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Abstract

It is reasonable to suggest that a portfolio manager with direct property diversified by sector or
region is more interested in strategic than in tactical asset allocation. However, even with strategic
alocations of property the portfolio manager needs a regular monitoring of the inter-rel ationships amongst
assets comprising the portfolio to ensure that unexpected events do not “permanently’ alter such
relationships.  One procedure for ascertaining whether assets are interrelated over the long run (and
therefore offer few diversification benefits) is through cointegration analysis. A difficulty with
conventional cointegration analysis, however, isthat it is unable to accommodate changes in equilibrium
relationships amongst assets that might occur due to unexpected structural changes. In this paper we apply
the Gregory and Hansen cointegrating procedure to consider how unexpected structural changes might
affect the potential long run diversification benefits of assets held in an Australian property portfolio.
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Introduction

Either or both sectoral and geographic diversification are generally considered as
suitable vehicles to obtain risk reduction benefitsin either direct or indirect property
portfolios. Preliminary information on potential risk reduction is obtained through
examination of simple correlation structures. Recent research has suggested that, since
such correlation structures may be temporally unstable, the signals on appropriate
combinations of assetsto join the portfolio may be difficult tointerpret. Another means
by which preliminary information on asset combinations can be obtained isthrough use
of the cointegration framework. If assets in the same class, but held in two or more
distinct geographic regions, are cointegrated this would indicate that the markets are
trending together over thelong run. Similarly, if assetsin different property sub-classes
are cointegrated thiswould indicate that there are one or more common stochegtic trends
intheassets. Under such circumstancestherewould only belimited (if any) opportunity
to gain risk reduction benefits through investing in the markets of both regions and/or
classes.

There are two broad approaches to testing for cointegrating relationships. One
approach isto pursue the Engle-Granger (1987) two - step methodol ogy of applying unit
root teststo theresidual seriesof acointegration equation. An alternative procedureisto
apply the Johansen (1991) procedure of testing for a cointegrating relationship in a
system of equations.

A potential difficulty in using the cointegration framework arisesif one or more
of the asset series has been subjected to astructural break or regime shift*. Suchchange

may come about through relatively infrequent but important events such aschangesto the



fiscal treatment of property either in different regions or sub-asset classes, differencesin
the growth or decline of regional economies- perhaps brought about through the closure

of important employment industries (for instance closure of the steelworks in the
Newcastleregion, downsizing of the steel industry inthelllawarra), andsoon... . These
events alter the economic performance of regions with consequent flow through to
property asset holdingsinthoseregions. Gregory, Nasson and Watt (1994) have shown
that conventional Engle-Granger cointegration tests do not performwell in the presence
of structural breaksintheseries. In particular, they show that the power of aconventiona
Augmented Dicky-Fuller (ADF) test failsin the presence of astructural break. Thatis, it
may be possible that two or more series are cointegrated with a one time shift in the
cointegrating vector, but aconventional ADF test on theresidual series may fail toreved
this cointegration. Thus, for example, if a property portfolio manager applied a
conventional Engle-Granger methodol ogy to property asset seriesin two different states
or regions or acrosstwo property sub-classes and found that these property assetswere
not cointegrated then, ceteris paribus, the manager may decide to add each of the
property assetsto the portfolio. However, it may be that the existence of an unknown
(and unaccounted for) structural break in the cointegrating vector yielded theresult of no
cointegration. If it turned out that the serieswere, in fact, cointegrated then the portfolio
may fail to attract the expected risk reduction benefitsthrough diversifying across states
or asset sub-classes. Inthispaper wewill apply the cointegration methodol ogy to several
property portfolios constructed from assetsin different Australian statesto determine
whether thereisalong run equilibrium relationship amongst these assets. Wewill adopt

two approaches. Inthefirstinstancewewill apply the Johansen (1991) methodology to



ascertain whether there appears to be evidence of cointegration amongst the groups of
assets held in each portfolio. We will then apply the Gregory and Hansen (1996)

procedure on bivariate asset series within each portfolio to ascertain whether there

appearsto be evidence of cointegration in the presence of apossible structural break in
either or both of the series of interest. The remainder of the paper is as follows: in
sectiontwowe briefly review theliterature on geographic diversification; section three
presents astatement on the cointegration methodol ogy; in section four we discuss data

sources and present the results while section five offers some conclusions.

