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Abstract

Relative to common equities and fixed-income securities, preferred securities have
received scant attention from the academic and professional communities. Here, we
utilize bivariate dynamic conditional correlation (DCC) and conventional mean-
variance optimization models to construct asset portfolios of stocks, bonds, and
REITs (real estate investment trusts), including publicly traded equity REIT securi-
ties (EREITs), mortgage REITs (MREITs), and REIT preferred stocks (PSREITs).
Our analysis of weekly data from January 2000 through December 2019 reveals
strong evidence that PSREIT securities have meaningful diversification benefits.
During periods of economic expansion, the results indicate that increasing the
portfolio inclusion of PSREIT securities, owing to their equity-like characteristics,
increases the Sharpe reward-to-variability ratios of portfolios from 0.237 to 0.296.
Time-varying correlations and optimal weights in our models exhibit dependence on
the state of the economy. Highlighting the benefits of including PSREIT securities
within a traditional mixed-asset portfolio, we also acknowledge liquidity constraints
and other microstructure considerations that may limit market participation by indi-
vidual investors and managers of small portfolios.
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Introduction

The investment literature that is focused on common stocks and fixed-income
securities is enormous. Its contents are broad, deep, and rich. Meanwhile, there
has been scant academic examination of preferred stocks despite their dissocia-
tion from common stocks and their substantial value, reportedly exceeding $500
billion in value as of 2019. For example, in an analysis of mutual funds, Sharpe
(1992) examines twelve asset classes, including U.S. Treasury securities, corpo-
rate bonds, large-cap common equities, small-cap common equities, and interna-
tional securities, but preferred stocks are neither included nor mentioned. Even
20 years later, Damodaran (2012) devotes only three pages to preferred stocks in
an encyclopedic 992-page book on investment valuation. Moreover, in a subse-
quent otherwise comprehensive analysis of income-producing portfolios, Blan-
chett and Ratner (2015) do not include any analysis of preferred stocks.

Treatment of preferred stocks in the literature commenced in the 1970s with
the work of Bildersee (1973), who looks at stock returns and risk characteristics
by producing estimates based on a standard one-factor model. That seminal work
examines the behavior of 72 large-cap company preferred stocks from 1956 to
1966, showing that low-beta preferred stocks behave like bonds while high-beta
preferred stocks behave like common stocks. In the 1980s, Emanuel (1983) pre-
sents the construction of a theoretical model of preferred stocks that is anchored
on the assumption that preferred stock dividends are omitted if a firm’s value falls
below a critical level. Examining 554 liquid, non-convertible preferred stocks
from 1972 through 1980, Stickel (1991) finds that the ex-dividend trading of pre-
ferred stocks yields abnormal returns with significant trading volumes. Based on
data from 1933 to 1991, Chen (1996) documents a January effect for all grades
of preferred stocks and a summer effect for low-grade preferred stocks. Likewise,
tracking preferred stock returns from 1935 to 1987, Vetter and Wingender (1996)
also find a January effect.

Little substantive research examining preferred stocks exists beyond the afore-
mentioned somewhat-dated studies. Reasons for the lack of survey data and of
investor sentiment questioning preferred stock attributes range from thin trad-
ing and illiquidity to subordinated bond rate interest-rate sensitivity and limited
capital appreciation. Crabbe (1996), for example, asserts that preferred stocks
trade more like a bonds than stocks because of their subordinated capital struc-
ture and credit risk spreads. However, preferred stocks carry a higher default risk
than bonds, which raises doubts about their suitability within a balanced portfolio
of stocks and investment-grade fixed-income securities. Li et al. (2010) extend
Crabbe’s assertions, stating that a preferred stock offers bond-like returns without
the capital appreciation potential of a common stock. Swedroe (2016) points to
several asymmetric risks of preferred stocks that investors overlook relative to
fixed-income securities, suggesting that preferred stock investors incur a higher
portfolio risk than they realize. Additionally, while 97% of all preferred secu-
rity issuers, a majority of whom are banks, carry investment-grade bond ratings,
about 30% of all preferred securities are rated Ba/B.B. or lower. These subdued
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views notwithstanding, emerging evidence indicates that preferred stocks, includ-
ing those representing shares in Real Estate Investment Trust (REITs), may
have portfolio enhancement attributes. Based on an analysis of data from 1992
through 2012, Boudry et al. (2020) show that investment in preferred stock REIT
(PSREIT) securities can mitigate risk for highly risk-averse investors who are
facing short-sale constraints and cannot borrow at the risk-free rate. Loviscek’s
(2017) analysis of data from 2000 through 2014 yields similar results, showing
that a preferred stock fund allocation can reduce risk while preserving returns
in an efficient mean-variance portfolio of mutual funds. Tracking the ten largest
exchange-traded funds over periods starting between 2009 and 2013 and ending
in October of 2016, Beck et al. (2017) obtain a significant and positive Jensen’s
alpha value for preferred stock exchange-traded funds. Furthermore, in the current
historically-low interest rate environment, it is common to find PSREITs offering
yields over 8% and thus after-tax returns of over 5%, which is much higher than
currently available on Treasury securities and investment-grade corporate debt.
This favorable after-tax yield provides income-focused portfolio managers and
income-seeking investors with opportunities to meet their respective objectives.

