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Abstract

Despite being one of the most important decisions a household has to make and extensively
covered in personal finance textbooks, there is very little empirical guidance as to whether it pays to
own a house. We examine this empirical question for households with different risk tolerance. By
including home ownership into the general portfolio analysis of financial assets, we demonstrate
clearly the interaction effect between financial assets and home ownership. We also offer a compre-
hensive analysis of 20 regional housing markets to determine whether the economic case for home
ownership varies across regions. For households that decide to rent instead of owning a house, this
study offers evidence on the effectiveness of hedging housing consumption risk with investments in
real estate investment trusts. © 2015 Academy of Financial Services. All rights reserved.
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1. Introduction

The home ownership decision is a major decision for most households. All textbooks in
personal finance cover the topic in details (e.g., see Madura, 2014). Almost all textbooks
examine the home ownership decision as a “buy versus rent” decision. What is lacking in
personal finance textbooks is the empirical evidence on whether a typical U.S. household
should in fact own a house. This absence of empirical evidence is somewhat unusual given
the emphasis on empirical evidence in modern finance. Theory is not enough unless it is
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supported by empirical evidence. In the literature, there is not much empirical evidence that
buying a house is in fact a wise decision. This lack of evidence is a cause for concern since
a house is a major asset for most households and the decision is relatively expensive and
inconvenient to be reversed. The question of whether a household should purchase a house
takes on more urgency since the collapse of the housing market in 2008.

Our article examines empirically whether it pays to own a house by estimating the
diversification benefit of home ownership in a representative investor’s portfolio. Similar to
holding any financial assets, home ownership may enhance the wealth of a portfolio investor
in the form of capital gain, whereas at the same time help diversifying the risk of the overall
investment portfolio. If home ownership offers statistically significant enhancement in the
risk-return trade off, then it pays to own a house. If a house does not offer such benefit, the
case for home ownership is no longer obvious. Perhaps the chapter on “buying versus
renting” a house in personal finance textbooks should be approached differently. We
advocate an approach where the decisions of home ownership, savings, and investment are
made jointly. Therefore, this study broadens the scope of services offered by financial
advisors and planners. The common practices for most financial advisors and planners tend
to focus exclusively on investments, retirement planning, estate planning, and insurance
needs. Residential ownership, which may represent a great part of a household’s total wealth,
tends to be ignored. This study equips financial advisors or planners to offer a more
comprehensive guidance to their clients beyond savings and investment decisions.

The finance literature does address the home ownership decision with the emphasis on the
interactions of housing choices with other financial assets. Some researchers examine the ex
ante optimality of joint portfolio choices of liquid assets such as stocks, bonds, and the house.
Yao and Zhang (2005), for example, derive a stylized model and provide empirical evidence
for the ability of the explanatory variables in their model to predict individuals’ decisions to
own versus to rent a house. Whenever the investor in their model chooses to own a house,
the model predicts the investor will reduce the equity proportion in their net worth, reflecting
the substitution effect of the house for risky stocks. Flavin and Yamashita (2002) examine
the effects of an exogenous housing ownership on the financial portfolio over a life cycle.
Unfortunately, in their model, a house is not endogenously included in a household’s
portfolio based on its risk-return characteristics and, therefore, it cannot address the issue of
whether an individual should own a house based on the risk-return characteristics of housing
ownership. Hennessey (2003) investigates the home ownership choice using two case
studies. His prime focus is the payoff from the ownership without explicitly taking into
consideration the risk dimension. Given the importance of risk consideration in modern
finance, any analysis without accounting for risk will be incomplete at best. With the
exception of Goetzmann (1993) and Wu and Pandey (2012), the existing literature seems to
be mostly concerned with the ex ante modeling of the housing choice and the empirical
verification of the proposed models. Different from the existing literature, our article focuses
on the ex-post diversification benefit of owning a house assuming very little about the model
governing the behavior of our representative investor other than the standard mean-variance
framework. The basic question we address in this study is whether an investor should own
a house instead of renting one based on the historical risk and return characteristics of home
ownership.
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To capture the historical risk and return characteristics of owning a house, we first use the
aggregate U.S. residential property market price index as a proxy for the return on owning
a house. We also examine twenty regional residential property markets. Home ownership
differs from the ownership of financial assets in one very significant way. In the case of
stocks, one can obtain exposure to the whole market easily by buying an exchange-traded
fund (ETF) that covers the overall United States or international markets. Common market
indices such as the Standard and Poor’s 500 Index are the appropriate proxy for the
ownership of stocks. In the case of houses, a home owner usually owns only one house. An
aggregate national market index for the overall U.S. housing market becomes meaningless
if there are significant variations in regional housing markets. This necessitates the exami-
nation of individual regional markets. By examining individual regional markets, we can also
shed light on whether the housing markets in the U.S. Sun Belt are indeed more attractive
than the housing markets in the northeast United States? Further, the difference in the
attractiveness of various regional housing markets is an important issue for the “buy versus
rent” decision because of the fact that individuals quite often have to relocate to a different
city for career or other reasons.

For individuals who choose rental instead of outright ownership, the concern for them is
the consumption risk associated with rental because of future rent increases. Can these
individuals replace the investments in houses with investments in real estate investment
trusts (REITs)? Can they hedge their housing consumption risk by owning REITs? Is the
ownership of REITs an alternative way to obtain exposure to the residential housing
markets? We attempt to address this issue by verifying the attractiveness of REITs in lieu of
the outright ownership of residential housing.

Goetzmann (1993) and Wu and Pandey (2012) examine the optimal allocation to a
residential property using the historical risk and return characteristics of home ownership
similar to part of our study. As explained later, they, however, fail to provide the statistical
tests that can tell us whether a house belongs to an investor’s portfolio in the first place. They
implicitly assume an individual should always own a house and proceeds with estimating
what fraction of his or her wealth should be allocated to the house investment. In this study,
we provide the necessary statistical tests on the home ownership decision. It is well known
that any in-sample portfolio performance analysis ought to result in a risk-adjusted return on
the optimal portfolio no worse than that before an extra asset class is added to the portfolio.
The issue is whether such improvement is too large to be explained by chance and this can
only be settled by statistical tests. Goetzmann (1993) and Wu and Pandey (2012) also fail to
examine alternatives to home ownership such as investments in REITs.

