Property Bubbles and the Driving Forcesin the PIGS countries
Philipp KlotZ*
Tsoyu Calvin Lirf

Shih-Hsun Hsti

The PIGS countries stand in the spotlight of theent financial crisis in Europe. The boom and bust
of the real estate sector was one of the majorcesuputting these countries into an economic
downturn. This paper determines the extent to wkhelse countries experienced property bubbles
and sheds light on the role of monetary policyhia tormation of bubbles.

We draw from Stiglitz's (1990) theory on asset bebkand apply the direct capitalization approach
through weighted average cost of capital (WACCidentify real estate bubbles in the period from
1999 to 2012. In the next step we apply VAR and WERodels to investigate short- and long-run
dynamics between the monetary policy of the ECB @nagherty bubbles in the PIGS countries. Our
findings indicate that Spain and Ireland experienites largest positive bubble formation, followed
by Portugal with a small bubble. In contrast tottl@reece experienced a strong negative bubble.
While we find only a very weak short-run relatioimstbetween monetary policy and bubble
formation in Portugal, we find both, evidence foloag- and short run relationship in the case of
Ireland, Greece and Spain. The varying extent@bilibble formation and the differing impact of the
monetary policy on the bubble across the PIGS cmstan be mainly attributed to characteristics
in the domestic financial-, fiscal- and macroprutsnsystem.

This paper provides strong evidence that counmés very low interest rates and low to moderate
tax rate as well as high loan-to-value ratios hilneepotential to experience large property bubbles.
Central bank’s policies are crucial to trigger boom and burst of property bubbles by manipulating
the interest rate and availability of lending foouse purchase. As this research only covers
aggregate data for entire countries, diverging greents within each country are not captured.
Future research could contribute to the literatayefocusing on property market developments in

specific cities or regions.
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1 Introduction

The PIGS countries, i.e. Portugal, Ireland, Gremae Spain, stand in the spotlight of the current
financial crisis in Europe. Housing prices in madtthe PIGS countries surged very fast and
collapsed at the end of the decade. In a recenttrep house prices in 54 countries the IMF (lgan &
Loungani, 2012) reported that “Price trends vargdely between countries, with Ireland, Greece,
Portugal, and Spain seeing the biggest falls” him hooming period, from the inception of a single
monetary policy in the Eurozone in 1999 to theaqmdle in 2008, the construction industry served as
a major, above EU level, driver for economic growthhese countries. Due to this strong reliance,
the economy in these countries was severely hithey downturn in the housing market. This
manifested in a sharp drop of economic activithaosing-related industries.

In the case of Ireland and Spain, the real estaidéehwas frequently identified as the most crucial
factor driving these countries into an economic aman. In contrast to that, the main drivers fa th
crisis in Portugal and Greece were attributediactiiral issues as high government spending and an
inefficient administrative system. In responseht® financial crisis, various institutions reportedt

the boom and bust of asset price bubbles posasoasesk for economic and financial stability and
that monetary policy plays a relevant role in tbefation of asset bubbles. For instance, in a tepor
on asset price bubbles and monetary policy, the EZZHO) pointed out that money and credit
indicators help to predict booms and busts cyateasset prices. In regard to property bubbles, a
member of the Executive Board of the ECB stated thaple money and credit aggregates
deviations from a trend that exceed a given thrigspmvide a useful predictor of costly boom and
bust cycles (Praet, 2011). Another member of thecktive Board of the ECB emphasized in a
speech on Ireland, that ballooning credit and spen@&xcesses overheated the economy and
misdirected resources during the booming yearsreéfe crisis (Asmussen, 2012).

This paper addresses three questions. First, td edtand did the PIGS countries experience real
estate bubbles throughout the period from 19990tt22 Second, what is the role of the monetary
policy of the ECB in the formation of property buéd? Third, why did the single monetary policy
of the ECB have a diverging effect on the formatodreal estate bubbles in the PIGS countries?
The remainder of this paper is grouped into fivegadn the first part, the literature review, wiee

a short overview on the literature on real estatbbke and the role of monetary policy. In the
following two parts, we then move to the framewarld data section. Here we draw from Stiglitz’s
(Stiglitz, 1990) theory on asset bubbles and apgply direct capitalization approach through
weighted average cost of capital (WACC) to identd#gl estate bubbles in the PIGS countries from
1999 to 2012. In the empirical part, we set up Wedutoregression (VAR) and Vector Error
Correction (VECM) models and apply the impulse ocese analysis to investigate the relationship
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between the monetary policy of the ECB and propbttgbles in the PIGS countries. Finally, we
discuss the findings from the analysis, providewans to the questions addressed above and

summarize the central arguments of this paper.

2 Literature Review

A broad range of academic literature discusse®ctharrence and drivers of real estate bubbles. The
definition of a bubble is simple. A bubble descslibe situation where the market value is higher
than the fundamental value or not justified by famental factors (Stiglitz, 1990).