The present study examines a widely overlooked type of income-producing secu-
rity, namely the PSREIT security, and tests their portfolio-enhancement efficacy. To
the best of the authors’ knowledge, this work is the first study to construct time-var-
ying optimal weights of PSREITs in risky portfolios incorporating S&P 500 index
(SP500) and Bloomberg Barclays Aggregate Bond Index (BOND) securities, as well
as equity REIT (EREIT) and mortgage REIT (MREIT) securities. Our study uti-
lizes both dynamic conditional volatilities from univariate generalized autoregres-
sive conditional heteroskedasticity (GARCH) models and rolling mean-variance
optimization models to examine time-varying correlations and optimal allocations.
In this study, we document PSREIT contributions to constructed portfolios in a non-
recession economy.

We provide an overview of the data in Section II, and then examine short-term
correlations and cointegration of the data in Section III. In Section IV, we introduce
two alternative techniques for calculating optimal weights and time-varying correla-
tions. In Section V, we examine the macroeconomic determinants of observed cor-
relations and optimal weights. Liquidity constraints and other microstructure con-
siderations are discussed in Section VI, and the study conclusions are presented in
Section VII.

Descriptive Statistics

Weekly time-series data from January 2000 through December 12, 2019 were col-
lated from the following five portfolio groups: (1) PSREIT securities from the Wells
Fargo hybrid and preferred securities REIT index); (2) EREIT securities from the
FTSE (Financial Times Stock Exchange) all-equity REIT index; (3) MREIT secu-
rities from the FTSE Mortgage REIT index; (4) SP500 securities; and BOND
securities.
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Table 1 Descriptive statistics on returns of security types from January 19, 2000 through December 21,
2019

Statistic PSREIT EREIT MREIT SP500 BOND
Minimum -26.3215 -20.0387 -32.5167 -20.0163 -2.0706
Mean 0.1718™ 0.2014" 0.1703" 0.1147% 0.0950""
Maximum 16.4511 20.7157 18.7975 11.4149 1.6786
Variance 3.163 10.2228 8.5561 5.7827 0.2452
Reward/risk 0.0966 0.063 0.0582 0.0477 0.1918
Skewness -4.6586™" -0.4838™" -1.3937"" -0.8796™" -0.5784™"
Kurtosis 88.1076™" 9.8849™" 20.4469™" 7.2744° 1.2296™"
Jarque-Bera 339829 4271 18436 2425 123"

* %k and *** denote 10%, 5%, and 1% significance levels, respectively, on the Jarque-Bera test for nor-
mal distribution.

BOND, Bloomberg Barclays aggregate bond index; EREIT, equity real estate investment trust; MREIT,
mortgage real estate investment trust; PSREIT, real estate investment trust preferred stocks; SP500, S&P
500 index.

Statistics summarizing the weekly, continuously compounded returns obtained
for the PSREIT, EREIT, MREIT, SP500, and BOND securities are summarized
in Table 1. Note that significant mean weekly return rates are obtained for all five
investment entities, ranging from 0.095 (BOND securities) to 0.201 (EREIT securi-
ties). Return variances for these outcomes, which provide a deeper perspective on
the returns, range from 0.245 (BOND securities) to 10.22 (EREIT securities). The
greatest reward/risk ratio by far, at 0.192, is obtained for BOND securities, while
the lowest reward/risk ratio is obtained for SP500 securities, at 0.047. The distribu-
tions of returns in all cases are negatively skewed, and each series displays positive
kurtosis (leptokurtic) (Table 1). The Jarque-Bera statistic for each dataset rejects a
null hypothesis of normality at the 1% significance level. These results support the
possibility that PSREITs may have portfolio enhancement attributes.

