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Non-technical Summary

This paper analyses the short- and long-term liekagetween 14 international real estate
stock markets. While research in many previousistuchainly focused on the U.S. real estate
market, this analysis is broadening the horizoa toore global perspective accounting for the
growing attractiveness of real estate by investdssng data from January 1990 to December
2008, the analysis incorporates the period of ih@ntial market crisis starting in 2007 and

does not only focus on a period of a fast growing apward moving real estate (stock)

market as many studies before.

The empirical results indicate several long-terfatrenships between the national real estate
stock markets, between and within continents. Tiedyais of short-term dynamics shows
that within each region, there are one or two keykets influencing neighbouring markets.
These key markets are Australia in the Asia-Paco#gion, the U.S. in the Anglo-Saxon area,
and France and the Netherlands in the EMU. Thusysiog on these central markets is
sufficient from an investor's point of view and we@s investor’'s efforts in analysing the
international real estate markets. The finding tabke long-term relationships across real
estate markets challenges the implications given Idwy correlation among national
securitized real estate stock markets. The weal-term linkages between national real
estate markets across continents suggest thattéomg-oriented investors benefit from
broadening their investment horizon from domestarkats while long-term benefits from
diversification across markets within a contineré &mited. Furthermore, the results put
further question on the validity of the efficien@arket hypothesis for securitized real estate

markets.



Das Wichtigste in Kirze

Dieser Aufsatz analysiert die kurz- und langfristig Abhangigkeiten zwischen 14
internationalen  Immobilienaktienmarkten.  Wa&hrend chsi zahlreiche, bisherige
Untersuchungen hauptsachlich auf den US-amerikaemsdmmobilienmarkt konzentriert
haben, erweitert die vorliegende Analyse den Untdmgngsraum und tragt durch ihre globale
Ausrichtung dem gestiegenen Interesse von Invest@nelmmobilienanlagen Rechnung. Im
Vergleich zu vielen bisherigen Analysen bericksgthtdie Untersuchung durch die
Verwendung eines von Januar 1990 bis Dezember B&§i0Benden Datensatzes nicht nur
einen Zeitraum, der von einem stark wachsenden stedjenden Immobilien(-aktien-)
marktumfeld gepragt war, sondern auch die Auswigsmin Folge der seit dem Jahr 2007

anhaltenden Finanzmarktkrise.

Die empirischen Ergebnisse zeigen, dass zwischemadgonalen Immobilienaktienmarkten

zahlreiche langfristig stabile Abhangigkeiten bhstg die nicht nur zwischen Markten eines
Kontinents, sondern auch interkontinental wirkere Bnalyse der kurzfristigen Beziehungen
zwischen den Markten zeigt, dass in jeder Reginrbes zwei zentrale Markte existieren, die
ihren Einfluss auf die Nachbarmarkte austben, wistralien fur die asiatisch-pazifische
Region, der US-amerikanische Markt fir den angéki&ch gepragten Raum sowie
Frankreich und die Niederlande fir die Europaisdf@rungsunion. Die Konzentration auf
diese Markte erscheint somit fur die Investoren alsreichend. Des Weiteren stellen die
Ergebnisse langfristig stabiler Abhangigkeiten dineplikationen geringer Korrelationen

zwischen den nationalen ImmobilienaktienméarkteRrage.

Auf Grund der schwacheren langfristigen Beziehungewischen Markten auf
unterschiedlichen Kontinenten als auf Markten deglgen Kontinents ergeben sich fur den
langfristig orientierten Anleger bei einer Ausdehgudes Anlageraumes vom nationalen
Markt auf eine globale Ebene gréRRere Diversifikadieffekte als bei einer Ausdehnung auf
lediglich benachbarte Markte. Mit Bezug auf die Hiese effizienter Markte liefern die
Resultate weitere Belege dafir, dass deren Glitifglee die Immobilienaktienmarkte nicht

uneingeschrankt bestétigt werden kann.
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Abstract

This paper analyses long- and short-term co-mov&sretween 14 international
real estate stock markets based on bivariate g¢edim cointegration and
correlation analysis. The results indicate thatrghexist strong long-term
relationships within economic and geographical argj but less long-run
linkages between real estate markets in differentigents. Thus, investors would
benefit from broadening their investment horizamirtheir domestic continent to
Australia, Europe, and Northern America. Furthemmot is shown that within
each region there are one or two key markets influrg neighbouring markets
like Australia in the Asia-Pacific region, the U.i8.the Anglo-Saxon area, and
France and the Netherlands in the EMU. Thereforés itimplied, from an
investor’s point of view, that it should be suféat to focus only on these central
markets. With respect to the efficient market hypests, the findings by
cointegration analysis put some further doubt anvdlidity for securitized real

estate markets.
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1 Introduction

Over the last two decades, real estate attractee mod more investors worldwide and
became a fast growing asset class, securitized egtalte in particular. This trend was
accompanied by the introduction of REIT legislationseveral countries worldwide like in
Belgium (1995), France (2003), Germany (2007), Hé&wamng (2003), Italy (2007), Japan
(2000), Singapore (1999), and the U.K. (200Dther countries like the U.S. and Australia
have had this type of legislation or an equivatar for a long time and represent the leading
securitized real estate markets according to thanket capitalization related to their GDP.
While the stock and bond markets became more am@ mtegrated in the last decades,
benefits from diversification across internatiostdck and bond markets decreased, both in
the long- and in the short-term. These strongéwaljes between international stock markets
prompted investors to search for different oppaties to diversify their portfolio. Beside
investments in raw materials like oil, precious amdustrial metals, real estate investments
show low correlation with stocks and bonds andefuee, have appropriate characteristics
contributing to portfolio optimization. A summary tormer research on the benefits from
investing in real estate is presented by Sirmadsvdarzala (2003) and Worzala and Sirmans
(2003). Further analyses were conducted by SteamettCrowe (2001), Conover et al. (2002),
Bond et al. (2003), Brounen and Eichholtz (2003e [(2005), Lee and Stevenson (2005),
Waggle and Agrrawal (2006), Cheng and Roulac (200orek et al. (2007), Jin et al.
(2007), Fugazza et al. (2008), Yat-Hung et al. @p@nd Sebastian and Sturm (2009). But
the vast majority of research on mixed-asset-plotfanalysis is concentrated more on the
characteristics of real estate as an asset clakeas on the linkages between national real

estate markets and the optimal composition of kestate portfolio.