Some may question the appropriateness of our choice of a portfolio optimization model
involving financial assets and a house. Individuals who contemplate home ownership versus
rental are likely to be first-time buyers who lack the financial ability to own financial assets.
Should a portfolio approach involving both financial assets and a house be appropriate when
the first-time buyer may have no extra money for financial assets? First, individuals may have
financial assets in their pension accounts in which they have entitlement but without
accessibility for tax and other institutional reasons. The 2001 Survey of Consumer Finances
(SCF) shows that about two-thirds of the U.S. households own their primary residences and
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the home value accounts for only 55% of a homeowner’s total assets, on average. Secondly,
home ownership is a long-term decision. Although first-time buyers may not have immediate
ownership in financial assets, they will eventually accumulate financial assets through their
401(k). Our approach can therefore be thought of as a long-term validation of a current
decision. Finally, the use of a portfolio model is a common approach adopted in the literature
(e.g., Brueckner, 1997; Flavin and Yamashita, 2002; Goetzmann, 1993). By adopting an
approach that is consistent with those commonly used, we ensure our results are readily
comparable with those of other studies. It is our focus on the interaction effect between real
estate and financial assets that enables us to gain important insights into the impact of home
ownership on the investments in other financial assets. Our findings suggest that owning a
house quite often results in the displacement of bond investments in the portfolio as the two
assets exhibit very similar risk-return characteristics. Thus, investors and financial planners
are likely to arrive at suboptimal overall investment portfolios if they focus on asset
allocation involving only traditional financial assets while ignoring the substitution effect
between real estate ownership and bond investments.

In summary, this study addresses a gap in the literature and is far more comprehensive
than the previous studies in that we examine the suitability of home ownership for a variety
of potential home owners with different degrees of risk aversion." The optimal investment
choice of an investor of high risk tolerance could be dramatically different from that of one
who hardly wants to bear any risk given the difference in how they trade-off return versus
risk. Potentially as a key component of the overall investment portfolio, home ownership
may be perceived differently by the two kinds of investors in terms of its contribution to the
growth of their overall wealth. For example, no matter how much diversification benefit it
brings about in constraining the risk of the overall portfolio, home ownership may still be
considered as a poor decision by an investor of high risk tolerance if it fails to deliver a
sufficiently high return. On the other hand, a modest expected return from the appreciation
of real estate price may provide sufficient incentive for a risk averse investor to decide
owning the same residential property since the diversification benefit of having the real estate
investment as part of his or her overall investment portfolio is highly treasured by this kind
of investors. We design our empirical analysis in a way that allows us to dissect the
implication of risk aversion on home ownership. We also examine the risk-return charac-
teristics of different regional residential housing markets and how they may influence the
home ownership decision. Moreover, we examine the case for investing in REITs as an
alternative to outright home ownership.” Finally, we provide the necessary statistical test
results in substantiating the arguments for or against home ownership.

By using a comprehensive approach encompassing both home ownership and financial
assets, we illustrate how and to what extent the current practice of financial planning
involving financial assets alone can be very problematic. Our results indicate home owner-
ship pays for the conservative investors not because of the price appreciation of residential
properties. Despite the potentially false impression created by the recent housing crisis, a
house is attractive for its stabilizing influences in times of financial turbulences rather than
its potential for price appreciation. There are regional variations in the attractiveness of home
ownership with the Sun Belt lagging far behind the west coast.
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2. Optimal portfolio of a representative U.S. homeowner

In this article, we consider a representative U.S. investor originally holding U.S. equities,
non-North American equities, and U.S. government bonds. For this investor, we examine the
effects on the risk-return tradeoff of adding real estate to the existing portfolio. Specifically,
we gauge the value-adding of real estate investment by examining the extent to which it
enhances the risk-adjusted expected return of the overall investment portfolio as measured by
the resulting Sharpe ratio of the optimal portfolio under a mean-variance optimization
framework. Therefore, it captures the diversification benefit given the fact that real estate
returns are far from perfectly correlated with those of other financial assets. We compare the
Sharpe ratios of two optimal portfolios: (1) the maximum Sharpe ratio of the original
portfolio with the three existing financial assets as our baseline, and (2) the maximum Sharpe
ratio when real estate is added to the investor’s baseline portfolio. Any statistically signif-
icant improvement in the Sharpe ratio will prove that home ownership indeed offers a
diversification benefit to the investor and enhances his or her risk-adjusted return.

If short selling is allowed, the maximum Sharpe ratio can be derived by first finding out
the weights w of the tangency portfolio.’

37N z— R+ 1)
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where 7 is the vector of the mean returns of assets
>, is the variance-covariance matrix of asset returns
1 is the unit vector
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The Sharpe ratio of the tangency portfolio is then equal to:
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where 7, and o, are, respectively, the mean and SD of the return of the tangency portfolio.
Because an individual cannot short sell a house the way a stock is sold short and most
investors do not short sell individual asset classes, we consider the portfolio allocations when
short selling is disallowed throughout this article. When short selling is disallowed, the
weights of the tangency portfolio can be solved with the extra inequality constraint that the
vector of weights is non-negative. The question of interest is whether the Sharpe ratio of
the tangency portfolio when a house is added is indeed statistically significantly higher than
the Sharpe ratio of that without the house. This will give us confidence that the improvement
in the Sharpe ratio is not because of sampling errors. The details of the test procedure is
developed by Glen and Jorion (1993) and explained in Appendix B.

One simple way to test the diversification benefits is to estimate and compare the Sharpe
ratios of the tangency portfolios with and without real estate using historical average return
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of T-bill for R.in Eq. (2). This ex post approach is the most common practice and is also used
here. In addition to using historical T-bill returns, we also consider the resulting Sharpe ratios
at different values of R.. By varying R, we in effect trace out the efficient frontier by solving
for different tangency portfolios.* This approach allows us to solve for different optimal
portfolios on the frontier and evaluate the statistical significance of any difference in the
respective Sharpe ratios for investors with different risk aversion parameters. By allowing for
different degrees of risk aversion, we can detect if the diversification benefits are different for
investors with different risk preference. Goetzmann (1993) and Wu and Pandey (2012)
develop the efficient frontier of the financial assets and the house using historical data. What
they fail to do is to examine the baseline case without the house so as to illustrate the
enhancement of the risk-adjusted return as a result of investing in the residential property. By
ignoring the baseline case without the house, they implicitly assume that the house has to be
in the optimal portfolio and thus ruling out the possibility that home ownership may not be
a value-adding proposition for (at least) some of the investors in the first place.