Section Two: Some Previous Research

Whileit isreasonableto argue that national economic performance hasastrong
influence on real estate markets in general it is also reasonable to suppose that local
market conditions also have an important bearing. To the extent that this is true,
therefore, aportfolio of geographically diverse propertiesmay provide better risk return
characteristicsthan ageographically concentrated portfolio. To examinethisnotionin
the past decade or so several researchers have looked at the potential risk reduction
benefitsto accruethrough geographic diversification of property holdings. A majority of
this research has commenced with a study of correlation structures as a means of
providing preliminary information on potential portfolios which are then examined for
risk-return performance. For instance Mueller and Ziering (1992) and Mueller (1993)
examined the real estate diversification benefits of categorizing local economies by
“dominant industry’ rather than by political boundary and found that real estate portfolios

constructed of regions based on “economic’ characteristic were more efficient. Ina



broader context Eichholtz and Lie (1995) found that there wereincreasing correlations
among real estate markets within continents and decreasing correlations between
continents, implying afall in risk reduction benefits from portfolios constructed on a
regional basis but improved benefits from globally constructed portfolios. However,
correlation analysisisnot theonly procedureavailablefor initial asset selection. Tarbert
(1998) hasraised concern over thedangersof using conventional correlation techniques
in preliminary portfolio construction dueto thetemporal instability of such correlations,
pointing to earlier work on this by Baum and Schofield (1991). The main difficulty
revolves around theideathat, since correl ation coefficients are temporally unstable, a
well diversified portfolioinitially selected through correl ation analysisin one period may
not hold insubsequent periods. Inamove away from correlation analysis Tarbert (1998)
applied cointegration techniquesfor initia property portfolio selection and found that the
potential risk reduction benefitsof property diversification by region and sector within
the UK weremorelimited than earlier research by Eichholtz et.al. (1994) had indicated.
Informal graphical tests can be conducted to assess the temporal stability of the
relationship between any two asset series. This can be done viarolling correlations,
measuring the association between groups of, say, 20 paired observations. Thewindow is
moved forward one point at atime and the correlation is measured again using thelast20
paired data points. These correlationswill be highly dependent on each other but cangive
agraphical assessment of whether relationships are changing over time. Any notions of
temporal instability in correlations are then examined by looking at the changes in
correlation structure as the sample is rolled through the series. Further, it is

straightforward to conduct Monte Carlo tests using the series of correlations obtained to



assess whether changes have occurred just vianatural variation or whether ashift in the
relationship may have occurred.

For example, figure 1 plots the change in correlation structure for arolling
correlation between the price returns series for All Office and All Retail (described
below) for Australia. The dark heavy lines are 95% confidence intervals for the
differencein correlations (obtained by simulation and accounting for thevariability inthe
data and the dependence in the rolling correlations) if the data are normal and the
correlation between them is stable at the val ue of the sample correlation when using all
the data (in this case the full sample correlation is 0.44 while the rolling values range
from-.21t0+0.82)2. Fromfigurelitisevidentthat therelationship between the series
appearsto shift around significantly about the mid ninetiesand again inthelate nineties

as it crosses the 95% lines on several occasions.