In the relevant literature, it is well documentdthtt asset allocation is home biased by
investors and therefore available diversificati@m&fits are eliminated. This argument is even
more relevant for real estate investments sinceguty companies operate mainly in their
domestic markets. Therefore, these companies @ser to domestic economic and political
shocks and thus, their business is more influernedocal shocks than the business of
internationally operating companies in other sectike e.g. automobile or pharmaceuticals.
On the other hand, these considerations raiseuéstign on how investors in domestic real

estate can benefit from broadening their investniemizon to neighbouring markets and

! See EPRA (2008) and Ooi et al. (2006).



other continents. Second, international investoesirgerested in the opportunities offered by
the long- and short-term co-movements between ttmnestic real estate markets and the
foreign ones. These two major concerns presentmdi@ points of this study. In previous
research, the main focus regarding benefits fromerdification across real estate markets
rested mainly on the U.S. market and was basedffanesht types of real estate (e.g. office,
residential, industrial, and retail) and geographiegions within the U.S. Even though
European and Asia-Pacific real estate markets baperienced fast growth and the number
of listed property companies increased rapidlyhe last decade, there have been very few
studies showing their contribution to diversificatibenefits. From the international investors’
perspective, the investment opportunities in Eurapein the Asia-Pacific real estate markets
in particular, increased dramatically. Furthermdhe institutional framework supports this
tendency with fewer trade barriers, open markets, lay introducing the REIT legislation

according to the U.S. REIT framework.

In the relevant literature, the main examinatiohbemefits from diversification and portfolio
optimization are based on correlation analysis. &l@w, this concept is associated with some
crucial points resulting in strong limitations ds meaning. First, from a technical point of
view, the returns have to be normally distributedew applying correlation analysis and
portfolio optimization based on the mean-variangpraach by Markowitz (1952). But as
shown by Brounen et al. (2008), Liow and Sim (20G@6)d Liow (2007), this assumption
does not hold for real estate returns. Thus, timeegt of portfolio optimization based on the
first two moments of a return distribution is noffgcient and investors’ preferences towards
skewness and kurtosis have to be taken into camdide or a different concept must be
applied. Second, correlation coefficients captundy dhe short-term dependence between
asset returns, even though investors are usuallyesied in long-term interrelation and
linkages between prices, where cointegration arsafgeuses on. Third, correlation analysis
Is combined with a loss of valuable information t@omed in time series, since correlation
coefficients have to be based on stationary vagglaind price indices are not stationary
commonly. Hence, first differences or logarithmeturns respectively, have to be used
together with information on the level of the praaxies as this is valuable information for the
long-term oriented investors. Thus, it is more appate to investigate the cointegration of
prices rather than the correlation of returns wettpards to the long-term oriented investor.

Due to these shortcomings of correlation analyig, paper concentrates on long-term
benefits from diversification across internatioredl estate markets by applying cointegration

methodology as suggested by Engle and Granger Y198@ implications of cointegration
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analysis on portfolio diversification depend on ttype of investor assumed. Long-run
oriented investors with a passive investment gsisatecalize their highest utility by
diversifying across non-cointegrated markets asethrearkets share no common price trend
and do not have a significant linkage between eztbler. Contrary to this investor type,
investors following an active investment approastus on cointegrated markets and on the
modelling of the short-term error correction modelgxploit these adjustment processes for
additional return. Thus, the concept of cointegrafppossesses its relevance for different types
of investors. When comparing correlation analysid eointegration methodology, it is worth
emphasizing that these two concepts are not rednolat complementary and supportive of
each other.

The remainder of the paper is laid out as follo®8exction 2 briefly discusses the methodology
of testing long- and short-term real estate mairkietrdependence. After discussing the data,
the empirical findings are presented in sectiorwlile section 5 summarizes the central

results and draws some concluding remarks.

2 Econometric Methodology

The two-stage cointegration methodology presentgdEbgle and Granger (1987) is

employed, instead of the multivariate cointegratiest developed by Johansen (1988). The
analysis of each individual long-term relationsbgtween two markets enables us to draw
some conclusions on building up real estate paoand keeps the analogy with the concept

of bivariate correlation coefficients.

2.1 Augmented Dickey-Fuller Tests

In the first step, before applying cointegratioralgsis, the order of integration of each time
series Y is tested or in other words, it is neagsiatest whether each time series requires the
same degree of differencing to achieve stationalmityhis paper the order of integration of a
time series is determined by applying differentrapphes of the Augmented Dickey-Fuller t-
tests (ADF)? The ADF-values are calculated by estimating resjoesequations for a random
walk, a random walk with drift, and a random walithadrift and trend, respectively:

2 See Dickey and Fuller (1981) and Said and DicR&g4).
-4 -



p-1
AY, =y Y, + Y BAY, +&, (1)

i=1

p-1
AY, = p+yY, + Y BAY,, +&, )
i=1
p-1
AY, = i+ At+yY, +Y BAY,, +&, 3

i=1

where u and A are coefficients of the constant, and the timexdreespectively3; are
coefficients of the ith order lagged differencedie® A Y.i) and the error terny ~
i.i.d. (0c?). If y is equal to zero, the time series i¥ said to have a unit root and to be
nonstationary, whereas the time seriesAol; is stationary, I(1). The time series ¥
stationary and integrated of order zero, 1(0), hé thull-hypothesis, thag equals zero is

rejected.

In contrast to the Dickey-Fuller teSthe ADF-test solves the problem of autocorrelation
the residuals by incorporating a sufficient numbiglagged changes of the dependent variable

in the regression equation.

