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Abstract In this study, we investigated the conditional volatility between stocks and REITs in BRICS countries by
estimating the conditional correlation and setting up the appropriate hedging strategy between the two market players-REITs
and stocks prices using the CCC-MGARCH and DCC-MGARCH models. Four GARCH models were considered which are
GARCH, EGARCH, GJR and IGARCH. We considered the data sample from 19 March 2012 to 08 November 2017,
covering a total of 1473 data points from the BRICS countries. The LM test for constant correlation was conducted to choose
between CCC and DCC for each of the MGARCH model. The conditional variance of stock index and REITs index and the
conditional covariance between stock and REITs indices are obtained from each of the MGARCH model and used to
compute the hedge ratio as well as weight of stock and weight of REITs for a unit price of stock-REITs portfolio. The CCC
model variants results obtained showed that, returns spillovers actually existed between stocks and REITs markets in the
BRICS economies, while the stock-REITs portfolio estimates for all the countries revealed that more investments are

expected for stock asset allocation in stock-REITs portfolio in the BRICS economies.
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1. Introduction

Persistence in volatility is a common empirical finding in
financial economics and studies on volatility persistence and
returns spillovers in assets prices have been overwhelming in
literature. For instance, Yaya et al [1] recently applied the
fractional persistence approach and the Constant Conditional
Correlation (CCC) modelling framework to investigate
volatility persistence and returns spillovers between oil and
gold markets using daily historical data from 1986 to 2015
partitioned into periods before the global crisis and after the
crisis. They found the volatility in the gold market to be less
than that at the oil market before and after the crisis periods,
while the returns spillover effect was bidirectional before the
crisis period and unidirectional from gold to oil market after
the crisis.

Although researchers and financial analyst have studied
movements in aggregate stock market, oil and gold volatility,
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studies on volatility persistence and spillovers effects
between stocks and real estate investment trusts is still
limited and wunder debate. How much proportional
investment should be made on these two differing markets
and to what extent is the correlations between them, are some
of the questions that have been a borne of concerns to
investors and portfolio managers. Moreover, due to the
increasing cost of debt/equity capital that negatively affects
Real Estate Investment Trusts (REITs), firm values and
capital flows, REITs have experienced dramatically high
return volatility in recent years.

Li [2] examined the determinants of REITs volatilities
using U.S equity REITs data from 1995 to 2009. His findings
suggested that, systematic risk positively affects REIT return
volatility, with a higher impact in up markets than in down
markets. That is, a positive correlation exists between trading
volume and REIT return volatility. Consequently, given the
importance of real estate in the overall economy and
multi-assets portfolio, and a limited number of studies
focusing on the nature and causes of changes in variance of
REITs returns over time, the primary objective of this
research is to study what determines REITS return volatility.
Specifically, this study seeks to model conditional volatility
between stocks and REITs in BRICS (Brazil, Russia, India,
China and South Africa) countries by estimating the
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conditional correlation and setting up the appropriate
hedging strategy between the two market players.

The relationship between the real estate investment trust
markets and stocks markets is of great importance to
financial analyst and policy makers mainly due to the fact
that both are major investment areas within the market of any
economy. Moreover, studies have shown that REITs are
correlated to the stock market to the extent that REITS trade
on major exchanges in the public markets. That is, both are
subject to the same condition of volatility persistence. For
instance, both compete with, and share the biggest
proportion in the liquidity pool of investment funds of the
economy of any nation. However, their difference lies in
their varying performance level and susceptibility to
volatility persistence.

While traditional stock prices are highly driven by
corporate profits, and whether or not earnings satisfy
estimates, REITs values are largely influenced by the
amount of income collected from property rents. The fact
that stocks and REITSs prices are driven by separate factors
diminishes the correlation between the two groups. However,
for volatility persistence-a condition that occurs when stock
prices displays unexpected fluctuations in stock market, the
correlations between the stock market and REITs are
obvious. A major reason for this is because, REITs are
considered equity investments and therefore, not immune
from the risk of varying prices that plaque traditional stock as
well.

Furthermore, a major dilemma for investors and portfolio
managers is the asset allocation problem in these two
markets. For instance, what is the level of correlation
between these two markets and consequently, how much
diversification can they offer investors and portfolio
managers are some of the questions that have been debated in
literatures. To this point, most studies have focused on
advanced markets and the dynamic linkages between real
estates and stock markets for developing markets. This paper
contributes to the literature by examining the relationship
between real estate markets and stock markets of the BRICS
economies. The BRICS economies, being considered as the
new building blocks of the global economy, have
experienced a relatively high rate of economic growth. The
BRICS economies rose from 11 percent of global GDP in
1990 to 25 percent in 2011 and are poised to reach 40 percent
by 2050.

