation from fundamental value between 2001 and 2008, which
is at odds with Cameron et al. (2006) who concluded that there was no housing
bubble in the UK. Overall, we find that at least over the last decade, some
deviations from fundamental house prices were observed, and the focal point
of this paper is to try to assess if this was driven by a loose monetary policy
stance.

III PRICE TO RENT RATIO ANALYSIS

As discussed previously, the price to rent ratio is an important gauge of any
over or undervaluation in the housing market. When house prices are high
relative to current market rents, potential home buyers may find it more
affordable to rent, driving demand away from home buying and thereby putting
downward pressure on house prices. However, as with the modelling of
fundamental house prices above, the price to rent ratio should be compared
with some fundamental price to rent ratio. The appropriate comparator is the
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Figure 3: Price to Rent Ratio 1990 — 2013
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user cost of owning a home, which takes account of the financial and capital
gains from owner-occupied housing, in addition to risk factors, tax costs and
benefits and depreciation and maintenance costs (Girouard et al., 2006). An
equilibrium in the housing market is reached when the user cost (or expected
annual cost of owning a house) is of similar magnitude to the cost of renting a
house. Any deviation of the price-to-rent ratio from the price-to-rent ratio based
on the user cost implies some level of over or undervaluation.
The user cost of owning a home can be specified as:8

UC=P[i'+7t+¢— ] )

where P is the house price, i is the after tax mortgage interest rate, 7 is the
property tax, ¢ is the maintenance costs of the house (including depreciation
and a risk factor), and 7 is the expected increase in the price of the house. In
equilibrium, the rental cost should equate with the user cost, so that the above
can be re-written as:

R=P[i?+7t+¢ -l (6)

where R is the rental cost. Rearranging Equation (6) gives the equilibrium
relationship between the price to rent ratio (P/R) and the user cost UC:

8 Poterba (1992), Himmelberg et al. (2005) and Girouard et al. (2006, p. 21).
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P 1
—= (7)
R [+7+C-m)
in other words,
P 1
R-OC ®

We compute the user cost of housing for each country on a quarterly basis
from 1990 to 2009 using national data sources. As per Girouard et al. (2006)
and André (2010), the maintenance costs ¢ are set constant at 4 per cent and
the expected capital gains are computed as the five year moving-average of core
consumer price inflation. The latter derives from Poterba (1992) and assumes
that households expect real house prices to remain constant (such that capital
gains are nominal) and as inflation expectations are backward looking, this
justifies computing the expected capital gains component of user cost based on
a moving average of past inflation.

Summary statistics relating to the deviation of actual price to rent ratios
from their computed fundamental value are presented in the following tables.
Table 1 presents summary statistics for the period 1990Q1-1999Q4 and Table
2 presents the summary statistics for 2000Q1-2009Q4.

Table 1: Summary Statistics for Deviation from Fundamental Price to Rent
Ratio 1990Q1 to 2000Q4

Variable Mean Std. Dev. Min. Max.
Australia 10.889 13.348 -3.495 34.952
Canada -3.668 9.884 -13.517 25.407
Denmark -18.09 22.773 —46.756 7.672
Japan 31.761 40.988 —4.939 114.09
New Zealand 10.802 20.231 -11.302 44.701
Norway -12.223 9.097 -21.713 13.756
Sweden -28.114 21.723 —60.829 25.843
Switzerland 5.29 22.146 —10.442 66.06
United Kingdom -3.876 22.868 -32.267 60.56
United States -10.253 7.142 —24.547 1.742
N 40

As Himmelberg et al. (2005) point out, shocks to user costs (e.g., changes in
interest rates or taxes) lead to predictable changes in the price to rent ratio
which reflect fundamentals, not bubbles. If the user cost is 5 per cent (i.e., the
owner incurs costs of 5 per cent of the value of the house per year), then
homebuyers should be willing to pay up to 20 times (1/0.05) the market rent to
buy a house: Pt = R,20. House price overvaluation or a bubble will occur where
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P, > R,/ U,. Himmelberg et al. (2005) also show that the real rate of interest is
a key determinant of the user cost of housing: a lower rate reduces the user cost
because the cost of borrowing is lower and alternative investments yield low
returns.

Table 2: Summary Statistics for Deviation from Fundamental Price to Rent
Ratio 2001Q1 to 2009Q4

Variable Mean Std. Dev. Min. Max.
Australia 48.797 29.55 910.04 1109.542
Canada 10.727 19.438 -11.073 47.683
Denmark 7.009 32.537 -31.321 69.431
Japan -18.121 9.782 -33.294 —4.624
New Zealand 82.798 51.278 22.722 171.869
Norway 25.267 21.916 2.681 76.864
Sweden 3.17 12.294 -14.728 23.951
Switzerland -10.035 2.714 -15.086 -4.526
United Kingdom 57.622 27.92 22.449 106.596
United States 4.645 9.702 -13.342 22.806
N 40

A caveat to be borne in mind with the user cost model is the assumption of
low cost arbitrage between owning and renting: it is implausible to suggest that
the transaction costs between renting and buying will be negligible. In addition,
the model does not allow for innovations in the mortgage market such as lower
origination costs which could lead to a permanent outward shift in the demand
for housing if borrowers can obtain credit under less stringent conditions, which
was observed in many countries over the last decade. Thus, the actual price to
rent ratio is unlikely to track the fundamental ratio one for one, but can
nonetheless be a useful benchmark against which to assess observed ratios.