In this study, we proxy the return on home ownership with the price appreciation
measured by the Standard and Poor’s (S&P)/Case-Shiller Home Price Indices. It is obvious
that the return on home ownership is more than the price appreciation of the residential
property. A home is both a consumption good and an investment. The consumption com-
ponent is the shelter provided by the house. By not accounting for the consumption
component in our study, we clearly underestimate the return on home ownership. There are
two other potential tax benefits associated with home ownership we ignore in this study.
First, interest payments embedded in the mortgage are tax deductible, whereas rents in
general are not. Second, the realized gain upon selling the house also receives more favorable
tax treatment than capital gains from financial asset investments. Fortunately, ignoring these
advantages of home ownership will only reinforce our conclusions if our test results favor
home ownership based on the price appreciation alone.

3. Data

The proxies for United States and non-North American equities are the monthly total
return series of the Center for Research in Security Prices’ (CRSP’s) value-weighted index
and the MSCI Europe, Australasia and Far East (EAFE) Index, respectively. We use the total
return series of the intermediate government bonds provided by the Ibbotson SBBI Yearbook
to proxy for the monthly returns on U.S. government bonds. Several indices are used as
proxies for the price appreciation of residential real estate. The S&P/Case-Shiller Home
Price Indices are used to construct our monthly returns on home ownership as they are the
most popular and comprehensive measures of U.S. residential real estate prices. We consider
both the Case-Shiller 10-City composite (CS Composite 10) and the 20-City composite (CS
Composite 20) indices as our proxies for the returns on the national market. The S&P/Case-
Shiller index family also includes 20 regional indices for the 20 metropolitan statistical areas
(MSAs5). In this study, we also consider the investment in U.S. real estate investment trusts
(REITs) as an alternative to home ownership. To proxy for the return on REITs, we use the
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popular All REITs monthly return series published by the National Association of Real
Estate Investment Trusts (NAREIT).

Because the S&P/Case-Shiller indices are only available from January 1987, we consider
the sample period from January 1987 to December 2011 in conducting our main empirical
analysis. However, data for five of the 20 MSAs are not available until later in our sample
period. Specifically, data for the Phoenix MSA are available from January 1989. Data for the
Seattle MSA are available from January 1990. Data for both Atlanta and Detroit MSAs are
only available from January 1991. Finally, data for the Dallas MSA are from January 2000.
As aresult of the late availability of the Dallas MSA data, the CS Composite 20 index, which
includes the Dallas MSA, also starts from January 2000. Although we could have conducted
all our analyses using only data since January 2000 for all our time series to maintain
uniformity in the time coverage across all MSAs, we also want to have the longest time series
possible to obtain a long-term perspective of home ownership as home ownership tends to
be a long-term proposition for most individuals. Very few individuals own a house for just
a year or two and then switch to renting. As a result, we perform our portfolio optimization
exercise for the CS Composite 10 index and the indices of 15 MSAs together with matching
financial asset returns data series covering the full sample period since January 1987. For the
remaining five MSAs and the CS Composite 20 index of late data availability, we perform
our analyses using shorter time series with starting dates dictated by the respective data
availability dates mentioned earlier. In conducting the portfolio optimization; therefore, we
consider the respective matching subsamples of the returns of other financial assets.

4. Results
4.1. Descriptive statistics

The risk and return characteristics of the financial assets and the house price indices are
reported in Table 1 Panel A. Among all the house price and financial asset indices, U.S.
equities and REITs have the highest average returns of 0.81% and 0.82% per months,
respectively. Proxied by the national house price indices of CS Composite 10 or CS
Composite 20, the average monthly return on home ownership is lower than those of all
financial assets. International equities represented by EAFE and REITs are the most risky
asset classes based on the SDs of their monthly returns, whereas residential real estate
represented by the CS Composite 10 and CS Composite 20 indices are the least risky. Bonds
appear to be moderate in both risk and returns.

Evidence based on the CS Composite 10 and CS Composite 20 indices in Table 1 appears
to indicate that a house should be considered as a consumption good to be enjoyed rather than
an investment for future returns. If home ownership is an investment at all, it is the safest
investment among the assets under consideration here.

As for individual MSAs, Portland stands out as the city with the best mean return at 0.40%
per month, which is about one half of the mean return of U.S. equities. Detroit, on the other
hand, has the worst mean return at 0.08% per month. Not one single city reports a negative
mean return over the sample period. In other words, the worst scenario for owning a
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residential property in our sample period is that the owner enjoys the shelter without much
price appreciation. San Francisco has the highest risk and the lowest volatility goes to
Charlotte. The SDs of returns of the former and latter MSAs are 1.41% and 0.60%,
respectively. Los Angeles, San Diego, and San Francisco share very similar risk and return
characteristics.

The individual MSA data indicate that there are sufficient variations in the performance.
The experience of a home owner in one part of the country may be different from that in
other parts. The implications of the variations on the home ownership decision remain to be
seen. It may simply mean a somewhat lower return without reversing the conclusion that
home ownership still pays when an individual is relocated from a high-return city to a
low-return one.

Whether a house is a worthwhile investment depends not just on its risk-return charac-
teristics, but also on the correlation of its returns with those of other asset classes held by the
investor. We report the pair-wise correlation coefficients of the returns of the house price and
financial asset indices in Table 1 Panel B. Among all pairs of different asset classes, the U.S.
equities and EAFE stocks have the highest return correlation at 0.72. REITs also have
relatively high correlations with U.S. equities and EAFE at 0.60 and 0.48, respectively. The
CS Composite 10 and Composite 20 indices tend to have very low correlations with all other
asset classes including REITs.” It is quite clear from the descriptive statistics that residential
properties are very stable assets unaffected by movements in the prices of other financial
assets in the long run. Further, residential properties (as proxied by the S&P/Case-Shiller
indices) and REITs are very different assets with the latter being a high risk and high return
proposition.

The correlations between individual housing markets and the CS Composite 20 index are
relatively high with magnitudes at no lower than 0.60. Most of the correlations are greater
than the highest correlation among financial assets, which is between U.S. equities and EAFE
stocks at 0.72. The correlations between individual MSAs and the CS Composite 10 index
are somewhat lower since the CS Composite 10 index does not include some of the
individual MSAs under consideration.®

Being a safe asset does not necessarily imply that it must be included in an optimal
portfolio. Likewise, a risky asset class such as equities may as well be a worthwhile
investment as long as it can deliver the return that can justify the bearing of its risk. Further,
portfolio choice varies from one individual to another depending on the individual’s risk
tolerance. To examine the potential risk-adjusted return enhancement effect brought about by
home ownership, we perform the optimal portfolio analysis described in Section 2 that
allows for the consideration of individual’s risk tolerance.