It is an obvious fact that, growth and diversity coexist in
the BRICS community as a whole. While all countries
enjoyed higher growth for a large part of the last decade,
each country is also known for distinctiveness. Russia is a
commodity-driven economy, China is a powerhouse of
exports, India is a domestic demand-driven economy, Brazil
has much developed economic structure and South Africa
represents the fast-growing region of Africa. Financial
analysts have noted that, the five countries in the BRICS
community, which represents a powerful force in the global
economy, play an important role in G20 shaping global
economic policy and financial stability.

However, following the global economic and financial
crisis that began in 2008 as a result of economic slowdown
and financial markets setback in the US and Europe, exports
from BRICS to developed markets and investments into
their respective economies declined adversely, impacting
the growth prospects collectively and individually.
Consequently, the financial markets of the BRICS
community, with the exception of China, have experienced
varied levels of volatility. The stock market value of BRICS
is at a three-year low. Top global companies from the BRICS
countries suffered erosion in market values, leading to
sizeable slippage in their respective global rankings. To
these effects, the policy makers in the BRICS governments
have continued to come up with proactive policies that
reinvigorate their domestic economic climate and also
establish stronger linkages with other emerging markets. The
BRICS community is characterized by a strong middle class
with potential for higher savings. Increasing reliance on
market-related instruments such as stocks, REITs and other
structured products, which suffered badly after the financial
crisis, has dampened the spirit of investors. It is therefore
important to reignite investors’ confidence in these financial
markets.

Consequently, a major point of action is the need to model
co-movement in markets volatilities between REITs and
stocks in the BRICS countries. Moreover, there is the need to
study the market surge between the two asset prices in terms
of wvolatility using variants of bivariate Generalised
Autoregressive Conditional Heteroscedasticity (GARCH)
model®. This is a class of Multivariate GARCH (MGARCH)
model with constant (CCC) and dynamic conditional
correlation (DCC) and covariance matrices proposed in
Bollerslev [3] and Engle [4], respectively, as variants of
MGARCH model with full parameterized BEKK model of
Baba et al. [5]. Based on the principle of Black [6]-the
leverage effect, that is, unequal impacts of positive and
negative returns on conditional variance series, thus,
asymmetric versions of the CCC and DCC were introduced,
respectively in Hoti, Chan and McAleer [7] and Cappiello
et al. [8].

The aim of this paper is to investigate the conditional
volatility between stocks and REITs in BRICS countries by
estimating the conditional correlation and setting up a
strategy for the management of REIT in the presence of
Stock’s risk using estimates of optimum portfolio weight and
hedge ratio.

The rest of the paper is as follows: Section 2 reviews
relevant literatures on the market co-movement and volatility
between REITs and stocks. Section 3 presents the D/CCC-
GARCH framework with asymmetry. This further presents
the methodology for the portfolio management strategy for
management of REITs and stocks. Section 4 presents the
data analysis and results. Section 5 renders the conclusion
and policy implications to real estate and portfolio managers.

1 The univariate version of this model is proposed in Bollerslev [12].
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2. Review of Literature

In the literature, there exists mixed empirical evidence
among professional asset managers as to whether or not
REITs possessed a systematic link to either the aggregate
stock market or the real estate market. Several authors have
argued that commercial real estate offers diversification
benefits to institutional investors because of its low
correlation with commonly used stock price indices (see
Chandrashekaran [9] and He et al. [10]). Clayton and
MacKinnon [11], in their results, revealed that REITs are
similar to both stock and real estate markets, with variation
in their relationship over time. Specifically, their study
indicated that, up to 1992, REITs have been linked closer to
the equity. However, in latter period, the relationship to the
real estate market has become more predominant.

During the global financial crisis — which has its roots in
the U.S housing and mortgage market, the resulted loss of
confidence in the financial sector had a huge negative impact
on share prices all over the world, triggering an extremely
rapid and deep contraction in global economy. Tobias et al.
[13] examined the relationship between REITs and utility
stocks by analyzing data which accounted for the existence
of a massive structural break in February 2007 from the
United States. Their results indicated that investing in U.S.
REITs during the financial crisis was more risky relative to
investments in utility stocks.

