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1. Introduction

The real estate industry has grown dramatically in size and impor-
tance, and it has attracted considerable interest as an alternative investment
tool over the last years' . Some evidence calls into question the investment
benefits of REITSs in diversifying portfolio risks.

On one hand, considering REITSs as a type of equity asset class, it has
been concluded that “diversification across equity asset classes with dissim-
tlar patterns of returns mitigated downside risk without resorting to diver-
sification into asset classes with lower expected returns” (Gibson, 2008). A
summary of existing research on the benefits of investing in real estate is
presented by Worzala and Sirmans (2003). Further analyses have been con-
ducted by Bond et al. (2003), Brounen and Eichholtz (2003), Lee (2005),
Lee and Stevenson (2005), Waggle and Agrrawal (2006), Imperiale (2006),
Cheng and Roulac (2007), Idzorek et al. (2007), Jin et al. (2007), Jinzhao
(2007), Fugazza et al. (2008, 2009), Yat-Hung et al. (2008), Sebastian and
Sturm (2009), Basse et al. (2009), Lee (2010), Niskanen and Falkenbach
(2010) and Wong et al. (2012), etc.

On the other hand, Titman and Warga (1986) show that while the per-
formance rankings of REITs are not very sensitive to the risk-adjustment
model like single index (i.e., CAPM) and multiple index (i.e., APT) model,
the actual performance measures do sometimes differ substantially. In addi-
tion, they find out that because of the high volatility of REITs investments,
the differences in investment performance across REITs generally are not
statistically significant. Liow et al. (2009) evidence the international cor-
relation structure of real estate securities and the broader stock market are
linked to each other, providing economic motivations regarding the poten-
tial integration of international real estate securities markets.

Therefore, the purpose of this paper is to restudy the benefits of invest-
ment in REITs. Our interest lies in the following aspects. First, we attempt

'This trend is accompanied by the introduction of real estate investment trust (REIT) legislation in several
countries worldwide, such as Belgium (1995). France (2003), Germany (2007), Hong Kong (2003), Ttaly (2007),
Japan (2000), Singapore (1999), and Great Britain (2007); see, EPRA (2008) and Qoi et al. (2006). Other
countries, such as the US and Australia, have had this type of legislation or its equivalent for a long time, and
represent the leading securitized real estate markets according to the market capitalization that is related to their
GDP. There are approximately 150 publicly traded REITs in the U.S. today, with a combined equity market
capitalization of about $390 billion; see, http://www.reit.com.
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to obtain the quantitative demand of asset allocation across traditional as-
sets (stocks and bonds in this study) and REITs. The interpretations of the
importance of REITs hence can be explained in terms of the striking total
and inter-temporal hedging demand for REITs. Second, the potential utility
benefits of long-term investors under combinations of various asset classes
with or without including REITs as an asset class can then be derived out by
calculation of the unconditional mean of the value function, which is later
used to compare the utility improvement. Third, we enable quantized exam-
ining what type of investors REITs should appeal to by repeating the anal-
ysis for different value of relative risk aversion coefficients. For example,
REITs may appear to be an asset class for the more adventurous investors
with higher risk tolerance. Relevant results can provide empirical support
for policy makers and investors.

The rest of this paper is organized as follows. Section 2 reviews the
literature. Section 3 outlines the framework of empirical methodology. Sec-
tion 4 describes the dataset. Section 5 presents our empirical results and
analyses why investors have a strong inter-temporal hedging demand for
REITs. Section 6 concludes.

2. Literature review

Two approaches can be categorized so far in the literature concerning
the benefits of investing in REITs. Firstly, lots of studies evidence appeal-
ing properties of REITs as an attractive asset class, in terms of reduced
risk without sacrificing return or increased Sharpe ratio. However, such
evidence is based on the simple statistics such as returns of REITs and cor-
relations with other asset classes without even attempting any construction
of optimal portfolios. While these statistics play an important role in deter-
mining the risk-return characteristics of a portfolio, conclusions regarding
the desirability of REITs must be based on the risk-return characteristics
of the resulting portfolio since it is ultimately the portfolio that matters.
Moreover, correlation coefficients analysis captures only the short-term
dependence between asset returns, even though investors are usually in-
terested in long-term interrelation and linkages between prices. Secondly,
existing studies concerning the role of REITs mostly focus on static asset
allocation setting such as one-period mean-variance (MV) framework. De-
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spite the relative success of these studies for providing unanimous evidence
that the investor is better off by including REITs in the portfolio, there are
some shortcomings that preclude a quick and easy conclusion. The first one
is that the MV specification does not reflect accurately the benefits from
REITs investments due to two nonrealistic assumptions (i.e. the distribution
of the asset returns is normal; investor’s preferences are described by a
quadratic utility function) 2. As shown by Brounen et al. (2008), Liow and
Sim (2006), and Liow (2007), this assumption does not hold for real estate
returns. The second one is that static one-period setting fails to examine the
role of REITs in multi-period strategic asset allocation dynamically across
the non-traditional REITs and traditional assets. That is, a considerable re-
duction in risk to long-horizon investors derived from time diversification
may exploit non-zero intertemporal hedging demand. REITs may become
more desirable to investors for intertemporal hedging in the long-run since
their returns have negative conditional correlation with expected stock and
bonds returns. Three recent studies (Schindler 2011; Yunus 2009; Gallo and
Zhang 2009) may be the only exceptions due to long-term consideration by
applying a co-integration methodology, while they concentrate mainly on
co-movements between real estate stock markets based on co-integration
and correlation analyses. The third one is that most of the conclusions ob-
tained in existing papers are based on the visual inspection of the relative
position of efficient frontiers, telling little about the quantitative demand of
REITSs in an existing portfolio.

