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ABSTRACT

Using mean-variance utility function analysis with various degrees of risk aversion, this research examines the
impact of Real Estate Investment Trusts (REITS) in creating optimal portfolios. It also examines and develops a
sensitivity analysis for differential risk premiums in REIT stocks and the effect in determining an optimal port-
folio mix by applying mean variance analysis. When the combined risk premium of REITs and stocks is 1.5%,
we find investors with risk aversion between 1 and 6 are better off investing almost entirely in REITs, short sell-
ing the bond and investing very little in stocks. Investors can benefit in the same way even when the risk pre-
mium of REITs and stock is fixed at 2.0% with risk aversion equal to between 1 and 9. However, when the risk
premium of REITs and stock is fixed at 2.5%, the investor’s risk aversion factor is irrelevant, and it suggests
investors should short sell the bond and invest mostly in REITs. The marginal effect of changes in (portfolio re-
turns) rR on the optimal portfolio weights in REITs is observed to have a sharp decline when risk aversion is in-
creased. However, the impact of that change in the REIT-Stock correlation is non-existent as the optimal weight
in REITs is increased. In addition, there is little obvious change when the risk aversion is increased. Therefore,
the change of weights in REITs in the optimal portfolio is more significant than the correlation between REITs
and stock performance. Results also indicate that the investor should consider how to maximize their return us-
ing various levels of risk aversion and not by using the correlation between stock and REITSs.
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1. Introduction

The mean-variance approach in optimal portfolio allocation is a widely used method that investors and institu-
tional fund managers apply in constructing portfolios with multiple, diverse assets. The purpose of applying this
method is to create an efficient diversified portfolio that can improve return while minimizing risk levels. This
optimization technique can be applied within an asset class by increasing the number of securities from that as-
set class. It also can be attained by incorporating multiple asset classes and including different securities from
different asset classes. Traditionally, stocks and bonds are utilized in forming optimal portfolios. Investors, in-
cluding institutional players, have examined various types of assets to combine together to achieve the optimal
portfolio. REITs have been an alternative type of investment considered for portfolio inclusion since 1980s".

A Real Estate Investment Trust (REIT) is best described as a corporation or trust that uses the pooled capital of many investors to purchase
and manage income from property. Property income can be derived from many sources. The main source of property income for REITS is
rental income [1].
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REITs have been one of the most attractive financial investment tools historically that tend to improve the
risk/return tradeoff in portfolio creation. REITs have two powerful benefits that are attractive to investors, port-
folio balancing/diversification benefits, and an ongoing source of dividend income. The income from REITSs has
been a stable source of income for investors due to the REITs’ ability to adjust quickly to the cost of living and
thereby potentially reduce the impact of inflation-related devaluation helping to reduce the impact of inflation-
related devaluation. In addition, the revenue from REITs tends to be predictable because its income comes from
the underlying real commercial properties with long-term lease periods. The other important characteristic of
REITs is that the investors do not have to pay taxes on that part of the dividend received in the year it is distri-
buted and that amount is also non-taxable until the stock is sold. Empirical findings suggest that REITs have
outperformed every major stock market index with 50 percent less risk since 1960 until 2005. Furthermore, the
correlation between REITs and stocks are relatively low, making them highly attractive for portfolio choice and
diversification. There are also significant benefits to investors in terms of increasing the liquidity of their in-
vestment and reducing the systematic risk of their portfolios.

This research examines the impact of the inclusion of REITs in individual investor’s optimal portfolio with
different degrees of risk aversion. It also examines and develops sensitivity to different risk premiums in REITs
and their correlation in the portfolio mix by applying mean variance analysis. This research uses 11 years of
historical return data to test the mathematical approach with the assumption that the historical data would not
repeat itself. This research employs a mean-variance utility function at different levels of investors risk aversion
to examine the security choices under different degrees of risk aversion ranging from one to ten where one is the
most aggressive risk level and ten is the most conservative.

This research is presented as follows. Section 2 provides a survey of the related literature. Section 3 describes
the source of data and Section 4 describes the empirical methodology used in the research. Section 5 presents the
empirical results from the mean-variance estimates. Lastly, Section 6 concludes the research.