IV ASSESSING THE STANCE OF MONETARY POLICY

In order to assess whether monetary policy was “loose fitting” over the
sample period, we compare observed short-term interest rates to those which
the Taylor Rule would prescribe and in this way examine the co-movement of
house prices and interest rates from postulated equilibrium values. This is in
contrast to previous papers in this area which have generally examined the
impact of actual interest rates on house prices and other associated
macroeconomic variables. The standard Taylor rule takes the form:

9 For example, Ahearne et al. (2005); Del Negro and Otrok (2007); Goodhart and Hofmann (2008);
Jarocinski and Smets (2008) and Sé et al. (2014).



534 THE ECONOMIC AND SOCIAL REVIEW
if =+t + alr, — %) + By, — y*)

where i; is the prescribed short-term interest rate, pt is the current inflation
rate as measured by the core consumer price index,10 7* is the equilibrium real
rate or neutral rate, (m; — 7n*) is the deviation of inflation from its target
level 7*, and (y; — y*) is the output gap — the deviation of real GDP from its
potential level. When inflation is at its target and real GDP is at its potential,
the short term interest rate should be equal to the real rate plus current
inflation: i} = 7; + r+. The rule prescribes an adjustment of the interest rate
when either inflation or real GDP are off target: the rate should be increased if
inflation or output is above target and it should be decreased if inflation or
output is below target. The rule adheres to the Taylor Principle — which argues
that policymakers should adjust the (short-run) nominal rate more than one for
one with an increase in inflation relative to target. Such a response ensures
that the real rate rises when inflation goes up so that monetary policy “leans
against inflationary pressures”.

We define loose monetary policy as the deviation of the observed short-term
interest rate from the rate which the Taylor rule would prescribe i.e., i; — i;. In
order to test the hypothesis that deviations of short-term interest rates from
the Taylor rule contributed to or exacerbated the deviation of house prices from
their fundamental value, it is necessary to compute Taylor rules for each
country. The sample time scale spans 1981Q1 to 2008Q4. Despite having
sufficient data to extend the sample period back to 1970Q1, the period prior to
1981 is abstracted from due to the volatility of inflation in many industrialised
economies. The data used is the latest vintage as opposed to real time data
available when policymakers set the rate — the key point is to assess the impact
of monetary policy in retrospect rather than evaluate whether policy was
appropriate at a particular point in time. We estimate potential output y= by
applying a Hodrick-Prescott filter to real GDP, and as the data is quarterly we
set 1 = 1,600 as advocated by Ravn and Uhlig (2002). The equilibrium real rates
r+ are given by each country’s respective estimate of the trend growth of
potential real GDP. This allows the real rate to vary over time. Both ¢ and 8
are set equal to 0.5 as per Taylor’s (1993) original specification.ll These
coefficients are selected to give an indicative estimate of what the Taylor rule
would prescribe.

10 We use 7, to look at what the interest rate would have been at time ¢ and compare it to what the
interest rate actually was at time ¢. When setting interest rates, central banks use E;;, i.e., forecast
values of inflation at time ¢.

11 Other specifications include Ball (1999) who suggests that the interest rate should be adjusted
more aggressively in response to changes in output and Taylor (1999) who suggests setting  equal
to 1, which would indicate greater weight on the output gap.
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For simplicity it is assumed that central banks pursued the same inflation
objectives in the 1980s and 1990s as they do today even though inflation was
higher in those decades than in the 2000s. Inflation targets are selected on the
basis of central bank press releases and official documentation; for example,
we select 2 per cent for the United States following the announcement by
Bernanke in 2012 of an official Federal Reserve inflation target of 2 per cent.
The 2 per cent target for Denmark is the rate targeted by the European Central
Bank according to its websitel? and the UK target is given on the Bank of
England website.!3

The Taylor rule and the observed short term interest rates are plotted in
Figure 4 below. Sizeable deviations are found for some countries, including the
United Kingdom, Norway, Sweden and Australia. The graph for the United
States is similar to that presented in Taylor (2007). It is clear that over the
sample period, there have been incidents of both overly tight and overly loose
monetary policy relative to the Taylor rule and in this way we capture the effect
of both stances on housing bubbles.