4.2. National residential market

The detailed results by using the CS Composite-10 index as our proxy for home ownership
are reported in Table 2. Column 1 lists the various levels of monthly risk-free interest rate,
R,, being considered, with the last number (0.31%/month) being the ex post historical
average risk-free rate based on short-term T-bills. As previously discussed, we solve for the
respective optimal portfolios while disallowing short selling. The optimal allocations to
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various asset classes for the case with and without residential housing are reported in
Columns 2-5 and Columns 7-9, respectively. When residential housing is added, the
allocation is nil when the historical average T-bills return of 0.31% is used to solve for the
tangency portfolio. The optimal allocation in residential housing is also zero at higher levels
of risk-free rate. Residential housing enters our investor’s optimal portfolio only at lower
levels of risk-free rate. Note that lower risk-free rates correspond to investors with a lower
risk tolerance. This should come as no surprise as residential housing displays extremely low
risk and return characteristics and, therefore, is attractive to conservative investors with low
risk tolerance. The Sharpe ratios corresponding to the cases with and without residential
housing are reported in Columns 6 and 10, respectively. When the residential housing enters
the optimal portfolios at low levels of R,, the improvement in the Sharpe ratio is quite
meaningful. In fact, whenever it enters the optimal portfolio, the resulting Sharpe ratio is
always no worse than the baseline case without the investment in residential property. This
confirms the well-known fact stated earlier that whenever the estimation of the input
parameters, the optimization, and the performance measure are done over the same sample
period, the performance of the optimized portfolios with the extra asset class cannot be
inferior by construction. Any conclusion based on this observed improvement in perfor-
mance is meaningless without statistical testing. We conduct the statistical tests based on the
simulation method of Glen and Jorion (1993) described earlier and in Appendix B. A p-value
of 0.05 or lower will indicate that the Sharpe ratio with home ownership is statistically
significantly higher than the Sharpe ratio without home ownership at the usual five-percent
level, leading us to conclude that the benefit from home ownership is real rather than purely
because of chance. The resulting p-values at different levels of risk-free rate are reported in
the last column of Table 2. When proxied by the CS Composite 10 index, residential housing
offers statistically significant diversification benefit to our representative investor at monthly
R, of 0.2% (about 2.4% annually) or lower. Given the current low interest rate environment
of below 2.4%, home ownership can in fact be an optimal decision.

At zero risk-free rate, Table 2 indicates the proper allocation to a house is 48.5% of an
individual’s total wealth.” In the absence of home ownership, the optimal bond holding for
this same individual is 87.9%. Home ownership reduces the optimal bond holding to 45.7%,
that is, a reduction of about 42 percentage points. In effect, the investment in a house comes
about almost exclusively at the expense of bond holding because of their similar risk
characteristics. A financial planner, who focuses on the allocation among financial assets
alone, may therefore potentially recommend an overinvestment in bonds because of the
failure to capture the interaction effect between the return from home ownership and those
from other financial assets. Table 2 (and subsequent tables) illustrates the importance of a
more comprehensive approach in financial planning. While Goetzmann (1993) and Wu and
Pandey (2012) incorporate both home ownership and financial assets in their analysis, by
ignoring the baseline case of the optimal portfolio without home ownership, they cannot
demonstrate the displacement effect of a house on bonds in an optimal portfolio and perform
the statistical tests as we have done here.

It is important to note that home ownership is attractive not for its potential price
appreciation. As pointed out in Table 1, the mean return on the CS Composite-10 index at
0.29% per month is no match for the 0.81% return from U.S. equities.
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We examine the robustness of our results by repeating the previous analysis with the CS
Composite 20 index as our proxy for the return of home ownership. The results are reported
in Table 3. The case for home ownership is found to be weaker than that documented in
Table 2. We offer several reasons for this finding. First, the CS Composite 20 index includes
some weak housing markets such as Atlanta, Detroit, Phoenix, and Dallas that are not
included in the CS Composite 10 index (individual housing markets will be examined later).
Second, the CS Composite 20 index is available only since January 2000. With its shorter
sample period (only a total of 143 monthly observations), the financial/housing crisis of 2008
exerts a stronger influence on the CS Composite 20 index than the CS Composite 10 index;
thus, weakening the case for owning a residential property. Nevertheless, despite the
relatively stronger negative effect of the financial/housing crisis, home ownership as repre-
sented by the CS Composite 20 index still offers statistically significant diversification
benefit at a risk-free rate that is close to zero based on the p-value of Glen and Jorion (1993)
test (see last column of Table 3). In other words, for a risk-averse investor, it still pays to own
a house despite the severity of the recent financial/housing crisis and the fact that, as of the
end of our sample period, most of the housing markets are still far from fully recovered from
their losses. For longer-term home owners, the CS Composite 10 index, which covers a much
longer time period of about 25 years, offers a more representative indication of the benefit
of owning a house.

4.3. Individual metropolitan markets

As for individual cities, although there are enough similarities to draw definitive state-
ments about home ownership, there are also interesting differences when we repeat the above
optimal portfolio analysis using individual MSA indices to proxy for the return from home
ownership. Among the 20 MSAs, Portland presents the best outcome for home ownership.
Residential housing enters the optimal portfolio at all reasonable levels of risk-free interest
rate including the historical average of 0.31%/month (see Table 4). Only at monthly R, of
0.4% (i.e., about 4.8% annually) or above do we find residential housing becomes unattract-
ive. These high levels of R, correspond to individuals with relatively high-risk tolerance. The
logical move for these relatively aggressive individuals is to stay out of safe assets like
residential housing and invest in only stocks as indicated in Table 4. Our results suggest that,
for most residents in Portland with reasonable degrees of risk aversion, home ownership
definitely makes sense economically even without accounting for the consumption value of
the shelter a house will provide.

