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Abstract

Booth and Fama (1992) observe that the compound return and so the termind wedth of a
portfolio is grester than the weighted average of the compound returns of the individud
investments, a difference referred to as the return due to diversfication (RDD). Thus assets
that offer high RDD should be paticulaly dtractive invesments  This paper test the
proposition that US direct real edtate is such an asset class usng annual data over the period
1951-2001. The results show that adding red edae to an existing mixed-asset portfolio
increases the compound return and so the termina wedth of the fund. However, the results
are dependent on the percentage all ocation to real estate and the asset class replaced.

Keywords. Real Estate, compound return and return due to diversification.



The Return Dueto Diversification of Real Estatein the Mixed-asset Portfolio
Introduction

The argument for induding red edate in the mixed-assat portfolio is typicdly mede on
its divergfication benefits rather than on its contribution to the return of the portfolio.
Indeed, in a recent paper Hudson-Wilson and Hopkins (2000) finds that the private red
edae market in the US offered investors such poor performance compared with ether
docks or bonds that the authors can see little case for red edate in the mixed-asset
portfolio. The argument of Hudson-Wilson and Hopkins (2000) can be criticised on at
least three counts. Firdt, the data used only covers the period 1990 to 2000, a period of
Spectacular growth in the performance of shares on the back of the Dotcom boom, which
is unlikely to be representative of peformance of docks in the long run.  The recent
reversd in shares snce 2001 tedifies to this  Ye it is the long-run returns investors need
to examine in deriving the drategic assat dlocation (SAA) of the mixed-assat portfolio.
Sacond, when an invetor is contemplating the addition of an asst to the mixedasset
portfolio they need to condder the contribution the assat makes to the risk and return of
the portfolio as a whole rather then its individud risk and return characterisics.  Third,
inditutiond  investors should be more concaned with the termind wedth of their
portfolio of investments rather than the individud assets pagt peformance, as it is from
the termind wedth of the fund thet the inditutiond will meet its future contractud
obligations (Raddliffe, 1994). Thus for those inditutiona with long-run holding periods
the termind wedlth or compound return should be seen as the primary measurement of
peformance. Hence, assats that contribute most to the compound return, or termind
wedth, of the mixed-asst portfolio should present the grestest dtraction to indtitutiond
invetors.  Hence, when dedding on the SAA of the mixed-asst portfolio investors
should focus their attention on those assats that contribute most to the @mpound return
of the mixed-asset portfolio.

However, this does not meen that investors should concentrate their holdings in assets
with the highest expected returns. Booth and Fama (1992) show that dthough the
compound return of an invetment (asset or portfolio) is an increesng function of its
expected return, it is ds0 a decreasing function of its risk (variance). In other words,
invesments with higher expected returns and high risks do not necessarily provide higher
compound returns to the portfolio, than invesments with lower expected returns and
lower risks. Moreover, Booth and Fama (1992) show that the compound return of a
portfolio is greater than the weaghted average of the individud compound returns of the
invesments. Booth and Fama (1992) refer to this difference as the “return due to
divergficaion” (RDD) of the invesment within the portfolio.  This counterintuitive
result sems from the fact that dthough variance is an gppropriate measure of risk of a
portfolio it is not the rdevant messure of the risk of the invesment within a portfalio.
The rik of an invesment in a portfolio should be measured by its covaiance with the
portfolio. Thus, an assst with a low expected return but a low covariance may be more
desrable, in terms of the compound returns of the portfolio, than an asset with a higher
expected return but a high covariance. Previous dudies find that red edate is an asset



that displays good returns and low covariance with the mixed-asset portfolio (see Saller
et d, 1999 and Hoedi e d, 2001 for comprehensive reviews). Consequently, a large
holding of red edate in the mixed-asst portfolio may be judifiable on its compound
return enhancing effect on the mixed-asset portfolio and not smply on its risk reducing
ability. This pgper tedts this propogtion usng annud retuns in the US over the period
1951 to 2001 and finds thet red edae can indeed judify a higher holding in the mixed-
asst portfolio than itsindividua compound return would suggest.

