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Abstract

The success of any diversfication strategy depends upon the qudity of the estimated
correlation between assets. It is wel known, however, that there is a tendency for the
average corrdaion among assets to increase when the market falls and vice-versa
Thus, assuming that the corrdation between assets is a condant over time seems
unredigic. Nonetheless, these changes in the corrdation sructure as a consequence
of changes in the market’s return suggests that correlation shifts can be modelled as a
function of the market return.  This is the idea behind the modd of Spurgin et al
(2000), which models the beta or systematic risk, of the asset as a function of the
returns in the market. This is an gpproach that offers particular atractions to fund
managers as it suggest ways by which they can adjust their portfolios to benefit from
changes in overdl market conditions.

In this paper the Spurgin et al (2000) mode is applied to 31 red estate market
segments in the UK using monthly data over the period 1987:1 to 2000:12. The
resllts show tha a number of maket segments disolay dgnificant negative
corrdation shifts while others show ggnificantly pogtive corrdation shifts  Usng
this information fund managers can make draegic and tacticd portfolio alocation
decisons based on expectations of market voldaility done and so help them achieve
greater portfolio performance overal and especidly during different phases of the red
edtate cycle.

Keywords: Correlation Shifts, Asset Returns and Portfolio Management.



Correlation Shifts and Real Estate Portfolio Management

1. Introduction

The bendfits of diverdfication within red edae portfolios are wdl known; see Hamelink
et al (2000) and Viezer (2000) for comprehensve reviews. These benefit accrue from the
less than pefect corrdation between the various market ssgments, i.e if the corrdation
between market segments is low, spreading the portfolio across these ssgments should
leed to a decrease in totd risk and dlows fund managers more opportunities to find
properties with higher returns.  In other words, the lower the leve of corrdation between
assts the greater the potentid for portfolio risk reduction and increesed returns.  The
uccess of a paticular diversfication draegy consequently depends upon the qudity of
the estimated corrdation between assts. It is wel known, however, that there is a
tendency for the average corrdation among assats to change as markets rise and fall.
Assuming that the corrdation between assats is a condant over time therefore seems
unredidic. The better the edimation of the change in the corrdation coefficients over
time, the greeter the potentia benefits to the management of the red estate portfolio.

The traditiond approach to estimating the corrdaion between assts is to use higoric
data over a fixed time period. Such an gpproach is poorly suited to sudying changes in
correlation over time, as a large number of obsarvaions are required jugt to estimate one
corrddion coefficient.  Alternative esimaion methods have been suggested that ather
have severe limitaions or are not easy to implement; see Solnik and Roulet (2000).
Recently, Spurgin, et al (2000) have proposed a Imple way to estimate the changes in the
corrddion of an asst as a function of the generd level of the market. This is an
goproach that offers particular atractions to fund managers as it sugges ways by which
they can adjudt ther portfolios to benefit from changesin overal market conditions

The remainder of the paper is organised as follows the next section discusses the modd
proposed by Spurgin, et al (2000). The data is described in ®ction three.  Section four
presents the edimation rexults and section five the modd predictions for various
percentile vaues of market index. Section sSix then shows the implication for asset return
characteridics, while section seven discuses the inplications for  portfolio  asset
dlocation. Section eight concludes the paper and suggest future areas of research.

2. Egimation of Corrdation Coefficients

The traditiond agpproach to the estimation of the corrdaion coefficient between assts is
to use a fixed number of time series obsarvations with a sufficent large number of daa
points to provide ddidicdly dgnificat edtimaes Such an edimaion method is
deficent in & least two aeas  Frg, each parwise corrdation coefficient is computed
separady; consequently the overdl corrdation between each assat has to be edimated
from sy the average of dl parwise coefficents Secondly, the time series method
provides only an unconditiond esimate and s0 changes in corrdation coefficients are
difficult to judge. For ingance, with monthly data and a two-year esimation window, ten
years of data ae needed dmply to derive five indegpendent corrdation coefficients Even



usng a “moving window” of overlgpping observations (by replacing one month from the
beginning of the data series with the laiest observation) is unsatisfactory because any two
successve corrdation coefficients are based on dmogt identicd data sets.  Hence, a long
time is needed for a permanent change in the generd level of corrdaion across assats to
be reflected in the esimation. While, a temporary change will go unnoticed because it
afects only a few obsarvations in the edimation window. In addition, it is wdl known
that there is a tendency for the average corrdaion among assets to increase during bear
markets and decrease in bull markets However, this variaion in the correlation structure
aoross ass, as a consequence of changes in the market's return, suggests that
correlaion shifts could be moddled as afunction of the returns of the market index.

Sngle Index Market Model

The smplest way to mode changes in an asset’'s corrdlation with the market is to use the
sngle index market modd (SIMM) proposed by Sharpe (1963). Such an approach not
only offers amplicty but dso provides an improvement over the time sries goproach
which assumes that the corrdation coefficent is congant. The SMM can be etimated
by the following eguation linking the returns of the asset to the returns of a market index:

g =a+bjrpy +ep t=1,...T (1)

where r;, is the reurn of the ith asset a time t, r,, is the return of the market index a
time t, b (beta) is the dope coefficient of the regresson messuring the change in the
asHt’'s returns reative to those of the market and a (apha) is a measure of the ast’'s
returns independent of the market.

However, while offeing an improvement over the use of time-series esimaion methods
such an gpproach has two serious drawbacks.  Fire, for large changes in beta, the
corrdeion coefficient could be greater than +1 or smdler than —1, which is not possible.
The second drawback is that a linear modd implies that the pettern of correation changes
over time is symmetrical for market increeses and decreases.  However, when the red
edate market is rigng there is a tendency for propertties to show divergent returns
performance and 0 a lower average corrdation, but during market declines the returns of
asets tend to converge leading to a higher average corrdaion between the assts
(Morrdl, 1993, 1997 and Lee, 1998). This implies tha the corrdation across asss in
rigng and faling markets shows asymmetric behaviour.