2. Literature Review

A comprehensive survey of literature regarding diversification benefits of mixed portfolio of stock, bonds, and
real estate is summarized in [2,3]. Based on US financial market research, the literature establishes the benefit of
diversification using real estate assets based on correlation analysis without considering the dynamics of correla-
tions over time. Nonetheless, real estate and REITs have established their role in the formation of efficient port-
folios. Research has quantified that optimal allocations to real estate should be approximately 10% to 20% of the
total asset allocation [4-8]. Using mean-variance analysis, the optimal portfolio allocation to real estate should
be between 5% and 10% of total assets [8]. Reference [9], on the other hand, advocates for larger allocations in
real estate, suggesting that a full two-thirds of the investor’s portfolio should be allocated to real estate. It has
been argued that REITs mimic the performance of small cap stocks and hence help form efficient portfolios with
much less risk [10]. Examining the impact of incorporating both private real estate and REITs in a mixed asset
portfolio finds that the asset categories have very low quarterly correlations and that both asset classes merit in-
clusion in the portfolio [11]. Reference [11] also finds that unconstrained theoretical allocations to real estate in
excess of an astonishing 50% are optimal. A 20% allocation to REITSs increases expected portfolio returns at
most risk levels by 50 basis points, while at the same time reducing portfolio risk to make the portfolio more ef-
ficiently allocated [12]. REITs are a better choice in the portfolio choice of individual investors even when the
family home is considered as an asset [13,14]. An investigation of a sample of 159 pension funds concludes that
actual holdings of real estate are far below what would be considered optimal portfolio levels [15]. A survey of
literature indicates that although real estate is optimal in portfolio diversification, the actual amount of real estate
held in mixed-asset portfolios is significantly smaller [16,17]. The entire REIT market capitalization is equal to
only about 3% of institutional holdings in financial assets. Real estate indeed offers positive impact in mixed-
asset portfolios [16,18]. However, none of the research could identify and agree on an optimal level of real es-
tate in a portfolio. Other surveys in the literature, including [19-22] clearly emphasize that real estate is more
than a mere diversifier. They further note in their paper that the REIT is a debt-equity hybrid and as such can
provide additional benefits such as a reduction in overall portfolio risk, higher portfolio absolute returns, hedg-
ing unexpected inflation or deflation, generation of a wider investment universe, and the delivery of strong cash
flows to the investor. More recent studies [23,24] also show that there is significant benefit in diversification
using real estate.

There is also potential for international diversification using real estate [25]. Using a cross-sectional data of
different countries, [26] finds strong support in international diversification, a finding later confirmed by [27,28].
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Conditional correlation is low when international real estate is considered compared to domestic real estate [29].
Reference [28] demonstrates a dramatic improvement resulting from diversification in international real estate.
References [30-33] show similar benefits using data for the Asia pacific regions.

Contrary results are also observed in the literature. There are variable correlations and returns of stocks, bonds,
REITs over sub-periods from 1972 to 1995 [34]. References [35-39] all observe poor return prospects for stocks
in the future. The correlation matrix tends to be unstable over time [40-42]. The diversification potential for
REITs tend to be time sensitive [43]. Reference [44] observes the benefits of diversification using REITS; how-
ever, they also observe that the benefit is time varying due to unstable correlations between real estate assets and
stocks. Similar conclusions are drawn in [25,45].