In light of the previously mentioned shortcomings, we therefore con-
centrate on the long-term benefits from investing REITS, in the context of
multi-period portfolio choice and dynamic asset allocation. To this end, we
take advantage of the approach proposed by Campbell, Chan and Viceira
(2003; henceforth, CCV), considering a multi-period portfolio choice prob-
lem of an infinitely long-lived investor with Epstein-Zin utility who faces a
set of asset returns described by a vector auto regression in returns and state
variables, considering the time and risk diversification properties.

CCV method departs from the previous literature significantly in three

?As to the normal distribution assumption, ample empirical evidence calls in question. A guadratic utility
function exhibits negative marginal utility after a certain finite wealth level and increasing absolute risk aversion
with respect to wealth
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aspects. First, CCV model focuses on a multi-period portfolio choice prob-
lem of an infinitely long-lived investor with Epstein-Zin utility, which can
overcome the weaknesses pointed out in previous literature. Second, poten-
tial return predictability is contained in CCV which is described by an unre-
stricted first order vector autoregressive (VAR (1)) process in state variables
and return predictors. This simplicity allows us to break the total demands
for REITs into myopic demand which focus solely on a single period for-
ward and intertemporal hedging demand which aim to look multi-period
ahead to hedge against adverse shocks in time varying investment oppor-
tunities. Further on, intertemporal hedging demands can be divided into
components associated with individual state variables, allowing us to in-
vestigate the sensitivity of the optimal investment in REITs to changes in
state variables. This demand decomposition further gains some insights on
the Ievel and related factors that affect the dynamics of intertemporal hedg-
ing demand for REITs. Third, CCV method can accommodate multi-period
portfolio choice problems with a relatively large number of asset classes
and state variables at relatively low computation effort. Thus, we can sub-
stantially expand asset classes beyond traditional Treasury bills, stocks and
long-term bonds conveniently without making additional assumptions such
as completeness of markets (Wachter 2002) and returns distributions.

3. Empirical approach

In the following, we mainly outline the formulation of the multi-pe-
riod portfolio choice problem faced by the investor who can allocate af-
ter-consumption wealth to # risky assets. To be consistent, we summarize
the empirical approach using the same symbols as CCV; detailed discus-
sions of the methodology are provided in Section 2 and 3 of CCV.

3.1 Dynamics of state variables

Let R, be the real return on a benchmark asset (usually a 3-month
Treasury bill) from time / to time #+1, and let R, ,,,i =2,---.n, be the
real returns on the 7 —1 additional assets. The real return on the investor’s
portfolio can be written as:

n
; (1)
Rp,l+l = Rl,/+l & Zau (Ri.m Y Rl.r+l)
i=2
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X~ ["2,1+1 AN LR LAWY "’L,HI , (2)

where «, , is the weight on asset I at time £, the weight on the bench-
Yol n s =
mark at time 7 is )
1- E a;,
i=2

The vector of log excess returns for 7 risky assets can then be expressed as:

Li=12,.n

ry=17

4
r,.. =log\R - :
where ~/*! g\ . In addition, the system in-

cludes other three state variables (namely, nominal short-term interest rate,
the dividend-price ratio and the term spread), which are defined as a whole
in instruments vector '+ Thus, the whole system of state variables can be
described as:

Zl+l = |_r].l+l ’ Xf+l’sl+l], (3)

CCV approach assume that the dynamics of the variables system (or
potential return predictability) can be well described by an unrestricted first
order vector autoregressive (VAR (1)) process in state variables (i.e., real
short-term interest rates, excess stock returns, excess bond returns, excess
REITs returns) as well as return predictors (i.e., nominal short-term interest
rate, the dividend-price ratio and the term spread).thus the dynamics of the
state vector Zin can be given by

2, =@+ Dz, +vV,,, (4)

where @, is the 7 %1 vector of intercepts, @ is the 7 XM matrix
of slope coefficients, and Y+ is the m X1 vector of innovations that are
independently and homoskedastic distributed as N(O /D ) . . The vari-

mx1? v

ance-covariance matrix X satisfies the following partition:

X ‘ o 19
O-\ % ey 615

p2 9 1 (5)

WY A%

4
Il
Vj‘
Q
~
—_
-
x
Il
Q
e 0

168 2014/ Ne+4



“Monzon-Xamadein Menee canxyyeuiin xaxmoin axcuarazaa” anxoyzaap gopym

where O‘f is the variance of the innovation to the benchmark asset
return; ©,, is the (n—l)xl vector of covariance between innovations
to the benchmark asset returns and to the excess returns of additional as-
sets; o, Iis the (m = n)xl vector of covariance between innovations to
the benchmark asset returns and to the instrumental variables; X _ is the
(n - l)x (n - 1) variance-covariance matrix for the innovations to the ex-
cess returns; X is the (m = n)x (n —l) matrix of covariance between in-
novations to the excess returns and to the instrumental variables; X _ is the
(m ~ n)x (m - n) variance-covariance matrix for the innovations to the
instrumental variables. Thus, the stochastic evolution of expected returns of
various assets on the past histories as well as other predicative variables is
conveniently derived.