2.2 Engle-Granger-Test for Cointegration

While the concept of correlation refers to the covement in asset returns, cointegration is
related to asset prices and their linkages. Twe tieries are said to be cointegrated and are
characterized by mean-reversion if they share anommstochastic trend. The procedure by
Engle and Granger (1987) tests the null hypothefsi® cointegration against the alternative
of cointegration and consists of two steps. Fttst, two nonstationary time serieg; @nd Y

are regressed on each other to obtain the resiftoatsordinary least square regression:

Y2t=a+18Ylt+£t (4)

In the second step, these residualare tested for unit root characteristics by emipigyhe
ADF-test again. Since the residuals are no obsewaddes, but estimated from the OLS
regression, the estimated critical values K fortdst statistic according to MacKinnon (1991)

are applied:

K=B,+B,2"+B, 27 ()

% See Dickey and Fuller (1979).



where Z denotes the sample size andpthare the parameters to be estimated and tabulated
in MacKinnon (1991), depending on the level of figance and the ADF-test specification.
Technically, the two time series are said to bategrated, if they are integrated of the same
order and the residuals from the OLS regressionstaonary in levels and integrated of
order zero respectively.

2.3 Error Correction Model

Furthermore, if two time series share a common hststic trend and are said to be
cointegrated, an error correction model (ECM) candstimated (Granger representation
theorem) and specified, delivering further insigib the linkage between the two time series
and their co-movement over time. The estimatiobaised on stationary time series and thus,

the logarithmic return series are used:

AYlt =nt /]1 g‘t—l + zall(i) mYlt—i + Zalz(j) mYZt—j Uy, (6)
i=1 =1

DYy = Yy + A LBy + D 05 (1) DY, + D 0,() [AY, | +Uy, (7
i=1 j=1

wherey, andy, are coefficients of the constar, , =Y,_, —a - 8Y,, from equation (4),

andoayi, a1, a1, anday, represent coefficients measuring the impact ofldhged returns on
the current return of series;iyand Yz respectively. The coefficiens, and A, are mainly

describing the error correction process.

By implementing lagged returns in the ECM, which akso estimated by using OLS
regression, the short-term relationship and linkalgetween time series are detected (e.g.
analyzing whether the lagged returns from serigsnfluence the returns of series;¥and/or
vice versa). Additionally, by adding the stationaegiduals from the cointegration equation,
the adjustment process to the common stochastd iseanalysed. While.; indicates how
far the system drifted apart from the common logrgrat path of equilibrium, the sign and the
magnitude of the coefficientg andi, from the regression indicate which time seriesistdj

to the common trend and how fast the adjustmerdgsotakes place.Af > 0 (., < 0) and is
significant, then a deviation from the common sastit trend is at least partially corrected by
the series ¥ (Y2). The higher the absolute value of the coeffigers, the faster the

adjustment process takes place.



3 Data and Descriptive Statistics

The empirical analysis in this paper is based emtlonthly indices from the European Public
Real Estate Association (EPRA) and the Nationalodisdion of Real Estate Investment
Trusts (NAREIT) between January 1990 and Decemb@8.2The study covers the following
14 national real estate stock markets: Australibl)(ABelgium (BE), Canada (CA), France
(FR), Germany (DE), Great Britain (GB), Hong KongK(), Italy (IT), Japan (JP), the
Netherlands (NL), Singapore (SG), Sweden (SE), Zandnd (CH), and the United States
(US). The time series contains 228 monthly dateebmrh market. Due to the lack of data, the
analysis of the Canadian market is based on 144thiyoreturns between 1997 and 2008
only. To our knowledge, it is the most compreheasanalysis of international cointegration
in securitized real estate markets. Sample stistie calculated in market values based on
local currency to focus on real estate factors @ndvoid distortions caused by changes in
exchange rates. The real estate indices are ceddula natural logarithms, whereas the
monthly rates of return are calculated on the @iferences of the logarithmic monthly index
levels. The national real estate indices are deldveby the same index provider
(EPRA/NAREIT) with respect to potential differendestween index construction and index
criteria, when using different index providers. Ttime span from 1990 to 2008 is given by

the availability of data.

Figure 1 and Figure 2 present the logarithms of¢kiel of the indices. Depicted in Figure 1,
the Anglo-Saxon real estate markets (Australia, adanthe U.K., and the U.S.) show a
continuous upward trend from the beginning of tB80s until mid of 2007. In contrast, the
Asian markets are characterized by a much mordilofserformance but they seem to have a
common trend and move together which is in suppbéapplying cointegration analysis. The
performance of the Continental European real estaekets is mixed as well. While the
markets moved within a range in the 1990s withekeeption of the small Swedish market,
this pattern changed in the second half of theopenvestigated. From a graphical point of
view, the markets can be divided into two groupshwine outlier (Germany). First, the
Belgian and Swiss market move close in line witltheather, whereas the economic
motivation is not obvious. The second group coasi$tthe securitized real estate markets in
France, Italy, the Netherlands, and Sweden. Them&ats show a strong common upward
trend until the first half of 2007 followed by awoward movement in the second half of
2007 and 2008. These markets are members of thep&m Union and are subject to the

monetary policy of the European Central Bank with éxception of Sweden. Related to the
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performance of the real estate markets, a diffeseny applies to the German market, which
is characterized by high volatility and poor penfiance. From all the European markets, the
German market suffered the most from the burshefhigh-tech-bubble at the beginning of
the 2F' century. Afterwards, it was accompanied by a hugward movement until January
2007, while the period after has been dominated dgwnward movement, which suggested
a close link to the common stock markets. The masre manifold. First, the German
securitized real estate stock market is small coetpto the Dutch and French ones and thus,
it might be more closely related to influences frtre common stock market. Second, only
few listed property companies are dominating theketa Therefore, company specific events
have greater consequences to index changes ands.trémd third, the German direct
(residential) real estate market did not take pathe tremendous international growth and
appreciation from the last decade like e.g. theketarin Ireland, Spain, the U.K., and the
U.S. This last point is relevant, as real estatmpanies invest mainly in their domestic
market and less in foreign markets. Thus, theirfoperance is highly related to the

performance of the national real estate marketéndng-rurf:

From Figure 1 and Figure 2 it is also evident, ti&t Asian markets followed a common
downward trend in the aftermath of the Asian anddran crisis in 1997 and 1998, which was
more extended than the one for the non-Asian marketmore common development on the
international real estate stock markets is showrthm aftermath of the turmoils at the
international financial markets starting in Jun®20when Bear Stearns announced serious
problems regarding their hedge funds. 13 out oflifhesecuritized real estate markets have
had their highest index level between December 20@6June 2007, while the markets in the
U.K. and the U.S. first reached their turning pgaribr to other markets. This finding is a first
indication of a potential leading function of thetseo markets, with the U.S. market in
particular. The exception from this trend is therke&in Hong Kong, which did not reach its
highest index level until November 2007. This spe@erformance might be related to
changes in the tax legislation and trading oppaties1 in Chinese stocks for foreign
investors, impacting this way the whole stock marke Hong Kong. Thus, this unique
behaviour of the market in Hong Kong it is not énvby factors and events in the direct or

indirect real estate market of Hong Kong.

4 See Fuess et al. (2008).



Figure 1: Price Series of the Non-Continental EeespCountry Indices
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Figure 2: Price Series of the Continental Europeanntry Indices
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Table 1: Descriptive Statistics of the EPRA Countigices

Index  Mean Min. Max. s.D. SKewness Kurtosis J.-B.
(z-stat.)  (z-stat.)

AU 0.0076 -0.2751 0.1060 0.0414 -1.804812.7786 1,032.1810
(11.2724) (31.2278)

BE 0.0026  -0.1985 0.1464 0.0408 -1.0535 8.0235  281.9085"
(6.5799) (16.0829)

CA 0.0076  -0.2525 0.1685 0.0543 -1.1289 7.5947  157.2501"
(5.6463) (11.9599)

CH 0.0040 -0.2112 0.1951 0.0482 -0.3264 6.1851  100.4243"
(2.0387) (10.2278)

DE 0.0013 -0.3451 0.3452 0.0751 -0.2665 7.7571  217.6834"
(1.6647) (15.2345)

FR 0.0074 -0.2308 0.1298 0.0468 -0.8630 5.7446  99.8594"
(5.3900) (8.8247)

GB 0.0025 -0.2517 0.1498 0.0565 -0.6440 4.3218  32.3567
(4.0222) (4.2933)

HK 0.0073  -0.4406 0.4498 0.1023 -0.0439 6.0533  88.6413"
(0.2745)  (9.8082)

T 0.0018 -0.3712 0.3420 0.0807 -0.0287 6.7254  131.8795"
(0.1793) (11.9487)
JP -0.0024 -0.3174 0.2299 0.0891 -0.17373.3727 2.4664

(1.0849) (1.2706) )
NL 0.0036 -0.1808 0.0967 0.0405 -0.7516 5.3142  72.3430
(4.6941) (7.4542)

SE -0.0005 -0.4064 0.3978 0.0964 0.2732 7.9066 231.5416"
(1.7062) (15.7105) B
SG 0.0007 -0.3899 0.4844 0.1090 -0.23395.8490 79.1868

(1.4611) (9.1572) )
us 0.0090 -0.3886 0.1581 0.0548 -2.349317.1341 2,107.5510
(14.6732) (45.0995)

Notes:

Min. and Max. are the minimum and maximum monttdturn, whereas S.D. is the standard deviation ®f th
return distribution of the national real estatecktindices.”, ~ and " indicate the rejection of the null
hypothesis of the Jarque-Bera test statistic (JfeB.normality at the 1 %-, 5 %- and 10 %-levelsgdnificance.
The test results of statistical significance froena for skewness coefficients, and from threetiigr kurtosis
coefficients, are reported in parentheses. Thizalivalues for the coefficient test at 1 %-, 5 #nd 10 %-level
of significance are 2.58, 1.96, and 1.65.

For the period under consideration, Table 1 givesosmerview of the return and risk

characteristics of the 14 national real estateksitodices. As it can be seen, the performance
of the countries’ securitized real estate marketgery heterogeneous and differs substantially
between national markets. While the U.S. have arame monthly return of 0.90 % and

Australia, Canada, France, and Hong Kong of arduii@ % respectively, the Japanese and
the Swedish market have a slightly negative mongivigrage return of around -0.24 % and -
0.05 % only. The three countries with the highesrage returns (Australia, Canada, and the
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U.S.) are the countries with the longest historyRIBIT legislation. Furthermore, with the
exception of Hong Kong, the well-performing couesriare characterized by relatively low
standard deviations resulting in the highest Shampies for the real estate markets in
Australia, Canada, France, and the U.S. But thasett be made one point in defence of the
high volatility in the Asian markets. The Asian getized real estate markets are dominated
by property developers and construction activitideerefore, the cash flows of their business
and consequently the equity returns are more V@leticontrast to REITs and other property
companies, where rental investments dominate.

However, it is reasonable to evaluate the attranggs of the markets by their Sharpe-ratios
solely based on the first and second moment ofrétern distribution only, when the
observed returns are normally distributed or inwmesst utility functions are quadratic.
However, according to the test statistics of thrgueBera normality test, the null hypothesis
of normally distributed returns is rejected fordit of 14 national indices at the 1 %-level of
significance® Only the Japanese real estate market has nordiasthbuted returns. The third
and fourth moment emphasize these findings. Wighetkception of the Japanese market, the
return distributions are leptokurtic and negatikeveness dominates. Due to the results
above, the use of standard deviation as a measuiskanay result in distortions of the true
performance. The z-values, in parentheses in Thplgpecify whether the deviation from
normality is attributed to the third and/or the filumoment of the return distribution. Using
the testing method suggested by Urzua (1996), imdinjs indicate that for Australia,
Belgium, Canada, France, Great Britain, the Ne#imel$, and the U.S. both higher moments
are responsible for the significant non-normaliBor all other non-normally distributed
indices, kurtosis alone determines the rejection nofmality. Thus, low correlation
coefficients can be in support of pervasive diferaiion benefits, but portfolio optimization
and investment decisions based on them are ofatestirelevance. Furthermore, the findings
show that the characteristic of non-normally dmited returns is not only typical for low-
capitalized and developing securitized real estaekets like the Belgian, German or Italian
market, but also for the high-capitalized marketthva long history like the Anglo-Saxon
markets, where the Australian and US-market shotremely high negative skewness and

leptokurtosis.