Section Three: The Cointegration Approach

If two or more property series are cointegrated then thisimpliesthat the
seriesaretied together by some common factor or factors and hence the serieswill not
drift toofar apart over thelong run. If the seriesin question happento beassetsheldin
the same portfolio then thefact that these will behavein asimilar fashion over thelong
run implies reduced, or even no, diversification benefits through holding all of these
assets simultaneously. It is an important consideration, therefore, for the portfolio
manager to ascertain whether thereisacointegrating relationship between/amongst assets
held in the portfolio. A preliminary step in testing for cointegration is to determine

whether the seriesareintegrated to the same order. Table 1 presentsthe outcome from



conventional Augmented Dicky-Fuller (ADF) and Phillips-Perron (PP) unit root tests.
However, adifficulty with these conventional unit root testsisthat they lack power inthe
presence of potential structural breaksin theseries —for instancethetestsmay fail to
indicatewhether aseriesisfirst difference stationary. Several testshave been developed
to ascertain whether aserieshasaunit root in the presence of potential structural breaks,

the most popular of whichisthat by Zivot and Andrews (1992). The Zivot and Andrews
(ZA) methodology followed Perron (1989) in considering three possible types of

structural break in aseriesviz. modelsA (a‘crash’ model with no changein growth), B
(change in growth, but no changein level), and C (the most general model permitting
both occurrences). TheZA modelstest for stationarity subject to structural breaksinthe
series. Thedummy variableDU; accommodatesaone-timelevel shiftintheseriesand
DT; aonetimetrend shift. The breakfraction locates each potential break inthe series
and is the number of observations up to each breakpoint 7z asaproportion of thetotal

sample( 7). For example, in the most general model (model C) the breakpoint DU; is
chosen as the minimum ¢-value on afor sequential tests of the breakpoint occurring at
time 1<Te<T®:

Equation 1

k
y,=M+q DU+Db t+G DT, +q D(T),+d ».,+ S¢ Dy(t.j,+ét

j=
where D(Tg) { = 1 if t=Tg+1, O otherwise; DU =1if t>Tg, O otherwiseand DT (=t-Tg
andDT =t if t>Tg and O otherwi se. Becausethe Zivot-Andrews methodology is not
conditional on the prior selection of the breakpoint the critical valuesare larger (in an
absolute sense) than the conventional ADF critical values, consequently it is more

difficult to reject the null hy pothesisof aunit root. Our procedure wasto apply the most



general test (model C) inthefirstinstance. If that test indicated the serieswas stationary
in first differences the testing ceased (i.e. we did not move forward to consider all

possible breaks). If model C was inconclusive we moved to test the more restricted

modelsB and A.

The results of this procedure are also shown in table 1. Here we see that
conventional ADF and PPtestsindicated that most serieswerel (1) butinthosecasesnot
soindicated weseethat oncethebroader ZA testswere applied all seriesareshowntobe
1(2).

Since all seriesare I(1) thereis asuitable environment in which to test for the
existence of long run equilibrium relationhips amongst the assets. Inthefirstinstancea
standard Johansen (1991, 1995) cointegration test is conducted. The general
autoregressive representation for the vector Y, which containsv assets (series), all of

which are 1(1)*, can be expressed as:

k
Y =c+3 pY. +e Equation 2
i=1

where cisaconstant termand p;isav X v matrix of parameters. The maximum lag of the
system, k, is chosen so as to ensure that the residuals, e, are white noise. Thisvector

autoregression system may also bere-arrangedtoyield an error correction model (ECM)

representation:



k-1
DK=c+é GDY_,+PY, , +e, Equation 3

i=l

with  G=-(-&p) ad P=-(-8p)

i=1 i=1

where Iisthei dentity matrix, P isknown asthelong-run matrix whileGprovidesshort-
run dynamics. Since the variablesDY; and DY, ; arel(0), whilethe Y, ; variablesarel (1),
the system hasthe same degree of integration on both sides of theequality only if: (i) P
=(), inwhich casethe Yvariablesare not cointegrated asthereisno long-run equilibrium
relationship between them; or (ii) if the parameters of P aresuchthat P Y, isalso
[(0). This latter case applies when the Y variables are cointegrated and, in turn, implies
that therank, r, of the matrix P shouldbelessthan the number of variables (assets), v,in
the vector Y (i.e. the matrix P should not befull rank, 0<r<v). Therank risalsoknown
asthe order of cointegration and isequal to the number of distinct cointegration vectors
(cointegrating equations) linking the variablesin Y. AsDickey, Jansen and Thornton
(1991) point out, the number of cointegrating vectors can bethought of asrepresenting
constraintsthat an economic system imposes on the movements of variableswithinthe
system over thelong run. In essence, the more cointegrating vectorstherearethemore
“stable’ thesystem, i.e. thelessit can wander from its steady- stateequilibriumvalue. So,
for instance, if there arev-1 cointegrating vectorsthen thev-/ variables must be solved
for in terms of the v" variable. There is only one direction in which the system can