3.2 Utility function

CCV model assumes that the investor maximizes the recursive Ep-
stein-Zin utility over an infinite horizon, which can be expressed by

ulc, B U, )]- f1- )t + slg i o ©

where C, is the consumption at time ¢, E, () is the conditional ex-
pectation operator, O € (0,1) is the time discount factor, ¥ >0 is the co-
efficient of constant relative risk aversion (CRRA), @ = (] - y)/ (1 —(//" ),
and > 0 is the elasticity of intertemporal substitution (EIS). As empha-
sized by CCV, Epstein-Zin utility has a desirable property that the notion
of CRRA is separated from that of EIS. The expression reduces to popular
time-separable power utility function, in which y = l//_l, and log utility
function, in which y =y~ =1.

3.3 Solving the approximate model

At time [, the investor uses all relevant information and makes opti-
mal consumption as well as portfolio choice decisions in order to maximize
the Epstein-Zin utility function, subject to the intertemporal budget con-
straints:

P+l

Wi =, -CJR

, {7)
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where C, is the consumption and #, is the wealth at time /.

Under time-varying investment opportunities, CCV solve the inves-
tor’s optimal asset allocation and consumption decision by applying an
extension of the approximate analytical solution with a relatively simple
numerical procedure and three key approximations. Detailed derivations for
this solution are provided in the appendix of Campbell et al. (2003).

3.4 Optimal portfolio choice

The solution can be expressed in terms of optimal portfolio choice
and consumption rules for@, and ¢, —w,, where optimal asset allocation
@, can be divided into two components:

al - -_I—Z_\-\l H‘(I)O‘f‘lﬁi'f'(l—}/)ﬁh_ +12;‘}'HV(DIZI

- A =
+ (1 __I_JE:(_ l} + (1 _1])::(— —A"—]z, . (8)
y -y Y I-w)

where H is a selection matrix that selects the vector of excess re-
turns from the full state vector, A, and A, are coefficient matrices that
depend on b,. B, and B,,aswellas y, ¢, 8, p,®,, @, and X .

The first item is the myopic component of asset demand, which fo-
cuses solely on a single period forward. It essentially conform to static
Markowitz problem, while investors with » # 1 adjust his allocation by the
term (1 — }/)GH when the benchmark is risky. The second item is the inter-
temporal hedging demand arising in multi-period portfolio problem. Fol-
lowing Merton (1969, 1971), the investor with more risk averse than a log-
arithmic investor or time varying investment opportunities may look ahead
and hedge against adverse shocks in asset returns. As reflected in the second
term in equation (8), the effect of intertemporal hedging demand affects
not only the mean optimal portfolio allocation to risky asset, but also the
sensitivity of the optimal portfolio allocation to changes in state variables.
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3.5 Value function

By solving for the optimal consumption-wealth ratio, the value func-
tion (i.e., the maximized utility function per unit of wealth) can be given by

1/(1-)
v, — =gy &)
[ b, . B
= exps ~ log(l-8)+——+—L-z +z' -—2 7
| 11—y -y 1=y 1y )

We can use these results to calculate the unconditional mean of the
value function £ (V,) then to calculate the utility of long-term investors
who have access to REITs.

4. Data description

The calibration results are based on monthly data for the U.S. market.
We employ a rich dataset spanning the period June 1972 to December 2010.
This includes bearish and bullish periods in REITs prices, the 2000-2007
REITs booms, and recent 2007-2010 subprime credit crisis, as well as the
increasing presence of index investment in REITs markets and potential
markets integration.

The proxies for the U.S. domestic equity markets as well as domestic
government bonds are monthly total returns series of S&P500 and 10-year
government bond. The real return on Treasury bills is defined as the log
return on a 3-month Treasury bill minus the log difference of the rate of
inflation. The log excess stock return is the log return on the S&P500 stock
index minus the log return on the 3-month Treasury bills. The log excess
bond return is the log return on the 10-year government bonds minus the
log return on the 3-month Treasury bills. The nominal yield on Treasury
bills is the log yield on a 3-month treasury bills. The nominal yield is the
difference between the yields on a 10-year government bond and 3-month
treasury bill. The log excess REITs return is defined as the log difference of
the FTSE NAREIT Equity REIT Index returns.