4.1 Taylor Rule Deviations and Housing Bubbles

Taylor (2007, 2008) argues that the US housing bubble can be attributed to
the deviation of interest rates from his 1993 monetary policy rule, and shows
that the Federal Funds rate in the United States was substantially below the
rate which the Taylor rule would prescribe during the period 2001-2006.14
Taylor contends that despite mass securitisation and deregulation of deposit
rates, the effect of the Federal funds rate on house prices has not diminished
since the halcyon days of the Great Moderation. By estimating a simple housing
starts equation using quarterly data from 1959-2007 with the Funds rate as an
explanator, Taylor (2007) shows that there is a statistically significant effect of
the funds rate on housing starts which occurs with a lag. A counterfactual
simulation with the Taylor rate substituted for the Funds rate over the last
decade shows that had the funds rate followed the Taylor rate, the housing
boom would have been less excessive while the subsequent bust would have
been less severe.

Kahn (2010) examines the relationship between Taylor rule deviations and
financial indicators for the US economy, including stock prices, house prices,
leverage and commodity prices and finds that the strongest and most robust
relationship is between Taylor rule deviations and house prices. “With 20/20

12 http://www.ecb.int/mopo/html/index.en.html

13 http://www.bankofengland.co.uk/monetarypolicy/Pages/framework/framework.aspx

14 The Economist (2007) similarly notes that “By slashing interest rates (by more than the Taylor
rule prescribed), the Fed encouraged a house-price boom which offset equity losses and allowed
households to take out bigger mortgages to prop up their spending”.
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Figure 4: Observed Short-Term Rate versus Taylor Implied Rate, with a and
=05

Australia

Canada

°

1980q1 1985q1 1990q1 1995q1 2000q1 2005q1 2010q1 20151 1980q1 1985q1 1990q1 1995q1 2000q1 2005q1 2010q1 20151

Quarter Quarter
Observed short term rate~ ————- Taylor implied rate Observed short term rate~ ————~- Taylor implied rate

Denmark Japan

o o J

8 °

o |

o

©

o

1980q1  1985q1 1990q1 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate.~ ————- Taylor implied rate

New Zealand

1980q1 1985q1 19901 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate

77777 Taylor implied rate

Norway

o

1980q1  1985q1 1990q1 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate ===~ Taylor implied rate

Sweden

1980q1 1985q1 19901 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate

77777 Taylor implied rate

Switzerland

0

o

1980q1 1985q1  1990q1 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate ~ ————- Taylor implied rate

United Kingdom

1980q1  1985q1 19901 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate

77777 Taylor implied rate

United States

1980q1  1985q1  1990q1 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate ~ ————- Taylor implied rate

1980q1 1985q1 19901 1995q1 2000q1 2005q1 2010q1  2015q1
Quarter

Observed short term rate

77777 Taylor implied rate



HOUSING BUBBLES AND MONETARY POLICY: A REASSESSMENT 537

hindsight, lagged Taylor rule deviations appear to help predict the housing
bubble and, to a lesser extent, commodity price movements. All three variants
of the Taylor rule deviations helped predict home price growth and the home
price-to-rent ratio.” (Kahn, 2010, p. 87)

Ahrend et al. (2008) also find a close relationship between negative
deviations from the Taylor rule and several measures of housing market
buoyancy (mortgage lending, investment in housing construction and house
prices) for most OECD countries in the last decade. The major cases were the
United States (2001-2006); Canada (2001-2007); Norway (2004-2007); Denmark
(2001-2004) and Australia (2000-2003).

Hott and Jokipii (2012) look at the impact of Taylor rule deviations on house
price overvaluation for a number of countries in the EMU. They report a strong
statistical link for most countries and show that a prolonged period of low
interest rates has a commensurately higher impact on house prices. In our
analysis, we do not look at countries in a currency union as the counterfactual
outcome is unlikely to be an optimal interest rate (i.e., interest rates more in
line with a Taylor rule) for each country in the union.

In its Fall 2009 World Economic Outlook, the IMF examined the relation-
ship between deviations from Taylor rules during 2002 and 2006 and the rise
in house prices in a large sample of countries, and report negative but weakly
statistically significant correlations between the two.

Bernanke (2010) highlights that the Taylor rule implies that monetary
policy should use currently observed values of inflation and the output gap (i.e.,
in the same quarter as the policy decision is made); however, monetary policy
works with a lag such that policy must be forward looking and take into account
the forecast values of the target variables. This effectively means that Taylor
rules do not distinguish between increases in inflation expected to be temporary
or long lasting, for example, changes in energy prices. Using real time forecasts
and the PCE index, Bernanke illustrates that in fact the Federal funds rate
followed a simple policy rule throughout the 2000s.15 Bernanke argues that only
small increases in house prices can be attributed to monetary policy and that a
potential reason for the stronger effect of monetary policy on house prices in
recent times could be the fact that the policy rate feeds through to some
mortgage rates which are based on short term rates. Bernanke simulates the
effect of an interest rate in line with the original Taylor (1993) rule using the
Fed’s principal macroeconometric model, and shows that during 2003 and 2004,
adjustable rate mortgages would have only been 0.71 percentage points higher,
with the associated monthly payment for a borrower only $75 higher, all else
equal.