Additionally, few studies have investigated time-varying
correlations among scrutinized real estate investment trades.
These studies generally verify and proposed that;
correlations among equity markets vary considerably
through time and stock market correlations increase in the
periods of high volatility. Busaranon and Chintrakarn [14]
employed various models on monthly data of 24 REITs in
other to examine the relationship between REITs and Stock
Exchange of Thailand (SET) index. Their results revealed
each REITs portfolio having a positive relationship with
the SET index. However, for the Australian data, the
Exponential-Generalized ~ Autoregressive  Conditional
Heteroscedasticity (EGARCH) was employed in Lee [15] to
examine the volatility in Australian REIT future. His results
suggested that, news originating form stocks and the REITs
markets significantly influenced REITs future, with the
negative news having much impact.

REITs have become an increasingly important property
investment vehicle in US and several developed countries in
recent years. Lin and Lee [16] applied a Panel Smooth
Transition Regression model (PSTR) to investigate the
nonlinear dynamic relationship between financial variables
and REITs of Japan and U.S with 3-month interest rate
change as threshold variable. Their result revealed that, the
relationship between REITs returns and stock returns is
significantly negative in the low interest rate regime.
However, in the high interest rate regime, the relationships
between REITs return and real estate return and stock return
are significantly positive.

The intrinsic value of equity REITSs is tightly linked to the

value of its underlying commercial real estate portfolio,
simply because the value of a REIT’s business franchise
generally plays a minimum role in stock valuation. The
question of whether REIT asset expansion tends to predict
future stock returns was discussed in Ling et al. [17]. They
examined the impact of asset growth rates on the future stock
performance of 309 publicly traded REITSs, and observed
that fast growing REITSs tend to underperform slow growing
REITs. Moreover, unlike common stocks, evidence was also
found that the growth effect is weaker in REITs markets due
to the constrained environment in which REITS operate.

Adams et al. [18] estimated the risk among 74 U.S REITs
using the state dependent sensitivity value-at-risk approach.
This methodology allows for the quantification of the
spillover size as a function of a company’s financial
condition. That is, considering periods of tranquil, normal,
and volatile REITs prices. Their results provide new insights
concerning the relevance of geographical diversification for
REITs and have important implications for the investment
and risk management decisions of real estate investors,
mortgage lenders, home suppliers, and policy makers.

To our knowledge, available literatures for the BRICS
economies tend to examine the impact of news and shocks
from the U.S to the individual country stock prices. For
instance, Nawal and Raman [19] applied the GARCH model
to examine the impact of news coming from US on the
returns of global index, as well as the returns generated by
the indices of the BRICS countries. Their result shows that
BRICS stock markets except, Brazil and Chinese stock
markets have been significantly affected by the news in US
stock market. More so, there exists a significant difference in
the stock return volatility in all the countries stock markets.
With the varied levels of volatilities experienced by the
BRICS economies in recent years, investors, policy makers
and risk managers of these countries are certainly interested
in optimal allocation for risk management decisions. In this
regard, this paper aims to model conditional volatility and
correlation between stocks and REITs in BRICS economies.

3. Methodology

We applied two types of MGARCH models in this paper.
These are the; CCC-MGARCH and DCC-MGARCH.
Restrictions are usually introduced in estimating the
parameters of MGARCH models in other to reduce the
number of parameters. In respect to this, the conditional
correlation matrix of the CCC model proposed by Bollerslev
[3] is assumed to be constant with respect to time. It is
therefore necessary to test the adequacy of an MGARCH by
testing for constant correlations. These models are specified
based on test proposed for testing the null hypothesis of
constant conditional correlation (CCC) against the dynamic
conditional correlation (DCC), as given in Tse [20]. The LM
test statistic proposed in Tse [20] will be used for this
purpose.