The data for S&P 500 index returns and dividends are from Center for
Research in Security Press (CRSP) and the S&P Corporation. The data on
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10-year government bonds as well as the 3-month T-bill come from the Fed-
eral Reserve Bank of St. Louis database (FREDIIR®). The inflation rate is
measured as the continuously compounded rate of change of the consumer
price index for all urban consumers, are from the Bureau of Labor Statistics.
We use FTSE NAREIT All Equity REIT Index returns from the NAREIT
website (www.reit.com) to proxy for the U.S. public real estate asset class,
including both capital gains and income return components.

Table 1 contains the descriptive statistics for each asset class. Con-
firming the results reported in the studies mentioned earlier, REITs have
mean monthly excess returns of about 0.32%, and a little high than the U.S.
equities. Although REITs have higher volatility than bonds, its Sharpe ratio
is the highest. REITs also have fewer correlations with bonds than domestic
equities. On the basis of the above commonly reported evidence, REITs
have been accepted as an asset class that will add diversification benefits
to investors.

Table 1. Summary statistics of monthly total returns on different
assets a.

rbt
xr

=
=

XC
v
div
spr

Mean(%) 2.2265 0.1247 -0.1609 0.3151 55604 0.0979  0.6910

Std.

o 1.2932  2.3907 1.9856 22154 3.1688 2.2924 0.5478
dev(%)

Skew 0.5225 -0.7201 -0.1972 -0.5552 0.6278 0.0224 -0.4785

Sharpe 0.0522  -0.0810 0.1422
ratio
Correlation
o 1.0000 -0.0150 0.0382 -0.0312 0.9997 -0.0359 -0.5515
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iz -0.0150 1.0000 -0.0327 0.588% -0.0172 0.0043  0.0517

3 0.0382 -0.0327 1.0000 -0.0403 0.0389 -0.1086 -0.0300
& -0.0312 0.5889 -0.0403 1.0000 -0.0324 0.0447 0.0899
0.9997 -0.0172 0.0389 -0.0324 1.0000 -0.0360 -0.5506

div -0.0359 0.0043 -0.1086 0.0447 -0.0360. 1.0000 -0.0247

spr -0.5515 0.0517 -0.0300 0.0899 -0.5506 -0.0247 1.0000

a " = ex post real Treasury bill rate, X" = excess stock return, xb
= excess bond return, X¢= excess REITs return, ¥ = nominal Treasury bill
yield, div = log dividend yield, *P" =yield spread.

Table 2 reports the estimation results for the VAR system. The top sec-
tion of each panel reports coefficients estimates and the R-squared statistics
(with the t-statistics in the square brackets) for each equation in the VAR
system. The lagged REITs return has insignificant negative coefficients in
the first and second row of the table corresponding to the real bill return and
the excess domestic stock return equation, respectively, while significant
negative coefficient for the lagged REITs return. The fourth row reports
the results for the equation of REITs, with all the coefficients insignificant.
These results imply that there are few correlations between REITs and other
risky assets. This possibly implies REITs could be an important component
of asset allocation.
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Table 2. VAR estimation results b.

VAR estimation results
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b 7= ex post real Treasury bill rate, ¥ = excess stock return, *?
= excess bond return, ¥¢= excess REITs return, * = nominal Treasury bill
yield, 9= |og dividend yield, *7” = yield spread.

The bottom section of each panel reports the cross-correlation matrix
of the innovations in the VAR system. Unexpected log excess stock returns
has very low correlation with REITs returns, while highly negative correla-
tion with shocks to the log dividend yield, which is consistent with previous
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empirical evidence (Campbell, 1991; Stambaugh, 1999). Unexpected log
excess bond returns have highly negative correlation with shocks to real
Treasury bill rate, nominal Treasury bill yield, spread yield and REITS re-
turn and positive correlation with the log excess stock return, while relative-
ly low negative correlation with REITs returns. Altogether, the correlations
between REITs and stock and bond returns suggest that REITs could play
an important role in the process of strategic asset allocation. We will further
explore their implications for optimal multiple-period portfolio choice.

From the simple calculation of the common measures of the corre-
sponding realized returns in Table 1 and Table 2, we can tentatively gain
some insights into the economic interpretations for REITS’ significance in
asset allocation.

One explanation might be based on modern portfolio theory, indicating
that the interaction of asset classes with each other provides aspiration for
diversification. The REITs return has less correlation with domestic bond
markets than domestic stock markets, exhibiting available risk diversifving
property. This property suggests REITs should be attractive for portfolios
diversification. Furthermore, the correlation between innovations to stock
or bond and REITs returns are considerably small compared to those of
themselves and other states and predictability variables. Consequently, the
large positive intertemporal hedging demand for stocks does not reduce the
demand for REITs. which may explain why the positive demand for REITs
is significant during the long horizons.

The second tentative explanation is from the aspect of the return distri-
butions. It is a well established fact that traditional asset returns, for exam-
ple, the distribution of REITs returns is less negatively skewed than stock
returns. Therefore, the less negative skewness of REITs return together
with its lower volatility relative to stock return, imply that REITs has lower
downside risk compared to traditional risky assets. If the tail events happen
simultaneously for the two asset classes, REITs can provide substantial di-
versification benefits for portfolio allocation.