The remainder of the paper is organised as follows. The next section outlines the method
of Booth and Fama (1992) for esimeting the RDD of an invesment within a portfalio.
Section three discusses the data  Initid results are presented and discussed in section
four. In section five the impact of the uncetanty of returns is examined. The find
Section concludes the paper.

Return Dueto Diversification

Booth and Fama (1992) show tha the compound return (C) of an invesment (asset or
portfolio) can be estimated by the following equationl:

C=1In1+E(R)]- s*/21+E(R)] @

whee E(R) is the expected return of the investment, ¢ is the variance (standard
deviaion squared) of the invesment's smple returns, and In(1+E(R)] is the average
continuoudy compounded return of the investment. Equation 1 says tha the compound
return of an investment is an increasing function of its expected return but a decreasing
function of its variance S0, in the long run, investments with higher expected returns
will have grester compound returns, or termind wedth, holding risk (variance) condant.
Alternatively, an invesment with a low variance will have a higher compound return,
compared with an invesment with a higher variance but with the same expected return.
However, dthough variance is an gppropriate messure of risk of an individud invesment
it isnot the rlevant measure of the risk of an investment within a portfolio.

Modern portfalio theory shows thet the risk of an asst in a portfolio should be measured
by its contribution to the risk of the portfolio and that this risk should be measured by its
covaiance with the portfolio. The lower the covaiance of an invedment with a
portfolio, the higher its contribution to reducing the risk of the portfolio, and so the
grester the dtractiveness of the invesment to the portfolio. Booth and Fama (1992)
show that it is this indght that explains why the contribution of an asset to the compound

return of a portfolio is gregter than the weaghted average of the individud compound
returns.

The covariance of an investment j with a portfolio p can be expressed by the following:

1 As Booth and Fama (1992) acknowledge this is only an approximation, as higher moments from the Taylor
expansion are ignored. Nonetheless, the authors show that the difference between the actual compound return and that
estimated using equation 1 is minuscule, especialy the longer the estimation period.



Cov(R;,R,) =b s (2)

where: Cov(Rj,R,) is the covariance of invesment j with portfolio p, b;, (betd) is a

measure of the investments j rddive, or sysematic risk, with portfolio p and sﬁ is the
variance of portfolio p the square of the Sandard deviation ().

Booth and Fama (1992) then show that a very good goproximeation of the compound
return of an invesment within portfolio p, or its “return contribution”, can be esimated
by equetion 3:

RC; =E(R;)I1+E(R,)]/E(R,)-bs2/ 21+ ER )] (3)

where RC; is the return contribution of invesment j to portfolio p, and E(R,) is the
expected return of the portfolio. Comparing equation (3) with equation (1) shows thet the
compound return of an invesment within a portfolio is not the same as its individua
compound return, where the difference represents the RDD of the invesment within the
portfolio. In other words, the contribution of an investment to the compound return of a
portfolio is gregter then its individuad compound return.  Thus, those assts that show the
gresiet RDD should show the grestest contribution to the compound return of the
portfolio.

Data

The mixed-asset portfolio congdered in this sudy is made up of the annud returns of
five asxt clases: direct red edtate, large cap stocks, smdl cap socks, Government bonds
and cash (T-Bills) covering the period 1951-2001. The data apart from the returns of red
edate taken from Ibbotson Associates (2002), while the returns to red edtae are taken
from Kaiser (1997), with additions from NCRIEF. The summary ddidics for these data
series are shown in Table 1 from 1952-20012,

Tablel: Summary Statisticsfor Real Estate, L arge Cap Stocks
Small Cap Stocks, Bonds and Cash: 1952-2001