Quadratic Market Model

To overcome these problems Spurgin, et al (2000) sugget modeling the beta (or
sysemdic rik) of an asset as a linear function of the market retumn as in the following
eguiation:



Where bin is the beta coefficient between the individua asset and the market.  Since beta
in equetion 2 is the dope of the return function, the asset’s return function is the integra
of the beta function given by the fallowing equation:

I =C\Pim :arm+1/2brr2n+c (3)

Equation 3 shows that the assats return is a quadratic function of the market return and so
should be moddled by a quadratic market modd (QMM), smilar formulations of which
can befound in the literature, most recently by Ferson and Harvey (1991, 1993).

Sourgin, et al (2000) propose that the parameters of equation 3 can be edtimated by
regressng the returns of the asset againg the returns of the market and its squared returns
using ordinary least squares (OLS) asin eguetion 4:

fip =& +Dbyrg +bo (g - Tm) 2 + eyt (4

where the squared market returns are adjusted to have a zero mean, to ensure that the
quadratic function is centred around the mean return of the market.

Once the parameters of equaion 4 have been edimated, the beta of the asset, dependent
on the market return, can be derived by the following equetion:

bime = by +bo(rny - Tm)? (5)

Note that since the quadratic term is centred on the mean return of the market, the QMM
beta, a time t, will be the same as the SIMM beta when the market return equds its long-
run average. At al other times the beta of the asset will deviate from tha predicted by
the SSMM depending on how much the market return is above, or beow, its average
vaue, i.e the greter the volaility in the market. The $gn of the quadrdic, or beta hift,
term (b2) will determine whether the assst reacts positively or negative to these changes
in market volatility.

Assuming thet the variance raio between the asst and the market remains condant, the
corrdation coefficient between the asset and the market index is the bea function in
equation 5 adjused by the ratio of the sandard deviations between the asset and the
market index asfollows:

lim =bimSi/Sm (6)

The dgn of the corrdation coefficent of the asset with the market thus depends on the
sign of the ass&t’s beta shift coefficient (b2).



3. Data

The data used in this dudy comes from the Invesment Property Databank (IPD) Monthly
Index. The IPD Monthly Index messures retumns to direct invesment in commercd
property from the peformance of 54 inditutiond portfolios containing 2734 properties
vaued & £10.6bn a the end of December 2000. The data is sub-divided into three
property-types (Retal, Office and Indudrid) and a number of geogrgphicd regions
making a totd of 31 red edtae market ssgments, the data covering the period 1987:1 to
2000:12. The retuns of the maket index ae represented by the vaue-weghted
performance of al the properties within the database. Monthly returns were cadculated as
the change in the logarithm of successve index values, that is Ry =log(ly) - log(1i.1)
where, R is the return a time t; It is the totd return index a time t and L. is the totd
return index at timet-1.

4. Egimation

Table 1 presents the OLS egimations of the QMM and SSIMM rdationships between the
various market ssgments and market index returns. Table 1 shows a number of festures
of interest. Fird, 17 of the beta shift coefficients are sgnificant a better than the 10%
leved, hence for more then hdf of the sample the quadrdic term sSgnificantly increases
the explanatory power of the QMM over tha of the SMM. Secondly, the sgn of the
beta shift coefficient (b2) is negaive for 8 of the market segments, the mgjority of which
ae within London and the Southeast. In contradt, the 9 maket ssgments with
donificantly podtive beta shift coefficents are concentrated in the retall and indudrid
sectors epecidly outdde London.  These dgnificant beta shift coeffidents imply that a
1% in the returns of the market index leads to Sgnificant shifts in the beta d the assat.
For ingtance, the quadratic term coefficient (b2) for the City of London Office market
segment indicates that for eech 1% increase in the returns of the market index leads to a
gonificat decrease in the City of London Office market beta by 0.3%. In contrast, a
1% increase in the returns of the maket index leeds to sgnificat increase of 0.2% in the
beta of Industrid propertiesin the Northeast and Scotland.

TABLE 1 ABOUT HERE

Table 1 shows that the on average the QMM edimates of b1 are dmost identica to those
of the SIMM, 0.978 compared wth 0.990. This provides evidence thet the results in the
firda pat of Table 1 ae not driven by any interaction between the two explanatory
vaiables. Further evidence is provides by the adjusted Rsguared vaues of the modes.

The adjused R-squared vdues of the SMM are nearly identicd to those of the QMM.

Therefore, the improvement in explanatory power can be attributed to the quadratic term.

Nonetheless the beta shift coefficient (b2) explains very litle in comparison to b, the
market risk factor. Adding, on average, only dightly over 1% to the explanatory power
over that of the SMM.



Table 1 shows that the intercept values @) of the QMM are, on average, less than that for
the SIMM, -1.2% compared with 1.3% respectively. This results from a change in the
intercept term for those market ssgments digolaying dgnificantly negative and podtive
beta shift coefficdents For those market segments with a sgnificantly negaive beta dhift
coeffident the intercept terms have a tendency to rise, while for those ssgments with
ggnificantly podtive beta hift coeffidents the intercepts tend to fdl. However, dnce
there are more ggnificantly podtive beta shift coeffidents then negative the overdl effect
is a fdl in dpha This difference in dpha gems from the fact that a large negdive
(pogtive) coefficient implies that the assat will have lower (higher) returns on average
than that predicted by the SMM when the market moves up (due to decrease (increase)
in corrdaion) or down (due to an increase (decrease) in corrdation). Since the actud
performance of the asst is the same in both regressons, the QMM compensates for the
lower (higher) returns in the tall of the didribution by implying a higher (lower) return

when the market index is & its average leve, i.e. when(r,, - 7,,)? iscloseto zero.