In a paper on real estate prices and bank stgbKibetter and Poghosyan (2010) pointed to the
significance of house price deviations from thedfamental value. Theoretically, deviations of house
prices from the fundamental value can have tworestihg implications on bank stability. First,
higher prices increase the value of collateral aet wealth of borrowers and thus reduce the
likelihood of credit defaults. Second, persistesnidtions from the fundamental value may foster the
adverse selection of increasingly risky creditoysbianks seeking to expand their loan portfolio,
which, in turn, increases bank distress probaéditiThe two hypotheses were tested with data on
real estate markets and banks in Germany. Thetsaadicated that deviations of house prices from
its fundamental value contribute to bank instapilwhereas nominal house price developments do
not. In order to determine such house price dedxnative have to know the fundamental value.
Although there is common consent about the definitof a bubble, the measurement of the
fundamental value is a difficult task. In the acadeliterature there are two broad approaches on
how to determine the fundamental value of realtesi&he first approach interprets the fundamental
value as a function of macroeconomic variables. &kt price following the variations of the
macroeconomic variables indicates that there isulible. For example, Hui and Yue (2006) applied
a comparative study on housing price bubbles in gH&ong, Beijing and Shanghai and used
disposable income, the stock of vacant new dwedlemgd local GDP as market fundamentals. Under
the second approach, real estate is regarded iagesiment that produces a stream of rental income
over its lifetime. In this model the fundamentalueais treated as a function of the cash flow
received over time. For instance, Smith and Sn2006) defined the fundamental value as the
projected net rental savings. Another example ianG#t al. (2001) defining the fundamental value as
the sum of the expected present value of rentainrec discounted at a constant rate of return.
Several studies combine elements of the two appesad-or instance, Mikhed and Zemcik (2009a)
use personal income, population, house rent, stoaket wealth, building costs, and mortgage rate

as factors determining the fundamental value.



Several studies point out that monetary policy iseq driver of real estate bubbles. For example,
Tsai and Peng (2011) analyzed house prices in ditiés in Taiwan. The empirical result of the
panel unit root and cointegration test showed thdtble-like behavior of house prices in Taiwan
after 1999 was primarily related to the mortgadegaThe study concluded that expansionary policy,
which leads to speculations and lower mortgagesragethe key driver for housing bubbles. Another
study (Agnello & Schuknecht, 2011) looked at theéedminants of housing market booms and busts
in eighteen industrialized countries from 1980 @®2 The estimates from the Multinomial Probit
model indicated that domestic credit and interatds have a significant impact on the probabilfty o
booms and busts occurring. The evidence indicatgdlatory policies that slow down money and
credit growth reduce boom probabilities.

In summary, while the definition of a bubble isagghtforward, it is a very difficult task to deteima

the fundamental value needed for the bubble cdlonlaln the literature, there are two broad
approaches to determine the fundamental value fifdteapproach interprets the fundamental value
as a function of macroeconomic variables. Undersdémnd approach, real estate is regarded as an
investment that produces a stream of rental incowee its lifetime. The literature further indicates
that housing booms and busts and the formationubbles are related to interest rates and credit
expansion. In the subsequent analysis, we applgebend approach to determine the bubble in the
PIGS countries. Only few studies of this kind tdéikencial leverage in the definition of the bubble
into account. This paper bridges this shortcomiggapplying the direct capitalization approach
through discounting the future rental income by WAGor the fundamental value and the
subsequent bubble identification. Further, we fooosthe relationship between bubble formation
and the monetary policy of the ECB, the top autlgacbntrolling money supply and key interest
rates in the European Monetary Union. We also thtem explore the underlying rationales to
different extends of bubbles in the group of PI@8rtries.



3 Framework

Bubble
An asset bubble, as defined by Stiglitz (1990),cdbss the situation where only investor’'s
expectations of higher selling prices instead & thndamental factors determine the high price
today. In such a situation, investors ignore thedamental value and bid prices up, assuming that
other investors will push prices further. The beblsl created by a form of speculation which does
not rely on future income streams but on expectelish behavior of other investors. Such a
situation is inherently unstable and referred tohasgreater fool theory of investing. As soontas t
pool of greater fools dries up, the market turnarisé and corrects towards its fundamental value.
Accordingly, an asset bubble exists when the mavkéie (MV) is higher than the fundamental
value (FV).

MV > FV (1)

We treat residential property as a cash-flow gdmgyanvestment. In this case, the house value is
determined by the present value of the anticipageth flow from the investment (Mikhed & Zemcik,
2009b; Smith & Smith, 2006). A real estate invesemeives rent payments and he will make a profit
or loss from selling the house. Consequently, tm@ldmental value should be close to the flow of
future rent payments discounted back by the reduiée of return. Although the rent is the central
factor in the calculation of the cash-flow, there also other variables which affect the futurevflo
of payments as transaction costs, insurance, nmanée costs, property taxes and tax savings (Smith
& Smith, 2006). For simplicity, we treat the fundamtal value as the discounted future rent. Most
studies employ a risk-free rate of return, i.e.glderm yields of government bonds, as a proxy for
the required rate of return. In practice, howevegst residential properties in the Euro area is
bought by individual investors financing their pesty via mortgage loans (ECB, 2009). The concept
of weighted average cost of capital (WACC) allovgstal consider this feature by incorporating both
the cost of equity and debt. The loan to valueor@tfV) adjusts the proportion of the cost of debt
(ipjr) and equity ig;) which is used to finance the house purchase, wihersubscript j is for the
country and t for the time. We use the averageastaate for deposits with agreed maturity ofap t
1 year at a domestic bank as the opportunity cbsgoity and the average interest rate for house
purchase as the cost of debt. We use the typieatio-value ratio of 0.7 for the calculation of the

WACC for every country.