® See Newell and Chau (1996), Liow (1997), and Haesl Serrano (2008) as well.
® See Brounen et al. (2008), Liow (2007), and Liowl $im (2006) as well.
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4 Empirical Results

The presentation of the empirical findings is deddinto two parts. First, the correlation

structure is considered despite its mentioned ditioibs. In the second part, the examination
focuses on the long-term relationships betweerrdbhkestate markets and their implications
for diversification and investors’ investment opjpiities.

4.1 Correlation Analysis

The return correlation coefficients between thedal estate market indices are displayed in
Table 2. All correlation coefficients are positivad in a range between 0.16 (Hong
Kong/ltaly) and 0.55 (Australia/Canada) with fouxceptions. Thus, they are very low
compared to correlations between common stock rerked indicate pervasive benefits
from diversification across national borders andtoents, even if the correlation coefficients
increased in the last two years in consequencehefirtternational financial crisis. The
relatively low correlation between real estate retslcould be due to the national orientation
of the vast majority of publicly listed propertyrapanies. Thus, this sector is not submitted to
global events and shocks as much as banking coeganimainly exporting firms are. From
an investors’ perspective, the focus on internafiativersification is even more important

when investing in real estate stocks than in betadk markets.

The highest dependencies exist between marketsgbgroonnected both geographically and
economically. In the Asia-Pacific region, these thie real estate markets in Hong Kong and
Singapore with the highest pairwise correlationfiocient of 0.73. The two well-integrated
markets in Northern America show the second higbestlation of 0.69, whereas the largest
securitized real estate markets in Europe shoviivelg high correlation with 0.66, between
the two continental European markets of Francethed\etherlands and with 0.58, between
France and the U.K. respectively. The lowest cati@h can be found when considering the
relationship of real estate markets located ined#it continents. Therefore, the findings
suggest that real estate investors gain more lerfefim diversification when diversifying

across continents than across markets within ontnsmt.

But there are some limitations in the validity dietsuggested results. Since correlation
analysis is only valid for stationary variablesg frices have to be de-trended by calculating
first differences. However, this procedure vanisieduable information regarding the
detection of common trends in prices. While cotretais an appropriate and highly used
measure of short-term co-movements, it is not assbly low correlation coefficients that
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4.2 Unit Root Test of Prices and Returns

As described above, stationarity tests are condubte applying the Augmented Dickey-
Fuller (ADF) unit root test to levels and first f@ifences. ADF-values are calculated by
estimating regression equations of three typespetification: a random walk (ADF), a
random walk with drift (ADk), and a random walk with drift and trend (APFrespectively.
The relevant literature suggests different proceslto determine the lag length and the ADF-
test.

In principle, there exist two ways on how to detenthe adequate lag length. In one
procedure, the optimal lag length is found by sesimely adding one additional lag until a
significant lag is found. It is shown by Monte Gastudies that this procedure is biased in its
specification selection. Alternatively, the detemation process can be started with a
relatively long lag length and the model is paredvd until a significant lag is identified as
proposed by Ng and Perron (1995) and Enders (2004his study, the latter approach is
used by starting with a lag length of 10 as th&ahvalue. If the t-statistics are insignificant
for all lags at the 10 per cent level of significanthe equations are re-estimated and the
results are tested on 20 per cent level. The AdbiE-test is chosen by minimizing Akaike
information criterion or the Schwarz criterion. Atlahally, the testing procedure by Phillips
and Perron (1988) is conducted, confirming theimtatity of the first differences of

logarithmic prices in 13 out of 14 indices.

As displayed in Table 3, the findings of the umibtrtests are consistent for all 14 real estate
indices with the exception of the Swedish realtesséock market. The null hypothesis of a
unit root can not be rejected for the logarithmicgs. Thus, the indices are not | (0) at the 5
per cent significance level at least and not statip in levels respectively. However, the first
differences do not exhibit a unit root at the 5 pent level and are stationary. The preferred
specification of the ADF-test is the model with@utonstant and a trend. A different picture
results for the Swedish securitized real estateketandex. The ADF-test in logarithmic
prices rejects the null hypothesis of a unit rddha 5 per cent level of significance and thus,
states stationarity in levels and not in first elifnces. Hence, due to the different degree of
integration compared to the indices of the othdronal real estate indices, the Swedish

market is excluded from further examinations areddbintegration analysis.
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Table 3: Unit Root Test of Prices and Returns

Indices  Unit Root Test in In (prices) Unit Root Tesin A In (prices) Integration

Level
ADFr ADF:  ADF ADFr ADFc ADF
AU -1.7704 -2.757% (1)
(10) 4
BE -2.7454 -3.4940 | (1)
(10)
CA 0.3144 -3.12707 1 (1)
(7)
CH 1.3795 -3.9615" 1 (1)
(10) © .
DE -2.5159 -12.7766 | (1)
(6)
FR -2.7378 -2,8584" 1 (1)
(6) (10)
GB -1.6022 -4.2536 | (1)
(5) 4)
HK -3.0220 -4.0434 | (1)
(7 (10)
IT -0.0967 -3.5127 | (1)
9) @
JP -2.9232 -14.3145 | (1)
(0) )
NL -2.6736 -4.6103 | (1)
(5) . (4)
SE -3.5185 -7.2598 | (0)
3) (@) .,
SG -2.7960 -4.5023 | (1)
(8) (10)
us -1.7722 -2.2300 | (1)
(2) (10)

Notes:

, " and” indicate the rejection of the null hypothesis ofiit root at the 1 %-, 5 %- and 10 %-level of
significance. The lag lengths for unit root tedtpiices and returns are given in parentheses.