Starting bivariate

with  the specification  of
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CCC-MGARCH model given as (1-3) below:
R =®y+ DR +&;6 =Dz, (1)

D, ~diag (yh® k) @
H, = D{zzD, = DIRD, = Jh? prsJh¢ (3

From (1), th(RtR Sts) with RY and R’ as the

logged differenced of REIT and stock indices, respectively,
that is log-returns of each series at time t; @, is a squared

. s (e O, .
matrix of coefficients @; = ; @ is a matrix
0 do

of constant terms of the form, @, =(¢Ro ¢SO), ; the

residual series, expected to be serially correlated, and
plagued with heteroscedasticity is given in a matrix

S

!
R S .
& = (gt & ) ,  Where gtR and &> are given,

accordingly as the residuals from mean equations for REIT

and stock return series, respectively. Also, the multivariate
’

Gaussian process is assumed in (1), and Z, = (ztR ztS ) is

a vector of independently and identically distributed errors.
Equation (1) is linked with (2) by the multivariate
conditional distribution & = D,z, where the diagonal

matrix of D, gives the conditional variances h® and h>

for return series, I'—\’tR and Rts,respectively. Equation (3) is
the bivariate variance equation with the overall conditional
variance series, H;. pps Iis the constant conditional

correlation coefficient between R} and R®

individual h® and h® are the conditional variance series

from the univariate GARCH(1,1) model or any univariate
EGARCH(1,1), IGARCH(1,1) or GJR(1,1) model. In the
case of GARCH(1,1) model, the univariate model is,

h = w+a€tl+ﬂhtl'( R,S) 4

where the constant @' >0, and «' and ,Bi are the
ARCH and GARCH parameters, respectively, and these are
defined such that &' >0 and ' >0. The IGARCH (1,1)
model is a GARCH (1,1) with a unit root i.e a' +,Bi =1

The EGARCH (1,1) and GJR(1,1) models are given,
respectively as,

|09(h[i ) _— (1—ﬁi)+ 7/1izt—1 + 7/i2 [|Zt—1| —\/gj
+a'yiz, , +a'y (|Zt_2| — \/zj (5)
pa

+ Iog( ) (i=R,S)

and,

h[i=a)i+0!<9t_1+ﬂht1+71t5t—1'( ZR’S) (6)

where from model (5), parameters 7/1i and ;/; determine
the magnitude and sign of asymmetry, respectively.
Similarly, from model (6), asymmetry is measured via yli
parameter where the indicator function I, becomes 1 for
negative return, and for positive returns, this becomes 0.

Looking at elements of the matrix @ in the mean
equation (1), ¢, and ¢, are the autoregressive
parameters of order 1 for REIT and stock returns,
respectively. For DCC-MGARCH specification in (3), we
re-specify,

H, = D/z,/D, = D{R,D, U]
with,
R{ = Dt_lHtDt_l
-1 -1 (8)
~ e (TR )| e (R )|
and H, =(1-a —b)Hy +ae 48 +bH, ; where a

and b, are the parameters measuring the effect of previous
shocks and previous conditional correlations on the current

conditional correlation, and there parameters are
non-negative. H, is the unconditional variance, computed
as,

Ho=o/(1-of - 4) (©)

By imposing the restriction a =b, =0, H, becomes a
constant and the entire model becomes CCC-MGARCH.

3.1. REIT Asset Management in the Presence of Stock
Portfolio’s Risk

Kroner and Ng [21] and Arouri et al. [22] proposed a
strategy to manage investments on two assets in the presence
of risk from an asset. Thus, they suggest minimizing risk
without reducing expected returns by using the estimates
of the conditional variances and covariances from the
MGARCH model. That is, a hedge portfolio of stock and
REIT assets is analysed as stock-REIT portfolio weight as,

htR _h[S,R
hts _ths,R +htR
0, if Wsgp,<0
where Wg g =<Wg g, iIf 0<Wg o, <1
1, if Wgpy>1

Ws gt = (10)

such that Wg  is the weight of stock in a unit price of

stock-REIT portfolio at time t, hts'R is the conditional

covariance between stock and REIT indices, htR is the
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conditional variance of REIT index and h® is the

conditional variance of stock index. The optimal weight of
REIT in the stock-REIT market portfolio is evaluated as

1-Ws gy -

A strategy for risk minimization based on hedge ratios is
presented in Kroner and Sultan [23]. This is adapted as,

htS'R

BS,R,t :_hIR
where low value for Bg , implies that a unit value of stock

can be hedged by taking a short position of B, units in
REIT.