WACC), = [ X ipge| + [(1 = 5) X igye] )



The fundamental value of residential real estatehes rent discounted by the WACC. In the
following definition FV;; is the fundamental valuRENT is the stable rent, an@ACCj;is the

weighted average cost of capital.

RENT;q
WACCjq

FV;, = 3)

Referring back to the first formula, a positive peay bubble exists when the market value of real
estate is higher than the fundamental value. Tthesbubble in percentage terms is calculated as

following.

B, = <—MV§;;V“) % 100 (4)

A positive value indicates that the market valubigher than the fundamental value and vice versa.
In the following, we refer to a positive bubble whie market value is higher than the fundamental
value and to a negative bubble when the markeevallower than the fundamental value.

Monetary policy and bubbleformation
In this study, we take both the short-run and lamg-dynamics of real estate bubbles and monetary
factors into account. Real estate bubbles are dinice monetary policy through two different
channels. First, house prices are sensitive tantieeest on other financial assets such as bonds or
deposits at a bank. Low interest rates reducedbkeaf capital and provide incentives for real &sta
investment. While the actual need for housing fang) purpose remains the same, the investment
demand goes up and atrtificially pushes up the ddn@nresidential real estate and housing prices.
Second, interest rates and money supply affectdéie financing conditions of borrowers. Lower
interest rates reduce the cost of mortgage loahshwncreases, the availability and accessibibty
house purchasing loans. The interplay of both cesnincreases the demand for housing relative to
the demand for rental housing. The unbalanced dpwent of the demand in the two markets
manifests, in a widening gap, between the markdtfandamental value. The relationship between
property bubbles and the two channels of monetaligypcan be expressed as following.

Bjr = fURe, HLy) (5)

This expression shows that the bublbjés a function of the EuribaiR, and the lending for house
purchase-to-GDPIL,. Based on the description of the two channels @apaxe suggest that the
relationship is negative between the bubble l@hdand positive foH L, in the short-run. In the long-

run, however, we suggest that the relationshipasitipe between the bubble anBl;. This is
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because the negative effect of the interest ratth@market value is offset by the positive effefct
the interest rate on the fundamental value in dingdrun. The loan-to- GDP ratio is commonly used
as a measure of bank lending (Oikarinen, 2009).udéethe 3-month Euribor as it is a good proxy
for the key interest rate set by the ECB. The nrafimancing operation is the most important
monetary policy tool of the ECB. It provides ligitidthrough the national central banks to the
domestic banking system in the member states oEtiezone. The interest rate for this instrument
is set in a tender procedure where the domestiksbarake a bid and receive a short-term loan with
maturity of one week. The domestic banks receiwe ltan and provide financial assets as a
guarantee. After the transaction is completeddtiraestic banks pay interest to the central bank and
receive the provided collateral in return. The liegt rate set in the tender procedure is subjeat to
minimum bid rate. The minimum bid rate is set am@nthly basis by the Governing Council of the
ECB. In the tender procedure, the total amountuoid$ to be allocated is defined by the ECB.
Domestic banks that make the highest bid are sdmgtdintil the full amount is allocated. Domestic
banks which are unable to obtain liquidity throuiis mechanism have to borrow funds in the
money market. Money market interest rates as theo®th Euribor are usually very close to the
minimum bid rate of the main refinancing operatisesby the ECB (ECB, 2013).

In the empirical part, we apply VAR and VECM modéts analyze the short- and long- run
dynamics between the bubble, Euribor and housergftd-GDP.



4 Data

In our analysis we cover the time period from theeption of the single monetary policy in the
Eurozone in 1999 to the third quarter of 2012. As the house price, we use price indices on
residential property from the property price datzbaf the ECB and the Bank for International
Settlements (BIS). In the case of Ireland, theradscomplete time series on house prices for the
entire period available. In order to cover the futie period we use two overlapping time series and
consolidate it into a single item. The rent indexourced from the ECB and available for the entire
period. For the calculation of the WACC, due toadavailability, we use data from two separate
datasets. Historical quarterly data on retail Esérates is sourced from Eurostat and coversrtiee t
period from 1999 to 2003. The second dataset iscedurom the monetary financial institute (MFI)
database from the ECB and covers the period frod3 20 2012. In order to allow the analysis of the
full time period, we consolidate both datasets.fétsthe cost of debt, we use the average interest
rates for housing loans. Regarding the cost oftggwie use the average interest rate on deposits of
up to one year maturity. For Ireland, we use theragye rate for overnight deposits as a proxy fer th
cost of equity as the previously mentioned intergstot available for this country. The data on the
Euribor and the lending for house purchase-to-GP&so sourced from Eurostat and available for
the entire period. Figure 1 shows the bubble @RIGS countries according to the definition in (4)
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Figurel
Bubble with WACC at 30% equity/70% debt
Portugal, Ireland and Spain experienced an incraasiee bubble at the beginning of the 2000s,