Short-Term Correlations and Cointegration Analysis

We proceed with an investigation of the short- and long-term relationships of
PSREITs with other securities for which the diversification benefits are associ-
ated with low correlations and non-cointegrating relationships between the differ-
ent assets within the portfolio. First, we construct 100-week rolling window cor-
relations between PSREIT performance and the performance of each of the other
analyzed securities to examine time-varying short-term associations. The first and
last subsamples for the 100-week rolling window are 2000:02:26-2002:01:19 and
2018:01:27-2019:12:21. The time-varying nature of the short-term relationship
between the PSREIT securities and each of the other four analyzed securities are
presented in Fig. 1. Notably, PSREIT correlations with the other assets from the
rolling estimations were weak, especially in the case of BOND securities (Table 2).
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PSREIT and EREIT PSREIT and SP500
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Fig. 1 Rolling window correlations. The first 100-week rolling window subsample is from February
26, 2000 to January 19, 2002, and the last subsample is from January 27, 2018 to December 21, 2019.
The average correlations (dashed lines) of the PSREIT with the EREIT, MREIT, SP500, and BOND are
0.46707, 0.46579, 0.35646, and 0.26331, respectively

Table2 Discriptive statistics of 100-week rolling correlations between PSREIT securities and other
assets from January 19, 2000 through December 21, 2019

Security type No. rolling Mean SD Maximum Minimum
windows

EREIT 936 0.46707 0.11932 0.68056 0.16981

MREIT 936 0.46579 0.0983 0.68027 0.26349

SP500 936 0.35646 0.1922 0.76042 0.00551

BOND 936 0.26331 0.19839 0.6126 -0.1693

SD, standard deviation; other abbreviations as in Table 1.

Time-varying and low short-term correlations could overestimate diversification
benefits if PSREIT securities share a long-term common trend with other assets in
the investor’s portfolio. To explore this possibility, we conduct bivariate cointegra-
tion tests between the PSREIT index and the EREIT, MREIT, SP500, and BOND
indices. First, we probe the stationarity and long-term cointegration relationships of
these indices with the Dickey-Fuller and Phillips-Peron unit root tests, followed by
Johansen Trace analysis (Table 2). Each series has a one-unit root at the 1% sig-
nificance level that a first difference will remove. Thus, we can proceed under the
assumption that each series is integrated at an order of 1 [i.e., I(1)] and that a cointe-
gration analysis is necessary to evaluate the long-term benefits of including PSREIT
securities in our portfolios Table 3.

Given these results, we search for a single common integrating factor between
the PSREIT securities and those from other markets. We perform a rolling window
Johansen’s cointegration trace test to determine whether they are cointegrated and
look for evolution in long-run relationships over time from the first to the last roll-
ing window subsample. The lag in the vector autoregression model is three, and the
model is specified with a constant term restricted to the cointegrated space.

As shown in Fig. 2, the rolling estimation results confirm that PREIT securities
are cointegrated with the other markets with only 32% of the sample periods extend-
ing. Precisely, the percent rejection of the null hypothesis of no cointegration of the
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Table 3 Results of Dickey-Fuller (DF) and Phillips-Perron (PP) unit root tests examining the stationarity
of PSREIT securities in risky portfolios incorporating each of five security products

Product Parameter Mini- DF constant DF constant and PP constant PP constant and trend
mum trend
AIC lags
PSREIT 18
Level -1.3807 -3.161 -1.4116 -2.6649
First difference -5.4029%%*  _5.4243%* -33.681 %% 33,693
EREIT 18
Level -1.3599 -2.8885 -1.4175 -2.6417
First difference -5.7259%#%  _5.7733G%: -33.726%**  -33.743%%*
MREIT 0
Level -2.1923 -2.0887 -2.1944 -2.0917
First difference -31.205%%%  -31.2]2%%* -31.235%%% 3] 257
SP500 0
Level 0.437 -2.1393 0.4374 -2.1424
First difference -34.745%%% .34 823 %** -34.778%** 34 873Hw*
BOND 2
Level -2.5521 -2.6192 -2.5093 -2.5288
First difference -17.489%#%  -17.629%%* -34.736% %% -34.882%#:*

The number of lags for DF and PP unit tests with a constant and with a constant and trend. The table
(level) and their returns were measured by the first difference of their natural logarithm (first difference).