4. Data and Empirical Results

The datasets used in this paper are time series of REITs
and stock price indices for Brazil, Russia, India, China and
South Africa. The REITs data for the five countries are
proxied by FTSE EPRA/NAREIT indices tickers obtained
through Bloomberg terminals. The indices are named
ENEIBRU (Brazil), ENEIRUU (Russia), ENEIINU (India),
ENEICNU (China) and ENEIZAU (South Africa), for
corresponding stock price indices: Ibovespa Brasil Sao Paulo
Stock Exchange (IBOV), Russian Trading System Cash
Index (RTSI), Bombay Stock Exchange index (SENSEX),
Shanghai Stock Exchange Composite Index (SSEC) and
Johannesburg Stock Exchange (JSE), respectively. We
considered the data sample from 19 March 2012 to 08
November 2017 covering a total of 1473 data points.

The descriptive statistics for the daily log-returns of the
countries REITs data and stock prices as well as necessary
pre-tests for heteroscedasticity in the returns are reported in
Table 1. The summary results suggest that highest positive

return is observed in China REITs data (0.0523%) while the
remaining four countries have negative REITSs returns. Thus,
it implies that, only the China REITs experienced a general
increase in REITs data among the BRICS countries
considered in this paper. For the stock prices, highest
positive return is observed in South Africa (0.0382%)
followed by China (0.0237%) and then Russia (0.0211%).
This implies that the stock prices of these countries
experienced a general increase during the sample period.
Brazil experienced the smallest average returns for both
REITs and stocks prices. This implies that Brazil experience
the smallest volatility persistence in the sample period
considered when compares to the other BRICS countries.
Highest risk in REITs returns, as approximated by a
standard deviation of 2.17% is observed in India REITS
returns, and next to this value is 2.10% for Brazil REITs
returns. Stock price returns also present very high risk
approximated by 1.40% standard deviation in China,
followed by 1.14% standard deviation in Russia. Both
positive and negative skewness values were observed. With
the exception of China, negative values were observed for
the BRICS countries REITs returns. More so, negative
values were also observed for all the five countries in the
skewness estimation of their stock prices. Thus, with the
exception of China, there is a higher probability for investors
to experience daily negative returns in REITs and stocks
trading in BRICS countries. Furthermore, kurtosis values for
REITs and stock price data of all the five countries were
extremely high above the range for normal distribution. We
carried tests of correlation of current return on past
log-returns and squared returns, up to lag 5 and observed
significant dependencies in most of the cases. Finally,
heteroscedasticity test by means of ARCH Lagrange
Multiplier (LM) test was able to reject the null of no
heteroscedasticity in all the REITs and stocks log-returns.

Table 1. Summary Statistics

REITs
Country Mean (%) St.Dev. (%) Skewness Kurtosis JB Statistic p(5) s (5) ARCH LM(5)
Brazil -0.0708 2.1000 -0.6363 11.2115 4234.9* 13.513*** 17.216*** 14.496***
Russia -0.0116 1.5252 -0.4197 7.8231 1469.9* 5.374 89.811" 66.582***
India -0.0099 2.1747 -0.4453 6.2567 699.1* 11.861*** 45,969 36.939**
China 0.0523 1.5650 0.2105 6.5702 792.6* 27.275" 77.919" 59.114**
South Africa -0.0136 1.6908 -0.5817 15.3261 9401.5* 17.196*** 551.28" 475306
Stocks
Country Mean (%) St.Dev. (%) Skewness | Kurtosis | JB Statistic p(5) s (5) ARCH LM(5)
Brazil -0.0307 0.9118 -0.6366 11.2191 42456 13.520™ 17.257" 14.521™
Russia 0.0211 1.1420 -0.6047 10.7893 3810.9** 4,856 36.704*** 35.272***
India -0.0043 0.9442 -0.4454 6.2609 701.4™ 11.868™" 45.870™" 37.200™
China 0.0237 1.4023 -1.2012 11.0801 4358.3" 19.973* 438.940" 223.1*
South Africa 0.0382 0.8763 -0.2724 4.6063 176.5" 15.207*** 94921 64.898"

Note, log-return series is obtained by pre-multiplying log differences by 100, and in that case, mean and standard deviation of returns are expressed in percentages.