followed by a decrease up to 2005 in Portugal aretaning upwards trend in Ireland and Spain in
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2003. In contrast to these countries, Greece expezd a constant negative trend up to 2005. Figure
2 on the WACC sheds light on the diverging develeptrof Greece. The WACC in Greece was
very high and dropped heavily from 9.53% in thetfgjuarter of 1999 to half of its value at the end
of 2001. This strong decrease of the WACC pushethegundamental value far above the market
value, manifesting a decreasing bubble. In 2005 WACC approached the level of the other PIGS
countries and showed henceforth the same patteom Ehen on, all of the countries, except for
Ireland, showed a strong bubble increase up umailthird quarter of 2008. In Ireland, the bubble
dropped due to a decrease of the market valuengtant2007. In the third quarter of 2008, the ECB
massively decreased the interest rate on the nedinancing operations, thus pushing up the
fundamental value and decreasing the bubble. Tigigered a strong decrease of the bubble in all of
the PIGS countries.
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Figure 2
WACC at 30% equity/70% debt

In figure 3, the left panel contrasts the minimuith kate for main refinancing operations set by the
ECB with the 3-month Euribor money market interage. It is obvious that the money market rate
is closely related to the key interest rate of B@B. In the subsequent analysis we use the 3-month
Euribor as proxy for the interest rate for the ma@financing operations of the ECB. The right panel

shows the ratio of lending volume for house purellasGDP of the quarterly GDP in the Eurozone.
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Figure3
Interest Rates and Lending for House Purchase-to-GDP

In order to select the appropriate model for tHe¥ang analysis, we apply the Augmented Dickey
Fuller (ADF) test to determine the order of intégma of our variables. A variable is said to be
integrated of order n, when it achieves statiopaatfter taking its n-th difference. As shown in the
table below, the ADF test statistic indicates atgaificance level of 5% that all of the variabiests
level contain a unit root, except for the bubbléortugal. However, the bubble in Portugal indisate
a unit root at 10% level of significance. The fiditference of all variables is stationary at 5%s¢le

of significance. Thus we conclude that all of tlagiables are integrated of order one, 1(1) say.

Table 1
ADF Unit Root Test
Level Difference
Variable t-value p-value Lags t-value p-value Lags Result
HL" 1.07 1.00 0 -5.44 0.00 0 I(1)
IR® -1.85 0.35 1 -3.89 0.00 0 I(1)
Brortugal - -2.78 0.07 1 -3.51 0.01 0 I(1)
Biretand © -1.84 0.36 1 -4.15 0.00 0 I(1)
Boreece © -1.86 0.35 1 -5.39 0.00 0 I(1)
Bapain © -2.61 0.10 1 -3.52 0.01 0 I(1)

Note: The number of lags included in the ADF tesdécided by the automatic lag length
selection criteria based on SIC with maximum laggtl of 10°indicates that a constant term
and" indicates that a constant term as well as a litie@r trend have been included in the
model.
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5 Empirical Analysis

Long-run dynamics

Engle and Granger (1987) showed that a linear coatibin of two or more non-stationary variables
may be stationary. Such a linear combination of -stationary variables is referred to as
cointegration. Following the definition, the comgaits of the vectar; = x4, x5, ..., X, are said to

be cointegrated if all componentsxgfare 1(1) and a vect@t = B4, B,, ..., Bn €Xists such that the
linear combinatioBx; = B1x1: + BaXze + ...+ Bnxye IS Stationary, 1(0) say. The stationary linear
combination is the cointegration equation and maynkerpreted as the long-run relationship among
the variables in the model.

We apply the Johansen Methodology illustrated bgeEs (2010) to test for cointegration amongst
the variables in each system. In the first stepuse the undifferenced data and estimate a separate
VAR for each country in our sample to determinedppropriate maximum lag length for each VAR.
We choose the maximum lag length on the basis efstgquential modified LR test statistic.
Including four lags in the lag specification, thests indicate a lag length of two for Portugal and
Greece, and four for Ireland and Spain.

In the next step we estimate the third model carsid by Johansen (1995) to determine the rank of
integration. This model allows the time series &vé linear deterministic trends and includes an
intercept but no trend in the cointegration equatibhe cointegration vector in this model removes
the linear deterministic trend of the time serisstaemoves the unit roots so that the cointegnati
equation does not contain any trend. A cointegnaéiquation without a linear trend is close to the
idea of the cointegrating vector defining an eduilim relationship. There are two possible test
statistics, considering different alternative hypmstes, to determine the number of cointegraion
relationships, i.e. the rank of cointegration {rAble 2 presents the corresponding results.