Another explanation comes from the correlation between REITs re-
turns and inflation. This is because the ultimate goal of portfolios’ value is
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for consumption. Thus, investors should consider the real purchasing power
of assets returns; that is, capability of hedging against inflation risk. Tradi-
tional asset classes such as stocks and bonds are negatively correlated with
inflation and are not good asset classes for hedging against inflation. How-
ever, REITs may help in hedging inflation risk in that: (i) they are positively
correlated with inflation in the long run (around 0.1879); (ii) REITs prices
are directly linked to unexpected inflation shocks, which is an important
component of inflation.

5. Results and discussions

CCV method indicates that the optimal portfolio asset allocation to
bills, stocks, bonds and REITs futures is linear in the vector of state vari-
ables, thus changing over time. One way to characterize this policy is to
examine its mean and volatility.

5.1 Level of assets demands

To analyze the level effect, we compute the mean allocation to each
asset as well as the mean hedging demand for five different specifications
of the vector of state variables. The fist VAR system only has a constant
term in each regression, corresponding to the case in which risk premium
are constant and realized returns on all assets are 1.i.d, including the short-
term real interest rate. The second system includes an intercept term, the ex
post real bill rate, and log excess returns on stocks, bonds and REITs. We
then add sequentially the nominal bill rate, the dividend yield, and the yield
spread. By comparing numbers within each column, we can examine the
incremental effects of the state variables on asset allocation.

5.1.1 Mean demands of stocks, Treasury bills, bonds and REITs

We first make the analysis by allowing the investors to include RE-
ITs in his investment portfolio. In this case, the investment opportunities
include T-bills, long~term nominal bonds, domestic stocks and REITs. We
therefore estimate the expanded VAR system and apply the CCV approach
to compute the mean total, myopic and intertemporal hedging demands for
each asset.
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Table 3 reports the mean total. myopic, and intertemporal hedging de-
mands (in percentages) for domestic treasury bills, bonds, stocks and REITs
with unit elasticity of intertemporal substitution, time discount factor equal
to 0.92 at an monthly frequency, and coefficients of relative risk aversion
equal to 1. 4, 7, and 10. The entries in each column are mean demands
in percentage points when the explanatory variables describing investment
opportunities in the VAR system added sequentially. The expanding VAR
system include the state variables in the column heading and those to the
left of it: Constant=VAR system only has a constant term in each regres-
sion;, AR t = real returns on T-bills, excess returns on stocks, excess re-
turns on bonds, and excess returns on REITs; ¥, =nominal yield on T-bills;
d, — p, =log dividend-price ratio; and spr, = yield spread.

We note that the total mean demands across the four assets sum to 100;
the mean myopic demands across assets also sum to 100, while the mean
hedging demands sum to 0.

Table 3. Mean demands of domestic assets for nominal T-bills,
nominal bonds, stocks and REITs.

State variables: Constant AR y, d,-p, spr

I

y=1, w=1 §=0.92'"

Stock: Jetal 57223  2245.17 235830 2368.23  2377.04
demand
c]\l’ly"p‘c 57223 2245.17 235830 236823 2377.04
emand
Hedging 4 0.00 0.00 0.00 0.00
demand

Bond: oot 55579  2463.98 2532.82 250925 248835
demand
Myopic  ssc99 246398 2532.82 250925 248835
demand
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Hedging

et N 0.00 0.00 0.00 0.00
FFES; d;r;‘:ﬂ g 24689 105642  1069.40  1058.03  1047.95
ngn"f;g 246.89 105642  1069.40  1058.03  1047.95
I;:Sf:f 0.00 0.00 0.00 0.00 0.00
Cash: dg;?i 4 127491 566557 -5860.52 -5835.51 -5813.34
gg:’:n‘g -127491 -5665.57 -5860.52 -5835.51 -5813.34
I;:igai:g 0.00 0.00 0.00 0.00 0.00
Yy =dy =10 =0.92 112
Stock: dgr‘r’]f; 4 12376 55448  469.66 44540  421.14
gg’no;’nig 123.76  549.67 35163  301.14 25065
Ij:i%g‘f 0.00 4.81 118.03 14426  170.49
Bond: dg;?rlnd 115.09 576.50 616.94 603.23 589 51
ggffrfg 11509  613.00 63028 62442  618.55
Ijsgqgai;f 0.00 3650 _ -1334 2119  -29.04
15 g 6972 7858 14329 13631 20472
MoBlc. . goar . G3mee 7540 5604,  107.10
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S:Iigai:f 0.00 24.65 67.89 80.27 97.62
Cash: dgr?]t:;d -208.57 -1109.56 -1129.89 -1084.93 -1115.37
ggno;’;g 20857 -111660 -957.31  -881.59  -876.30
zleeigai:f 0.00 7.04  -172.58  -20334  -239.07
¥=T w=1, 6=0.9242
Stock d;‘;\fg o 5970 31205 25798 24470 22847
ggﬁf;g 59.70  305.64 18121  153.83 12037
Elgi%i:f 0.00 6.41 76.77 90.87  108.10
Bond: dg;‘:;d 5214 32573 349.13 34168 33257
gg;?z?nl; 5214 34857 35849 35532 35144
I;:i%i:g 0.00 2284 2936  -13.64  -18.87
FTE d:;t:; g 3727 4940 76.34 72.24 74.32
xy[;’frjg o -k 35.53 9.70 -4.17
};:frlg:f 0.00 15.47 40.81 62.53 78.49
G dlﬁid 4911  -587.18  -583.45  -558.61  -535.36
ggqoap;; 4911 -588.14  -47523  -418.85  -367.64
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Hedging