Statistics Real Estate Real Estate * Large Cap Small Cap  Bonds T-bills
Mean 9.948 9.751 13.286 17.080 6.648 5.328
Std. Dev. 5.110 9.949 17.086 25.096 10.911 2.835
Skewness -0.402 0.049 -0.084 0.265 0.997 0.968
Kurtosis 4.956 4.535 2.461 2777 3.770 4.091
Jarque-Bera 9.316 4.926 0.665 0.689 9.516 10.291
Probability 0.009 0.085 0.717 0.708 0.009 0.006
1% Order 0.624 0.030 -0.086 -0.043 -0.074 0.835
2" Order 0.004 0.003 -0.245 -0.187 0.151 -0.145
3% Order 0.022 0.159 0.026 0.033 0.199 0.075
B N G S R = E S

2 The reason for only considering the summary statistics from 1952 isthat the first observation (1951) islost in the de
smoothing process used below.



An examination of Table 1 indicates that smdl cgp stocks had the highest risk (dandard
deviation) 25.1% per annum, over this period, but compensated investors with the highest
mean returns 17.12%, coefficient of variation of 1.47. Red edate, in contragt, showed a
much lower levd of reurn 99% per annum, but & a dgnificatly lower risk 5.1%,
coefficient of variation of 1.00. Indeed, the risk of red edae is less than hdf that of
government bonds, 10.9% per annum. The other important difference between the red
edate returns and the other asset cdasses are its skewness, kurtoss, normdity and serid
corrdaion datigics Table 1 shows that red edate and large cap stocks show negative
skewness, while smdl cap gtocks bonds and cash dl digplay postive skewness. Red
edate, bonds and cash al showing excess kurtogs, i.e. grester than 3, and so can not be
classfied as normdity didributed as indicated by the Jarque-Bera test. In contradt, large
and andl cgp docks are normdly didributed. The returns of red estate and cash dso
display significant 1% order serid corrdlation 0.624 and 0.835 respectively.

The uncommonly low vaue of the risk of the red edate data, compared with government
bonds, and the presence of significant £ order serid correlation, is a common fegture of
commercid red edae data see Fisher, et a (1994) and Corgel and deRoos (1999) for
comprehensve reviews. The downward bias in the second moment of red estate market
indices is usudly atributed to the behaviour of goprasars in conducting vauations and
the temporal and cross sectionad aggregation of individud red edae vduations into the
market index (Gdtner, 1991 and Brown and Matysak, 1998). To account for such
goprasa bias and to make the gppraisd-based red estate data more comparably with the
market based stock and, bond returns the red edtate data was de-smoothed. The gpproach
adopted here is to use the modd suggested by Gedtner (1993). However, it should be
noted that no desmoothing process is pefect and the choice of method may bias the
reults  In addition, the approach is sendtive to the choice of the de-smoathing
parameter. The vaue chosen here was 0.4 as this results in a de-smoothed return series
thet displays an indgnificat 1% order corrdation coefficent (0.03) and a standard
devidtion of the de-smoothed red estate data about twice that of the appraisd based data,
inline with the results of previous sudies, see Lee and Byrne (1995). In addition, the
dandard deviaion is gpproximately haf that of large cgp docks (see Gdtner, 1993 and
Gogd and deRoos, 1999). The 50% risk level supported in a number of surveys in both
the US and UK as the ‘true’ risk of red edate rdative to tha of socks (Hartzdl and
Schulman, 1988, Giliberto, 1992 and French, 1994, 1995). The effect on the mean
returns of the series is dso margind. Thus, the de-smoothed red estate series used here
are amulaed return series after the inertia) or serid corrdlation, has been reduced to some
acceptable level compared from the origind data  This suggests that de-smoothed red
edate return sries is now more like market vauations.  Although these returns should
not be taken as actud transaction vaues, such prices would dso reflect the liquidity of
the market, and are probably ressonable esimates. The results presented in column 3 of
Table 1.

Udng these data the compound return of each asst and a mixed-asset portfolio was
esimated usng equetion 1. The return contribution was then estimated using equation 3.
The differences between the invesments retun contribution and their compound return
representing the RDD.