Tactical asset allocation studies by [46-48] have attempted to improve on the historical data in mean-variance
analysis. Similarly, [49] uses a QTARCH approach and find portfolio performance improvements from using
conditional variances and covariance. On the other hand, [50] estimates predicted means, variances, and cova-
riance, which are then used to construct ex-ante conditional mean-variance efficient portfolios and to study the
ex-post return characteristics of these portfolios. Reference [50] finds that based on the conditioning of lagged
REIT returns allows for better predictions of volatilities and correlations of REITs with other asset classes.
There is some evidence of performance persistence in REITS, which could continue into the second and third
year [51]. Expected returns of REITs are significantly different between the pre and the post-1990 sub-periods,
and in the post-1990 period, momentum is the dominant predictor of REIT returns [52]. REITs also assume the
important role of hedging in optimal portfolio allocation. Those hedging REITs have relatively low correlation
to stocks and bonds [22]. For this reason, it REITs can be used to hedge against some investment risks in the
stock market. Moreover, REITs could also help investors avoid inflation risk by using the returns on REIT in-
vestments to compensate the loss from inflation. Equity REITs are the most effective tools for hedging. Equity
REITs (EREITSs) are considered as effective hedging tools in portfolios as shown by [14] who report that adding
more weights in EREITs improve the efficiency in the optimal portfolios to individual investors. On the other
hand, individual investors might earn more profit by investing in REITs. Inclusion of REITs in domestic and in-
ternational portfolios could contribute to superior performance in a mean-variance framework [53]. Taking the
perspective of Canadian and US investors, an all-inclusive optimization technique of including REITs in an in-
ternational stock portfolio diversified into established and emerging markets, can improve the performance of a
real estate portfolio [53]. In [54], investigating Vanguard Real Estate Investment Trust and i-Shares Dow Jones
US Real Estate Index Fund exchange traded funds, it was found that the Vanguard Real Estate Investment Trust
exchange traded fund is consistently co-integrated with its underlying index the MSCI US REITs Index, before,
during and after the financial crisis. But the methodology used in the study is based on a disintegration hypothe-
sis and not on mean-variance framework.

3. Data

This research mainly examines the marginal effects of changes in REIT-stock risk premiums and REIT-stock
correlation values. The historical total returns data for equity REITs, S&P 500, and 10-year Treasury Notes for a
period of 1997 to 2007 is the considered data set. The monthly total return data for equity REITS is obtained
from the National Association of Real Estate Investment Trust (NAREIT). The reason for choosing equity
REITs for this study is because the performance of equity REITs is more stable (which) and it has not been sig-
nificantly affected by the sub-prime loan crisis. Stock and bond historical monthly return data is taken from the
global financial data base. The sample period of 11 years from 1997 to 2007 is the observed time period. The
sample size is divided separately into three time periods to adequately analyze and observe if there are any dif-
ferences in the performance of the various time periods when compared to the total overall period. The sample
size is separated into three time periods to analyze and determine whether a particular period has any significant
difference in performance compared to the total period. The key summary statistics for the data sub-periods are
shown in Exhibit 1.

Panel A in Exhibit 1 shows that during the entire sample period, REITs offer an average monthly return of
0.988% compared to 0.0057% in stock and —0.002% in bonds. Panel B shows the performance for the period of
1997-2002. This is the same period when the stock market had a boom during the 1990s and a bust in 2002. Re-
sults still show that REITs offered higher returns during that time compared to stocks and bonds. Panel C shows
the performance for the period of 2003-2007. It is the time when the real estate market had one of its best times
in the history of USA. Not surprisingly, REITs significantly outperform bonds and stocks. Exhibit 1 also shows
the standard deviation and correlations among these three assets. The standard deviation of REITs is observed to
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Exhibit 1. Summary statistics for the data sub-periods.
Panel A: 1997-2007

REITs Stocks Bonds
Avg. return 0.9883% 0.0057% —0.0020%
Std. dev. 4.2022% 0.0427% 0.0582%
REITs 1
Stocks 0.33 1
Bonds 0.02 0.25 1
Panel B: 1997-2002
REITs Stocks Bonds
Avg. return 0.5498% 0.0030% —0.0061%
Std. dev. 3.6771% 0.0532% 0.0526%
REITs 1
Stocks 0.27 1
Bonds 0.16 0.32 1
Panel C: 2003-2007
REITs Stocks Bonds
Avg. return 1.5145% 0.0089% 0.0023%
Std. dev. 4.7027% 0.0246% 0.0639%
REITs 1
Stocks 0.55 1
Bonds —-0.10 0.17 1

Note: the means, standard deviation, and correlation matrix are based on monthly returns.

be higher relative to stocks and bonds. In addition, the correlation coefficient between REITs and stocks is high-
er than REITs and bonds. Notice also that the correlation coefficient on the returns of REITs and stocks has in-
creased over time from 0.27 to 0.55. In this research panel C is considered to be the base-level data for deter-
mining the marginal effects between REITs and stocks. Since REIT investment growth is significant during
these years, panel C would be an accurate reflection of more recent years’ investment activity in REITS.