AIC, Akaike information criterion; other abbreviations as in Table 1.
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Fig.2 Rolling Johansen trace test for cointegration between PSREITs and the other assets in the portfolio
over 100-week subsamples. The first 100-week rolling window subsample is from February 26, 2000 to
January 19, 2002, and the last subsample is from January 27, 2018 to December 21, 2019

PREIT with the EREIT, MREIT, SP500, and BOND is 35%, 33%, 31%, and 27%,
respectively. Thus, the absence of a long-run relationship of PREIT securities with
the other investments supports the notion that there could be diversification benefits
from incorporating PSREIT securities into market portfolios in the short term and in
the long term. Furthermore, our correlation and cointegration analyses suggest that
potential gains might be realized from diversification in the case of the PSREIT and
BOND indices.
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Portfolio Diversification and Optimal Weights
Mean-variance Optimization

Markowitz (1952) introduced conventional mean-variance optimization, which gen-
erates an optimal portfolio offering the highest expected premium per unit of risk. In
our analysis, we calculate the optimal weights for a portfolio that includes PREIT,
EREIT, MREIT, SP500, and BOND securities by considering the following optimi-

zation problem:
return,,,...., — Risk Free rate
Max Sharpe = portjolio (1)
O-Portfolio

subject to
YV=1x20 i=1,...,N

where

N N N
Tportfotio = Zi x; ry,and Cportfolio — \/Zj:] Z,-=1 XiXi0j

and x; is the optimal weight assigned to security i, and N is the number of
securities.

Traditionally, a portfolio’s risk is measured by the time-invariant standard devia-
tion (SD), which is constant during investment holding period. However, unstable
correlations have been documented between assets, suggesting that having different
asset allocations across subperiods could increase returns while reducing risk. To
evaluate the improvement of asset allocation when including PSREIT securities and
recognizing time-varying correlations, we calculate the Sharpe ratio for 100-week
rolling window subsamples, starting with the first subsample of February 26, 2000
to January 19, 2002 through the last subsample of January 27, 2018 to December
21, 2019. The optimal portfolio weights assigned to the PSREIT, EREIT, MREIT,
SP500, and BOND investments from the rolling 100-week periods for three models
are reported in Table 4 and illustrated in Figs. 3, 4, 5 and 6.

The portfolio compositions, Sharpe reward-variability ratios, and optimal compo-
nent weights of Models I, II, and III are reported in Table 4, and the impact of add-
ing PSREIT securities to portfolios is illustrated in Fig. 5. Notably, a higher Sharpe
reward-variability ratio is obtained for Model I (PSREIT included) than for Model
IT (PSREIT not included), suggesting that inclusion of PSREIT securities (average
weight, 39.26%) can play a substantive role in reducing portfolio risk over time. In
addition to increasing the Sharpe reward-variability ratio by 25.11%, we find that
PREIT inclusion at the expense of BOND inclusion (weight reduction, 27.32%)
increases average weekly rolling-portfolio returns of the rolling portfolios by 4.96%
(Table 4). These results demonstrate that PSREIT inclusion can be employed defen-
sively and as a replacement for BOND investment. Analysis of Model III, which
includes the PSREIT, EREIT, and MREIT indices, shows that the PSREIT index
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Table 4 Portfolio compositions of three models, including Sharpe reward-variability ratios, and optimal
weights.

Model parameters Portfolio PSREIT EREIT MREIT SP500 BOND
Model 1

Average return 0.1769

Sharpe ratio 0.2959

Optimal weight 0.3926 0.0097 0.0303 0.1302 0.4373
Model 11

Average return 0.1687

Sharpe ratio 0.2365

Optimal weights 0.0575 0.0567 0.1753 0.7105

Change in weight: 0.0478 0.0265 0.0451 0.2732

[Model I - Model 1I]
Model 11T

Average return 0.1875

Sharpe ratio 0.2247

Optimal weights 0.7987 0.1106 0.0907

Model I includes all five portfolios. Model II includes EREIT, MREIT, SP500, and BOND. Model III
includes PSREIT, EREIT, and MREIT.

08 —
06 —
04 —

02 —

0.0

-0.2
T T T T T T T T T T T T T T
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 3 Rolling 100-week optimal weight for PSREIT in Model I. The first 100-week rolling window sub-
sample is from February 26, 2000 to January 19, 2002, and the last subsample is from January 27, 2018
to December 21, 2019

(Model III weight, 0.80) plays a dominant role (Table 4 and Fig. 6). Furthermore, as
shown in Fig. 7, Model I (unrestricted frontier with PSREIT) offers higher returns
than Model II (restricted frontier without PSREIT) for given levels of risk across the
spectrum, providing additional evidence of the efficacy of PREIT security invest-
ment. These results provide additional support for the inclusion of PREIT securities
in portfolios, particularly those targeting risk reduction.