Initial Results

The results in Tables 2, 3, 4 and 5 show the impact to the compound returns of the mixed-
ast portfaio from the RDD for various holdings in red edate Initidly, a mixed-asset
portfolio was condructed, without red edate and its compound return, contribution
return and RDD cdculated. The welghtings in the various assets sdected to represent a
typicd inditutiond portfalio. In paticular, the mixed-asset portfolio shows an
approximatedy a 60/40 sock/bond holding. To this mixed-assst portfolio a holding in
red estate of 5%, 10%, 15% and 20% was added and the resultant RDD cdculated. The
re-dlocaion of the capitd market assets to include red estate was done in four ways
Firg, the holding in red edate replaced the same percentage in the large cgp stocks. In
the second gpproach the percentage alocated to red edate replaced the same proportion
in bonds. Third, red edtate replaced smdl cap stocks. Findly, the holding in red edae
was equdly split between the large cgp stock and bonds.  In this way the impact of red
estate on the mixed-assat portfolio could be evauated under a number of scenarios.

Pand A of Tables 2, 3, 4 and 5 show tha the asset dass that benefits most from
divedfication within the mixed-asst portfolio is smdl cgp socks (1.65Bp), confirming
the finds of Booth and Fama (1992). This results from the fact that smdl cap stocks have
the highest expected return of dl the asst classes. Large cgp stocks, meanwhile, offers
condderably less RDD as a consequence of its lower expected return and its higher
corddion with the mixed-asset portfolio (0.94) compared with (0.82) for smdl cap
docks Bonds meanwhile benefit very little from induson in the mixedasset portfolio
due to its rdaivey low returns even though its corrdation is only dightly postive In
contrast, a holding of 5% in Cash genegdly reduces the compound returns of the mixed-
aset portfolio due to its low risk and return.  This confirms Arnott's (1999) argument
that cash is a “drag’ on the performance of the mixed-assat portfolio over time. But what
about direct red edtate?

Table2: TheReturn dueto Diver sification of Real Estateto the Mixed-asset Portfalio:
Real Egtate Replacing Bonds

Asset Class Real Estate Large Cap Small Cap  Bonds Cash Portfolio
PortfolioWeights 0% 45% 20% 30% 5% 100%
Correlation with Portfolio 0.94 0.82 0.37 -0.04 1.00
Compound return (est.) 11.34 13.47 5.91 5.15 9.83
Return Contribution (RC) 11.75 15.12 6.09 5.04 10.39
Return dueto Diversfication (RDD) 0.42 1.65 0.17 -0.11 0.56
Portfolio Weights 5% 45% 20% 25% 5% 100%
Correlation with Portfolio 0.08 0.95 0.84 0.32 -0.05 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 9.98
Return Contribution (RC) 9.18 11.75 15.10 6.11 5.04 10.55
Return dueto Diversification (RDD)  0.29 0.41 1.63 0.20 -0.11 0.57
Portfolio Weights 20% 45% 20% 10% 5% 100%
Correlation with Portfolio 0.23 0.95 0.86 0.16 -0.07 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 10.42
Return Contribution (RC) 9.09 11.74 15.06 6.18 5.03 10.98
Return dueto Diverdfication (RDD)  0.19 0.41 1.59 0.27 -0.12 0.56




Table 3: The Return dueto Diversification of Real Estateto the Mixed-asset Portfalio:
Real Estate Replacing Large Cap Stocks

Asset Class Real Estate Large Cap Small Cap  Bonds Cash Portfolio
‘Portiollo Welghts 0% 75% 20% 30% 5% 00%
Correlation with Portfolio 0.94 0.82 0.37 -0.04 1.00
Compound return (est.) 11.34 13.47 5.91 5.15 9.83
Return Contribution (RC) 11.75 15.12 6.09 5.04 10.39
Return dueto Diversfication (RDD) 0.42 1.65 0.17 -0.11 0.56
Portfolio Weights 5% 40% 20% 30% 5% 100%
Correlation with Portfolio 0.06 0.94 0.83 0.37 -0.03 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 9.71
Return Contribution (RC) 9.20 11.82 15.18 6.10 5.05 10.31
Return dueto Diversification (RDD)  0.31 0.48 1.71 0.19 -0.11 0.60
Portfolio Weights 20% 25% 20% 30% 5% 100%
Correlation with Portfolio 0.21 0.90 0.83 0.36 0.01 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 9.34
Return Contribution (RC) 9.17 12.01 15.39 6.15 5.05 10.01
Return dueto Diverdfication (RDD)  0.28 0.67 1.92 0.24 -0.10 0.67