To appreciate the attractiveness of real estate to residents of Portland, note that the mean
return and SD of the U.S. equities over the same sample period (reported in Table 1) are
0.81% and 4.62%, respectively. The ratio of the mean to the SD corresponds to the Sharpe
ratio at a zero risk-free rate. This will work out to be about 0.175% of mean return for each
percentage SD of risk for U.S. equities. According to the results in Table 4 for Portland, the
Sharpe ratio at the zero risk-free rate for an investor with home ownership is about 0.680%
for each percentage point of risk. The improvement over U.S. equities investment is very
dramatic. Part of the reason for the improvement is the investment in other financial assets
in addition to real estate. Comparing the Sharpe ratio of 0.680 for an investor with home



63

C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76

‘porrad

ordwres oy I19A0 SOLINSEBAI], WLIS}-}IOYS UO UINJAI UBAW ) 0) [enba SI jey) yjuout/9,81 () JO 9Bl 1SINUI J0IJ-3SLI JO [9A] B 0) SPu0odsa1Iod moir ise[ oyJ, ,
‘partodar osfe are sonjer adreys [enba uo s3s9) (fH) UOLIO[ pue UI[D) JO san[eA-d
oYL "1107 Iequead 01 000 Areniqe woij porrad ojdwres oy} uo paseq pue pamo[[esip SUI[[es 110YS YIIm paure}qo are sorjopiod rewndQ "sejer jsarul
Q01J-YSII A[QJUOW JO S[OAQ[ JUAIRJJIP I8 pariodal are (g-asodwo) SO moyiim pue yim sorjopiod Aousdue) jo sorjer adieys pue s)ysrom or1jojliod 210N

L0€0 068C°0 0000°0 2060 8L60°0 616C°0 L8TI'0 0000°0 G88L0 82800 =8100°0
- - - - - - - - - - 0L00°0
— — — — — — — — — - 09000
- 8C€00 0000°0 00001 0000°0 8C¢00 00000 0000°0 00001 0000°0 0S00°0
- 8901°0 000070 §CL6'0 SLCO0 8901°0 0000°0 0000°0 §CL6'0 SLCO0 0¥00°0
— 0681°0 0000°0 61260 18L0°0 0681°0 00000 0000°0 61260 18L0°0 0€00°0

8LE0 9LTO 0000°0 1706°0 6560°0 8SLTO S060°0 0000°0 LETY0 LS80°0 02000

001°0 119¢€°0 0000°0 05680 0s01°0 ¢6LE0 S8¥C0 0000°0 CLL90 €vL0°0 01000

¥10°0 1877°0 0000°0 $688°0 SO11°0 826170 c0Te0 00000 90190 26900 00000

H4vd puoq MA 0g-ansoduwo) H4vd puoq MA

onex “IDSIN "AOD U] dS¥d onex Ne -IDSIN "AOD IJU] dS¥d
onpea-d adreys S)YS1om orjopIod adreysg S)IYS1om or1[0]310q o
[is) Q)BISO [BAX INOYIIM SOT[ONIO] QLIS [BAI IIM SOI[OJIIO] QoIJ-ySTY

Axo1d se xopur (z-oysodwio) SO YPim dIysIioumo swoy Jo SIJauaq UONBOYISIOAL( € 9[qe],



C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76

64

‘porrad

ordwres oy I19A0 SOLINSEBAI], WLIS)-}IOYS UO UINJAI UBAW Y} 0) [enba SI jey) yjuoul/g,[¢°() JO 9Bl 1SINUI 90IJ-3SLI JO [9A] B 0) Spu0odsa1Iod moir ise[ oyJ, ,
‘paytodar osfe are soner adieys [enbe uo $1s9) ([D) uoLIOf pue UILD) Jo sonea-d Y], ‘110T
I1oquIadd(J 03 /86 Areniqo woij pouad ordwes [[nJ oy} uo paseq pue pamof[esip Sul[[as 1oYs YIIm paureiqo aIe sorjoptod fewndQ "Sojel 1SINUI 9o1J-3SLI
A[qpuowr JO S[OAQ[ JUAIOHIP I8 pajtodar are xopul YSIA puepiod SO Inoyim pue yim sorjopiod Kouo3uey jo soner adreys pue sjysrom OI0JuI0d 210N

0€0°0 ¥9TT0 00000 8818°0 CISTO 11C°0 SYor0 00000 0cIS 0 Ge80°0 =1€00°0
- LETO0 0000°0 0000°0 00001 LETO0 000070 0000°0 0000°0 00001 0L00°0
— ¥$70°0 00000 00000 0000°1 Ysv0°0 00000 00000 00000 0000°1 09000
- 29800 00000 092L0 0¥LT0 7980°0 0000°0 00000 092L0 0rLT0 0S00°0
¥81°0 L8ST°0 00000 1280 6LLT°0 88S1°0 60€0°0 00000 CL6LO 0cL10 0¥00°0
200 §9¢T0 00000 €168°0 L8YT°0 1L9T°0 0ser o 00000 ¥96¥°0 L8LOO 0€00°0
0000 9¢1¢0 00000 ¥598°0 9EL0 £66€°0 €SIS0 00000 YLTY'O €LS0°0 02000
00070 €56¢°0 00000 8€L80 9c10 8¢S°0 G6ss0 00000 L96€°0 8L¥0°0 01000
0000 SLY 0 00000 °6L8°0 80210 96L9°0 18LS°0 00000 S6LE0 ¥Zv0'0 00000
H4Avd puoq MA puepod H4AvH puoq MA
onex -IDSIN "ACD U] dS¥d onex Ne -IDSIN "ACD U] dS¥d
onpea-d adreyg S1IY3rom or1[opI0q adreys SIYIrom or1[oj10q o
[t} Q1BISO [BAI INOYIIM SOT[OJIO] QJBISO [BAI IIM SOI[OJIIO] QoIJ-ySTY

puepiod ur digsioumo swoy Jo $)yJauaq UONEBOYISIdAL]  + 9[qRL



C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76 65

ownership with the Sharpe ratio of 0.475 for one with only financial assets and also at zero
risk-free rate (see first row of Table 4), the difference of about 0.205 in Sharpe ratio can be
attributed to the benefit of adding real estate to the optimal portfolio. This increase in the
Sharpe ratio still exceeds the Sharp ratio of 0.175 for investing in U.S. equities alone. Home
ownership in Portland clearly offers an improvement in the risk-adjusted payoff over that of
investing in U.S. equities alone.

Similar to the value-adding proposition as demonstrated in the previous subsection by
using the national CS Composite 10 index, the real estate in Portland is an attractive addition
to an investor’s portfolio mainly because of its ability in risk reduction rather than the
potential for price appreciation. Table 1 indicates that Portland, being the best real estate
market, merely offers a mean return of 0.40% per month over our sample period, which is
not even half of the mean return of 0.81% per month for U.S. equities.