The Jarque-Bera (JB) statistic tests null hypothesis of normality against non-normality as obtained from values of skewness and kurtosis. p (5) and pZ (5)

give values of correlations and squared correlations of returns up to lag 5, and significant of these warrant testing for autoregressive conditional heteroscedasticity
(ARCH) via the Lagrange Multiplier (LM) testing procedure. Significant of tests applied here is given to 5% level, denoted by *.
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The result presented in Table 2 is used to decide between
CCC-MGARCH and DCC-MGARCH for each of the
BRICS countries based on the assumption of constant
correlation. The CCC-MGARCH will be applied where the
tests are not significant and DCC-MGARCH will be applied
where the tests are significant. Based on the CCC test, we
fitted the appropriate CCC/DCC MGARCH models to the
REITs/stock of each BRICS country and the results are
presented in Table 3-7. The estimates of the conditional
correlation between REITs and stock prices for the
MGARCH models considered for Russia, China and South
Africa were significant whereas that of Brazil and India were

not significant. The optimal weight of stock in $1 of
stock-REITs portfolio and the optimal weight of REITs in $1
of stock-REITs portfolio for each of the BRICS country are
also presented in Table 3-7. In Brazil, Russia and China the
weight of the stock for all the fitted models is higher compare
to the weight of the REITs. This implies that for every $1
investment in the stock/REITs, higher percentage should go
to stock with respect to the weight. The weight of stock in
India and South Africa for CCC-EGARCH and
DCC-EGARCH respectively is lower compare to the weight
of the REITs whereas the weight of stock for the other
models is higher.

Table 2. LM test for constant correlation

CCC-GARCH CCC-EGARCH CCC-GJR CCC-IGARCH
Brazil 0.4173 2.3721 0.3789 0.5566
Russia 202.094*** 437.853*** 268.490*** 675..269%**
India 0.0316 0.2390 0.0045 0.0993
China 1.0732 15.6567*** 1.8948 0.7565
South Africa 1.7212 11.8090*** 2.5572 1.4897

Note: The LM test for constant correlation tests the null hypothesis of CCC-MGARCH against DCC-MGARCH.
*** denotes significant at 5% level

Table 3. MGARCH Results for Brazil
Parameter CCC-GARCH CCC-EGARCH CCC-GJR CCC-IGARCH
Prs -0.0206 -0.0100 -0.0194 -0.0242
Log. Lik 10294.833 10056.047 10300.104 10278.114
Res. Analy.
Q(B)rerr 10.6794 8.3825 10.7185 9.9970
Q(5)stock 4.5069 3.0084 4.3129 4.3304
Q*(B)reir 0.3372 1.1211 0.3529 0.5569
Q*(5)stock 2.6602 7.2335 3.6878 2.2919
Li-McL(5) 26.2134 20.1944 26.2495 27.0905
Li-McL*(5) 584.276*** 487.549%** 596.100*** 654.563***
Ws gt 0.684 0.509 0.682 0.694
1—Wsp, 0.316 0.491 0.318 0.306
Bs.rt -0.0135 -0.00979 -0.0126 -0.0150
Table 4. MGARCH Results for Russia
Parameter DCC-GARCH DCC-EGARCH DCC-GJR DCC-IGARCH
Prs 0.3117*** 0.9999*** 0.4216*** 0.4909***
Log. Lik 11586.184 12251.498 11287.497 10943.011
Res. Analy.
Q(B)rerr 1.5700 1.6740 0.9459 1.5096
Q(5)stock 5.5192 8.3558 4.7493 5.2094
Q’G)rer 4.2272 32.0201*** 2.5490 24.7119***
Q?(5)sock 0.5943 1.9351 0.3833 0.3218
Li-McL(5) 21.2186 24.3294 23.4365 27.2293
Li-McL?(5) 7.9836 39.8228*** 5.6706 26.3407
Wsrt 0.891 1.00 0.892 0.943
1—Wsp, 0.109 0.00 0.108 0.057
Bsrt 0.125 0.798 0.191 0.204
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Table 5. MGARCH Results for India

Parameter CCC-GARCH CCC-EGARCH CCC-GJR CCC-IGARCH
Prs 0.0013 0.0049 -0.0040 0.0008
Log. Lik 10929.866 10681.134 10945.320 10904.418
Res. Analy.
Q(5)rerr 14.8881*** 18.6453*** 15.7707*** 15.5477***
Q(5)stock 13.7989*** 18.0087*** 14.7304*** 13.4334%**
Q’G)rerr 2.7418 2.5433 2.6203 6.5640
Q*(5)stock 4.4716 10.4453 4.4682 4.3774
Li-McL(5) 55.0053*** 66.9405*** 55.8846%** 55.6581***
Li-McL?(5) 12.8778 24.4613 12.5598 18.3090
Ws p.t 0.850 0.488 0.849 0.872
1—Wep, 0.150 0.512 0.151 0.128
Bsrr 0.00051 0.00495 -0.00157 0.000279

Table 6. MGARCH Results for China

Parameter CCC-GARCH DCC-EGARCH CCC-GJR CCC-IGARCH
Prs 0.4619%** 0.9997*** 0.4611*** 0.4675%**
Log. Lik 11293.068 11069.782 11295.390 11280.299
Res. Analy.