In sum, the present analysis yields three main findings. First, the PSREIT and
BOND indices constitute 80% of the optimal weights among the five presently ana-
lyzed portfolio group constituents. Second, the PSREIT portfolio outperforms both
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Fig.4 Rolling 100-week optimal weights of the EREIT, MREIT, SP500, and BOND in Models I and II.
The first 100-week rolling window subsample is from February 26, 2000 to January 19, 2002, and the
last subsample is from January 27, 2018 to December 21, 2019
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Fig.5 Rolling 100-week average returns and Sharpe ratios for Model I and Model II. The first 100-week
rolling window subsample is from February 26, 2000 to January 19, 2002, and the last subsample is from

January 27, 2018 to December 21, 2019
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Fig. 6 Rolling returns, Sharpe ratios, and optimal weights for Model III from rolling 100-week periods.
The first 100-week rolling window subsample is from February 26, 2000 to January 19, 2002, and the
last subsample is from January 27, 2018 to December 21, 2019

the EREIT and MREIT portfolios significantly in terms of a reward-risk basis.
Third, during times of economic expansion, the PSREIT portfolio tends to replace
the BOND portfolio’s role in optimal allocations.
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Fig. 7 Unrestricted efficient frontier (Model I) and restricted efficiency frontier (Model II). Model I and
Model II data are shown with a solid line and a dotted line, respectively

Dynamic Conditional Correlation (DCC)

Results based on correlational data without appropriate allowances for time-varying
market volatility can be problematic. As demonstrated by Forbes and Rigobon (2002),
correlations become seriously biased when time-varying volatility is not accounted for
in portfolio efficiency estimations. The existence of such time-varying volatility is well-
documented for real estate asset returns. In the context of this study, low time-varying
volatility of PSREIT securities could have an artificial reducing influence on pairwise
unconditional correlations with other assets. Thus, to estimate the time-varying correla-
tions of REIT markets with both stock and bond markets, we employ a DCC-bivariate
GARCH model (Engle, 2002). As described by Sadorsky (2012), for DCC estima-
tion, we first fit each pair of returns (r;,) to the vector autoregressive moving average
(VARMA)-GARCH(1,1) model proposed by Ling and McAleer (2003). This specifi-
cation for conditional variance (/;,) allows for covariance and correlation spillovers as
follows:

T =g+ anry o+ apti g +e g, 1 Qi ~N(Oy,), i#j (@)
€0 =2 0% 2, ~NO, 1) 3)

2 2
hiy=bj+ o €7, +ap €y, + Pyhy g+ Pohyy “)

where Q; ,_; is the information available at time t—1, and the coefficients a;and f;,
respectively, are measures of short- and long-term persistence in the conditional var-
iance equations. Meanwhile, a; and f; (i#)) are measures of short- and long-term
volatility spillover across markets, and z, is the standardized residuals vector with a
mean of zero and a variance of one.

Second, as described by Engle (2002), we allow the conditional matrix to be time-
varying (R,) as follows:

H, = DRD, 5)
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where H, is the conditional covariance matrix, and D, is the diagonal matrix with the
square root of the estimated GARCH variance <D, = diag {\ /hl-,,}). Equation 4 can

be rewritten as:
R, = Dz_lHtDz_l (6)

As stated by Engle (2002):

1=
(ST

. _1 . __L . - . -
R, =diag Q,"2 Q, diag Q"7 = diag (g;,) (g;,) diag (g;,) ™
where Q, is the covariance matrix that can be defined as:
Q,=S(1-6,-6,) +6,(z_12}-1) + 6, O, (8)

In Eq. 8, #,and 0, are non-negative scalars (6,+ 6, < 1) that introduce a time-
varying property into the correlation matrix. In simpler terms,

R]..= piy = ——at
Hig B Vit 9 ®
g =p;+ 0 (Zi,t—lzj,t—l =Py ) + 92(‘117,:—1 =Py ) (10)

where p_y is a (2 X 2) matrix of correlations among the standardized residuals (z,)
calculated from the bivariate VARMA-GARCH (1,1) model. Intuitively, with
Engle’s (2002) method, the values of g; are iterated over time, being updating as a
function of deviations observed in lagged z,z; and g;; with respect to constant correla-
tion. When 6, = 0 and 8, = 0, the DCC model is reduced to a constant conditional
correlation model as follows:

R, = (diag (Q,)_% Q, diag (Q,)_% ) =D 'HD'=R (11)

Based on normality, the log-likelihood implied by Equations 1-7 is maximized
to estimate R,. Quasi-maximum likelihood properties of estimated coefficients are
retained even in the absence of normality.