Both test statistics indicate on a significanceelexf 5% that the variables in the model of Ireland
Greece and Spain are cointegrated of order onéhercase of Portugal neither the trace nor the
maximum eigenvalue test statistics shows cointegrafhus, we conclude that there is a long-run
relationship between the bubble in Ireland, Gremoe Spain and the two variables representing

monetary policy. However, in the case of Portugal find no such relationship.
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Table 2

Johansen Cointegration Test

Trace Test Maximum-Eigenvalue Test
5% 5%
critical p- critical p-
Country Lag HO Mrace value Value HO Amax value Value Result
Portugal 2 r=0 19.93 29.80 0.43 r=0 13.89 21.13 0.37 r=0
r<i 6.04 15.49 0.69 r=1 430 14.26 0.83
Ireland 4 r=0 60.54 29.80 0.00 r=0 46.17  21.13 0.00 r=1
r<i 14.37 15.49 0.07 r=1 10.83 14.26 0.16
Greece 2 r=0 36.26 29.80 0.01 r=0 35.14  29.80 0.01 r=1
r<i 10.55 1549 0.24 r=1 13.36  15.49 0.10
Spain 4 r=0 36.26 29.80 0.01 r=0 25.71  21.13 0.01 r=1
r<i 10.55 1549 0.24 r=1 7.81 14.26 0.40

Note: r is the rank of cointegratioktrace is the Trace statistic, testing the null Hgpees r=0 andi
against the alternative hypotheses r>0 and kriax is the Maximum-Eigenvalue statistic, testing th
null hypothesis r=0 and r=1 against the alternatiyeotheses r=1 and r=2.

The analysis of the estimated cointegration retatieelps us to understand the direction and
magnitude of the long-run relationship in the thoeeintries where we found cointegration. The
upper panel of table 3 summarizes the results. Adrenalized cointegration coefficients of the

Euribor and the bubble indicate a positive relaglop in all of the three countries, where a one
percentage increase in the Euribor leads to a 38i8trease in the bubble in the case of Spainpto a
increase of 26.31% in the case of Ireland and @54% increase in the case of Greece. The
relationship between HL and the bubble in the tlu@antries is also positive, but not significant fo

Greece. A one percent increase of the lending doisimg-to-GDP ratio leads to a 1.9% increase in
the bubble in Spain and to a 0.98% increase iancel The positive relationship between the Euribor

and the bubble in three countries matches our éxpec outlined in the framework where we

suggest that the negative effect of the interdst@a the market value is offset by the positivieaf

of the interest rate on the fundamental value éenldimg-run

Table 3
Estimated Cointegration Relation
Ireland Greece Spain
B IR HL B IR HL B IR HL
Coefficient 1 -26.31* -0.98* 1 -7.54* -0.18 1 -38.21* -1.90*
Std. error -1.09 -0.07 -1.40 -0.11 -1.51 -0.10
t-statistic -24.22  -14.31 -5.39 -1.61 -25.27 -19.61
Adj. speed  0.37* 0.02*  0.07* -0.20* 0.00 0.01 0.10 0.01 0.07*
Std. error 0.13 0.01 0.02 0.07 0.01 0.02 0.22 0.01 0.02
t-statistic 2.86 3.80 4.27 -2.97 -0.07 0.70 0.44 1.33 3.92

Note: * denotes significance at the 95% confidanterval.
Coefficient is the normalized cointegration coeéfitt; Adj.

Std. error the respective standard error.

The critical value for the t-test is 1.96

speed is the speed-of-adjustment cdefficand
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Short-run dynamics

In the next step, we are interested in the shartdgnamics between the variables in the models. In
the case of Portugal, the Johansen cointegratginneicated no cointegration relationship, thus, w
set up a traditional VAR model in first differencas specified below; is the nx1 vector of the
three variables included in our modéj.is the nx1 vector of intercept tern#s,the nxn matrix of
coefficients and, the nx1lvector of error terms.

Axt = AO + Alet—l + -+ Aprt—p + &t (6)

In the case of Ireland, Greece and Spain we ussaime model for the Johansen cointegration test.
The model includes a constant but no trend in thategration vector. This model removes the
linear deterministic trend of the time series aseihoves the unit roots so that the cointegration
equation does not contain any trend. This spetidicais close to the idea of the cointegrating
equation defining an equilibrium relationship. Timedel is specified below wheng is the nx1
vector of the variables included in the modglis a nx1vector of constant ternfg, + 8'y;_,) the
cointegrating equationg the speed-of-adjustmend; the nxn matrix of coefficients ang the
nxZ1lvector of error terms.