QB)rerr 31.3077*** 37.3902%** 30.8651*** 32.4961%**
Q(5)stock 5.7713 2.7734 5.6171 5.7004
Q*(5)reir 0.5897 2.6750 0.5671 0.3696
Q*(5)stock 7.2165 8.7938 7.3585 7.4230
Li-McL(5) 49.8146*** 53.2141*** 49.1880*** 51.2247%**

Li-McL?(5) 14.0979 19.5168 13.8909 13.6028
W pe 0.572 1.00 0.576 0.635

1— W, 0.428 0.00 0.424 0.365
Bs ki 0.386 0.97 0.384 0.368

Table 7. MGARCH Results for South Africa

Parameter CCC-GARCH DCC-EGARCH CCC-GJR CCC-IGARCH
Prs 0.3183*** 0.3235%** 0.3065*** 0.3244%**
Log. Lik 11574.119 11309.886 11610.722 11567.438
Res. Analy.

QB)reir 11.0239 9.0774 10.4889 11.3477%**
Q(5)stock 14.2217%** 10.4685 14.7757*** 14.3358***
Q*B)rerr 31.0225%** 2.3904 16.7566%*** 27.9920%**
Q(5)stock 1.6456 5.4888 1.4728 1.1748
Li-McL(5) 43.0677*** 36.6219*** 42.6128%** 42.6261***

Li-McL?(5) 57.4305%*** 16.7927 27.1914 48.0458***
Ws g 0.888 0.503 0.877 0.886

1— Wep, 0.112 0.497 0.123 0.114
Bsri 0.156 0.321 0.152 0.159

Note: *** denotes significance at 5% level. Q(5) and Q%(5) denote serial correlations in residuals up to lag 5. Li-McL and
Li-McL2 denote Li and McLeod portmanteau statistics on standardized residuals and squared residuals at lag 5 respectively.

In order to determine the appropriate MGARCH type
model for modelling each of the REITs and stocks series of
the BRICS countries, we performed nonlinear GARCH tests
on the series. Using the AIC and SBIC selection criteria, the
results presented in table 8 below shows that the returns of

REITs and stocks series for Brazil, Russia, India, China and
South  Africa displayed CCC-GJR, DCC-EGARCH,
CCC-GJR, DCC-GJR and CCC-GJR multivariate GARCH
specifications respectively. The log likelihood reported in
table 3-7 also supported the selection of the above models
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with each of the above model having the highest log
likelihood value in its respective country.

Now that model selections have been conducted, we
present in Table 3 above, the results of the CCC and DCC
MGARCH models. With the exception of India, the
estimates of constant conditional correlation coefficients
between the returns of REITs and stocks prices are
significant in BRICS countries. More so, the parameters
measuring the effect of previous shocks and previous
conditional correlations on the current conditional
correlations of REITs prices were significant at 5% level for
the Chinese and South African data. This implies that, the
current returns of REITs prices explained the immediate past
returns of REITS prices in both countries. In the case of stock
price, the effects of previous shocks and conditional
correlations on current conditional correlations of stock
prices were observed for Russia, China and the South Africa.
Thus, the current returns of stock price also explain the
immediate past returns of stock price in these countries.

The residuals returns from mean equations for REITs
price was significance for Russia, implying that the current
returns in Russian REITs prices can be determined by
looking at the immediate past history of the returns.
Alternatively, that of stock price was significant for both
China and South Africa. This also implies that the current
returns in stock prices for both countries can be determined
by looking at the immediate past history of their stock
returns.

Management of REITs and stock assets risk is carried out
by portfolio design and hedging strategies. As proposed in
Kroner and Ng [21] and further applied in Arouri et al. [22],
we used these strategies to investigate the potential gains
from asset diversification between REITs and stock markets.
In essence, we analyzed a hedge portfolio of REITs and
stocks assets of BRICS countries for the sample period. That
is, we are interested in minimizing the risk of stock—REITs
portfolio in BRICS economies without reducing the
expected returns. These estimates are needful in building an
optimal portfolio allocation for risk management decisions

and portfolio allocation as decision tools for policy makers,
portfolio investors and risk managers in these economies.
Table 9 below captures the estimates of optimal portfolio
weights and hedge ratios computed from the conditional
variances and covariances of the selected multivariate
GARCH models for the five countries.