0.00 0.96 -108.22  -139.76  -167.72
demand
y=10, y=1, 5=0.92"7
Srani e g Sl Sl s sailRN i A0Es5 | aiERaB “silsessl
demand
Myopic 3407 21418 12352 10263  79.07
demand
Hedainz e o/t 3.97 5503 6570 7774
demand
g ol 2695 22634 24280 23712 23072
demand
Myopic ' 5695  242.80 24977 24734  244.60
demand
MSAEInSaN aio0i’ SEICRl T SR tipas”  asis
demand
RE- Total -
ey HE o 2600 36.92 48.11 54.96 61.18
Myopic 5699 2541 16.69 6.53 9.04
demand
Hedging o, 11.51 31.42 48.43 52.14
demand
Cash: Total 1269  -381.41  -369.46 -36042  -348.71
demand
E’IYOP‘C 1269  -38239 -28998  -256.50  -232.71
emand
Hedging 0.00 0.98 -79.48 -103.92  -116.00
demand

With respect to the results in Table 3, the introduction of REITs causes
investors to move money from equities into REITs much strongly. This ap-
pears to reflect that stocks and REITs are relatively closer substitutes. The
most striking result is the mean intertemporal hedging as well as the mean
total and myopic demand for REITs are positive and considerably large,
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though the magnitude is still much less than stocks and bonds. Furthermore,
the intertemporal hedging demand for REITs is fairly stable in a certain
degree. even after investors can invest equities. This result verifies that the
REITs is an attractive and effective asset class which should be seriously
concerned in strategic and portfolio choice.

To check for the robustness of the estimated demand for REITs, we
expand the analysis by allowing various value of risk aversion and elastic-
ity of intertemporal substitution. By comparing numbers within any row,
we can study how total asset allocation and intertemporal hedging demand
vary with risk aversion. As we would expect, the mean total, myopic and
hedging demands for all the risky assets decrease as ¥ increases. Even for
the most risk adverse investor, there are still significantly positive demands
for REITs, providing powerful evidence for considering REITs in strategic
asset allocation. Moreover, for investors with more risk aversion, the mag-
nitude of the mean total and hedging demands for REITs increase gradually.

We also compute the demands for assets by setting different values of
elasticity of intertemporal substitution { . We do not report the results for
space reservation. Both the mean total and hedging demand for REITs do
not change very much, and somewhat significantly positive as the value of
l increases. The stable mean total and hedging demands for REITs over
various value of i/ provide strong support for REITs as an attractive asset
class in multi-period asset allocation. Our result also comply with the recent
theoretical work conducted by Bhamra and Uppal (2006), who suggest that
the elasticity of intertemporal substitution ¥/ can only effect the magnitude,
but not the sign. of the intertemporal hedging demand for the risky asset.

J.1.2 Mean demands of Treasury bills, bonds and REITs for investors

We also study the mean demands of REITs for the investors who can
only have access to more steady assets like long-term bonds. Table 4 re-
ports mean total, myopic and intertemporal hedging demands for nominal
long-term bonds, nominal T-bills (or cash) and REITs with unit elasticity
of intertemporal substitution, time discount factor equal to 0.921/12 at an
monthly frequency, and coefficients of relative risk aversion equal to 1, 4, 7,
and 10. The entries in each column are mean demands in percentage points
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when the explanatory variables describing investment opportunities in the
VAR system added sequentially.

For the U.S. investors in Table 4, the most striking results is the mod-
erately large mean total and intertemporal hedging demands for REITs for
each reported ¥ value, though the magnitudes of total and hedging demand
for REITs are much lower than bonds for the first two columns. This is con-
sistent with the theory that there is higher demand for the asset with larger
Sharpe ratio. However, the mean hedging demand for bonds is negative
and fairly large in magnitude for the last three columns, contributing to the
smaller total demands for bonds versus REITs. There are significantly sub-
stantial mean total and intertemporal hedging demands for REITs, which
is much larger than bonds. The mean total demand for bills is negative for
each reported ¥, indicating the investors typically short bills.

Table 4. Mean demands of domestic assets for nominal bonds,
nominal T-bills and REITs.