The find column of Table 1 shows the cdculation of the corrdaion shift coefficents due
to a 1% change in the market index return, assuming that the raio of variances between
the market segment and the index is a condant. In line with the results for the beta shift
coeffident a 1% change in the maket index leads to a dgnificat decrease in the
corrdaion coefficdent of the City of London Office market ssgment by 0.6% but a
ggnificant increase of 0.3% for Indugtrid properties in the Northeast and Scotland.

5. Modd Predictions

Table 2 shows the reaulting vdues for beta and the corrdaion coefficdents for various
values of the market index. The returns chosen represent the 2 25, 50", 75™, and 98"
percentile points for the monthly return didribution of the IPD Monthly Index. Teble 2
shows that for those market segments which have dgnificant postive, or negeive, beta
shift coefficdents the betas and the corrdaion vadues changes dramdicdly as the market
index retums go beyond the 75" and 25™ percentiles towards the extremes of the return
digribution. For ingance, the beta vdue of the City of London Office more than doubles
as the retums of the market index moves from the 75" to the 98" percentile, while there is
a more than a four fold increase as the market index moves from the 25" to the 2
percentile  In contrast between the 75 and 25" percentile there is only a minor change
in beta vaues. This is because the quadratic term only begins to exert its influence on
projected returns when the market index moves more than one sandard deviation in
ether direction.

TABLE 2 ABOUT HERE

Table 2 ds0 shows the one mgor weekness of the modd. Assuming a linear modd of
this kind implies that for large changes in the market index can result in the corrdation
coefficients exceeding its bounds, i.e +1 and —1. For instance as seen in Table 2 the



predicted value of the correlatlon codfficdent of City of London Office when the market
return a 2.7% (i.e. the ogh percentile) the corrdation coefficent is grester than —1. In
fact the City of London Office bresks the —1 vaue When the IPD Monthly Index shows a
return gregter than 1.7% per month (i.e. above the gg™" percentile). However, it must be
remembered the modd outlined in equaion 5 edimates the beta of the market ssgment
not the corrdation coefficient. The corrdation codficients are derived usng equaion 6
assuming no change in the ratio of variances between the market index and the individud
segment. It may be that as the market returns moves into the extremes of its didribution
the ratio of variances may change suffidently from their long run averages such that the
correlation coefficients do not exceed their bounds.

6. Thelmplicationsfor Asset Returns

The modd above shows that changes in the corrdaion coeffidents through time result
from changes in beta induced by movements in the make index from its long-run
avaage. These beta and corrdaion shifts have a number of important implications for
the return characteridtics of the asset.

Fird, the Sgnificance of the beta dhift coefficents is particularly important for the returns
of a paticular assst during volaile and cdmer periods of the market. As shown in
equation 3 ast returns are modelled as a function of the assets beta Thus, as the returns
of the market become more volatile those assats that have a ggnificantly negative beta
shift coefficient will display lower beta coefficients than that predicated by the SMM.
As a consequence these assets will tend to offer lower returns on average during the
voldile phase of the red edate cycde In contrast, those assts digolaying sgnificantly
podtive beta hift coeffidents should offer higher average returns in the more voldile
market phase.  However, during calmer periods in the market, when the returns of the
index are dose to its longrun average, the beta shift coeffidents will have little impact
on the overdl beta, consequently both types of assets will peform more in line with that
predicted by the SIMM. In other words the market ssgments should show a lower
(higher) average return in volaile rather than camer periods of the red edate cyde the
more negative (postive) the beta shift coefficient.

Secondly, ggnificantly negative or pogtive beta shift coefficdents dso have implications
for the skewness of the returns didribution. A didribution thet is pogtivey skewed will
have its mean near the minimum and o returns above the mean can be paticulaly large
Negative skewness implies that the average is near the maximum and 0 returns beow
the meen can be extremdy low, i.e very negdive. As invedtors are assumed to prefer
higher returns to lower returns, investors should prefer assets offering podtive skewness
to those showing negative skewness. From equation 4 it can be easly seen that for those
market segments with negdive beta shift coefficients the esimated return from the QMM
will be less than that predicted by the SSMM. Consequently, the esimated returns from
the QMM will have a grester tendency to disdlay lower podtive and more negdive
returns than those predicted by the SSMM. This effect will become more exaggerated as
market conditions become more voldile, i.e as the impact of the quadratic term has
gregter influence on expected returns.  In other words, the mean return of such market



ssgmeatts will be dosr to the maximum indicating the didribution is negatively skewed.
In contragt, market ssgments showing podtive beta shift coefficents should display

positive skewness, especidly during the volatile periods.

Fndly, assts with dgnificant beta shift coefficents dso disdlay Sgnificant corrdaion
dhifts  Therefore, the returns of assts that show Sgnificantly negative corrdaion shifts
will become progressvely more detached from the returns of the market, the greater the
voldility in the maket index. In contragt the market segments with ggnificantly postive
corrdation ghifts should become progressvely more dosdy digned with the returns of
the market during the more volaile market periods. Consequently market segments with
gonificantly negative corrdation shifts should disdlay grester tracking eror risk (TER)
than those segments with pogtive corrdation shifts during the volatile phases.  In contragt
during calmer periods, when the returns of the market are doser to its long-run average,
the beta shift coefficdent has only a minor influence on the cdculaion of the corrdaion
of the asst and the market. Hence, during the camer periods the returns of dl assets will
be more dosdy asociaed with the maket than during the volaile market period.
Accordingly, TER should be lower for dl maket ssgments during the cdmer periods
than the voldile periods Hence the maket segments with pogtive corrdation shift
coeffidents should display lower TER ovedl than those segmentts with negaive
correlation shift coefficients

All these contentions are confirmed in Tables 3, 4 and 5.