What is the verdict of home ownership for residents of other major metropolitans?
Residential real estate in the cities of Denver, Washington DC, Los Angeles, San Diego, San
Francisco, and Seattle offer slightly higher average monthly returns (ranging from 0.30% to
0.35%) than that of the CS Composite 10 index (at 0.29%), but they are also (marginally)
riskier than the composite index (see the means and SDs of returns reported in Table 1 Panel
A). Our optimal portfolio analysis using the individual MSA indices of these cities confirms
that they share the same desirability in home ownership as we have previously demonstrated
using the CS Composite-10 index. Residential property offers statistically significant diver-
sification benefit at risk-free interest rate of no higher than about 0.2% per month (or about
2.4% per year). To conserve space, we only report the outcome for San Diego in Table 5 as
the representative results for these six cities.® Home ownership is still attractive enough for
most individuals except for those with high risk tolerance. Note that the optimal weight for
real estate in San Diego at the zero risk-free rate representing the most conservative investor
is 38.82%. In fact, the portfolio weights for real estate at all levels of risk-free rate are
consistently lower than the allocations for Portland residents. Given the significantly higher
housing prices for west coast cities in California, home owners in California may have to
invest more than the optimal weight of 38.82% of their wealth in real estate because of the
fact that fractional ownership is not very common. Comparing the asset mixes of the optimal
portfolios with and without real estate in San Diego at zero risk-free rate, the addition of real
estate is mainly at the expense of bond investment. The optimal weight on bonds drops from
about 88% to about 55% when real estate is added. It appears that real estate serves as a close
substitute for bonds because of the similarity in their (low) risk characteristics. If California
residents have to overinvest in real estate because of its lumpiness, this overinvestment
probably should be accommodated by a reduction in bonds. Again, our results clearly
demonstrate the importance of comprehensiveness in financial planning with the investor’s
home ownership central to the asset allocation decision.

According to the risk-return characteristics as reported in Table 1 Panel A, residential real
estate in the cities of Miami, Chicago, Boston, Charlotte, New York, and Cleveland offer
slightly lower return but also lower risk than the CS Composite 10 index. Based on our
optimal portfolio analysis results, these six cities are similar in terms of the degree of
enhancement of risk-adjusted return home ownership can offer our representative investor.
Results for Chicago are reported in Table 6 as the representative of this group. Residential
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housing offers statistically significant diversification benefit only at R.of 0.1% per month or
lower. The case for home ownership in these cities is weaker than that of the previous group
of cities (i.e., Denver, Washington DC, Los Angeles, San Diego, San Francisco, and Seattle)
as reported in Table 5. It is also weaker than the outcome when we use the CS Composite
10 index as our proxy (see Table 2). At zero risk-free rate an investor still has meaningful
optimal exposure to real estate at 35.54%.

Phoenix, Minneapolis, Las Vegas, Dallas, and Tampa are somewhat less attractive
comparing with the other markets we have examined so far. Table 7 reports the results for
Dallas as the representative of this group. Home ownership in this group of cities offers
statistically significant diversification benefit only at risk-free interest rate that is close to
zero. In other words, home ownership is only attractive to the somewhat more risk-averse
individuals. At zero risk-free rate, optimal bond holdings with and without real estate are
59.96% and 88.95%, respectively. In other words, the addition of 33.36% in real estate
displaces 28.99% in bonds. Consistent with earlier results, bond and real estate are almost
perfect substitutes. As a result, financial planners should not focus on investment decisions
involving financial assets alone without accounting for home ownership. However, the
results for Dallas have to be interpreted with caution as there are only 143 monthly
observations as opposed to 299 observations for most other cities and the CS Composite 10
index. Because the CS Dallas MSA data are only available since January 2000, the 2008
financial/housing crisis has a relatively greater impact on Dallas than other cities and thus
potentially resulting in a bias against the case for home ownership.

In which of the metropolitans should a potential home buyer really think twice before
signing on the dotted line? Based on our optimal portfolio analysis results, Atlanta and
Detroit are the only two cities where residential property offers no significant diversification
benefit regardless of the investor’s risk preference. It is actually not a surprising result if we
take a closer look at the statistics reported in Table 1 Panel A. Among our sample of 20 cities,
Atlanta and Detroit offer the lowest average monthly return of 0.09% and 0.08%, respec-
tively; whereas both cities display SDs higher than that of the CS Composite 10 index. Based
on this risk-return characteristics alone, we are quite sure that these two cities have very little
to offer. Only the portfolio results of Atlanta are reported here (see Table 8).

With the exception of Atlanta and Detroit, home ownership in all cities can significantly
enhance the risk-adjusted return of our representative investor when the risk-free interest rate
is close to zero. Because we have ignored the consumption benefit of home ownership in our
analysis, it is fair to say that home ownership pays in 18 of the 20 markets. It is harder to
make a definite statement about owning a house in Atlanta and Detroit, because the
consumption value may or may not be able to compensate for the lack-luster portfolio results
documented above. In general, our results indicate that residential housing is an attractive
investment despite the recent great recession. The conclusion would have been stronger if the
consumption component provided by the residential property has been accounted for. An
interesting find was that certain cities in the Sun Belt regions such as Atlanta and to a lesser
extent Phoenix, Dallas, Tampa, and Las Vegas appear to be less attractive. Housing prop-
erties in the west coast cities such as Los Angeles, San Diego, San Francisco, Seattle, and
Portland offer better risk and return tradeoff in addition to the pleasant weather.



69

C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76

‘porrad

ordwres oy I19A0 SOLINSEBAI], WLIS}-}IOYS UO UINJAI UBAW ) 0) [enba SI jey) yjuout/9,81 () JO 9Bl 1SINUI J0IJ-3SLI JO [9A] B 0) SPu0odsa1Iod moir ise[ oyJ, ,
‘partodar os[e are sonelr adieys [enbe uo $1s9) ([D) UOLIO[ PUB UI[LD) JO son[ea-d
oYL "1107 Iequead 01 000 Areniqe,] woij porrad ojdwes oY) uo paseq pue pamo[[esip SUI[[es 110YS YIIm paure}qo are sorjopiod rewndQ "sejer jsaraur
Q01J-YSLI A[YIUOW JO S[OA] JUAIQHIP Je partodar a1e Xopul YSA Se[[ed SO INOyIIm pue yiim sorjojriod Louague) jo soner adreys pue sjysrom o1joj10 2J0N

- 068C°0 0000°0 060 8L60°0 068C°0 0000°0 0000°0 060 8L60°0 =8100°0
- - - - - - - - - - 0L00°0
— — - — — — - — — — 09000
- 8C¢0°0 0000°0 00001 00000 8C€00 00000 00000 00001 0000°0 0S00°0
- 8901°0 000070 STL6'0 SLCO0 8901°0 0000°0 0000°0 GCL6'0 GLCO0 0¥00°0
— 0681°0 0000°0 61260 18L0°0 0681°0 00000 00000 61260 18L0°0 0€00°0
- 9¥LT0 0000°0 1706°0 6560°0 9LTO 00000 0000°0 1706°0 65600 02000
6v¢0 119€°0 0000°0 0568°0 0s01°0 y€9¢°0 geelo 0000°0 C8LLO £880°0 01000
LEO0 18%1°0 00000 $688°0 SO11°0 86LY°0 9¢€ee0 00000 96650 8990°0 00000