4. Methodology

This research replicates the model in [44] and considers different time periods and samples of securities. It is
assumed that the stock-bond relationship can have an important impact on the findings. This research mainly
employs the widely accepted concept of mean-variance portfolio diversification analysis with the basic assump-
tion that risk is measured by variance, and that the decision criterion should be to minimize variance given ex-
pected return, or to maximize expected return for a given variance. For investors, the mean-variance could help
in constructing an optimal portfolio by minimizing risk as measured by the variance or standard deviation of a
security’s returns. Assume that investors can choose the portfolio weights for maximizing utility U with the fol-
lowing common function:

1
U=r,_ (Ej Axos, @)
where “A” represents the investors’ risk aversion. Low values of A represent higher tolerance of risk and high
values of A represent lower tolerance of risk. A is assumed to range from 1 to 10 levels. The other assumptions

implied in this analysis are that financial markets are efficient, the investors can short sell their bond through the
market, and the calculation of portfolio which consists of REITSs, stock, and bond are shown as follows:
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ry =Wgle Wers +Wgry . 2

In this equation, the Wg, Ws, and Wp are the weights of the portfolio which represents the REITs, stocks and
bonds respectively. Moreover, Wr, W5 and Wp are all required to be larger than zero and the sum of these three
weights is equal to one. In addition, rg, rs, and rg also represent the expected return of REITs, stocks and bonds
respectively. The structure of the portfolio depends on the investors’ risk aversion which can range from one, to
two, three or more (10) for the different asset classes. The optimal portfolio weight in REITs W, which can be
found by setting 6U /oW, equal to zero and solving for W . To find the weights of the stocks and bonds in
the portfolio, the calculation of W, would be represented as follows:

|:rR —fs +A(032 ~Ogrs ):|_|:WI;*A(JSZ ~Ogrs ~Ors _USB):|

A(Gé +0% — 205 )

W, = ®)

Here, we can also set 0U /oW, equal to zero to get the calculation for W, as follows:

W= [rs I "‘A(O's2 ~Os )j|_|:WR**A(USZ ~Ogrs ~Ore _Usa)} @)
e A(o-é +ol —20'35) .

Since both of the W, and the Wy are unknown, the formula can be re-arranged below:

- |:rR =T +A(GS2 —Opg ):|Y —[rB —r +A(GS2 —O'SB):|Z
We = A(XY -Z2) ©)

where X :<0'§ +0? —20'RS> , Y= (0'52 +oh —ZGSB), z :<0'52 —Ogs +0pg —O'SB), and oy = p,;0,0;.
Therefore, from the above formulas, the weights in the REITs in the optimal portfolio can be obtained. Next,
the marginal effect of changes in r, on the optimal portfolio weights in REITs can be found using the follow-
ing formula:
. 1
oW, /or, = >0. (6)
R/ ¢ A(O'FZe +0o? —2,DRSO'RO'S>

This equation is designed to represent the effect of a change in the returns of REITs on the optimal portfolio
weight in REITs. In addition, we can measure the marginal effect of changes in pgs on the optimal portfolio
weight in REITs by solving for 6WF:/6,0RS , Which gives:

00 Z[FR -y + A(O's2 ~ PrsORrOs )J

2, 2 2, 2
Og + 05 —2pPps 050y A(O's +O—R_2pRSO-SGR)

Wy / OPrs = )

Equation (7) demonstrates the impact that a change in the REIT-Stock correlation can have on the optimal
weight in REITs. The marginal effect is determined by the variances and covariances of security returns, the risk
aversion constraint of the individual investor, the REIT risk premium, and the current REIT-stock correlation.
And, for the interpretation, oW, /[;’rR is divided by 100 to establish the approximate changes in the respective
portfolio weights of REITs and stocks per 1% change in r;. All of these findings can then help to determine
which marginal effects equations should be used.

5. Results and Analysis

Two experiments are explored considering risk premium, r,—r,, of 0.006% and 0.12%. Note that multiple
ranges have been explored and results seem to have similar impact as those captured in these two ranges and
hence are removed from the discussion. By employing the above equations this research finds the results as
shown in Exhibit 2.