TABLE 3ABOUT HERE

Table 3 shows the average returns of the 31 market segments, over the whole period and
for various sub-periods, ranked by their beta shift coefficient, from lowest to highest.
Table 3 shows that the red edtate market segments that have dgnificant negative beta
shift coeffidents (D2) eaned most of their return in the camer periods of the market™.

For ingance, City of London Offices earned an average return of —0.03% per month
during the volatile phases of the market and an average return of 064% per month in the
cadmer periods, a difference that is dgnificat a the 2% leve®. In contrast, market
segments with dgnificant postive beta shift coeffidents eaned the greater pat of their
overd!l return in the voldile periods rather then the cdmer periods For example,
Industrid properties in the Northeast and Scotland earned 1.79% per month, on average,
during the voldile phases compared with 1.1% per month in the cadmer periods, a
difference thet is Sgnificant & the 1% levd. However, as shown |n the find row of Table
3, dthough, overdl there is a dgnificant and pogtive corrdation” between the beta shift
coeffidents and the average returns of the market segments in the volaile phases of the

! Finding those periods when the returns of the IPDMI were greater than, or |ess than, one standard
deviation defined the volatile phases of the market.

2 Based on aone-tailed t-test.

3 Based on the Spearman rank correl ation test to account for any non-normality in the data.



red edate cyde (0.50) there is no rddionship during the cadmer periods (0.04).
Consequently, the pogitive rdaionship isinggnificant overdl (0.20).

However, it is during the “up-market” and “ down- market™ phases of the volatile market
returns that the difference in performance between the pogtive and negative beta dhift
market segments is more dearly shown. In the volaile “up-market” periods there is little
to choose in peformance between the various market ssgments. In other words, dl
property peforms wdl in the market boom; hence, as is to be expected, there is an
inggnificant relationship (0.06) between the beta shift coefficents and the average
returns of the ssgments  During the volaile “down-market” phases, however, market
segments with negdive beta shift coefficients show dgnificant negaive performance.  In
contragt, for those maket segments with pogtive beta shift coefficients there is a
tendency for the invesments to show only dightly negetive, or even postive reuns
paformance.  Thus there is a highly dgnificantly pogtive rdationship (0.73) between
the beta shift coeffidents and average returns during the voldile down market periods.
As the market segments with negative beta shifts tend to be in London and the Southeast
this implies that the further avay from the South the better the return performance during
maket downturns.  This confirming the findings of Lee and Byrne (1998) and Eichholtz
et al (1995 who both find that average returns improve the grester the didance the
market segment is from London and the Southeest. Findly, as is to be expected, the
cdmer periods of the red edae cyde show no rdaionship between the beta shift
coe‘fid5e|1ts and average sgment returns, in dther “up-market”, “down-market” or
ovedl”.

TABLE 4 ABOUT HERE

Table 4 presents the skewness ddtidics of the 31 market segments. A skewness vaue
greater than 1 or less than —1 indicates a highly skewed didribution; vaues between 0.5
and 1 or -05 and -1 indicate moderate skewness, while vaues between 0.5 and —0.5
indicates that the digribution is farly symmetric. Table 4 shows those assets showing
negative beta shifts dso tend to display negative skewness overdl. In contrad, the
market segments, which have podtive beta shift coefficients tend to display grester
postive skewness.  Indeed, there is a sgnificantly postive rdationship between the beta
shift coefficients and the skewness of the market ssgments overdl (0.68).

4 The up-market phases, in the volatile period, is defined as those periods when the returns of the |PD
Monthly Index weregreater than one standard deviation above the mean. Down-market periods are defined
asthose periodsin the volatile phases when the returns are greater than one standard deviation below the
mean.

® The up-market phase, in the calm periods, is defined as those periods when the returns of the |PD
Monthly Index were greater than the mean but bel ow one standard deviation above the mean. Down-
market periods are defined as those periods in the calm phases when the returns are | ess than the mean but
above one standard deviation below the mean.



It is during the volatile phases of the red edate cyde, however, that the impact negative
skewness has on retun peformance is most dearly seen.  During the volaile “up-
maket” phases there no rdaionship between the beta shift coefficents and market
segments skewness, with a Spearman rank corrdaion coefficient of -0.14, as dl market
ssgments ae pafoming wel. However, during the voldile “down-market” periods
there is a ggnificantly podtive corrdation (0.51) between the beta shift coefficients and
skewness. Tha is market segments with negeive beta shift coefficients tend to show
greater negdive skewness in market downturns than market segments displaying postive
beta shift coefficents In other words market segments with negative beta shifts display
grester downsde risk during volatile downturns, i.e. when it is least desired.

In contragt, during the camer periods the gStuation is reversed.  There is a Sgnificantly
postive relaionship between the beta shift coefficents and skewness in the “up-market”
phases rather than the “down-market” periods. In other words market segments with
postive beta shift coefficients have grester potentia to offer above average returns in
maket upturns then those segments with negative beta shift coefficients.  However,
during the cdmer downturn thereislittle to choose between the market segments.

This implies dl things being equd, that increesng the postive skewness of a red edae
fund should reduce the required return of the fund, since investors are compensated by
the potentid of higher returns and a reduction in downdde risk, epecidly during voldile
downturns of the red edate cycle. Thus, the greater the postive beta shift coefficient of
the market segment the greater the postive skewness and S0 the greater the desrability of
the market segment if the market is expected to enter adownturn.