4.3 Unit Root Test for Cointegration Residuals

Following the results of the unit root tests, allrestate markets — with the exception of the
Swedish one — are integrated of the same ordeg lesisential for estimating the cointegration
vectors. As described above, the first step optievise cointegration test proposed by Engle
and Granger (1987) implies the estimation of théinary least square (OLS) regression of
logarithmic real estate market indices. In the msdcstep of the two-stage procedure, the
residuals from the OLS regression are subjectedeanit root test. From a theoretical point

of view, there should not be any difference in testimony on cointegration wheny\s
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regressed on yY instead of the regression ofiYon Y. However, it is documented in the
relevant literature that differences emerge whemgusempirical data. Therefore, 156

regressions are estimated instead of 78 ones.

The methodology chosen for the unit root test @f tbsiduals from the OLS regression is
equivalent to the one described above with onemiae Instead of using the critical values
of MacKinnon (1996), the critical values of MacKom (1991) are applied. The rejection of
the null hypothesis of a unit root of the residualdicates that the two time series are

cointegrated.

For 30 out of 156 residual series, the null hypsithef a unit root is rejected by the ADF-test
at least at the 10 per cent level of significannd thus, these real estate markets share a
common stochastic trend and are said to be costedyr While for nine relationships this
result is independent of the endogenous and exogewariable, the modelling matters for
twelve pairs of real estate markets. Table 4 ismanzing the unit root tests for the
cointegrated real estate market indices.
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Table 4: Results for Bivariate Cointegration betw&=al Estate Markets

Indices Unit root tests in regression residuals
Endogenous variable Exogenous variable ADF ADFc
CH AU -4.0540 (6)
AU CH -3.7619 (6)
FR BE -3.7980 (10)
BE FR -3.7160 (10)
HK BE -3.9727" (10)
BE HK -3.8274° (10)
NL BE -4.0560" (10)
BE NL -4.0231" (10)
NL CA -4.2359 (7)
CA NL -4.2126" (7)
us CA -4.7553" (5)
CA us -5.1298" (5)
us CH -3.6360(6)
CH us -3.8746 (6)
HK GB -3.7181 (8)
GB HK -3.5773(8)
us GB -4.0159" (9)
GB us -3.9220 (9)
HK AU -3.1274 (8)
CA BE -3.1620 (3)
HK CA -3.2648 (6)
HK CH -3.1457 (7)
HK FR -3.2724(7)
JP FR -3.2991(0)
AU JP -3.1354(0)
HK JP -3.3769 (5)
HK NL -3.3658 (7)
JP NL -3.2596(0)
JP SG -3.9869** (0)
HK us -3.4560 (8)
Notes:
Approximate critical values for ADF-tests are basedVlacKinnon (1991).", ™ and” indicate the rejection of

the null hypothesis of a unit root at the 1 %-, 5&nd 10 %-level of significance. The lag lengtbs dnit root
test of the regression residuals are given in pheses.

While correlation analysis indicates pervasive lieh&om diversification across securitized
national real estate markets, the conclusions tomtegration analysis are different. During
the period investigated, there are long-term irgpethdences between eleven national real
estate markets, narrowing the benefits from intgwnal diversification. The German and
Italian real estate stock markets are the uniq@s,asharing no common stochastic trend with
any other market and therefore investors from thasekets can gain substantial benefits

from broadening their investment horizon to otharkets, both intra- and intercontinental.
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On the other hand, international investors looKkimiglong-run diversification opportunities
might be attracted by these markets. But therenes substantial shortcoming of these two
markets. Both of them are low capitalized and dat@d by a few listed property companies
limiting the attractiveness and investability exdeely. With respect to the eleven remaining
securitized real estate markets, the Swiss anddelgarket are very small, low capitalized,
dominated by a small number of listed property canigs, and characterized by a thin
trading volume. Thus, both markets are afflictedtliy same limitations as the German and
Italian one. But as shown below, neither the Belgiar the Swiss market play a key role or
have any market influencing position. Rather theynty adjust to the changes and trends of
large and well-functioning markets like the DutElnench, and the U.S. market.

Considering the Asia-Pacific markets, the Japanesdet shows cointegration relationships
with all three markets within this region, namelystalia, Hong Kong, and Singapore.
However there is only one further long-run relasioip between the Australian market and
the one in Hong Kong. From Table 4 it is also appgrthat the cointegration relationship
between Australia and the Asian markets is wedhan tbetween the Asian markets. This
result from the ADF-test is in line with the economotivation that the Australian economy
in total and the securitized real estate markeaiarticular are more developed, were not so
much affected by the Asian and Russian crisis m ldte 1990s like Hong Kong and
Singapore, and show a more stable performanceeitagit 20 years. Considering the Japanese
market, it has to be remembered that the Japames®my and its stock market suffered
from deflation, decreasing house and stock pricesshow economic growth. These factors
resulted in a huge budget deficit and an unstalleking system with highly indebted
banking and insurance companies during the lageaés. Hence, the Japanese market cannot
be compared to the Australian situation in the Pdstears. In spite of these facts, the long-
term benefits from diversification across Asianl restate markets are limited for the long-
term oriented investors with passive investmerdtastiies. These results of strong long-run
equilibrium relationships among the Asian real &estaarkets are in contrast with the findings
by Liow et al. (2005), stating no cointegratingatednships among the four Asian property
stock indices of Hong Kong, Japan, Malaysia, antg&vore. Using Engle-Granger-test for
cointegration, Garvey et al. (2001) identify onkyeolong-term relationship between the real
estate markets of Australia and Singapore duriegoiriod from 1993 to 2001, but no further

cointegrating relationship between Australia, H&mmg, Japan, and Singapore.

Focusing on intercontinental linkages between Aaific and European or Northern

American real estate markets, there exist onlyethweak long-term relationships with the
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exception of the real estate market in Hong Korttge Japanese market is cointegrated with
the two largest real estate markets in contineatabpe, France and the Netherlands. For
Australia’s real estate market, a cointegratioatrehship with the Swiss market is identified,
whereas the linkage to the Swiss market is almegligible for investors due to the reasons
mentioned above. Only the market in Hong Kong iarabterized by several long-term
relationships to both the European and Northern igae real estate markets. However, as it

will be discussed later on, the relationship ismyanot dominated by Hong Kong.