15 Taylor (2007) rebuts this stance by asserting that the Fed’s forecasts of inflation were too low
during this period.
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V EMPIRICAL RESULTS AND DISCUSSION

Having discussed the relevant literature and the estimation of fundamental
house prices, we now attempt to empirically test the proposition that deviations
of short-term interest rates from the Taylor rule contribute to or are significant
determinants of housing bubbles. We estimate a series of equations which
explain housing bubbles by deviations from the Taylor rule using the Seemingly
Unrelated Regressions technique and independently as a Vector Autoregressive
(VAR) system.

5.1 Basic Model
The baseline regression for analysing the impact of deviations from the
Taylor rule on housing bubbles takes the form:

4 — Pl =6 + pTRdev; + ¢ )

where P?t is the log actual house price observed (for country j at time ¢) and Pf-t
is the log fundamental value (as estimated in Equation (1)), so that P, — P§t is
the bubble — the difference between fundamental and actual house prices (i.e.
¢; from Equation (1)); 0 is a constant term; and f; is the coefficient on the
deviation from the Taylor rule (TRdev). We measure P — P§t in terms of the
percentage deviation of actual house prices from the fundamental value
predicted by the models. This way both the dependent and independent
variables are in percentage form, while the deviation of the actual price to rent
ratio from the fundamental price to rent ratio is also measured in terms of
percentage deviations. The vectors of deviations for each variable contain both
positive and negative values — there have been periods of house price
undervaluation and periods where monetary policy has been overly tight
relative to a Taylor rule. We would expect TRdev to have a positive effect on
P;l‘t - P§t in line with Taylor’s (2007) argument. Equation (9) rests on the
assumption that deviations from the Taylor rule are exogenous to housing
bubbles. This assumption is relaxed in Section 5.2.

While Equation (9) can be estimated separately for each country, it is
not implausible to suggest that the error terms across equations are
contemporaneously correlated. Often macroeconomic shocks are common across
countries and an example relevant to our discussion was made by Taylor (2007)
who showed that deviations from the Taylor rule by the Federal Reserve were
correlated with deviations from the Taylor rule by the European Central Bank.
Thus, loose fitting monetary policy in one country may cross borders into
another country.
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The Seemingly Unrelated Regressions (SUR) estimator estimates all
equations as a group and improves efficiency when the error terms across
equations are correlated. Unlike fixed effects and random effects panel data
estimation whose large sample justification is based on “small T, large N”
datasets where N tends to infinity, the SUR estimator is based on the large
sample properties of “large T, small N” datasets in which T tends to infinity, so
it may be considered a multiple time series estimator. The error series is
assumed to have mean zero and an NT x NT covariance matrix of Q. Our
dataset contains a balanced panel and each variable relates to a specific country
(i.e., deviations from Taylor rules are different for each country) so that
regressors are different across equations. The SUR requirement that T exceed
N so that Q is of full rank and invertible is therefore fulfilled. We assume the
errors are correlated across equations but not within an equation, i.e., Ele;; ¢
= 0;; for t = s. The efficient estimator is Generalised Least Squares and where
the level of correlation between residuals is high and the level of correlation
across X variables is low, there is an efficiency gain in using GLS as opposed to
OLS. The correlation between the residuals can be tested using the Breusch
Pagan test of independence where the null hypothesis is zero contemporaneous
covariance between the errors of the equations.16 Sizeable correlations in the
errors (both negative and positive) are found, and therefore the null hypothesis
of zero contemporaneous covariance is rejected, making our choice of the SUR
estimator appropriate.

5.1.1 Estimation Results

Tables 3 to 5 below present the estimates of Equation (9) using our three
measures of housing bubbles based on Model 1, Model 2 and the fundamental
price to rent ratios. In general, TRdev is statistically significant at the 1 per
cent level for each country. In Table 3, where we use Model 1 for estimating
house price overvaluation, Taylor rule deviations are significant for all countries
except the United Kingdom. For example, for the United States, a 1 per cent
deviation from the Taylor rule implies that house prices will be overvalued by
about 1.24 per cent. However, the R%s do not attribute much explanatory power
to the models, ranging from 1 per cent to 20 per cent and this suggests that
TRdev is only a small driver of house price overvaluation. This is similar to the
finding earlier when estimating fundamental house prices that interest rates
have a small and weakly significant impact on house prices.
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Using Model 2 yields similar outcomes. In this case, TRdev is not significant
for the United States, and only significant at the 10 per cent level for the United
Kingdom. The R2s are also generally lower for each country with the exception
of Sweden. Recall that Model 2 gives an upper bound for the magnitude of house
price overvaluation. This suggests that Taylor rule deviations have limited
explanatory power in explaining our upper bound estimate of the housing
bubble.