TABLE 5 ABOUT HERE

Table 5 shows the TER of the various market segments. The TER of an ast is defined
a the sandard deviaion of the rdative return performance of the asset and the market
benchmark. Thus, a TER risk of 1.5% means ta 95% of the time the asset will under or
out- perform the market benchmark by up to 3% per month. In other words, the greater
the TER the gregter the probability that the market segment will show much higher and
lower performance than the market index. For indance, the TER for City of London
Offices indicates that on average, 19 times out of 20, the returns of this market ssgment
will under- or out- peform the market index by up to 26% per month. In contrad,
Industrid properties in the Northeest and Scotland will under- or out- perform the market
index by 1.5%, 95% of the time. Table 5 dso shows, as is to be expected, that TER is
gregter for nearly dl the maket segments during the volaile phases of the red edae
cyde compaed with the cdmer periods In addition, TER is only sgnificantly
negaively corrdaied with the beta shift coefficients during the camer periods (-0.38)
compared with the volaile periods (-0.25). Accordingly, Table 5 shows the association
between the beta shift coefficients and TER isweek overdl (-0.11).



7. Implication for Portfolio Congtruction

If the corrdation between a market segment and an investor's portfolio changes in a
predicable way, that information can be ussful in determining the optimd dlocation of
asets. Hence if the results above are indicative of the future performance of these red
edae maket ssgments they will hdp fund maneger meke draegic and tacticd asst
alocation decisons basad on expectations of market voldility done.

At the draegic asset dlocation (SAA) levd a risk-averse invetor with a Sgnificant
exposure to a market ssgment that shows a negative corrdation shift would benfit from
adding market segments with a pogtive beta shift, as those markets will generdly educe
the downdde risk (skewness) of the portfolio. In a dmilar vein a fund manger eager to
reduce the TER of the portfolio should try to overweight the portfolio into market
sgments  with  ggnificantly  postive corrdaion shift  coefficients,  irrespective of the
expected phase of the red etate cycle.

Once these SAA weights have been determined the fund manger may wish to modify the
portfolio dlocations by making tecticd asst dlocation (TAA) dedisons to exploit
predicted corrdation shifts resulting from changes in the expected voldility of the
market. The results above can hep managers make more informed TAA decisons.  For
ingance, If it is expected that the market is about enter a voldile “down-market” phase,
the fund manager should consder adjuding the fund's current exposure by increesing the
funds weghting into those market segments that display Sgnificantly postive corrdaion
shifts with the market. This should limit the downsde risk (skewness) of the fund and 0
minimie losses when it is mos needed. In contradt, if it is predicted that the market is
about to enter an “up-market” phase, i.e dat to rise aove longrun average, a
concentration of the portfolio into those segments predicted to out-perform the market
benchmark is dl tha is needed; as dl segments tend to peform wdl, show little
differences in terms of negdive skewness and is unlikdy to have ay serious impact
TER.

8. Concludons

This paper presents a Smple method of esimating the changes in an asHs beta as a
function of the returns of the market index. Then using these beta edimates changes in
the as=ts corrdation with the market index can be moddled as a function of the markets
volaility. Usng thee reallts it is possble to identify a numbe of key return
characteridics of the assts  Fird, the modd shows tha for those market segments with
ggnificantly negetive beta shifts peform better in cdmer periods of the market. In
contragt, those market segments showing sSgnificant podtive beta shifts earn the greater
pat of their return during the volaile periods. Secondly, those market ssgments with
dgnificantly negdive beta shifts diglay negaive skewness while those with postive
beta shifts display podtive skewness, egpecidly duing maket downturns.  Findly the
maket ssgments with ggnificant negetive beta shifts dso have dgnificantly  negaive
corrdation shifts while those maket segments with dgnificantly pogtive beta shift
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codffidents show dgnificantly podtive corrdadion shifts The grester the negdive
(postive) shifts in the corrdation of the assat with the market index the greater the
likeihood that the market ssgment will show higher (lower) TER. To the extet that
these changes in correation represent regulaities in the performance of red estate market
segments, fund managers can make use of this information to make drategic and tacticd
aset dlocation decisons based on expectations of market volaility done.  In this way
red edate fund managers should have greater control of the funds performance overdl
and especidly during the different phases of the red edtate cycle.

However, whilst the modd presents a better representation of the correlation between red
edae make ssgments and the maket over time than smply assuming a condant
correlation, the modd is not without its faults.  As shown above it is dill posshble for the
edimated vaues to be greater than the bounds of the corrdation coefficient, i.e +1 and —
1. In addition the explanatory power of the quadretic term is weak. Thus, extensons to
the modd could be developed which incorporate factors that have greater explanatory
power and dleviate the tendency of the modd to overshoot the feasible bounds.

1
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Table 1. Regression Results for the QMM and the SIMM: Monthly Data 1987:1 to 2000:12