Table4: TheReturn dueto Diversification of Real Estateto the Mixed-asset Portfolio:
Real Estate Replacing Small Cap Stocks

Asset Class Real Estate Large Cap Small Cap  Bonds Cash Portfolio
EortfolioWeights 0% 45% 20% 30% 5% 100%
Correlation with Portfolio 0.94 0.82 0.37 -0.04 1.00
Compound return (est.) 11.34 13.47 5.91 5.15 9.83
Return Contribution (RC) 11.75 15.12 6.09 5.04 10.39
Return dueto Diversification (RDD) 0.42 1.65 0.17 -0.11 0.56
PortfolioWeights 5% 45% 15% 30% 5% 100%
Correlation with Portfolio 0.07 0.95 0.78 0.39 -0.03 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 9.60
Return Contribution (RC) 9.21 11.83 15.26 6.10 5.05 10.15
Return dueto Diversfication (RDD)  0.31 0.49 1.79 0.19 -0.10 0.56
Portfolio Weights 20% 45% 0% 30% 5% 100%
Correlation with Portfolio 0.23 0.93 0.48 0.00 1.00
Compound return (est.) 8.89 11.34 5.91 5.15 8.91
Return Contribution (RC) 9.20 12.05 6.13 5.07 9.36
Return dueto Diversification (RDD)  0.31 0.72 0.22 -0.08 0.45

Table5: The Return dueto Diver sification of Real Estateto the Mixed-asset Portf olio:

Real Egtate Replacing L arge Cap Stocks/Bonds

Asset Class Real Estate Large Cap Small Cap  Bonds Cash Portfolio
PortfolioWeights 0% 45% 20% 30% 5% 100%
Correlation with Portfolio 0.94 0.82 0.37 -0.04 1.00
Compound return (est.) 11.34 13.47 5.91 5.15 9.83
Return Contribution (RC) 11.75 15.12 6.09 5.04 10.39
Return dueto Diversification (RDD) 0.42 1.65 0.17 -0.11 0.56
PortfolioWeights 5% 43% 20% 28% 5% 100%
Correlation with Portfolio 0.07 0.94 0.83 0.34 -0.04 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 9.84
Return Contribution (RC) 9.19 11.78 15.14 6.11 5.04 10.43
Return dueto Diversfication (RDD)  0.30 0.45 1.67 0.19 -0.11 0.59
Portfolio Weights 20% 35% 20% 20% 5% 100%
Correlation with Portfolio 0.22 0.93 0.85 0.25 -0.04 1.00
Compound return (est.) 8.89 11.34 13.47 5.91 5.15 9.88
Return Contribution (RC) 9.13 11.87 15.23 6.17 5.04 10.51
Return dueto Diversfication (RDD)  0.24 0.54 1.76 0.26 -0.11 0.63




Pands B and C of Tables 2, 3, 4, and 5 shows that red edtae generdly offers increased
RDD to the mixed-asset portfolio. However, the benefit depends upon which asst is
replaced and the percentage dlocetion to red estate’. For instance, without redl estate the
RDD of the four cepitd maket assats (lage cap stocks, smdl cap stocks, bonds and
cash) is 56Bp, however, when 5% in red edate replaces the same amount in large cap
docks this increases to 60Bp an increese of 4Bp. However, the increase is only 3Bp
when the holding in red edate is equaly plit between large cgp stocks and bonds and
only 1Bp when red edae replaces bonds. While, a 5% halding in red edate a the
expense of amal cgp stocks as no effect on the RDD.