Finally, we utilize Kroner and Ng’s methodology (1998) to calculate the opti-
mal portfolio weights (W) between assets i = {PREIT} and j = {EREIT, MREIT,
SP500, and BOND} at time t as follows:

hJ'J'J -
w,., =

o hy, —2h

h

it

+ hjjJ

(12)

it

where 7;; , is the conditional variance of asset j at time t, h;; , is the conditional
variance of PREIT at time t, and h,-j’ . 1s the conditional covariance between PREIT

and asset j at time t. These relationships are subject to the following conditions:
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0,if w;, <0
Wiie = Wi Fo<w; <1 (13)
Lif wy, > 1

The results obtained with our DCC-GARCH model are reported in Table 5. Nota-
bly, the estimated 0, and 0, are statistically significant at the 1% level for all speci-
fications, and their sum is very close to one in case of PSREIT/SP500, PSREIT/
MREIT, and PSREIT/BOND but below one in case of PSREIT/EREIT. Thus, gener-
ally, our results confirm DCC persistence between PSREIT securities and the other
investments. In addition, all conditional ARCH (a;;) and GARCH (8;)) coefficients
are statistically significant at the 1% level, and the f; coefficients are larger than the

Table 5 Bivariate-DCC GARCH estimates with VARMA

Variable PSREIT & EREIT  PSREIT & MREIT ~ PSREIT & SP500  PSREIT & BOND

Mean
a 0.1296"" 0.072 0.0930"" 0.1834™"
ap, 0.0189"" 0.0141 0.0165™ 0.0454™
a 0.2043"" 0.2036"" 0.2134" 0.1684™"
2y, 0.0994" -0.0217 -0.0906" 0.0203""
2y -0.1049™" -0.1008™ -0.1077" -0.0905™"
2y 0.4559""" 0.5268"" 0.3632""" 0.0948""

Variance
by 0.0788"" 0.0198™ 0.0309"" 0.4936™"
by, 0.4988"" 0.5473"" 0.2424" 02147
o, 0.3938™" 0.4151™" 0.4641"" 0.5334™"
o, 0.0226™" 0.0147"" 0.0164"" 0.5482""
o, 0.5054"" 0.2943™ 0.1296"" 0.0015
o, 0.1086™" 0.3047"" 0.1719"" 0.1641""
i 0.6623"" 0.6841" 0.6612"" 0.6344™"
[ -0.0214™" -0.0072"" -0.0122" -2.2606™"
By -0.2941"" -0.1241™ -0.0488"" 0.0015
[ 0.8206"" 0.6993"" 0.7908™*" -0.0072""
9, 0.1971°* 0.0602™* 0.0198™" 0.0364™"
0, 0.5886"" 09147 0.9776"" 0.9639""

LogL -3691 -3737 -3557 -2030

Optimal 0.989 0.968 0.921 0.341

PSREIT
weight
SD 0.052 0.132 0.186 0.283

The aj; variable is the effect of lagged returns in market j on the current returns in market I; f; (o)) repre-
sents the long (short)-term volatility spillover from market j to market i. Each optimal weight is reported
with its standard deviations (SDs). All series are weekly and cover January 19, 2000 through December
21, 2019. DCC, dynamic conditional correlation; GARCH, generalized autoregressive conditional heter-
oskedasticity; VARMA, vector autoregressive moving average.
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a;coefficients, demonstrating stronger persistence of the conditional correlations in
the long term than in the short term (Table 5). Statistical significance of o;,, &y}, f;5,
and f,, at the 1% level signifies substantial short- and long-term volatility spillover
across markets while statistical significance of five of eight coefficients (a;, and a,)
at the 10% level signifies strong spillover across the mean equations (Table 5). Note
that the optimal portfolio weights reported in Table 5 demonstrate highly dominant
PSREIT weights in PSREIT & EREIT (98.9%), PSREIT & MREIT (96.8%), and
PSREIT & SP500 (92.1%) portfolios, but a minor PSREIT weight in the PSREIT &
BOND portfolio (34.1%).

Graphs showing the evolution of dynamic time-varying optimal weights of
PSREIT securities when combined with EREIT, MREIT, SP500, and BOND
securities are presented in Fig. 8. Note the increasing PREIT weight in the PREIT
& BOND portfolio during expansionary economic periods. Overall, the opti-
mal weights calculated from DCCs are consistent with the main findings that we
obtained for rolling windows of mean-variance optimization in section IV.A.