Axe = Ag + a(Bo+ B'xe—1) + AAxp g + -+ Ap 18X 4y + & (7)

The speed-of-adjustment coefficient indicates hiogvvtariables adjust to any discrepancies from the
long-run equilibrium relationship. Given the posgtivalue of the cointegrating equation, a positive
coefficient indicates that the variable will go apd a negative coefficient indicates that the \éeia
will decrease. The lower panel of table 3 showsetteanates. In the short-run, the bubble in Ireland
responds with an increase and the bubble in Gnegbea decrease to a deviation from the long-run
equilibrium; it means that, in the short-run, théble tends to depart from the long-run equilibrium
in Ireland but tends to approach the long-run doyuiim in Greece. In the case of Spain, the speed-
of-adjustment coefficient is not significant at %8 level of significance.

Based on the VAR for Portugal and the VECM for dieer PIGS countries, we analyze the dynamic
effect of innovations of lending for house purchas&DP and the money market interest rate on
the bubble by computing orthogonalised impulse aasps. Hereby we use the standard Choleski
decomposition (Sims, 1980) to derive the impulsspoases. The ordering used is B-HL-IR and
aligned to the specification used by Hofmann (2084) Oikarinen (2009). Following the ordering,
we assume that the Bubble does not respond contamgmusly to innovations in lending for house
purchase-to-GDP and the Euribor. The lending forusko purchase does not respond

contemporaneously to a shock in the interest eatd,the interest rate is rather flexible because th
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ECB and the domestic banking system can respondediately with an interest rate change to
alterations of the former two variables, thus itynie affected within a quarter by the other two
variables. The chosen ordering of the variablestamdard in the literature on monetary policy
transmission and reflects the common assumptioniti@rest rate changes are transmitted to the
economy with a lag. The following figures illuseahe impulse responses up to 20 quarters from the
shock. As outline above, we use differenced dathencase of Portugal and data in its levels fer th
other three countries. Therefore the results offtlewing analysis cannot be compared directly
with the other three countries. The first figur@wsi the response of the Bubble to the Euribor and
the lending for house purchase-to-GDP in Portugjake impulse response function of Portugal
reveals that the bubble responds positively ang shghtly to a positive innovation of the two

variables. The effect vanishes after 10 quarters.

Response of B_Portugal to IR Response of B_Portugal to HL
1.0 1.0
0.8 0.8 -
0.6 - 0.6 -
0.4 - 0.4 -
0.2N 02 ]
00+-4+————7——F 7T 7T T 00 +~4———+——7—7—F—F 7T 7T T 7T T T
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Figure4

Impul se Response Function- Portugal

As illustrated in figure 5, the response of thelidalto a one standard deviation shock of both, the
Euribor and the lending for house purchase-to-G®8lightly positive in Greece. The effect of the

two variables increases up to lag five and remfaoma then on at around the same level.
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Figure5

Impulse Response Function- Greece
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As shown in figure 6 and 7, a positive one standtation shock in the Euribor has temporarily

no effect in Ireland and a slightly positive effant Spain before turning strongly negative. The

initially positive response of Spain and the combns positive response of Greece to a positive
shock in the Euribor can be explained by the eftécthe WACC on the fundamental value and

bubble. An increase in the Euribor leads to anaase in the WACC. With an increase in the WACC,
the fundamental value decreases, the gap to thketmaalue widens and the bubble increases. The
response of the bubble in Spain to a positive iation in the Euribor turns strongly negative and is

negative in Ireland because the demand side oestate is affected by the higher interest rate.
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Figure 6

Impul se Response Function- Ireland

Here in the case of a positive interest rate shouokrtgage borrowers become increasingly
overwhelmed by the debt burden, and in the worsé aefault on their mortgage loans. Investors
loose interest in real estate and start to switclother assets where interest rates increase. This
decreases the demand and market price for propleuy resulting in a decreasing bubble.
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Impul se Response Function- Spain
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As the Bubble in Portugal and Greece, also the leuibbireland and Spain responds positively to a
positive shock in the lending for house purchas&iP. In contrast to the former two countries,
Ireland’s as well as Spain’s bubble respond muanger and with a lag to an innovation in HL.

The variance decomposition in table 4 shows thabat no variance of Portugal’s bubble can be
explained by the short-run dynamics of the Eurilmod the lending for house purchase-to-GDP. In
Ireland, both, IR and HL explain a large proportafrthe variance in the bubble. For instance, @t la
10 IR explains around 31% and HL around 41% ofwtheance in the bubble. At lag twenty the

explanatory power of IR decreases to 26% and iseseap to 63% for HL. In Greece and Spain,
most of the variance in the bubble is explainedRbgnd only a small portion by HL. At lag ten 30%

of the variance in Greece’s bubble and around 18%pain’s is explained by the Euribor. The

explanatory power of IR increases to 32% in Ireland to 39% in Spain at lag twenty. The major
observation here is that IR and HL does not subiathndrive the bubble in Portugal. Ireland is

substantially driven by the two variables and Geegs well as Spain primarily by the Euribor.