Quadratic Market Model Single Index Market Model Correlation
Market Segment a b, b, Adj Rsg a b, Adj Rsq 1% Change
Retail Central London 0.071 1.085 -0.073 46.5 0.034 1.068 46.4 -0.11
Retail Rest of London 0.012 0.814 0.046 69.8 0.036 0.825 69.6 0.05
Retail Inner South East -0.245***  0.933 0.114*** 66.0 -0.186***  0.960 64.5 0.14%**
Retail Outer South East -0.100 0.805 0.097*** 63.0 -0.049 0.828 61.6 0.10***
Retail Eastern -0.079 0.810 0.047 63.1 -0.054 0.821 62.9 0.05
Retail South West -0.125**  0.802 0.088*** 69.9 -0.079 0.823 68.6 0.09***
Retail East Midlands 0.040 0.753 0.180*** 58.4 0.133* 0.795 53.6 0.19***
Retail West Midlands -0.044 0.748 0.103*** 62.0 0.009 0.772 60.3 0.10%**
Retail Yorkshire & Humberside 0.002 0.780 0.101*** 62.1 0.054 0.803 60.6 0.10***
Retail North West -0.009 0.836 0.046 50.6 0.015 0.847 50.6 0.05
Retail North East 0.083 0.614 0.017 29.8 0.092 0.618 30.2 0.02
Retail Scotland 0.159**  0.747 0.093** 47.7 0.207***  0.769 46.8 0.10**
Retail Wales 0.253*** 0.610 0.117 38.1 0.314*** 0.637 36.2 0.12
Offices City of London -0.416***  1.316 -0.306*** 44.3 -0.575%** 1.243 40.2 -0.60***
OfficesMid-Town -0.608***  1.632 -0.050 64.2 -0.634***  1.620 64.3 -0.10
OfficesWest End -0.204* 1.471 -0.153** 62.4 -0.283*** 1.435 61.4 -0.28**
Offices Rest of London -0.031 1.063 0.014 62.5 -0.024 1.066 62.8 0.02
Offices Inner South East -0.120**  1.140 -0.120*** 80.0 -0.182%** 1,112 78.5 -0.15%**
Offices Outer South East -0.114 0.987 0.028 57.0 -0.099 0.993 57.2 0.04
Offices Eastern -0.215* 1.222 0.085 51.5 -0.171 1.242 51.4 0.15
Offices South West -0.238***  1.223 0.090 62.3 -0.191**  1.244 61.9 0.14
OfficesM idlands & Wales 0.227** 0.751 0.095* 385 0.276*** 0.773 37.8 0.12*
Offices Rest of England 0.178 0.987 0.185*** 44.3 0.274** 1.031 42.1 0.29***
Offices Scotland -0.200**  1.048 0.101 52.1 -0.148 1.072 51.6 0.15
Industrials London 0.245*** 1.020 -0.027 60.6 0.231*** 1.014 60.8 -0.04
Industrials Inner South East 0.083*** 1.019 -0.019 66.1 0.074 1.014 66.3 -0.02
Industrials Outer South East 0.229 0.968 0 .068 61.1 0.264***  0.984 60.8 0.09
Industrials Eastern 0.057 1.210 -0.025 67.9 0.044 1.205 68.0 -0.04
Industrials South West 0.218*** 0.976 0.162*** 61.0 0.301*** 1.014 58.6 0.21***
Industrials Midlands & Wales 0.181**  1.064 0.179*** 65.4 0.273***  1.106 62.6 0.25%**
Industrials Northeast & Scotland  0.330***  0.901 0.235*** 59.2 0.452***  0.956 53.5 0.31***
Average -0.012 0.978 0.049 57.7 0.013 0.990 56.5 0.050

Note: All b1 coefficientsare significant at the 1% level. * indicates significance at the 10%, ** indicates significance at the 5% level,
*** ndicates significance at the 1% level.
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Table 2: Model Predictions of Beta and The Correlation Coefficients

Predicted Beta and Correlation Values at Market Extremes

Percentile (2" (25" (50" (75" (98™M

Return -0.8% 0.3% 0.8% 1.3% 2.7%

M ar ket Segment Beta Corr. Beta Corr. Beta Corr. Beta Corr. Beta Corr.
Retail Central London 0.07 0.11 -0.01 -0.01 -0.05 -0.08 -0.09 -0.13 -0.19 -0.29
Retail Rest of London -0.03 -003 002 002 005 004 007 007 013 0.13
Retail Inner South East -0.08 -009 004 005 010 012 0.16 019 032 0.38
Retail Outer South East -0.07 -0.07 003 004 009 009 014 014 0.27 0.29
Retail Eastern -0.03 -003 002 002 005 005 007 007 014 0.4
Retail South West -0.06 -006 003 003 008 008 012 012 025 0.25
Retail East Midlands -0.13 -0.14 0.05 0.06 0.15 0.17 0.25 0.27 0.50 0.54
Retail West Midlands -0.07 -0.07 003 003 009 009 014 014 029 0.29
Retail Yorkshire & Humberside -0.07 -0.07 003 004 009 009 014 015 0.28 0.29
Retail North West -0.03 -003 002 002 005 005 007 008 013 O0.16
Retail North East -0.01 -001 001 001 002 002 003 003 0.05 o0.06
Retail Scotland -0.06 -0.07 003 004 008 009 013 015 0.26 0.29
Retail Wales -0.09 -009 004 004 010 011 0.16 017 033 034
Offices City of London 0.25 049 -0.07 -0.13 -0.24 -046 -0.39 -0.77 -0.82 -1.61
Offices Mid-Town 0.06 0.11 0.00 0.01 -0.02 -0.05 -0.05 -0.10 -0.12 -0.24
OfficesWest End 0.13 0.25 -0.03 -0.05 -0.11 -0.20 -0.19 -0.34 -0.40 -0.74
Offices Rest of London 0.00 0.00 001 002 002 003 003 004 o0.05 o0.07
Offices Inner South East 0.10 0.13 -0.02 -0.02 -0.09 -0.11 -0.15 -0.18 -0.32 -0.40
Offices Outer South Eeast -0.01 -002 002 002 003 004 005 006 008 011
Offices Eastern -0.05 -0.09 0.03 0.06 0.08 0.14 0.12 0.22 0.24 042
Offices South West -0.06 -009 004 006 009 013 013 021 026 041
Offices Midlands & Wales -0.07 -008 003 004 008 011 013 017 0.27 0.33
Offices Rest of England -0.13 -021 006 009 016 025 026 040 052 0.82
Offices Scotland -0.07 -0.10 004 005 009 014 014 021 029 043
Industrials London 0.03 0.04 000 000 -0.01 -0.02 -0.03 -0.03 -0.06 -0.08
Industrials Inner South East 0.02 0.03 0.01 0.01 0.00 -0.01 -0.010 -0.02 -0.04 -0.05
Industrials Outer South Easte -0.04 -0.05 0.03 0.03 0.07 0.08 0.10 0.13 0.20 0.25
Industrials Eastern 0.03 0.05 0.01 0.01 -0.01 -0.010 -0.02 -0.03 -0.06 -0.08
Industrials South West -0.12 -0.15 005 007 014 019 022 030 045 0.60
Industrials Midlands & Wales -0.13 -0.18 006 008 016 022 025 035 050 0.70
Industrials Northeast & Scotland -0.17 -0.23 0.07 0.09 0.20 0.26 0.32 0.42 0.65 0.85
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Table 3: Mean Return of the Market Segments Ranked by Beta Shift Coefficient