wander (i.e. there is only one direction in which the variance is infinite). By way of

contrast, if thereis only one cointegrating vector, then thev” variable must be solved for

in terms of the other v-1 variables and hence there are v-1 independent directionsin



which the system can wander — it is stable in only one direction. So, the fewer the
number of cointegrating vectors, theless constrained isthe long-run relationship and the
more directionsin which the system can wander from its steady state equilibrium value.
A portfolio manager would want to find asfew as possi bl e cointegrating vectors amongst
the assets comprising the portfolio since the larger the number of cointegrating vectors
the less opportunity exists for risk reduction through diversification.

A potential drawback in applying the abovetest isthat the outcome may be biased
if astructural break existsintheseries. Aslnoue(1999) pointsout, if abreak existsthen
aconventional testing procedure may mislead the analyst into either accepting the null of
no cointegration (in the case of a conventional Engle-Granger test) or the null of a
cointegrating rank smaller than the true rank (in the case of Johansen’stest).

One solution to this problem has been put forward by Gregory and Hansen (1996).
Gregory and Hansen (henceforth GH) devised a methodology for determining
cointegration in the presence of a single regime-shift. Specifically, they view their
technique as an extension of the univariate ZA test, whichFountasand Wu (1999) have
shown to be synonymous to acointegration test with aprior restriction of the value of
one being placed on the cointegration parameter. However the GH test ismoreflexible
since the cointegration parameter is estimated and is not restricted to a value of one.
Here, aswith the conventional Engle and Granger cointegration test (undertaken below
for comparative purposes), the null hypothesisis of no cointegration. However, thisis
tested against the alternative hypothesis of cointegration with aregimeshift. Thisallows
the researcher to test whether cointegration holds over some long periodof time, but then

shifts to a new long run equilibrium relationship. Gregory and Hansen present three

10



models - what they refer to asthelevel shift model (c), thelevel shift with trend model
(c/t and the most general regime shift containing both (c/s) viz:

the level shift model (c)°

Equation 4
y, =a,+ta, , +bx, +e, fort=1,...T
the slope change model (c/t)

Equation 5
y, =a+bx, +byx,j, +te, fort=1,....T
the most general change model (c/s)

Equation 6

y, =a,+aj , +bx, +byx,j , +te, fort=1,..T

where xx = 1 if > {Nt} and O otherwise; ¢; and t; are the intercept and slope
coefficients before the regime shift, and?, and+, denotethe changesto theintercept and
slope coefficients at thetime of the shift; x isthedummy variableindicatingthetimeof
the regime shift, t. Inlinewith GH we'll call these models ¢, ¢/t and c/s.

Although the break point, t, is test-determined, a start point still needs to be
identified. Following GH, iterations of the relevant model arecomputed for each period
between 15% and 85% of the sample, with the residual s reserved from each iteration.
These residuals are then utilized to create three test statistics only one of which is
reported here viz the ADF statistic:

Equation (7)

ADF' =irf ADF (t)

11



where T'is any compact subset (0,1), although in our case 7'= (0.15, 0.85).
Section Four: Data and Results

Data on direct property series was obtained from the Property Council of
Australia(PCA). Toavoidthepossibility that inflation may be acointegrating factor in
theseriesall were CPI adjusted. The dataused were also GST adjusted i.e. the one-of f
effect of the GST was “stripped out’ and all data were changed to a December, 1994
base®. The PCA data series changed frequency from twiceyearly to quarterly from June,
1995. Thiswasdealt with by increasing the frequency for early periods using alinear
last match method. Thisuses asimple linear growth to generate an observation for the
missing quarter. The procedure was deemed acceptable asit does not change the nature
of therelationship between the variables since each variabl eistreated the same.