Using the deviation of the price to rent ratio from its fundamental value as
our measure of house price overvaluation (Table 5), we find that Taylor rule
deviations are significant for most countries, but as before the low magnitude
of the R2s points toward their limited explanatory power, an exception being
Denmark where the model accounts for 18 per cent of housing overvaluation.
The coefficients are considerably bigger for each country, for example, for the
United States, a 1 per cent deviation from the Taylor rule suggests that house
prices will be overvalued (with respect to price to rent ratios above fundamental
ratios) by about 2.5 per cent.

Taken together, these preliminary results suggest that Taylor rule
deviations played a role in house price overvaluation for most of the countries
in the sample, as evidenced by the statistical significance of the key variable,
but have economically insignificant meaning based on the low explanatory
power of the SUR models. Indeed, these findings are not out of line with other
research in the literature cited previously that has looked at the relationship
between actual interest rates and housing variables. For the case of the United
States, these findings provide some limited support for Taylor’s (2007)
hypothesis, as across the three models, TRdev is reported to explain only
between 1 per cent and 10 per cent of house price overvaluation for the US,
depending on the measure of the latter used.

5.1.2 Estimating the Model over Sub-Sample Time Periods

We perform a robustness check on the preceding analysis by splitting the
sample period into the decades from 1981Q1 to 2000Q4 and from 2001Q1 to
2012Q4 (2001Q1 to 2009Q4 for price to rent ratios) to examine if the
relationship with TRdev is consistent through time. The results of these
regressions are reported in Tables A8 to A13 of the Appendix.

Taking first the period up to 2000Q4, the variable of interest TRdev is
significant at the 1 per cent level for most countries, as before. The coefficients
are of similar magnitude, for example, in the case of Canada, using
fundamental house price Model 1, a 1 per cent deviation from the Taylor rule
pushes house prices above their fundamental value by about 1.27 per cent
(Model 1) or 1 per cent (Model 2). However, the SUR models now have greater
explanatory power, with TRdev accounting for 19 per cent of house price
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overvaluation for Australia using Model 1 and 30 per cent using Model 2. In
addition, for the United States, a 1 per cent deviation from the Taylor rule
accounts for a 5 per cent deviation of the price to rent ratio from its fundamental
ratio. The R2 values are also higher for the US, ranging from 6 per cent to 60
per cent.

Turning to the more recent period from 2001Q1 onwards, the outcomes are
generally similar, but for some countries the coefficients on TRdev and the
explanatory power of the regressions are increased. Using Model 1, a 1 per cent
deviation from the Taylor rule is found to push US house prices above their
fundamental value by 3 per cent. For Australia, Switzerland, United Kingdom,
and the United States the R2 values increase across all three measures of house
price overvaluation. Using the fundamental price to rent ratio metric, a 1 per
cent deviation from the Taylor rule leads to a 1.8 per cent house price
overvaluation for Switzerland, and for the United Kingdom the response is 7
per cent. We find a fairly limited impact of TRdev on housing bubbles for Japan,
Norway and Sweden.

The results are consistent in terms of statistical significance, but the
fluctuating size of the R2s would suggest that Taylor rule deviations have
affected house price overvaluation differently through time. Estimating
Equation (9) over the full sample time period points towards a limited impact
of loose monetary policy on housing bubbles, whereas estimating it over the
pre- and post-2000 periods show results that vary substantially and that in the
more recent period, the explanatory power of the models is higher for most
countries. The link between Taylor rule deviations and housing bubbles is
undisputed, and the robustness tests have served to highlight that in the more
recent period, monetary policy may have played a greater role in house price
overvaluation for some countries including Australia, Denmark, Switzerland,
the United Kingdom and the United States. This finding can be reconciled with
previous literature which has shown that while monetary policy was loose in
the early years of the 2000s for many OECD countries, at the same time credit
provision, in terms of quantities of mortgages lent, increased significantly.
Thus, while it would be tempting to conclude that over the last decade house
price overvaluation can be linked one-for-one with loose monetary policy, given
that a quantitatively strong relationship between housing bubbles and Taylor
rule deviations is not observed over the whole sample period (1981Q1 to
2012Q4), we would argue that monetary policy may have been only one factor
against the backdrop of an era of excess credit provision.

5.1.3 Comparing the Results with Previous Literature
From the previous results and robustness tests, the analysis points towards
a fairly limited impact of loose monetary policy on housing bubbles over the
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whole sample period, with a quantitatively higher impact observed in the post-
2000 period for most countries. It is important to contextualise these findings
in light of similar studies and try to explain the limited role of monetary policy
in driving housing bubbles. This has been shown in previous literature which
has examined the impact of interest rates on house prices, one of the most
comprehensive of which is Dokko et al. (2011). The latter presented a number
of Granger causality tests that pointed towards a statistically significant link
between the nominal policy rate and housing market variables in nine of the
fourteen countries in the sample. However, conditional forecasting using a
seven variable VAR for each country from 2003-2008 ascribed a modest role of
monetary policy to the recent boom in house prices. Dokko et al. (2011) argue
that lending behaviour and the provision of excess credit played a more
influential role in the run up in house prices during this period. Among the
factors driving excess credit provision included adjustable rate mortgages,
mortgages with exotic features, securitisation and lending by non-bank
financial institutions. Furthermore, a feedback loop between mortgage credit
and house prices emerged in many countries, where consistent house price
appreciation induced greater mortgage lending and greater demand for housing
and hence higher house prices.1?