State variables: Constant AR Y, d,-p, spr

}/:1, (//:]’ o= 0.92 V12

REITs: 1ot 38321 228971 322854  3226.67  3242.45

demand

MyoPic 38321 228971 322854 322667  3242.45

demand
gedg‘“g 0.00 0.00 0.00 0.00 0.00
emand

Bond: Total 681.12 2544.13 2745.19 274735  2743.95
demand
Myopic 681.12 2544.13 2745.19 274735  2743.95
demand
Hedging 49 0.00 0.00 0.00 0.00
demand

Cash: Total -964.33  -4733.84  -5873.73  -5874.02  -5886.40
demand

201 4/Ned 183



Myopic

OJIOH YiIC CVAIAJT

FOOPIC 96433 473384 -5873.73  -5874.02  -5886.40
I;edginf 0.00 0.00 0.00 0.00 0.00
cman
y=4 w=1 6=0.92'"
REITs: O™ 6330 44905 122169 1169.96 116276
ﬁ‘nf;ig 63.30 333.24 808.21 807.79 811.58
I;:if:f 0.00 115.91 41348 36217  351.18
Bond: 1O 14220 60286 75476 73877 75214
ﬁﬁi’fg; 14220  633.38 824.06 791.57 819.12
}j:ig;f:dg 0.00 -30.52 -69.30 -52.80 -66.98
Ty dg;‘:{'] g 10550 952001  -1876.45  -1808.73  -1814.90
ggf’;’rfg -105.50  -866.62  -1532.27  -1499.36  -1530.70
lei‘f:f 0.00 -85.39 34418 230937 -284.20
y="1 w=1 6=092"0
REITs: %% 1760 24550 73163 70087 695380
d“f;fg’f:g 17.60 172.33 46245 46224 46432
};:;g;:(f 0.00 73.17 269.18 238.63 231.48
Bond: dg;t:rt , 652 34039 43379 42528 43430
22“0;;3 65.21 320.37 476.36 459.07 477.57
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Hedging 0.00 20.02 -42.57 -33.79 -43.27
demand

Cash: 1ot 1719 -485.89  -106542  -1026.15  -1030.10
demand
Myanig 17.19 39270 -838.81  -821.31  -841.89
demand
Hedging 0.00 -93.19 -226.61 -204.84 -188.21
demand

y=10. =1 &=092"

RBips:; ol 0.68 165.33 525.81 503.95  499.73
demand
Myopic 0.68 110.54 32415 32401  325.42
demand
Hedging 4, 54.79 201.66 17994 17431
demand

Bogd: ' et 34.41 23684 30543 29977  307.09
emand
IO 222.45 337.35 325.85  340.79
demand
Medzing: = g,05 14.39 -31.92 2608  -33.70
demand

Cashe ot 6491  -302.17 73124 70372 -706.82
demand
E’IYOP‘C 64.91 -23299  -561.50  -549.86  -566.21
emand
I:edgmg 0.00 -69.18 -169.74 -153.86 -140.61
emand

The reason for significant intertemporal hedging demand for REITs
may lies in that REITs return has low and negative correlations with tra-
ditional asset classes, while having a lower downward risk by having less
negative skewness. In addition, the surprisingly significant intertemporal
hedging demand for REITs seems to come through its increased ability to
hedge against the unexpected future inflation, compared to traditional as-
sets.
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5.2 Variability of asset demands

We now turn to the analysis of the variability of asset demands. Fig. 1
illustrates the estimated total demands for stocks, bonds and REITs graph-
ically, along with the myopic and hedging components. The upper, middle
and lower panel in the figure plots time series of total optimal allocations,
myopic demands and intertemporal demands, respectively, in percentage
points of investors with unit elasticity of intertemporal substitution, time
discount factor to 0.92 at an annual frequency, and relative risk aversion
coefficient equal to 5.

2000/ e R NRRECECS PRSP ST ST IR SRRl SO (R RS
! *  Cash ==-<== Total stock *-=**==** Total bond = Total REITs
0! o o % o, e :E";‘#?
4000, M ,.;"‘"‘*ﬂ' el ¥
=
® :’x
2000 — et :
1970 1975 1980 1985 1990 1995 2000 2005 2010
1000 prssR R R R e e st o et g e
: ===== Myopic stock Myopic bond =—— Myopic REIT
500 ”'r
: (P y o i
3 3
1970 1975 1980 1985 1990 1995 2000 2005 2010

===== Hedgmng stock ===+ Hedging bond == Hedgmg REITs

-500 s == i)
1970 1975 1980 1985 1990 1995 2000 2005 2010

Fig. 1 History of asset allocations for stocks, bonds and REITs for
investors.
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For all three assets, hedging demands considerably less volatile than
myopic demands, which are consistent with the explanation provided by
Kim and Omberg (1996) and Campbell and Viceira (1999). Overall, the
hedging demands for REITs appears to be the most volatile compared with
those for stocks and bonds. Moreover, the hedging demands for REITs are
comparatively larger than the hedging demands for stocks during real estate
bull markets, while considerably lower than those for stocks during real es-
tate bear markets. However, the hedging demands for REITs are well above
the hedging demand for bonds over most of the sample period.

The results are similar when investors can only have access to Trea-
sury bills, bonds and REITs, as illustrated in Fig. 2. Also, the hedging de-
mands for REITs are well above the hedging demand for bonds over most
of the sample period, apart from the periods of subprime crisis.