Summarizing, in line with the findings of correlati analysis and with some limitations
regarding Hong Kong, investors located in Asia banefit from broadening their investment
horizon to Australia, Europe, and Northern Ameri€ar international investors, considering
real estate investments in the Asia-Pacific regiba,Australian market is probably the most
attractive one due to its low risk, low correlatiand no strong long-term relationships with
the international markets. Through Hong Kong's eltisk to the Chinese market, investors
could benefit from China’s fast growing economy mecied with a booming construction
sector and large infrastructure projects as welhasugh investments in Hong Kong’s real

estate stock market.

In contrast to the findings in the Asia-Pacificgrenuch stronger long-term relationships are
identified among the Anglo-Saxon markets, namelgada, the U.K., and the U.S. The latter
one is cointegrated with both of the other markéidditionally, the U.S. market shows a

cointegration relationship with the Swiss real estaarket giving an interesting feature to the
Swiss market. While there is no cointegration veitty other market in Europe, the Swiss real
estate market is linked with the market in Aus&raliong Kong, and the U.S. reflecting the
distance to the European Monetary Union (EMU). Th&. real estate market shows a

similar picture. In contrast, Canada is more chps®innected to the EMU via sharing long-

term linkages to the Dutch and Belgian real estatakets, additionally supported by

correlation coefficient of around 0.50 between tanadian market and the markets in
Belgium, France, and the Netherlands.

The Dutch market could be counted to the Anglo-8axdented markets as well, even if the
categorization is not that obvious. On one hane, Metherlands are a member of the
European Monetary Union, being historically and gyephically linked to Continental
Europe. But on the other hand, the Dutch finanaiatket is affected by the Anglo-Saxon
system, to which it is also quite similar, being&a more on financial markets, the so called

market-oriented system. Related to its economie, sike Dutch stock market is highly
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capitalized and securitized real estate market® tmvonger history than in Germany or
France, whose financial system is built on a bam&nted system. Therefore, the Netherlands
are somewhere between the typical Anglo-Saxon amtireental Europe markets, which is
also apparent when considering correlation coeffits and the findings of cointegration
analysis. With the exception of the three Asian dnedSwedish real estate market, correlation
coefficients for the Dutch market are higher thad00 Considering the results from
cointegration analysis, long-term relationshipsw@ianada and to the neighbouring market in
Belgium are found, as mentioned above. The re$oittshe French market show the same
tendency. Pairwise correlations are higher thaf Q:4h the exception of the Asian markets
again, and cointegration with the Belgian markdbismd as well. On the other hand, no such
linkage is found to the Anglo-Saxon market, whicbesl not come as a surprise when

considering the historical background of the finahsystem in France.

In summary, the compatibility of the results onretation and cointegration analysis is mixed
and to some extent supportive of each other eveenwhis worth emphasizing that both
analyses are not redundant, they focus on diffeier® horizons, and are based on different
assumptions. The results suggest that intracontheliversification is less beneficial for
investors than intercontinental diversification.tBbe previous examinations are afflicted

with a lack of regarding causality between theorsdl real estate markets.

4.4 Short-term Relationship According to the Error Correction Model

While cointegration methodology presents a conaépmnodelling long-term relationships,
nothing has been said about the short-term behawifotpintegrated markets until this point.
In general, cointegrated markets share a commamastic trend, but both markets fluctuate
around this common trend and are not exactly o theg-term path at each point in time.
From an investors’ perspective, it is of interesivland by which market the adjustment takes
place, when one or both markets moved away fromahg-term path of equilibrium. This
procedure is often modelled by an error correctimdel (ECM) indicating the direction and
rate of adjustment. In this paper, the analysiisducted by the ECM-framework presented
above. The ECM is estimated by OLS regression wititionary variables including an
intercept term, the lagged residuals from the egrdtion equation and the lagged returns of
both cointegrated markets up to six month as exmgewvariables and the actual return as
endogenous variable. The model is re-specified sighificant coefficients for the lagged

returns are left only.
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The magnitude and the sign of the regression aefii of the residuals from cointegration
equation are of special interest and indicate #te and direction of adjustment as presented
in Table 57 The results are not uniform, but mixed. For omiegiointegration relationships
(between Canada and the Netherlands), the deviitbomthe common long-term stochastic
trend is revised through the impact of both markeke coefficients have the “right” sign and
they are significant. It is also shown, that thegmtude of the coefficients is almost identical,
independent on how the regression is run. Furthexnbe adjustment process takes place
very fast compared to the other adjustment prosesgecified. Additionally, there are five
further stable long-term relationships, where tls&@ngation of the error correction model
results in two significant adjustment coefficienighile the sign of the coefficient is “right” in
the sense that both market contribute to stabiliee process between Hong Kong and
Switzerland and Hong Kong and Japan respectivel/other three error correction models
(Australia/Hong Kong, France/Japan, and Switzefldrl) do not indicate stabilizing
processes. Whereas it has to be mentioned, thabotfécients responsible for destabilizing
are not highly significant and the value of theftioents is small in magnitude, compared to
the adjustment coefficient of the other market. &bthe other cointegrated securitized real
estate markets, the adjustment process is drivemeynarket only, but the rate of adjustment
varies tremendously between the individual pairneseor correction models. While the
adjustment coefficient is estimated with 0.23 foe ECM between Canada and the U.S., this
coefficient is only one tenth between Australia alghan. The relative high value of 0.23
means that almost one fourth of the deviation ftbmlong-term common stochastic trend is
adjusted within one period. An effect of similar gnéude is observed for the relationship
between the Canadian and Dutch real estate malketsjding up the absolute values of the
two coefficients (0.1214 and 0.1039). For all thieeo linkages, the adjustment process works
much slower. Referring to Table 5, the averagesidjant process takes place faster for these
cointegration relationships, where the cointegratesiduals are stationary independent of the
regression specification. This finding qualifiese tlempirical evidence mentioned above

regarding the properties of stationarity of thentegration residuals.