The role of credit also counters the open economy or “saving glut” argument
that excessive flows of capital in the early 2000s from emerging to advanced
market economies were responsible for the rapid increase in house prices. For
example, Borio and Disyatat (2011) address the argument that current account
surpluses of emerging economies fuelled credit booms and risk taking in
advanced economies through the impact on long-term interest rates.!8 They
show that simply examining inflows of capital to an economy, along with the
use of the saving investment framework to explain interest rates does not allow
one to infer that excess savings among emerging economies underpinned the
financial crisis. Rather, the monetary and financial systems in advanced
economies failed to prevent the build up of excess credit due to their “excess
elasticity” or lack of sufficiently strong anchors that could restrain credit and
asset booms. Borio and Disyatat call for greater appreciation that monetary
economies are centred around credit creation, the financing of which can be
endogenous regardless of the underlying real resources.

5.2 Vector Autoregression Analysis
We estimate a series of reduced form vector autoregressions in order
to account for dynamic relationships between the variables and possible

17 See for example Keys et al. (2009); Diamond and Rajan (2009); Mayer et al. (2009) and Mian and
Sufi (2009).
18 See for example Bernanke (2005) and Warnock and Warnock (2009).
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endogeneity of the explanatory variables. In the case of interest rates and
housing bubbles, it is wholly possible that interest rates affect housing bubbles
while housing bubbles also affect interest rates. For example, it is no coinci-
dence that in 2005 Alan Greenspan, former Chairman of the Federal Reserve,
referred to “froth” in the US housing market at the same time that interest
rates were increased by 200 basis points. Furthermore, as house prices rise,
consumption and investment increase through the wealth effect and Tobin’s Q
effect, leading to increases in economic activity and the price level. This is an
example of a feedback loop such that neither variable is strictly exogenous to
the other. It is therefore necessary to relax the previous assumption of TRdev;,
being exogenous to P — P§t.

In addition, we need to take account of dynamic relationships between the
variables, where for example a one basis point increase in TRdev may affect
P‘}t - P§t two or three quarters in the future, as opposed to in the same quarter
as the increase. By estimating a VAR for each country in the sample, we can
simultaneously account for these factors.

The estimated VARs are of the form:

APt =T +BP,_; + ¢ (10)
[1 0} [(Pta —Ptf)] _ {Vlo} + [‘111 511] [(P“ _Pf)t—l} 11)
01 TRdevt Y20 a9 b22 TRdevt_l

where as before (P* — Ptf ) is the housing bubble; TRdev; is the deviation from
Taylor rule; y are vectors containing a constant; e are independent and
identically distributed disturbance terms with mean zero, variance ¢ and no
serial correlation between e; and e;_;.

Lags vary by country and lag lengths are selected on the basis of AIC, HQIC
and LR statistics and inspection of the autocorrelation and partial auto-
correlation functions. We assume that no contemporaneous interactions can
occur — that any effect from TRdev; on (P* — Ptf ) happens in the next quarter as
opposed to the current quarter — this assumption is reasonably plausible as
monetary policy occurs with a lag. Our interest lies in the Granger causality
tests, where x; is said to Granger cause y, if a model

m m
yr=a+> y;Biy,+> 6;Bix +e (12)
i=1 i=1

has a lower error sum of squares than a model that restricts J; = 0 for
i =1,...m, where B is the lag operator defined such as Bix, = x,_;. To test for
Granger causality, the lag m must be sufficiently long so as to remove all
significant autocorrelation in e;.
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Granger causality tests are presented in Tables 6 to 8 below using our three
measures of house price overvaluation from Model 1, Model 2 and the
fundamental price to rent ratio. Across each measure of house price
overvaluation, the countries for which TRdev is said to Granger cause P;% — tf
are New Zealand, Sweden, and the United States, where the p values on the
null of no Granger causality reject at the 1 per cent, 5 per cent and 10 per cent
levels respectively. These findings are similar to before, but combining the VAR
analysis with the previous SUR analysis fortifies the case for a role, albeit
economically insignificant, of loose monetary policy driving house price
overvaluation in these countries. For the other countries, the evidence of
Granger causality between housing bubbles and TRdev varies by the measure
of the housing bubble, which hinders the ability to make draw sound inferences.
As expected, there is very little evidence of causality in the opposite direction,
i.e. from P* — Ptf to TRdev.