Since the risk premium between stocks and bonds is 0.006%, the performance of REITs is slightly superior to
that of stocks and bonds. It is observed that when the risk premium of REITs and stocks is equal to 1.5%; the
risk aversion A before level 7 tends to encourage investors to invest the majority of capital wealth in REITS,
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short sell the bonds and put very little money in stocks. Moreover, GWFf/arR is heavily dependent on the de-
gree of risk aversion of the individual investor. Therefore, when the risk aversion is increased, 6w /or, is
decreased. However, oW, /dp,s is also dependent on the investor’s level of risk aversion, but the differences
are not very obvious. When (For) A =1, aw;/apRS is —0.05%, but it is just —0.051% when A = 10. Similar
results are obtained when the risk premium between REITs and stocks is 2.0% and 2.5%. The results also reveal
that when investors choose to have more risky investments in their portfolio, they have relatively higher
stock-REITs correlation.

When the risk premium between stocks and bonds is taken as 0.012%, similar results are also observed as
shown in Exhibit 3.

Exhibit 2. Impacts of changes in REIT-stock correlation and expected REIT returns with rg — r, = 0.006%.

A
IR-Ts 1 2 3 4 5 6 7 8 9 10 1
1.5% WR* 6.790 3.400 2.267 1.700 1.361 1.135 0.973 0.851 0.757 0.681  |90%
WS* 0.080 0.032 0.025 0.019 0.015 0.012 0.011 0.010 0.009 0.008  |90%
wB* -5.870 —2432 -1292 -0.719 -0.376 —0.147 0.017 0.139 0.235 0.311 1105%
6W,;/6I’R 451.422 225711 150.474 112.856 90.284 75237 64.489 56.428 50.158 45.142  |90%
t?WR*/épRS —0.05000 —0.05000 —0.05100 —0.05106 —0.05110 —0.05112 —0.05114 —0.05115 —0.05117 —0.05117 |2.34%
2.0% WR* 9.057 4,529 3.020 2.265 1.813 1.511 1.295 1.133 1.008 0.907 l
WS* 0.053 0.027 0.018 0.014 0.011 0.009 0.008 0.008 0.006 0.006 l
oW /or,  wB*  -8110 -3556 -2.038 -1279 -0.824 -0520 -0.303 -0.141 -0.014 0.087 1
z?W,;/ﬁrR 451.422 225711 150.474 112.856 90.284 75.237 64.489 56.428 50.158 45.142 l
oW, /0p,, —0.05002 —0.05064 —0.05084 —0.05094 —0.05100 —0.05105 —0.05107 —0.05110 —0.05111 —0.05113 |
2.5% WR* 11.314  5.658 3.772 2.830 2.264 1.887 1.618 1.416 1.258 1.133 l
WS* 0.036 0.108 0.013 0.009 0.008 0.007 0.005 0.005 0.005 0.004 l
wB* -10.350 —-4.676 —-2.785 -1839 -1.272 -0.894 -0.623 0421 -0.263 -0.137 -
6W,:/6I’R 451.422 225711 150.474 112856 90.284 75237 64.489 56.428 50.158 45.142 l
GWR'/ﬁpRs —0.04955 —0.05040 —0.05069 —0.05083 —0.05091 —0.05097 —0.05101 —0.05104 —0.05106 —0.051 l
Exhibit 3. Impacts of changes in REIT-stock correlation and expected REIT returns with rs — r, = 0.012%.
A
rR—rs 1 2 3 4 5 6 7 8 9 10 1
1.5% WR* 6.826 3.414 2.276 1.708 1.366 1.139 0.976 0.855 0.760 0.684  |90%
WS* 0.193 0.096 0.065 0.048 0.040 0.033 0.029 0.025 0.022 0.020  |90%
wB* -6.019 -2510 -1.341 -0.756 -0.406 -0.172 —0.005 0.121 0.218 0.296 1105%
6W,;/6rR 451.422 225.711 150.474 112856 90.284 75237 64.489 56.428 50.158 45.142 |90%
6W,:/6pRS —0.05112 —0.05119 —0.05121 —0.05122 —0.05122 —0.05123 —0.05123 —0.04483 —0.05124 —0.05124 |2.34%
2.0% WR* 9.083 4.542 3.029 2.272 1.818 1.515 1.299 1.137 1.011 0.910 !
WS* 0.176 0.088 0.059 0.044 0.036 0.030 0.026 0.022 0.020 0.018 l
wB* -8.259 -3630 -—2.088 -1.316 —-0.854 0545 -0.325 -0.159 -0.031 0.072 i
6W,;/6I’R 451.422 225.711 150.474 112.856 90.284 75237 64.489 56.428 50.158 45.142 |
t?WR*/ﬁpRS —0.05066 —0.05095 —0.05105 —0.05110 —0.05113 —0.05115 —0.05117 —0.04477 —0.05118 —0.05119 1
2.5% WR* 11.340 5.671 3.781 2.836 2.269 1.891 1.621 1.419 1.261 1.135 l
WS* 0.159 0.079 0.053 0.040 0.330 0.027 0.024 0.020 0.019 0.017 l
WB* -10.499 -4.750 -2.834 -1876 -1.302 -0.918 -0.645 -0.439 -0.280 —0.152 -
GWR”/E)rR 451.422 225711 150.474 112.856 90.284 75.237 64.489 56.428 50.158 45.142 1
oW, /8p,s —0.05019 —0.05072 —0.05090 —0.05099 —0.05104 —0.05107 —0.05110 —0.05112 —0.05113 —0.051 l
JMF
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When the risk premium between stocks and bonds gets higher, the investment weights in REITS increase.
Again, similar results could also be noticed in the impact that a change in the REIT-Stock correlation has on the
optimal weight in REITs. The results also show that the correlation is getting lower when the risk aversion level
is raised. The obvious observation found in these two tables is about the potential benefits of increasing the
weights of the stock investment. Therefore, from these two tables, we can conclude that when the risk aversion
is increased, the weight of REITs in the portfolio is decreased and the weight in bonds is increased. Since the
correlation coefficient between REITs and bonds is relatively low, the investors could instead invest in bonds for
hedging against the risk of investing in REITs.