Macroeconomic Determinants of Time-varying Correlations
and Optimal Weights

Because understanding the forces that drive time-varying correlations between secu-
rities is crucial for asset allocation and risk management, we investigate the macro-
economic determinants of time-varying correlations between PSREIT securities and
each of the other investment types based on the rolling window of mean-variance
optimization data in section IV.A. In accordance with the work of Yang et al. (2012),
we select the following four candidates for analysis: default spread (DEF), term
spread (TERM), mortgage spread (MGTB), and Chicago Board Options Exchange
SP500 volatility index (VIX).

We define DEF as the difference between Moody BAA and AAA bond yields.
The magnitude of DEF increases in periods of economic deterioration, especially
during recessions and other episodes of financial stress. DEF may widen or narrow

Four Quarters Moving Average Time-Varying Correlations Time-Varying Weights
PSREIT/EREIT PSREIT/EREIT
. i NVWWWWNWWW% ] 3 T W\W’ V T |
i - i - ] ‘ ‘
PSREIT/MREIT PSREIT/MREIT
. % bt ‘ . 1 Al \U"f T |

PSREIT/SP500 PSREIT/SP500

R heassncad = BANNSAL A A

PSREIT/BOND PSREIT/BOND

G A N Ve - | T

Fig.8 Time-varying correlations and optimal weights from the dynamic conditional correlation (DCC)
model. The first 100-week rolling window subsample is from February 26, 2000 to January 19, 2002,
and the last subsample is from January 27, 2018 to December 21, 2019
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depending on economic conditions. For example, Moody BAA bond yields and
DEF attained their maximum values (9.54% and 3.5%, respectively) during the
Great Recession of 2008—09.

We define TERM as the difference between the ten-year and three-month U.S.
Treasury yields, based on data from the Treasury yield curve, a widely recognized
economic health indicator. Generally, inverted yield curve, in which the three-month
Treasury yield exceeds the ten-year yield, is considered to be a harbinger of an
impending recession. However, the term premium can also be affected by a Federal
Funds rate lift and large capital inflows.

We define MGTB as the difference between the thirty-year mortgage rate and the
thirty-year Treasury bond yield. Yang et al. (2012) characterize MGTB as the best
available macroeconomic proxy for the real estate sector. Like DEF, MGTB attained
its maximum value (2.74%) during the real estate turbulence peak in December
2008.

Finally, VIX reflects the overall near-term market risk implied by the options
market. Like DEF and MGTB, VIX peaked during the most recent financial crisis.
A dummy variable, called NORMAL, is added to account for potential changes in
correlations during recessions.

As shown in Table 6, correlations of the PSREIT with the EREIT, MREIT, and
SP500 rise during periods characterized by low volatility, healthy economic condi-
tions, and decreasing values of DEF, TERM, and MGTB. On the contrary, PSREIT-
BOND correlations increase during periods characterized by poor economic condi-
tions, high volatility, and increasing DEF values, TERM, and MGTB. These patterns
of data highlight the debt and equity characteristics of PSREIT securities. The fact
that they takes on the more positive attributes of debt and equity during expansion-
ary macroeconomic periods suggests that they may represent a security type that is a
positive portfolio contributor.

An investigation into the macroeconomic times-series determinants of the five
optimal weights obtained in this study is in order. We supplement DEF, TERM,
MGTB, and VIX with two determinants: (1) lagged changes in the ten-year Treasury
yield; and (2) NORMAL, the dummy variable. The former is intended to capture the

Table 6 Rolling correlations and their macroeconomic determinants

Variable Cort psgerT, EREIT) Corrpsrert, MREIT) Corrpgrerr, spsoo) Corrpgrerr, BOND)
R? adjusted 0.23607 0.33683 0.65653 0.26654
Constant -0.7137"" -0.5613"" -3.21603" 2.51404™"
DEF,, -0.0017"" -0.0003" -0.0025™" 0.00569""
Term, | -0.0033"" -0.00292™" -0.00993™" 0.00632"""
MGTB, 0.000048™ 0.0000216" 0.000009"" 0.0000215™"
VIX,, 0.00168™" -0.00177"" 0.01024™ -0.00536™"
Recession, | -0.24112™ -0.07535™" -0.23488™" 0.22817""

Results from regressing the rolling correlations of PSREIT with the other assets and their default spread
(DEF), term spread (TERM), mortgage spread (MGTB), and Chicago Board Options Exchange SP500
volatility index (VIX) values from January 19, 2002, through December 21, 2019.
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impact of capital gains (or losses) on weights. The latter, NORMAL, has a value of
1 during normal economic periods and a value of O otherwise. We define a normal
economic period as one without recessions and without early recoveries, wherein a
recovery has the same duration as the proceeding recession.