Hdvd puoq MA se[[ed H4AvH puoq MA

onex -IDSIN "A0D U] dS¥d onex Ne -IDSIN "AOD IJU] dS¥d
onpea-d adreyg S)YS1om or1jopI0d adreys S1Iy3rom or1jopIoq o
[t} Q)BISO [BAI INOYIIM SOT[ONIO] Q1BISO [BAI (I SOT[OJIIO] QoIJ-ySTY

se[e(q ur digsioumo swoy Jo $)yauaq UONEBOYISIdAL [ J[qRL



C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76

70

‘porrad

ordwres oy I19A0 SOLINSEBAI], WLIS)-}IOYS UO UINJAI UBAW ) 0) [enba SI jey) YIuoul/9,97 () JO 9Bl 1SINUI J0IJ-3SLI JO [9A] B 0) Spu0odsa1Iod moir ise[ oyJ, ,

‘paytodar osfe are sonel adieys [enbe uo $1s9) (D) UOLIO[ pue UJD JO son[eA-d Y],

1107 10quIad9( 01 [66] Areniqe,] woij porrad ojdures ay) uo paseq pue pamoj[esip SuI[[os 10ys YIm paurelqo aIre sorjopiod jewndQ *sejer 1sa1ojur 9a1j-3SL
A[qpuowr JO S[OAQ[ JUQIRMIP 1B pantodar are xopul YSIA BIUBPY SO Inoyiim pue yum sorjoptod Aous3ue) jo soner adieyg pue sjySrom OI[0J)I0d 210N

- LS9T0 0000°0 88¢8°0 ClI91°0 LS9T0 00000 0000°0 88¢8°0 [4LN0) 292000
- §9¢00 000070 000070 00001 §9¢0°0 00000 0000°0 000070 00001 0L00°0
— L8¥0°0 00000 0000°0 0000°T L8Y0°0 00000 00000 00000 0000°1 09000
- 1680°0 00000 €LLY0 LTTE0 1680°0 0000°0 0000°0 €LL90 LTTE0 0S00°0
- YLST°0 00000 86L°0 810C°0 YLS1°0 0000°0 000070 86L°0 810CT°0 0¥00°0
— 89¢T°0 00000 0ce80 0891°0 89¢€C°0 00000 00000 0ce8 0 0891°0 0€00°0
- 6L1€0 00000 8L¥8°0 ces10 6L1€0 00000 0000°0 8L¥8°0 S0 02000
- 866¢°0 000070 0LS8°0 010 866¢°0 0000°0 0000°0 0LS8°0 0erlo 01000
801°0 128¥°0 00000 1€98°0 69¢1°0 68¥°0 LT81°0 00000 L60L°0 LLOT0 00000
HAvVH puoq MA BluRpY Hdvd puoq MA
oner -IDSIN "AOD IJU] dS¥d onex SO “IDSIN "AOD IU] dS¥d
onpea-d adreyg S)Iy31om orjopIoq adreyg S1IY3rom orjopIod o
o Q1BISO [BAI JNOYIIM SOI[OIIO] Q)BISO [BAI I SOT[OJIIO] QoIJ-ySTY

ejuepy ur diysioumo auioy JO SIJaUaq UONBOYISIOAI]  § J[qEL



C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76 71
4.4. Real estate investment trusts

Finally, we conduct an optimal portfolio analysis for individuals who intend to use REITSs
as a substitute for owning a residential property. The results (reported in Table 9) indicate
that REITSs offer no statistically significant diversification benefit at all levels of Rf.9 The risk
and return characteristics of REITs as reported in Table 1 more or less speak for the futility
of REITs in our representative investor’s portfolio. The summary statistics in Table 1 clearly
indicate that REITs have a somewhat higher risk (based on the SD of return) than the U.S.
equity as proxied by the CRSP value-weighted index; whereas they have essentially the same
average return. Further, REITs have the second highest correlation with the U.S. equities
among the return series. This renders REITs a rather unattractive investment except for the
most aggressive investor (i.e., as represented by the cases of high levels of risk-free interest
rate reported in Table 9). This finding is compatible with that of Liu and Mei (1992) who find
that the returns on REITs resemble those of small cap stocks. The improvement in the Sharpe
ratio in these cases of higher levels of R, is, nevertheless, still statistically insignificant. Direct
investment in a house pays in the long-run. Investment in an indirect securitized asset class
like REITs is no substitute. This information should be useful to renters who may want to
hedge the future housing consumption needs with REITs.

Tables 7, 8, and 9 clearly provide examples of the situation where the inclusion of an extra
asset always results in the Sharpe ratio no worse than the baseline case without the extra
asset. Without the backing of any statistical tests, such a finding does not necessarily imply
an investor will be benefited by including the extra asset in constructing his or her optimal
portfolio. The results of our statistical tests suggest that part of the observed enhancement in
the in-sample performance when residential property is added may in fact be the result of a
pure random effect. The statistical tests performed in this study are crucial to ascertain the
contribution of real estate investment to the investor’s/homeowner’s optimal portfolio.

5. Conclusion

Without any good solid empirical evidence on the payoff of home ownership, it is hard to
make sound decision regarding one of the biggest decisions a typical household has to make.
To compound the matter, financial advisors tend to ignore the home ownership question and
focus on the savings and investment decisions involving financial assets. By providing the
empirical evidence for the economic benefit of home ownership in a portfolio context
involving financial assets and home ownership, we provide a complete analysis beyond what
normally offered by financial advisors. Our evidence indicates that the financing of home
ownership quite often comes about at the expense of bond investments because bonds and
real estate share very similar risk and return characteristics. Any financial planner who
ignores a client’s home ownership will likely recommend an overinvestment in bonds. While
the economics of home ownership for conservative individuals is compelling based on our
empirical findings, the “buy versus rent” decision also depends on the subjective lifestyle
choice as pointed out in some personal finance texts.
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By varying the degree of risk aversion, we show that home ownership is attractive to
conservative investors because of the extremely low risk in investing in residential property
as a result of its relatively stable rate of price appreciation. Although the market value of
residential real estate may have been affected by the volatility in the financial markets during
the recent housing crisis, it is in general insensitive to the movements in the financial markets
over our 25-year sample period. The correlations of the returns on residential real estate with
those of financial assets are in fact very low. These near-zero correlations suggest an
individual should own a house because of its stabilizing influences in times of financial
turbulences rather than its potential for price appreciation. The price appreciation of the best
residential market, Portland, is merely one half that of the U.S. equities. The 2008 housing
crisis should not displace our perception of the long-run stability of residential property
price. REITs simply lack the conservative characteristics of a regular house to be qualified
as viable substitutes.