Table 6: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Model 1)

Country TRdev ~ (P2 - P/) (P2 - Pf) > TRdev
Australia 0.319 0.935
Canada 0.725 0.149
Denmark 0.016 0.541
Japan 0.069 0.456
New Zealand 0.001 0.074
Norway 0.474 0.049
Sweden 0.038 0.012
Switzerland 0.004 0.747
United Kingdom 0.176 0.002
United States 0.016 0.679

P values for null hypothesis of no Granger causality between TRdev and (P,* — PLf ) and
vice versa.

As before, we also estimate each VAR over the sub-sample time periods
1981Q1 to 2000Q4 and 2001Q1 to 2012Q4 (1990Q1 to 2000Q4 and 2001Q1 to
2009Q4 for the fundamental price to rent ratio measure of overvaluation). The
Granger causality tests are presented in Tables A14 to A19 of the Appendix.
We find that TRdev is consistently significant for only New Zealand and
Sweden, and for the other countries we fail to reject the null of no causality
depending on the time period and the measure of house price overvaluation. In
the post 2000 period, we reject the null for the United States across all three
measures, and this provides some tentative support for Taylor (2007). There is
also some evidence for causality for Australia, Japan and Norway in the recent
period. Interestingly, there is some evidence for causation in the opposite
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Table 7: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Model 2)

Country TRdev > (P — P/) (P2 —P/) > TRdev
Australia 0.026 0.500
Canada 0.619 0.670
Denmark 0.809 0.458
Japan 0.240 0.261
New Zealand 0.007 0.205
Norway 0.477 0.791
Sweden 0.007 0.044
Switzerland 0.012 0.691
United Kingdom 0.153 0.087
United States 0.002 0.933

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and
vice versa.

Table 8: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Fundamental Price to Rent Ratio)

Country TRdev — (P — Ptf ) (P — Ptf ) = TRdev
Australia 0.186 0.792
Canada 0.065 0.186
Denmark 0.000 0.984
Japan 0.616 0.541
New Zealand 0.012 0.881
Norway 0.045 0.421
Sweden 0.000 0.003
Switzerland 0.226 0.019
United Kingdom 0.753 0.093
United States 0.040 0.289

P values for null hypothesis of no Granger causality between TRdev and (P;* — Ptf ) and
vice versa.

direction (i.e., from Taylor rule deviations to housing bubbles) in the post-2000
period for Denmark, Canada, the United Kingdom and the United States.

For some countries, a monetary policy stance that is less discretionary and
more closely aligned with a Taylor rule could potentially reduce some of the
overvaluation in the housing markets of these countries. However, in line with
previous literature, it is important to qualitatively highlight the role which loose
credit conditions in addition to monetary policy may have had in driving
housing bubbles over the last decade. This would imply that while a monetary
policy stance closer to a Taylor rule could trim some of the overvaluation in
housing markets, this would probably need to be complemented with
instruments of macroprudential policy.
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VI CONCLUSIONS

In this paper, we have attempted to give an updated assessment of the
impact of monetary policy on housing bubbles. In doing so, we have examined
the argument that a rapid increase in house prices can be attributed to
excessively low interest rates. This paper contributes to the literature by
attempting to assess this argument by first quantifying the extent of
overvaluation in countries that have seen booms and busts in their housing
markets, and by addressing the interest rates question by looking at the
deviation of observed rates from a representative rule. The latter involved
testing an hypothesis put forth by Taylor (2007).

We tried to quantify the extent of house price overvaluation in 10 OECD
countries over the past three decades by specifying a house price model and
taking the residual from this model as the deviation of house prices from their
fundamental value, or in other words, the housing bubble. In addition, we
examined price to rent ratios and fundamental price to rent ratios for each
country, and the respective deviation of the former from the latter. Having
estimated the housing bubble for each country and the deviation of short-term
interest rates from a standard Taylor rule, we estimated a series of equations
which explain housing bubbles as deviations from the Taylor rule as a group
using the Seemingly Unrelated Regressions technique and independently as a
Vector Autoregressive (VAR) system.

The SUR analysis showed that Taylor rule deviations were statistically
significant across countries and across time. However, the explanatory power
of the models and the size of the coefficients varied by country and particularly
over sub-sample time periods. In the recent post-2000 period, we report a
quantitatively higher impact of Taylor rule deviations on housing bubbles,
based on the size of the coefficients and the R2s of the models. The VAR analysis
presented mixed results and pointed toward a role for loose monetary policy in
driving housing bubbles for only a small number of countries. In the post-2000
period, we reported Granger causality for Australia, Japan, Norway and the
United States.