Several significant findings are reported in Table 7. First, optimal PSREIT
weights increase by 0.326 during normal times, while BOND weights decrease
by 0.286. Thus, optimal portfolios show high PSREIT weights with low BOND
weights when the economy is normal. Second, BOND capital losses associated with
higher ten-year yields contribute to an increasing allocation to PSREIT weights.
Third, higher volatility, measured by the VIX, are associated with increased optimal
MREIT and BOND weights together with decreased weights for other assets in the
portfolio. Fourth, when DEF and MGTB increase during recessions and times of
financial stress, PSREIT weights decrease and BOND weights increase in optimal
portfolios.

Other Considerations

The present weight allocation for the PSREIT portfolio is set to 42% only to dem-
onstrate that PSREIT securities can be a valuable addition to income-generation
portfolios and that PSREIT securities represent an asset type investors should be
made aware of, especially given the scant attention currently given to them. Indeed,
the present results show that PSREIT reward-risk attributes favor PSREIT securi-
ties over bonds, especially during expansionary economic periods, when they may
be the first choice of income-seeking investors. These results further indicate that
PSREIT securities would be a worthy addition to income-generating portfolios and
the classic 60-40 portfolio of stocks and bonds, especially during macroeconomic
expansions and low-interest-rate periods.

Table 7 Rolling weights of assets in Model I and their macroeconomic determinants.

Variable WhsrErr WeRrErT WMgerT Wapsoo Wgonp
R? Adjusted 0.6185 0.2188 0.3584 0.4099 0.6221
Constant 23731 0.1063"" 0.6861""" 0.7542""" -2.8498™"
DEF,, -0.0069"" -0.0001"" 0.0036"" 0.0067"" -0.0039""
Term, 0.0051°* 0.0002"" 0.0021"" 0.0021"" -0.0092
MGTB,, -0.0004" 0 0.0002"" 0.0003" -0.0001""
VIX,, -0.0092""" -0.0008"" 0.0025™"" -0.0019™" 0.0098™*"
Normal, 0.3264"" 0.0064"" -0.007 -0.039™" -0.2863""
DTY10,, 0.0892 -0.0042 -0.0072 -0.0223 -0.0391
DTY10,, 0.1304™ -0.0053 -0.013 -0.0219 -0.0733
DTY10,,4 0.1393™ -0.0045 -0.012 -0.0263 -0.0817
DTY10,, 0.1319™ 0.0013 -0.0102 -0.0135 -0.0983"

Results from regressing the optimal rolling weights of the different assets on their determinant from Jan-
uary 19, 2002 through December 21, 2019.
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As a caveat, because their trading volumes are light, PSREIT securities have illi-
quidity relative to stocks and investment-grade bonds. This illiquidity leads to rela-
tively high yields (currently >8%) even during the current low-interest-rate period.
As aresult, however attractive the yields, large-scale institutional investors and man-
agers of large portfolios can face difficulties entering and exiting the market. This
illiquidity could reduce the pool to individuals and limit it to small-portfolio manag-
ers who can invest in PREIT securities. For managers of more considerable funds, it
may lead to a smaller allocation than what would appear optimal. Notwithstanding,
PSREIT securities are worthy candidates for significant, income-seeking funds for
which liquidity is not a major issue, including investments of interval and tender
offer funds.

We recognize that selections of other portfolios beyond the five examined here
would produce different PSREIT weights. However, for the period under study, a
20-year span in which preferred stocks have been receiving increasingly greater
attention, the results demonstrate that PSREIT securities deserve more attention
from the investment community than they have thus far been receiving in published
studies and investment advisory reports.

Conclusion

Investor sentiment in some circles is dubious of the efficacy of preferred stocks in
investment portfolios, due to characteristics such as thin trading, illiquidity, and sub-
ordinated bond interest-rate sensitivity. However, the effectiveness of PSREIT secu-
rities as a component of portfolio allocations has rarely been reported. This dearth of
research motivated this study in which we investigated whether PSREIT securities
show portfolio enhancement attributes during the period of January 2000 through
August 2019. Using five portfolios in which PSREIT securities are combined with
EREIT, MREIT, SP500, and BOND securities, adjusting for non-stationarity of the
data and variance in macroeconomic conditions, we found here that PSREIT securi-
ties have significant diversification benefits and their weight expands at the expense
of the weight of bonds during recessions and early economic recovery periods. We
also established that pairwise correlations of the performance of PSREIT securities
with that of other securities increase during periods of low volatility, healthy eco-
nomic conditions, and decreasing DEF and TERM values. These findings align with
emerging literature reporting portfolio enhancement attributes of preferred stocks.
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