Another major contribution of this article is the comprehensive examination of the 20
regional residential property markets. The Sun Belt housing markets are no more attractive
than the northeastern part of the United States. The west coast in general and Portland in
particular tend to stand out as the more attractive markets.

Notes

1 The degree of risk aversion of an individual is likely to be associated with a number
of factors including gender, age, wealth and income levels, and other personal
characteristics related to his or her inherent risk preference.

2 An investor can easily obtain exposure to the REIT sector by buying an ETF that
replicates a REIT index or by buying an actively managed mutual fund that specializes
in REITs. For empirical evidence on the performance of actively managed mutual
funds that specialize in the REIT sector, see Kaushik and Pennathur (2012).

3 See, for example, Ingersoll (1987, Ch. 4), for the derivation. Appendix A to this article
also provides a detailed exposition of our portfolio framework.

4 FElton, Gruber, Brown, and Goetzmann (2006, Ch. 6) suggest the variation of the
risk-free rate as a way to trace out the frontier.

5 Perhaps not surprisingly, the CS Composite 10 and Composite 20 indices are almost
perfectly positively correlated with each other.

6 Pair-wise correlations between individual MSAs are computed but not produced here
to conserve space. The statistics are available on request.

7 The allocation to home ownership would have been higher if the consumption value
of the house has been explicitly accounted for as part of the return.

8 Results for all individual cities are available upon request.

9 Stevenson (2000) also tests for the statistical significance of diversification benefits
of adding REITs to an equity portfolio without bonds and finds the Sharpe ratio of
the combined portfolio to be not significantly greater than that of the pure equity
portfolio.
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Appendix A: Sharpe ratio and optimal portfolio weight
Sharpe ratio ® is a commonly used measure of risk-adjusted return. It can be defined as

the amount of expected return (Z) over the risk-free interest rate (Ry) per unit of return SD (o).
That 1is,

The higher the Sharpe ratio the more (excess) return can be generated by an asset with the
same amount of risk. For a portfolio of assets, optimizing the Sharpe ratio will lead us to
invest only at portfolios that lie on the efficient frontier in a plot of expected returns against
SDs of all possible portfolio compositions as defined by the proportions of the total
investment amount (i.e., weights) on individual assets making up the portfolios (see Figure
Al).

In Figure Al, z, and o, are, respectively, the expected return and the SD of return of the
portfolio. Given a risk-free interest rate of R, the portfolio that delivers the highest Sharpe
ratio is referred to as the tangency portfolio, which can be represented by the tangency point
at the efficient frontier of a straight line having an intercept of R, (see Figure Al).

To solve for the weights w of the tangency portfolio, we can consider the portfolio
optimization problem of an investor having the opportunity to invest $1 in a portfolio making
up of n risky assets and a risk-free asset delivering a return of R,. Let Z denotes the n X 1
vector of the expected returns of risky assets and 2, the n X n variance-covariance matrix of
risky asset returns. Let & denotes the n X 1 vector of the amounts of money invested in each
of the risky assets. The assumption of fully investing $1 ensures that the amount of money
invested in the risk-free asset equals to $1 — &' X 1, where 1 is the n X 1 unit vector. Suppose

N

Efficient
frontier

Tangency
portfolio

Fig. Al.



C.S. Cheung, P. Miu/ Financial Services Review 24 (2015) 51-76 75

the investor targets an expected return of R, to be generated from his portfolio. The optimal
portfolio that he or she should hold is, therefore, the portfolio that can deliver an expected
return of R,, whereas at the same time being the least risky (i.e., with the smallest SD or
variance). The investor should invest in a portfolio with composition & such that the variance
of portfolio return (8' X X X &) can be minimized, whereas at the same time conforming to
the constraint that the target expected return of R, can be achieved. That is,

min(8' X 3 X §)
5

subject to
X Z+RX($1 -8 X1)=R,

The first order condition of the above optimization problem gives us the optimal value for
o

§=AXI "X (Z-R/X1)

where A is a certain constant. The weights w of the risky assets within the optimal risky
portfolio (i.e., the tangency portfolio) is, therefore, the normalized value of 8. That is,

8 AXIYTIX(Z-Rx1) 57X (2= R X 1)
CU'XS AXTXITIX(Z-RX1) I'XIT'Xz-Rx1'x3 X1

w

This gives us Eq. (1).
The Sharpe ratio of the tangency portfolio is its expected excess return over the risk-free
interest rate divided by its SD of return. That is:

o - R TwoR

P o, (W' =3 -w)”

which is our Eq. (2).

Appendix B

Let us define T as the number of monthly observations. Also, let ®, be the Sharpe ratio
of the tangency portfolio before the addition of the residential property and ®, be the Sharpe
ratio after the addition. The null hypothesis to be tested is Hy : @, = ®, When short selling
is allowed, the test statistic presented in Gibbons, Ross, and Shanken (1989) and Jobson and
Korkie (1989) is:

0% - 02

= — ><—
F=(T-4) 1+ 071"

3)
where F' follows a F-distribution with 1 and 7-4 degrees of freedom.

In this study, we consider the case where short selling is disallowed. Under this condition,
the F statistic of Eq. (3) will not be following the F-distribution and needs to be simulated
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before hypothesis tests can be conducted. We conduct the simulations by following the
method proposed by Glen and Jorion (1993). We first estimate the means, variances, and the
covariances using historical return data. The expected return of the additional asset class (i.e.,
real estate in this study) is then modified so that the original tangency portfolio is still
mean-variance efficient after this additional asset class is included. This in effect ensures the
null hypothesis is satisfied in the subsequent simulation exercise. With these modified
parameters, 7 random samples of joint returns are drawn from a multivariate normal
distribution. Based on these simulated returns, a new set of means and variance-covariance
matrix are estimated. Sharpe ratios of the tangency portfolios with and without the additional
asset class can then be estimated. Finally, the value of the test statistic of Eq. (3) is computed
and recorded. The empirical distribution of the statistic is generated under the null hypothesis
by repeating this process 1,000 times.
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