The other noticegble feture of Tables 2 to 5 is tha as the percentage holding in red
edate increases the RDD rises or fdls depending on the asset cdlass replaced.  For
indance, a 20% holding in red edate, replacing large cap stocks shows an increese in the
RDD of 11Bp compared with 4Bp a the 5% levd. A dmilar conduson can be doserved
when red edate is subdtituted for large cap stocks/bonds, 7Bp compared with 3Bp. In
contradt, increasing the holding in red edate a the expense of bonds initidly leads to a
rise in RDD that fdls back to zero a the 20% levd. In contrast, any increese in the
holdings in red edate a the cost of smdl cap socks leads to a fdl in the RDD of the
mixed-asset portfalio.

This implies that when red edtate replaces large cap stocks or large cap stocksbonds the
impect on the RDD of the mixed-ass#t portfolio is aways beneficid. Wheress, when redl
edate replaces bonds the increase in returns due to diversfication is negligible, while any
holding in red edtae a the expense of amdl cap docks is detrimentd. In other words, a
20% dlocetion to red edae, which typicdly the suggested in the literature (see Hoedi &
d, 2001 and Seler et d, 1999) is only judifidble when red edae replaces large cap
stocks or large cap stocks/bonds.

Confidence L imits

Equations 1 and 3 show that the compound return, the return contribution and the RDD
depend soldy on edimates of the mean, dandard deviation and the covariance between
the invesment and the portfolio. The results presented in Tables 2 to 5, however, ae
only point esimates drawn from the sampled returns data, consequently we cannot infer
whether the results presented are representaive of the likdy outcome over sampling
different periods. In other words, how confident can we be that the results so fa are
representative of the bendfits of induding red edate in the mixed-assst portfolio in the

long run?

To overcome this the return series were bootdrapped to generale a smulated ex ante
return series to provide a confidence limit around the mean.  The assumption being that
the ex ante returns of any asset are random variations of its ex pogt returns with the same
contemporaneous dructure as the origind data.  This flexibility permits a more detailed
asesament of the efects of induding red edate in the mixed-asset portfolio. In the red

3 The results for 10% and 15% in redl estate have been removed for brevity but are available upon request.



edate research, saverd dudies have applied this kind of analyss (see Liang et d, 1996,
Ziobrowski et d, 1997 and Hardin and Cheng, 2002).

The bootstrgp method provides a convenient method of esimating the sample digtribution
of a random variable by repeatedly sampling, with replacement, from the origind data st
(Efron, 1979 and Efron and Tibshirani, 1986). However, while the bootstrgp method
generdly produces robugt results, the technique is subject to two potentid problems.
Fird, as a purdy daidicd technique the method ignores economic fundament principles,

such as the tendency for markets to converge to equilibrium.  Therefore, to avoid this
problem the data should be long enough to include a leest one complete cycle br such
information to be present in the ex post data and 0 be preserved in the Smulated series.

As we use data from such a long period (1951-2001) this is unlikely to present a problem.
A soond and potentid a more serious problem is that if the data are auto-correlated,
directly re-sampling the origind daa will destroy its contemporaneous dructure
Therefore, in order to maintain the any autocorrdaion dructure in the daa sries a
Vector Auto Regression (VAR) procedure was gpplied by the following eguation:

Vt = CWt_ 1 + et (4)

Where  and Vi1 are vectors of the time series data of the assat dasses a time t and t-1,
C is the coefficent matrix and € is the eror term matrix. Equetion 4 is limited to a firdt
order auto regresson modd as mogt of the serid dependence in the series can be captured
by the firs lag. The error term matrix represents the random components of the sampled
data and it 5 the random component that is bootsrapped in the Smulation process This
re-sampled return series was then use to generate dl the datigtics needed to caculate the
RDD of the mixedtasset portfolio. The process was then repeated 10,000 times with this
bootsrap didribution taken to represent the sampling didribution of the data  The
median and the 25% and 97.5% percentiles of the bootstrgp didtribution were then
computed. These percentile levels chosen as they represent the 95% confidence limit
around the median, the resuilts presented in Table 6.