From an economic point of view, the findings whepplging cointegration analysis and
ECM(s) are in line with the assumption and the eitgli evidence for common stock
markets, according to which transmission and céysalove from the most developed and

high capitalized markets to the smaller ones. Té¢ssie is well shown for the relationship

" With respect to a clear layout the adjustment éciefit is presented only. The model specificatmavailable from the author

upon request.
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between the two neighbouring markets of France Belgium and Canada and the U.S.
respectively, but also for the majority of the athelationships e.g. like Australia and
Switzerland or the U.K. and the U.S. To give furtbeidence on the direction of causation,
Ganger causality tests are conducted. The findswggoort the results from cointegration

analysis and error correction modelling from above.

Table 5: Direction and Rate of Short-Term Adjustisdretween Cointegrated Markets

Indices Adjustment coefficient of the ECM for
Endogenous variable Exogenous variable Endogersmieble Exogenous variable
CH AU -0.1028" -0.0177
AU CH 0.0035 0.0819
FR BE -0.0020 0.0741
BE FR -0.1490" -0.0016
HK BE -0.0596" 0.0057
BE HK -0.0101 0.0578
NL BE -0.0136 0.0890
BE NL -0.1362" 0.0051
NL CA -0.1035 0.1054
CA NL -0.1214 0.1039
us CA -0.1180 0.2061
CA us -0.2265" 0.1106
us CH 0.0116 0.0531
CH us -0.0672" -0.0304
HK GB -0.0961" -0.0006
GB HK -0.0098 0.0778
us GB -0.0082 0.0309
GB us -0.0513 -0.0006
HK AU -0.0715" -0.0157
CA BE -0.0402 0.0493
HK CA -0.0721 0.0184
HK CH -0.0548" 0.0204
HK FR -0.0800" -0.0015
JP FR -0.0557 -0.0247
AU JP -0.0047 0.0230
HK JP -0.0418 0.0418"
HK NL -0.0661" 0.0103
JP NL -0.0748 -0.0170
JP SG -0.0554 0.0247
HK us -0.0874" 0.0000

*****

and” indicate for significance of the coefficient fro@LS regression at the 99 %-, 95 %- and 90 %-
confidence level.

The estimation results from the error correctiordeidear implications for the hypothesis of
market efficiency and feasible trading strategi®$th respect to the definition of the weak

form of market efficiency by Fama (1970 and 199t)e existence of cointegration
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relationships and Granger causality rejects theotingsis of market efficiency, because there
are lagged linkages between markets. Simultaneotisyfindings raise the question if and

how investor’s can benefit from this type of ineféincy. For the investors’ type using active
trading strategies, the deviations from the stablemon long-term trend can be exploited in
two ways depending on the market situation. Fgten the responding market is above its
correct level according to the cointegration relaship, it is attractive to sell this market. On

the other hand, when the responding market is béigwheoretically expected level, this

market should be bought. The analogous thoughtly ageen both markets are responding.
Then, one market should be bought and the otheslboeld be sold to exploit the deviations

from the common equilibrium. Subject to the estimdaadjustment coefficients, these effects
are highly pronounced for the cointegration reladlips and the corresponding ECMs
between the real estate markets in Canada and ®eddd the markets in Belgium and

France respectively. With respect to the extensiothe adjustment process, similar effects
are exploitable based on the markets of Canadéh@etherlands, where the sum of the two
significant coefficients in absolute terms (0.124 0.1039 respectively) adds up to 0.2253
and thus, the effect is equivalent to the one betw€anada and the U.S. The arising
question, whether these effects are exploitablardigg trading strategies and after trading
cost, is not the focus of this paper and therefolieoe left for further research.

5 Conclusion

In the relevant literature, authors often arguet thaersification benefits are driven by
country factors, broadening therefore the investnterizon from a domestic to a more
global perspective. This improves the mean-variamagacteristics of a portfolio by an
upward shift of the efficient frontier. The achievent of these beneficial return-risk-
characteristics is often based on a concept thramgich, risk reduction is measured by
correlation and covariance structures between #terns of different assets or markets.
However, correlation analysis is accompanied by es@ssential limitations, which were
discussed above in more detail. First, from a teahrmpoint of view, the returns have to be
normally distributed when applying portfolio optiation based on correlation analysis. But
as also shown above, this assumption does notfbolceal estate returns at least. Second,
correlation coefficients capture only the shortrtedependence between these assets and
investors, which are usually interested in longrteinterrelation between prices, where
cointegration analysis focuses on. Third, correlatanalysis is combined with a loss of

valuable information contained in the time serigace correlation coefficients have to be

-23-



based on stationary variables and price indices narte stationary commonly. So, first
differences or logarithmic returns respectivelywé¢o be used combined with information on
the level of the price series, which is importarformation for long-run oriented investors.
Thus, the investigation of the cointegration otps rather than the correlation of returns is a

more appropriate approach with regards to a lomgeriented investor type.

By using 14 securitized real estate markets inl tofaur from the Asia-Pacific region, eight
from Europe, and two from Northern America —, thiediihgs, based on the approach

suggested by Engle and Granger (1987), indicatéotloeving main conclusions:

First, there exist several cointegration relatigpshbetween national real estate markets,
between and within continents. Second, it is shdvat within each region, there are one or
two key markets influencing neighbouring markeke IAustralia in the Asia-Pacific region,
the U.S. in the Anglo-Saxon area, and France amdN#therlands in the EMU, implying that
focusing on these central markets is sufficieninfran investor’s point of view and reducing
investor’s efforts in analysing the internationedlrestate markets. Third, the finding of stable
long-term relationships across real estate margiedtienges the implications given by low
correlation among national securitized real estatekets. The weaker long-term linkages
between national real estate markets across cotdinguggest that long-term oriented
investors benefit from broadening their investmbatizon from domestic markets while
long-term benefits from diversification across neskwithin a continent are limited. Fourth,
the findings from cointegration analysis, from thedelling of ECMs and from the Granger
causality tests put further question on the validif the efficient market hypothesis for
securitized real estate markets. The arising questiom the investors’ perspective that uses
active trading strategies, is whether these eff@exploitable by means of trading strategies
and after trading cost. This question however istive focus of the present paper and will be

left for further research.
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