Beta Overall Volatile Calm
M ar ket Segment Shift  Average Up Down Overall Up Down Overall
Offices City of London -0.31 0.47 1.83 -1.81 -0.03 1.28 0.06 0.64
OfficesWest End -0.15 0.93 3.27 -1.13 1.02 1.39 0.46 0.90
Offices Inner South East -0.12 0.76 2.32 -0.82 0.71 1.26 0.33 0.77
Retail Central London -0.07 0.93 2.45 -0.58 0.90 1.40 0.54 0.95
Offices Mid-Town -0.05 0.73 3.15 -1.67 0.68 1.38 0.19 0.75
Industrials London -0.03 1.09 2.57 -0.35 1.08 1.58 0.65 1.09
Industrials Eastern -0.03 1.06 3.14 -0.57 1.24 1.47 0.58 1.00
Industrials Inner South East -0.02 0.93 2.38 -0.41 0.95 1.46 0.44 0.92
Offices Rest of London 0.01 0.88 2.41 -0.58 0.88 1.37 0.44 0.88
Retail North East 0.02 0.61 1.61 -0.21 0.68 0.74 0.46 0.59
Offices Outer South Eeast 0.03 0.74 2.44 -0.35 1.01 1.11 0.24 0.65
Retail Rest of London 0.05 0.73 2.01 -0.21 0.87 1.10 0.31 0.69
Retail North West 0.05 0.73 2.07 -0.26 0.88 1.03 0.37 0.68
Retail Eastern 0.05 0.64 1.96 -0.43 0.73 0.98 0.28 0.61
Industrials Outer South Easte 0.07 1.09 2.78 -0.04 1.34 1.47 0.61 1.02
Offices Eastern 0.08 0.88 3.03 -0.62 1.16 1.21 0.41 0.79
Retail South West 0.09 0.61 1.95 -0.40 0.75 0.88 0.30 0.57
Offices South West 0.09 0.86 291 -0.77 1.03 1.18 0.47 0.80
Retail Scotland 0.09 0.86 1.98 -0.13 0.90 1.13 0.58 0.84
Offices Midlands & Wales 0.09 0.93 2.37 0.08 1.20 1.16 0.56 0.84
Retail Outer South East 0.10 0.65 2.17 -0.32 0.89 0.94 0.24 0.57
Retail Yorkshire & Humberside 0.10 0.73 2.14 -0.28 0.90 0.97 0.41 0.68
Offices Scotland 0.10 0.76 2.67 -0.43 1.08 1.06 0.29 0.65
Retail West Midlands 0.10 0.66 1.84 -0.34 0.73 0.98 0.34 0.64
Retail Inner South East 0.11 0.62 2.13 -0.47 0.80 0.99 0.19 0.57
Retail Wales 0.12 0.85 1.86 0.18 1.00 1.11 0.53 0.80
Industrials South West 0.16 1.16 3.12 0.22 1.63 1.50 0.56 1.00
Industrials Midlands & Wales 0.18 1.21 3.30 0.17 1.70 1.47 0.67 1.05
Retail East Midlands 0.18 0.80 2.29 0.01 1.13 1.11 0.33 0.70
Offices Rest of England 0.19 1.14 3.05 -0.03 1.47 1.40 0.71 1.04
Industrials Northeast & Scotland 0.23 1.26 3.28 0.36 1.78 1.41 0.80 1.09
Average 0.85 2.47 -0.39 1.00 1.21 0.43 0.80
Correlation with Beta Shift Coefficient 0.20 0.06 0.73** 0.50** -0.17 0.25 0.04

Note: * indicates significance at the 5% level, ** indicates significance at the 1% level
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Table 4: Skewness of the Market Segments Ranked by Beta Shift Coefficient