Total REITs Total bond ]

4000 ! i o v e - R R e e A R i o=t
1970 1975 1980 1985 1990 1995 2000 2005 2010

1500 i i T | ] i ! gs g 1 Z ) 3 = T X =

Myopic REITs |

1000 - S Myopic bond -

0 th
.................

1 L L TR |

-500 :
1970 1975 1980 1985 1990 1995 2000 2005 2010

600 = ¢ s 1 = * 1 f i ! i
——— Hedging REITs |
.......... Hedging bond ,i

~ eteg.
- -, ..
............................
.....................................................................

1 1 i ! 1 1

200 '
1970 1975 1980 1985 1990 1995 2000 2005 2010

Fig. 2 History of asset allocations for bonds and REITs for investors.
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5.3 The utility benefits from including REITs

Another way to investigate the importance of the REITs asset class is
to compare the utility of an investor who has access to REITs with the utility
of an investor who does not.

In Table 5 we carry out this comparison. The table reports the mean
value function for values of the relative risk aversion y are set to 1, 4,
7, and 10. For investor, Panel A compares the mean value function when
investors can allocate across stocks, bonds and Treasury bills. Panel B com-
pares the mean value function when investors have access to REITs, bonds
and Treasury bills. Panel C compares the mean value function when in-
vestors have access to stocks, REITs, bonds and Treasury bills. The value
function is normalized so that a doubling from one asset menu to another
implies that an investor would require twice as much as wealth to reach the
same utility with the worse asset menu than with the better one.

Table 5. Mean value function c.

y Ely,]

Panel A: Stocks and bonds

Nominal bonds and real

Nominal bonds Real consol bonds
consol bonds

1 4.7626 1.4125 14.5671
4 0.7453 0.2870 2.6453
7 0.0692 0.0341 0.1303
10 0.0200 0.0103 0.0257

Panel B: REITs and bonds

Nominal bonds and real

Nominal bonds Real consol bonds
consol bonds

1 4.0686 1.2701 13.3928
4 0.6340 0.2582 2.2630
7 0.0433 0.0201 0.2325
10 0.0108 0.0093 0.0190

201 4/Ne4



“Mounzon-Xamaowin venze canxyyauiin xasmern axcuiiazaa’ auxoyzaap ¢opys

Panel C: REITs , Stocks and bonds

Nominal bonds and real

Nominal bonds Real consol bonds
consol bonds

1 12.8712 5.6990 73.2932
4 0.8378 0.3018 4.5688
7 0.0952 0.0494 0.1824
10 0.0272 0.0115 0.0280

¢ This table shows the mean value function implied by the monthly
dataset for investors with unit elasticity of intertemporal substitution l’”,
time discount factor equals to 0.921/12 at an monthly frequency, and coeffi-
cients of relative risk aversion equal to 1, 4, 7, and 10. Each panel considers
a different asset menu available to the investor. To make all asset menus
fully comparable, all mean value functions are based on the same VAR.
The value function is normalized so that a doubling from one asset menu
to another implies that the investor would require twice as much wealth to
obtain the same utility with the worse asset menu than with the better one.

For the U.S. investors, a comparison of the asset menu in Panel A in
which REITs are no available with the asset menu in Panel C shows that
REITs generate large welfare gains for all investors. Aggressive investors
gain by having access to REITs with less negative skewed expected excess
returns, and by the ability to use REITs to hedge long positions in domestic
stocks. Conservative investors gain by having access to REITs that hedge
the risk of variation in real interest risk.

One can draw the same conclusion by comparing two asset menus in
panel B. Results are somewhat moderately favorable when REITs are add-
ed to long-term bonds. Both aggressive and conservative investors gain by
allocating some weights to REITs, which can help hedge against the long
positions in long-term bonds and inflation risk of real interest rates.

In summary, the three tentative explanations in Section 3 together with
the significant total and intertemporal hedging demand for REITs as well as
improved utility benefits suggest that REITs can be an attractive asset class
for portfolio diversification, compared to traditional assets such as stocks
and bonds.
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6. Conclusions

This paper explores the unresolved issues concerning whether an
long-term investor is made better off by including REITs in a portfolio
that consists of traditional assets like stocks, bonds and cash. To this end,
we take a well-accepted theoretical CCV model, rather than the static sin-
gle-period mean-variance setting followed by previous literature, to explore
the benefits of REITs investment in the context of multi-period dynamic
asset allocation.

We show that the alleged benefits in investing REITs exist. Our re-
sults document considerably strong and stable mean total and intertemporal
hedging demands for REITs. We also show that with varying intertemporal
substitution and relative risk aversion, the intertemporal hedging demand
for REITs are relatively stable and permanent in magnitude. Moreover,
some tentative interpretations are provided to answer the question that why
investors have a strong intertemporal hedging demand for REITs based
on modern portfolio theory, return characteristics, as well as the ability of
hedging against inflation. Finally, we show that REITs is an asset class far
more suitable for conservative investors with relatively high risk aversion.
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