Table 4
Decomposition of variance for Bubble
Portugal Ireland Greece Spain
Period AIR AHL IR HL IR HL IR HL
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.09 0.01 0.15 2.39 8.36 1.98 0.00 0.10
3 0.13 0.04 3.79 3.13 15.42 2.31 0.00 2.17
4 0.15 0.06 4.30 2.47 20.71 2.75 0.08 2.19
5 0.15 0.07 5.68 4.45 24.05 3.01 0.30 1.82
6 0.16 0.07 10.73 8.90 26.22 3.24 1.37 1.59
7 0.16 0.07 18.81 16.38 27.64 3.42 4.04 1.41
8 0.16 0.07 24.76 24.92 28.64 3.57 7.27 1.23
9 0.16 0.07 28.46 33.13 29.37 3.70 11.32 1.19
10 0.16 0.07 30.85 39.54 29.93 3.80 16.22 1.25
11 0.16 0.07 31.77 44,95 30.36 3.88 21.14 1.44
12 0.16 0.07 31.28 49.64 30.71 3.96 25.29 1.75
13 0.16 0.07 30.16 53.44 31.00 4.02 28.76 2.09
14 0.16 0.07 29.16 56.17 31.25 4.07 31.54 2.40
15 0.16 0.07 28.31 58.19 31.45 412 33.61 2.67
16 0.16 0.07 27.62 59.78 31.63 4.16 35.13 2.89
17 0.16 0.07 27.12 61.04 31.79 4,19 36.28 3.05
18 0.16 0.07 26.82 62.00 31.92 4,22 37.19 3.18
19 0.16 0.07 26.63 62.78 32.05 4.25 37.95 3.28
20 0.16 0.07 26.45 63.46 32.16 4.28 38.66 3.36

Before moving on to the discussion part, we apbé residual Portmanteu-test for autocorrelations
to each model. The null hypothesis of this tesha the residuals exhibit no autocorrelationsap t

specified lag. We choose a maximum lag length o0 perform the test for the model of each
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country. At 5% level of significance, the null hypesis in Portugal, Greece and Spain cannot be
rejected. In Ireland, the null hypothesis cannotédjected on 10% level of significance. Thus, we

conclude that the estimated models are robust.

6 Discussion

The analysis of the real estate market in the P&®8ntries showed that Spain and Ireland
experienced the largest positive bubble in theogebetween the implementation of the single
monetary policy under the ECB in 1999 and 2012¢¥eéd by Portugal with a very small bubble. In
contrast to that, Greece experienced a strong inedatbble trend. This decrease was due to a very
strong decrease of interest rates up to 2001, wpighed the fundamental value far above the
market value, resulting in a decreasing bubble.

The major bubble boom, starting between 2003 ar@db 2@as followed by the burst at the end of
2008, when interest rates of the ECB reached dsrekbpeak. The empirical analysis confirmed that
there is a significant long- and short-run relasioip between monetary policy and the bubble
formation. We found strong evidence that the bubbldreland, Greece and Spain is positively
related to both the Euribor and the house lendn@DP in the long-run. In Portugal, however, we
found no long-term relationship between the vadablAs for Portugal, the impulse response
analysis showed only a weak positive relationshepmveen the two variables and the bubble. In
Greece, the analysis showed a stronger positiadioeship between the two variables and the
bubble than in Portugal. In contrast to that, wanfib that the bubble in Ireland and Spain, the
countries with the largest bubble, is negativelatesl with the Euribor in the short-run. Furthée t
analysis showed that the bubbles in these two cesnare positively related to lending for house
purchase-to-GDP. Although we found some similasitie the long- and short- rung relationship
between the bubble and the variables, (i.e. theetaoyn policy), there are still differences acrdss t
PIGS countries. These differences can be attribtdetthe characteristics of the financial system,
fiscal and macroprudential policies in each country

First, the monetary policy of the ECB is transnaittiifferently through the interest rate and credit
channel to the countries in the Eurozone (ECB, 2008e interest channel describes the process of
how key interest rates set by the ECB impact therast rates at banks at the national level. Is thi
regard, Sorenson and Lichtenberger (2007) pointedhat although the ECB sets the key interest
rate for the entire Eurozone, the interest ratemortgages are heterogeneous across countries. The
credit channel describes the process how monetaligypaffects the supply of money on the
national level. In this regard, Ciccarelli et &010) showed that a monetary policy shock of th&@ EC
has a significant impact on credit availability.réher, they demonstrate that there are differences

between size and timing of the impact across barsvand economic regions. As a result of the
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differences in the interest rate and credit chantinel monetary policy of the ECB has a varying
impact on domestic deposit and lending conditidnsamks. The following table on the interest rates
of housing loans and deposits shows the divergiteyest rates across the PIGS countries. Looking
at the interest rates for housing loans, it is wot¢hy that the two countries with the largest debb
had, most of the time, up to the burst of the belkhl 2008 the lowest interest rate. Further, the
interest rate in Greece decreased rapidly from E@bits level remained still the highest among the
PIGS countries up to the mid-2000s. The rapid dgsa®f the interest rate manifested in the inytiall
strongly decreasing bubble in Greece.