Beta Overall Volatile Calm
M ar ket Segment Shift Skewness Up Down Overall Up Down Overall
Offices City of London -0.31 -1.09 1.07 -0.75 0.32 2.20 -3.76 -2.55
OfficesWest End -0.15 0.82 1.73 -1.67 0.62 0.60 -0.12 -0.45
Offices Inner South East -0.12 -0.23 -0.01 -1.91 -0.09 -0.29 -0.06 -0.27
Retail Central London -0.07 0.47 2.16 -1.20 0.50 1.14 -0.23 -0.08
Offices Mid-Town -0.05 0.04 1.03 -2.01 0.20 0.47 -0.98 -0.49
Industrials London -0.03 1.44 2.42 -0.25 1.21 1.04 -0.36 0.67
Industrials Eastern -0.03 0.88 0.83 -1.74 0.39 1.40 -0.93 0.68
Industrials Inner South East -0.02 0.46 0.79 -0.35 0.52 0.29 -0.40 0.01
Offices Rest of London 0.01 0.52 -0.43 -0.28 0.59 -0.69 0.15 -0.30
Retail North East 0.02 0.32 0.64 -1.81 0.32 -1.60 1.57 0.02
Offices Outer South Eeast 0.03 0.80 0.55 -1.47 0.50 0.69 0.83 0.20
Retail Rest of London 0.05 1.02 -0.08 -0.58 0.31 2.43 0.11 1.68
Retail North West 0.05 1.65 2.00 -1.80 1.36 -0.81 1.19 0.20
Retail Eastern 0.05 0.86 0.96 0.04 0.67 2.01 -1.24 0.07
Industrials Outer South Easte 0.07 0.92 0.94 -0.30 0.57 0.83 1.03 0.39
Offices Eastern 0.08 2.38 3.06 -0.19 1.85 -1.30 -0.33 -0.37
Retail South West 0.09 0.77 0.95 -0.70 0.45 -0.50 0.31 -0.16
Offices South West 0.09 0.34 -0.26 -1.11 -0.07 0.84 0.99 1.11
Retail Scotland 0.09 1.91 1.96 -0.49 1.48 1.31 0.50 1.11
Offi ces Midlands & Wales 0.09 1.69 0.38 0.60 0.55 2.55 -0.38 2.89
Retail Outer South East 0.10 1.44 0.77 -0.09 0.68 3.11 0.61 1.46
Retail Yorkshire & Humberside 0.10 1.02 -0.04 -0.05 0.37 1.80 -0.29 1.29
Offices Scotland 0.10 1.49 1.67 -0.14 0.96 1.24 0.05 1.18
Retail West Midlands 0.10 1.21 1.96 0.48 0.96 0.93 1.34 0.47
Retail Inner South East 0.11 1.20 0.12 0.13 0.72 1.46 -1.06 0.67
Retail Wales 0.12 1.37 1.62 0.24 1.04 2.29 0.23 1.23
Industrials South West 0.16 1.75 0.84 -0.89 0.94 0.94 -1.59 0.38
Industrials Midlands & Wales 0.18 1.43 0.56 -0.65 0.54 1.27 -0.53 0.80
Retail East Midlands 0.18 2.03 1.49 -0.45 1.28 0.86 -0.16 0.60
Offices Rest of England 0.19 1.74 1.00 -0.21 0.76 2.32 2.57 2.47
Industrials Northeast & Scotland 0.23 1.43 -0.30 -1.01 0.30 2.18 1.14 1.99
Average 1.03 0.98 -0.66 0.67 1.00 0.01 0.54
Correlation with Beta Shift Coefficient 0.68** -0.14 0.51** 0.37* 0.39* 0.24 0.68**

Note: * indicates significance at the 5% level, ** indicates significance at the 1% level
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Table 5: Tracking Error Risk of the Market Segments Ranked by Beta Shift Coefficient

Beta Overall Volatile Calm
M ar ket Segment Shift TER Up Down Overall Up Down Overall
Offices City of London -0.31 1.30 1.63 1.26 1.49 0.92 1.33 1.39
Offices West End -0.15 1.03 1.99 0.95 1.71 0.53 0.81 1.15
Offices Inner South East -0.12 0.50 0.82 0.65 0.74 0.37 0.40 0.76
Retail Central London -0.07 0.97 1.65 1.35 1.49 0.66 0.80 0.73
Offices Mid-Town -0.05 1.15 1.45 1.24 1.65 0.88 0.95 1.21
Industrials London -0.03 0.69 1.46 0.64 1.11 0.56 0.40 0.97
Industrials Eastern -0.03 0.72 1.39 0.73 1.16 0.61 0.37 0.69
Industrials Inner South East -0.02 0.61 0.99 0.55 0.79 0.55 0.52 0.85
Offices Rest of London 0.01 0.70 1.33 0.56 1.00 0.49 0.62 0.95
Retail North East 0.02 0.85 1.04 0.69 1.02 0.75 0.76 0.87
Offices Outer South Eeast 0.03 0.73 1.22 0.58 0.94 0.54 0.71 0.76
Retail Rest of London 0.05 0.48 0.56 0.33 0.56 0.57 0.32 0.67
Retail North West 0.05 0.72 1.38 0.45 1.04 0.60 0.56 0.69
Retail Eastern 0.05 0.55 0.90 0.49 0.75 0.45 0.50 0.60
Industrials Outer South Easte 0.07 0.67 1.08 0.56 0.85 0.51 0.66 0.63
Offices Eastern 0.08 1.04 2.21 0.79 1.67 0.90 0.55 0.77
Retail South West 0.09 0.49 0.69 0.59 0.69 0.34 0.45 0.55
Offices South West 0.09 0.85 1.30 1.33 1.36 0.73 0.47 0.67
Retail Scotland 0.09 0.72 1.26 0.56 1.03 0.62 0.54 0.65
Offices Midlands & Wales 0.09 0.86 1.39 0.93 1.20 0.91 0.44 0.99
Retail Outer South East 0.10 0.57 0.99 0.47 0.79 0.50 0.45 0.58
Retail Yorkshire & Humberside 0.10 0.57 0.82 0.64 0.76 0.54 0.43 0.58
Offices Scotland 0.10 0.88 1.45 0.67 1.11 0.96 0.57 0.95
Retail West Midlands 0.10 0.56 0.75 0.56 0.74 0.42 0.55 0.49
Retail Inner South East 0.11 0.60 1.17 0.55 0.91 0.53 0.40 0.84
Retail Wales 0.12 0.78 0.87 0.69 0.99 0.72 0.66 0.93
Industrials South West 0.16 0.72 1.46 0.47 1.06 0.57 0.44 0.68
Industrials Midlands & Wales 0.18 0.73 1.32 0.73 1.05 0.56 0.49 0.67
Retail East Midlands 0.18 0.65 1.22 0.63 1.00 0.51 0.42 0.55
Offices Rest of England 0.19 1.02 1.35 0.74 1.07 1.13 0.85 0.95
Industrials Northeast & Scotland 0.23 0.75 1.07 0.74 0.90 0.71 0.55 0.76
Average 0.76 1.23 0.71 1.05 0.63 0.58 0.79
Correlation with Beta Shift Coefficient -0.11 -0.27 -0.19 -0.25 0.06 -0.19 -0.38*

Note: * indicates significance at the 5% level, ** indicates significance at the 1% level
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