Table 6: The Gain/lossin Return dueto Diversification from including Real Estate
in the Mixed-Asset Portfolio Compared with a Portfolio without Real Estate

RE Replacing Bonds Large Cap Small Cap L Cap/Bonds
p=2.5%

5% 1.64 3.52 0.27 2.74
10% 2.57 6.56 -0.46 4.76
15% 2.44 9.15 -3.58 6.35
20% 1.49 10.40 -8.00 7.29
P=50%

5% 0.67 3.96 -0.88 2.47
10% 1.06 7.13 -2.90 4.61
15% 0.88 9.64 -6.49 5.96
20% -0.06 11.47 -11.65 7.13
p=97.5%

5% 1.45 3.86 0.34 2.85
10% 2.53 6.97 -1.10 491
15% 2.22 9.41 -4.18 6.31
20% 1.41 10.84 -8.80 7.55




Table 6 shows that including 5% red edtate a the expense of bonds, large cap stocks and
large cap stocksbonds increases the average (median) RDD of the mixed-asst portfolio
from a low of 0.7bp (bonds) to a high of 4bp (large cap stocks). This increase in RDD
continues when the holding in red edate is increased up to 20% at the expanse of large
cap docks or large cap/bonds. However, when red edate replaces bonds the impact
initidly rises then fdls as the holding in red edate is increased to 20%. In contradt, a 5%
holding in red edate replacing smdl cap socks leads to a fdl in the RDD of 0.9bp, a
reduction that continues the grester the holding in red edate. In other words, incduding
red edate doesn't automdicdly increase the RDD of the mixed asset portfolio. The
impact depends on the asset dass replaced and the dlocation to red edate, results in line
with those in Tables 2-5.

The reaults for lower 95% confidence limit are more encouraging. A 5% halding in red
edae leads to an increese in the RDD of the mixed-asset portfolio for dl asset classes
replaced from a low of 0.3bp (smdl cap stocks) to a high of 3.5bp (large cap stocks). In
contras, larger holdings in smdl cgp docks lead to a lowering of the RDD. This implies
that larger holdings red edate generdly increeses the likdihood that the compound
return, or termind wedth, of the mixed-asset portfolio will be grester than that of a
portfolio without real estate even in the worse case scenario, except when the red edtate
replaces smdl cgp gocks. The upper 95% confidence limit provides Smilar results

Conclusions

Booth and Fama (1992) observe that the compound return of a portfolio is greater then
the weghted average of the compound returns of the individud invesments  This
counterintuitive result gems from the fact that dthough vaiance is an agppropricte
measure of risk of a portfolio it is not he rdevant measure of the risk of the invesment
within a portfolio. The risk of an investment within a portfolio should be messured by its
covaiance with the portfolio.  This difference between an invesments individud
compound return and its contribuion to the compound return of a portfolio is referred to
as the “return due to divergfication”. Thus assats that have a low covariance with a
mixed-asst portfolio may be more desrable, in teems of the compound return of the
portfolio, than an asset with a high covariance. Red edate is an asset class that digolays
such an invesment characterigic with the mixed-assst portfolio. Hence, a holding in red
edae, higher than that obsarved in practice, may be judified by its contribution to the
compound returns of the mixed-assat portfolio from its RDD. This paper has tested this
propogtion usng annud data for the five asst classes, red edate, large cgp socks, smal
cap stocks, bonds and cash over the period 1951-2001. The results show that a haldingin
red edate can increases the compound return of the mixed-asset portfolio aove that of
an exiding portfolio composed of the other asset dasses. However, the results are
dependent on the percentage dlocation to red edate and the asset class replaced.
Nonethdless, the judification for incduding red edae in the mixed-assst portfolio need
not rex on its divergfication benefits done but can be made on its contribution to the
compound return, or termind wedth, of the fund from which te inditution will meet its
future obligations
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