The empirical findings align with the literature despite addressing the
question from a different angle. The finding that Taylor rule deviations are
generally significant in explaining house price overvaluation for the United
States provides some tentative evidence in favour of Taylor’s (2007) hypothesis.
It could be argued however, in line with Dokko et al. (2011), that housing
bubbles over the last decade can be attributed to excess credit provision and
less so to the looseness of monetary policy. Previous studies have shown that
low interest rates can exacerbate the impact of interest rates on credit provision
through the financial accelerator and risk taking channels. Thus, while we can
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agree that excess lending to the residential sector during the last housing
bubble was a key driver of house price overvaluation, it could be argued that
loose monetary policy helped to create an environment conducive to excess
mortgage lending. The latter is evidenced through the quantitatively higher
impact of Taylor rule deviations on housing bubbles reported in the present
analysis.

From a policy perspective, the concern surrounds the effect of a housing
bust on the real economy and the fiscal costs of containing a financial crisis.
Our emphasis in this work has, therefore, been on the ex ante conditions which
lead to housing market bubbles and the policy implications apply to actions a
central bank or government can take to pre-emptively mitigate the fallout from
a collapse in house prices. Our assessment of the impact of Taylor rule
deviations on housing bubbles leads one to argue that there is some scope for
stricter adherence to a Taylor type rule to restrain some of the imbalance in
housing markets. However, the literature argues against targeting asset prices
and asset market bubbles given the likely negative impact on other
macroeconomic variables. For example, by trying to restrain booms in house
prices, a higher short-term interest could well induce a rise in unemployment.
For this reason, macroprudential tools, including loan to value and loan to
income ratios as well as capital buffers, have been reported to be more effective
in curbing exuberance in housing markets by disciplining both banks and
borrowers. It would be interesting to look at how deviations from the Taylor
rule affected securitisation and financial innovation which has been shown to
enhance the transmission mechanism from monetary policy to house prices.
Furthermore, a Taylor rule which targets the housing market could prescribe
an interest rate that is in synchrony with activity levels in that market, and
this is a potential avenue for further research.
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Table A14: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Model 1) — 1981Q1-2000Q4

Country TRdev > (P — P/) (P2 —P/) > TRdev
Australia 0.238 0.553
Canada 0.084 0.028
Denmark 0.005 0.836
Japan 0.088 0.764
New Zealand 0.000 0.000
Norway 0.134 0.288
Sweden 0.016 0.134
Switzerland 0.008 0.814
United Kingdom 0.242 0.001
United States 0.184 0.641

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and
vice versa.

Table A15: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Model 2) — 1981Q1-2000Q4

Country TRdev > (P — P/) (P2 —P[) > TRdev
Australia 0.823 0.137
Canada 0.473 0.387
Denmark 0.896 0.816
Japan 0.199 0.363
New Zealand 0.000 0.000
Norway 0.704 0.462
Sweden 0.001 0.254
Switzerland 0.025 0.821
United Kingdom 0.971 0.668
United States 0.025 0.005

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and
vice versa.
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Table A16: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Fundamental Price to Rent Ratio) — 1990Q1 — 2000Q4

Country TRdev > (P2 - P[) (P2 —P/) > TRdev
Australia 0.000 0.000
Canada 0.823 0.135
Denmark 0.000 0.000
Japan 0.972 0.595
New Zealand 0.010 0.359
Norway 0.075 0.256
Sweden 0.000 0.000
Switzerland 0.331 0.118
United Kingdom 0.000 0.000
United States 0.268 0.021

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and
vice versa.

Table A17: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Model 1) — 2001Q1 — 2012Q4

Country TRdev > (P2 - P[) (P2 —P/) > TRdev
Australia 0.000 0.000
Canada 0.743 0.060
Denmark 0.120 0.000
Japan 0.015 0.906
New Zealand 0.777 0.045
Norway 0.024 0.020
Sweden 0.104 0.001
Switzerland 0.461 0.256
United Kingdom 0.329 0.046
United States 0.003 0.010

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and
vice versa.
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Table A18: Granger Causality Tests: Taylor Rule Deviations And Housing

Bubbles (Model 2) - 2001Q1 - 2012Q4

Country TRdev > (P — P/) (P2 —P/) > TRdev
Australia 0.385 0.012
Canada 0.455 0.333
Denmark 0.302 0.001
Japan 0.057 0.576
New Zealand 0.013 0.006
Norway 0.003 0.013
Sweden 0.063 0.008
Switzerland 0.783 0.153
United Kingdom 0.177 0.000
United States 0.004 0.007

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and

vice versa.

Table A19: Granger Causality Tests: Taylor Rule Deviations and Housing
Bubbles (Fundamental Price to Rent Ratio) — 2001Q1 — 2009Q4

Country TRdev > (P — Pf) (PA—P/) > TRdev
Australia 0.005 0.846
Canada 0.255 0.013
Denmark 0.000 0.000
Japan 0.061 0.332
New Zealand 0.001 0.002
Norway 0.070 0.211
Sweden 0.001 0.150
Switzerland 0.045 0.002
United Kingdom 0.002 0.000
United States 0.001 0.119

P values for null hypothesis of no Granger causality between TRdev and (P* — Ptf ) and

vice versa.
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