Table2 presents the outcomefrom the Johansen cointegration testsapplied to
severa different portfolios. Column oneindicatesthe portfolio and the number of
assets making up the portfolio. So, for instance, the General portfolio holds office,
retail and industrial assets Australia wide.  Column two shows the number of
cointegrating equations at the 5% level along with the number of common stochastic
trendsin brackets, while column threeindicatesthe corresponding tracestatistic. The
first,and most general observation that we can makeisthat the Johansen test indicates
some degree of cointegration within every portfolio of property assets. The most
constrained portfolio, and hencethe onelikely to offer thefewest (if any) benefitsover
thelong run from geographic diversification, isthe portfolio holding industrid property
in each capital city. Although industrial activity is primarily driven by the state of

theeconomy, and whilethethree cities represented lie on the eastern seaboard — i.e.

12



the most industrialized part of the country - the outcome from the test is not entirely

expected since one would anticipate local factorsand local input by state governments
(tax concessionsetc) to play aninfluencing rolein bringing some divergenceto industrial

activity. On the other hand the outcome may well be explained by the relatively small

number of observations on acity by city basis—the constraint being set by Melbourne
with 26 observations.

On the basis of the Johansen procedure the portfolio having the greatest potential
risk reduction benefit isretail holdings spread acrossthefour main states. Retail sales
arelessinfluenced by the state of the economy than other areas (motor vehicles, housing
etc.) but would certainly be influenced by local demographic factors (population
movementsin search of employment, lifestyleand so on... ) so it seemsreasonableto
expect more divergence of movement in retail property over the long term.

The apparent strength of the long run relationship amongst the office markets
spread over the capital citiesisnot surprising—either premium grade or general CBD
office. Banking, general finance and insurance are the main users of office space and
theseindustriestend to bedriven by similar factors and hence one might expect similar
general movementsin the asset prices, with some tempering due to local conditions.

The broad outcome from the analysis so far isthat, while there may exist some
risk reduction benefits through geographic (and sectoral) diversificationin Australian
property portfolios, itisclear that managers may need much greater consideration of the
long run implications of their investment choices.

From our earlier discussion it is evident that the complete story on long run

equilibrium relationships cannot be presented without consideration of potential breaksin
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cointegrating relationships (and subsequent formation of new long run equilibrium
relationships). So, letsconsider these same portfolio choicesin the presence of potential
changes (breaks) in the cointegrating relationship. 1f both the Johansentestsand the GH
tests present outcomes suggesting along run equilibrium rel ationship then thisis strong
evidence of the existence of such arelationship, and some careisclearly needed inthe
construction of aportfolio containing such cointegrated assets. Table 3 presentsthe GH

testswithin each portfolio discussed above (along with conventional Engle-Granger ADF
testsfor comparative purposes). Thestrategy hereistwofold. Inthefirstinstanceonly
the most general GH model (c/s) istested. If the outcome suggests cointegration (witha
changein the cointegrating relationship at theindicated date) then theanalysis ceases. If
no cointegration isindicated then thec/t model ispursued, followed then by thec model.
Thisis areasonable strategy since the only purpose hereis to discover whether there
appear to be long run relationships (in the presence of unspecified change) amongst the
assetsheld in the portfolio. The second part of the strategy isto only pursuethetessona
bivariate basissincethe aim isto specifically identify those assetswithin the portfolio
that havealong runrelationship. To reducethesize of thetablethefollowing practiceis
adopted: if the portfolio contains more than three assets the assumption is made that,