Table 5
Interest Rates on Housing Loans and Deposits

Average interest rate for housing loans Average interest rate on deposits*

Portugal Ireland  Greece Spain Portugal Ireland  Greece Spain
1999 5.02 4.94 8.51 4.79 2.40 0.13 8.68 2.13
2000 6.03 5.19 7.62 5.79 3.04 0.40 6.12 3.36
2001 6.04 5.59 6.28 5.84 3.35 0.40 3.32 3.22
2002 5.02 4.58 5.01 4.85 2.96 0.12 2.76 2.75
2003 3.71 3.73 4.77 3.54 1.95 0.52 2.41 2.01
2004 3.49 3.40 4.49 3.21 1.82 0.45 2.30 1.97
2005 3.40 3.40 4.11 3.23 1.88 0.52 2.25 2.10
2006 4.08 4.14 4.32 4.14 2.61 0.81 2.96 2.83
2007 4.88 5.00 4.47 5.15 3.76 1.33 4.09 4.01
2008 5.34 5.07 4.85 5.65 4.10 1.41 4.93 4.52
2009 2.56 2.93 3.79 3.03 1.82 0.62 2.50 2.34
2010 2.54 3.16 3.64 2.52 1.84 0.64 3.36 251
2011 3.86 3.40 4.28 3.41 3.53 0.64 4.26 2.67
2012 3.78 3.28 3.20 3.21 2.88 0.48 4.80 2.70

* Deposits with agreed maturity of up to 1 yeartha case of Ireland there is no data on thisaed@able,
therefore we show the interest rate for an ovetrdgiposit.

Second, fiscal policies in the Eurozone vary froourdry to country. These policies include, for
instance, tax deductibility of interest paymentsuortgage loans, capital gains taxes, inheritaaxe t
wealth tax, real estate property tax and transaca@es. A report from the ECB (2009) shows that
tax rates in 2008 varied strongly throughout theoEZane and the PIGS countries. To give an
example, the maximum tax rate applicable on capgisahs in Greece is zero if capital gains have
been or will be reinvested in another permanentdeaese within certain time limits. In Spain the
maximum rate is 18%, in Ireland 20% and in Portu2f. Third, in regard to the macroprudential
policies as loan-to-value ratios, the report shiasge differences among the PIGS countries in 2007.
In the group of the PIGS countries, Ireland hadhighest average loan-to-value ratio of 83% for
first-time house buyers, followed by Greece wi8%, Spain with 72.5% and Portugal with 71%.
The combination of these three factors gives angtindicator why Portugal experienced a moderate

bubble and why Ireland and Spain experienced agtboubble. In Portugal, relatively high interest
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rates in the boom period combined with a high &® and comparatively low average loan to value
ratio discouraged investors and speculators to niateereal estate. In contrast, very low interest

rates and moderate tax rates as well as relativglly loan-to-value ratios in Ireland and Spain

encouraged investors to move into real estate,ghsking up the market value and the bubble.

As this research only covered aggregate data ®@PtsS countries, diverging developments within

each country were not captured. Future researchl dwiglge this gap by analyzing property market

developments in specific cities or regions withacke country. Further, other variables influencing

the calculation of the bubble as occupancy ratesntenance cost and tax were not considered in
this paper. The inclusion of these factors woullp leaw a more detailed picture about the bubble
and its drivers. Further, a more detailed analg$isredit expansion, fiscal and macroprudential

policies on the national level in relation to thebble could give useful insights for investors and

policymakers.

7 Conclusion

Overvalued property prices pose a serious riskefmmomic and financial stability. This analysis
showed that Spain and Ireland experienced the dargesitive bubble formation in the period
between 1999 and 2012, followed by Portugal witregy small bubble. In contrast to that, Greece
experienced a strong negative bubble, which wastdwerapid decrease of interest rates between
1999 and 2001, resulting in a fundamental valuakerve the market value. The major bubble boom,
starting between 2003 and 2005, was followed bybthvst at the end of 2008 when the interest rates
of the ECB reached its peak.

Results of the empirical analysis on the long- simort run relationship between the monetary policy
of the ECB and the bubble in the PIGS countriescatd a very strong relationship in Ireland and
Spain. In the long-run, the bubble is positivelyated to both an increase in the money market
interest rate and the lending for house purchageBP®. In the short-run, however, we found strong
evidence for a negative relationship of the bubtaté the Euribor and a strong positive relationship
with the lending for house purchase-to-GDP. Indase of Greece, we found a weak positive long-
and short- run relationship between the two vaesland the bubble. As for Portugal, we found no
long- and only a very weak short-run relationsfipe varying extent of the bubble formation and
the differing impact of the monetary policy on thebble across the PIGS countries can be mainly
attributed to the characteristics in the domestiarfcial-, fiscal- and macroprudential- system.

This paper provides strong evidence that counmés very low interest rates and low to moderate
tax rates as well as high loan-to-value ratios haeepotential to experience large property bubbles
Central bank’s policies are crucial to trigger beom and burst of property bubbles by manipulating

the interest rate and availability of lending faulse purchase.
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