6. Concluding Remarks

(1]
(2]
(3]
(4]
(5]
(6]

This research uses the mean-variance approach to illustrate ways to maximize the utility of the optimal portfolio
with varying degrees of risk aversion. Two different risk premiums between stocks and bonds, such as 0.006%
and 0.012% are applied to examine the portfolio choices. When the risk premium of REITs and stocks is 1.5%,
investors with risk aversion equal to 1 to 6 are better off investing almost all capital in REITs, they can short sell
the bonds and put a very small weight in stocks. Similarly, investors can also derive the same benefit even when
the risk premium of REITs and stock is 2.0% with a risk aversion of 1 to 9. However, when the risk premium of
REITs and stock is 2.5%, the investor’s risk aversion factor does not matter, and it suggests that investors can
short sell bonds and invest in REITs having a larger weight in the optimal portfolio. The marginal effect of
changes in rR on the optimal portfolio weights in REITSs is observed to have a sharp decline when risk aversion
is increased. However, the impact of that change in the REIT-Stock correlation coefficient is non-existent as the
optimal weight in REITs doesn’t change when the risk aversion is increased. Therefore, the change in weights of
REITs in the optimal portfolio is more important than the correlation between REITs and stock performance.
Furthermore, the results also reveal that investors with higher risk tolerance can also mix in stock-REITs with
higher correlation. Since REITs outperform stocks and bonds, more and more investors should tend to put high-
er weights in REITs to form their optimal portfolio. This research mainly employs the mean-variance approach
to find out the best utility maximizing portfolio mix with varying degree of risk aversion. Furthermore, the re-
sults from Grandmont-Gariboldi (2010) using an ex-post mean-variance analysis on the significance of REITs in
international portfolios support some of the results from this study that the inclusion of REITs in a domestic and
also in international portfolios could contribute to superior performance in a mean-variance framework.

Future research should investigate this issue in various countries considering the time period before and after
the financial collapse of 2008. The performance of stock markets since 2008 around the world is not as stellar as
they have been historically. The financial market players seem more cautious because of the experience of 2008
and the whole financial environment around the world seems unstable. Therefore, there is considerable debate
and discussion that the returns from equity going forward may under-perform historical levels.

Finally, the findings from this research and the literature indicate that the expected return of REITS relative to
that of stocks is a much more important factor than the REIT-stock correlation in making portfolio decisions.
Although the data are different from the past, the results reflect the similar conclusions. A 1% change in the fo-
recasted return for REITS, holding the stocks return fixed, has a dramatic impact in optimal portfolio allocations
for investors of all risk levels. Therefore, the investors should consider the best way to maximize their return
depending on their risk aversion, and the relationship between stocks and REITSs.
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