since Sydney/NSW isthe premier city and NSW the premier state (not only historically
but in terms of economic indicators) then managers may prefer to hold the relevant
assets from this city/state as a base for the portfolio. Hence the bivariate analysisis
restricted to Sydney/NSW along with consideration of the other assets. Since the
smallest value of the ADF test statistic is required to identify arejection of the null

hypothesis, table 3 liststhisalong with the model type and the break point, t. Inthetable
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significant values are indicated and are based upon the asymptotic critical valuesgiven
by Gregory and Hansen (1996) (whilesignificant valuesfor the Engle-Granger testsare
those from McKinnon (1991). Likethe ZA test the GH test considers each possible
point inthe seriesasapotential break candidate and sequentially tests each point with the
lowest ADF t-value emerging as the chosen period. In figure two we present a visual
impression of one such test for apossible cointegrating rel ationshi p between the Sydney
and Melbourne office markets. In thisinstance the GH general model suggeststhat the
markets are cointegrated and that a change in the cointegrating relationship occurred
about mid-1988.

Portfolio oneisageneral sectoral portfolio comprising office, retail andindustrial
holdings Australia wide. From table 2 we know that Johansen suggested one
cointegrating vector. In table 3 conventional Engle-Granger results show that
irrespective of which assetisconsidered the “driver’ thereisno cointegrating relationship
between any pair of assets. On the other hand the GH resultsindicate firstly that those
factorsdriving officeandindustrial marketswill also have aninfluenceonretail property,
but not vice-versa. This appears reasonable. The office and industrial sectors of the
economy arefar more dependent on general economic conditionsthan retail marketsand
thiswould have flow through effectsto space users. Whileretail islesssusceptible to
general movementsin the economy it does not mean that this sector is not susceptible at
al, hence it seems reasonable to suppose that in a model which carries office and
industrial on the RHS there would be flow through effects. On the other hand the retail
sector islessdriven by general economic conditions, thereforewhen retail istreated asa

RHSvariablethere may well befew flow through effectsto the other sectorssinceretail
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will not move as much with changesin the economy. Thisraisesseriousquestionson the
proportions of each of these assets that should be held.

Portfolio two contains CBD office space in each of the capital cities. Table 2
showed that therewasvery little scope for independent movement amongst assetsin the
portfolio (two common stochastic trends) while again the conventional Engle-Granger
test indicates no paired cointegrating relationship, implying that all of these assets could
potentially be held in the same portfolio. However, once the possibility of a structural
break in the cointegrating relationship isaccounted for avery different picture emerges.
First, the results support Johansen and indicate that there may be very reduced benefits
from holding the eastern seaboard office assetsin the same portfolio since, for each pair
of such assets thereisasignificant cointegrating relationship. By way of contrast, while
all eastern seaboard with other bivariate combinations were not considered, there is
evidence to indicate that some such asset combinations may possess long run
diversification benefits. Inother words, while similar factors appear to drivethe eastern
seaboard office marketsthese samefactors may belessinfluential indriving other office
markets. For example, there is no cointegrating relationship when Sydney office is
combined with Perth office.

The portfolio of premium office space presents a somewhat mixed result
compared with the general CBD office portfolio. The Johansen resultsin table 2 have
already indicated atendency for some of these assetsto trend together over thelong run
(two cointegrating vectors amongst the four assets). Intable 3 both the GH test and the
conventional Engle-Granger approach suggest that only Sydney and Melbourne do not

have a cointegrating relaionship. On the other hand, the combinations of holding
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Sydney premium office with each of the other cities may be inadvisable since a
cointegrating relationship does exist, with achangein the nature of therelationship at the
indicated date, mostly mid 1996. In addition, even the Engle-Granger test supported
this outcome in the case of Sydney and Brisbane.

The Johansen test suggested that the retail portfolio possessed the greatest
potential for diversification benefits in own class asset holdings with three common
stochastic trends amongst the four assets and this outcomeis certainly supported by the
Engle-Granger resultsin table 3 which indicate no cointegrating rel ationships. However
this pi cture changes somewhat once the possibility of breaks aretaken into account. For
example, there are cointegrating relationships between retail assetsin NSW and both
Victoriaand Western Australia. Similarly thereisacointegrating relationship between
retail assetsin Western Australiaand Queensland (here we have expanded our “rule’ of
anchoring the portfoliowith NSW). So, whilethe potential still existsfor geographical
diversificationinretail holdingsthe picture doesnot appear quite asrosy asthe outcomes

from the Johansen and Engle-Granger tests indicated.

Summary and Conclusion

Other research had expressed concern that since correlation structures are
temporally unstable the use of correlation for initial asset selection for a property
portfolio maybeinadvisable. Inthe present paper abrief exampleof suchinstability for
Australian real estate was presented to support thisnotion. Under such circumstancesit
was suggested that it may be unwiseto construct diversified portfolios on the basis of

changing correlation structures. Since investorsin direct property arelikely totakea
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long view other research suggested that an alternative approach to initial asset selection
may be to use the cointegration methodology. However, in the presence of structural
breaks conventional cointegration methodology may not present atrueindication of the
potential existence of long run relationships. Under such circumstances property
portfolios initially constructed on the basis of selection criteria using cointegration
analysis may not contain thediversification benefits at first thought. Thiswas shown to
be the case in Australiawhere, using a cointegration methodology that accounts for
structural breaks, it was seenthat portfoliosof property assets diversified by region or
sector are likely to be smaller (contain fewer assets) than may have been previously

assumed to be appropriate.
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Table1

Unit Root Tests on Series

Ase Type LCevds Differences
ADF PP | ADF PP ZA (Moddl) Break
Genegrd Offtice 2.9 -151 -2.01 -1.71 -2.37 (C) 1994Q2
Retall -3.12 -192 -2.65 -360 | -6.33(C) 1990Q3
Industrid | -2.62 -0.76 -1.68 -228 | -5.39 (C) 199204
Premium Office | -3.11 -1.66 -1.76 -202 | -5.22 (C) 199404
CBD Otifice  Syd -2.92 -1.66 -2.25 -195 -5.14 (C) 1994Q2
Me | -343 -1.33 -1.38 -194 | -6.07 (C) 1994Q2
Bris | -2.38 -1.79 -2.02 -318 | -6.27 (C) 1996Q3
Adel | -1.95 -2.66 -1.38 -189 | -5.74 (C) 1995Q1
Per -3.23 -1.39 -1.43 -217 | -5.46 (C) 199404
Premium Sd | -292 T77 | -230 213 | -5.18(C) 1993Q3
& A grade Md -3.19 -2.89 -1.80 -176 | -5.80 (C) 199904
Bris | -2.06 -140 -2.06 -261 | -5.28 (C) 1993Q1
Per -2.76 -0.86 -1.30 -182 | -8.36 (C) 1992Q1
Retal NSW | -2H%4 212 -2.92 -383 | -6.20 (C) 1990Q3
Vic -2.48 -206 -3.61 -425 | -6.16 (C) 199201
Qd -2.55 -1.66 -2.90 -428 | -5.59 (C) 1998Q1
WA | -187 -153 -2.30 -443 | -6.38 (C) 1988Q3
Indudtria Syd | -255 -0.61 -1.59 -2.33 -9.22 (C) 199204
Md | -1.80 -208 -253 -357 | insufficient data
Bris | -043 -155 -253 -4.83 | insufficient data
CVs ADF and PP ZA
Levels Diffs Model A Model B Mode C
1% -411 -2.60 -5.34 -493  -557
5% -348 -1.95 -4.80 -4.42 508
10% -3.17 -1.62 -4.48 411 -482
* PP and ADF tests undertaken with the Newey-West suggestion of 3Tags. All ZA tests taken to Tast significant Tag.

Table 2 .
Johansen Cointegration Tests
Portfolio No.of Cointegrating | Corresponding
Number Construction Vectors at 5% level (vs | Trace Statistic
No. Stochastic Trends)

One General-3 assets Australia wide) — Office, | 1 @ 1482
Retail, Industrial
Two CBD Office -5 assets (Syd, Mdl, Bris, Addl, | 3 @ 1415
Perth)
Three Premium and A grade Office— 4 assets (Syd, | 2 @ 7.65
Mél, Bris, Perth)
Four Retall — 4 assets (NSW, Vic, Qld, WA) 1 €] 249
Five Industrial — 3 assets (Syd, Mdl, Bris) 2 @ 003

* Test assumption: Linear deterministic trend, Tags (In 11rst differences) based on

19

mid-pornt selection based on ATC and SC criteria




Table3

Gregory-Hansen and Engle-Granger Procedures

PORTFOLIOTYPE GREGORY-HANSEN (Model | ENGLE-GRANGER
(from eaxlier) type) Break Period

ONE - General Property

RETAIL-OFFICE -5.19 (c/sf 1994 June -268
OFFICE-RETAIL -3692 -281
RETAIL-INDUSTRIAL -5.03 (c/sf 2000 June -291
INDUSTRIAL-RETAIL -361% -2.85
OFFICE-INDUSTRIAL -4.14% -2.16
INDUSTRIAL-OFFICE -5.07 (c/sf 1994 Dec. -1.44
TWO — CBD Office

SYD-MEL -6.34 (c/9) 1988 dune -159
MEL-SYD -5.76 (c/s) 1988 June -114
SYD-BRIS -5.33 (c/sf 1990 Dec -200
BRIS-SYD -5.50 (c/s)* 1990 Dec 344
SYD-PER -4.517 -205
PERSYD -4.43 -173
SYD-ADL -4.91 (c/s)’ 1986 Dec -161
ADL-SYD -521 (c/s)? 1986 Dec -262
THREE — Premium Office

SYD-MEL -4.207 -161
MEL-SYD -4.35° -161
SYD-BRIS -5.16 (c/sy 1996 Mar -3918
BRIS-SYD -5.04 (c/sf 1996 Mar 387
SYD-PER -5.17 (c/sf 1996 June -347
PER-SYD -5.02 (c/sf 1993 June 335
FOUR — Retail

NSW-Vic -4.82(c/sy 1991 Dec 280
Vic-NSW -5.39 (c/sf 1996 Mar -198
NSW-QLD -4.07 202
QLD-NSW -3.96° -161
NSW-WA -4.62(cf’ 1990 Mar 289
WA-NSW -5.50 (c/sf 1989 Dec 214
QLD-VIC -387 -246
VIGQLD -4 206
WA-QLD -5.11 (c/sf 1983 Sept -157
QLD-WA 427 -310

T=significantat the 19t tevet2=significant at the 596 tevet-3=Sgrificant at t!

model.
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Figure 1
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Figure 2

Capital Retums %

Gregory-Hanson Test (Sydney/Melbourne CBD Office)
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L A structural break refersto ashift inthelevel and/or slope of aseries. The Johansen test may be more
robust than the Engle-Granger in the presence of astructural break

2 To account for variability we select the overall correlation, mean and variance between the two series and
simulate 10,000 sets of observations of the same length with the equivalent correlation structure. For each
of the 10,000 series we then undertake rolling correl ations.

3 The more restricted models were:

Model A
k
~ A~ ~ ~A ~ ~ -
Y;:”T4+qADUt(| )+b t—’—aAyt-l—’—SC;1 Dy(l'./)+et
Jj=1
Model B

A A * -~ ~ k ~ ~
y=m+p’t+& pri(l )+a’y,,+Se?Dy,. , Te
j=1

where the superscripts merely refer to models A and B and breakpoint indices etc. have the same
interpretation as in the body of the paper.

4 Cf. Muscatelli and Hurn (1995)
5> Which Gregory and Hansen (1996a) specify both with and without trend.
® The stripping out’ effect was undertaken by the PCA
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