The results show that the average highest portfolio weight
of stock for the stock-REITs portfolio is 1.0 for Russia. Next
to this are South Africa, India, Brazil and China with 0.877,
0.849, 0.682 and 0.576, respectively. These indicate that, for
a portfolio of $1, about 100 cents, 87.7 cents, 84.9 cents, 68.2
cents and 57.6 cents should be invested in stock markets
by the Russian, South African, Indian, Brazilian and
Chinese decision makers or portfolio managers, while,
correspondingly, 0.0 cents, 12.3 cents, 15.1 cents, 31.8 cents
and 42.4 cents should be invested in REITs markets in the
five BRICS economies. In general, we observed that more
investments are expected for stock asset allocation in
stock—REITs portfolio for the BRICS countries.

To minimize the risk incurred in $1 long of the first asset,
the investor is expected to short $p of the second asset. The
results obtained are generally low, suggesting the
effectiveness of herding strategy. Specifically, it was found
that negative values of about 1.26cents and 0.16cents of
REITs were needed on the average to shorten one US dollar
long in stock price for the Brazilian and Indian data
respectively. The negatives values observed for these two
countries also indicate an inverse relationship between stock
and REITs returns in Brazil and India. Furthermore, we
found that, about 79.8cents, 38.4cents and 15.2cents of
REITs were needed to shorten one US dollar long in stock
market for the Russian, China and South African data
respectively. Thus, highest hedge ratio is found in Russia
stock-REITs portfolio while lowest hedge ratio is found for
Brazil stock-REITs portfolio. The result obtained here is not
surprising since the volatility experienced by Russia
financial market is the least when compared to the other
BRICS countries.

Table 8. MGARCH model selection

Country Sce:?g :ioan CCC-GARCH | CCC-EGARCH | CCC-GJR | CCC-IGARCH | DCC-GARCH | DCC-EGARCH | DCC-GJR | DCC-IGARCH
Brazil AlC -13.9658 -13.6362 -13.9703 -13.9458 | --eeemeeeeees
SBIC -13.9335 -13.5894 -13.9307 -13.9207 | e
Russia AIC -15.7165 -16.6144 -15.3082 -14.8459
SBIC -15.6769 -16.5605 -15.2615 -14.8136
India AlC -14.8281 -14.4849 -14.8463 2147962 | eeeeeeeeeeen
SBIC -14.7957 -14.4382 -14.8068 I /B a4 A I —
China AlC -15.3212 | meeeeeeee- -15.3216 -15.3066 | ---emmeeeee- -15.0099
SBIC -15.2889 | —meeeeeeeeee- -15.2821 B S -14.9560
S.Africa AlC -15.7028 -15.7498 -15.6965 | -----mmmeeeee -15.3359
SBIC -15.6705 -15.7103 -15.6713 | e -15.2820

Note: Selected model based on Information Criteria in bold
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Table 9. Estimates of Optimal Portfolio Weights and Hedge Ratio

Parameter Brazil Russia India China South Africa
CCC-GJR DCC-EGARCH CCC-GJR CCC-GJR CCC-GJR
Ws rit 0.682 1.00 0.849 0576 0.877
1-Wg ry 0.318 0.00 0.151 0.424 0.123
Bs R -0.0126 0.798 -0.00157 0.384 0.152
01 — R — 0.6 - — m—
| [— CORE._ensibru_indsx_{bovespe] [— COBE_ensiruulindsx_stock|
[ 0.4
0.0 3
02+
1 l 1 - 1 1 I_ 1 1 1 I_ 1 1 l 1 _ | 1 I_ 1 | 1 I_ 1
1] 230 300 730 1000 1230 0 230 300 T30 1000 1230
01 [—corE_sneiinn inde_smnem D'ﬁ._l—-CDRR FReiciu nder shangha
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1 l 1 - 1 1 I_ 1 1 1 I_ 1 D4 -_ 1 l 1 _ | 1 L 1 | 1 I_ 1
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_F OFF ensizau_inde=x_jz2|
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0.23
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Figure 1. Plot of Conditional Correlations

5. Conclusions and Policy Implications

We have considered the CCC-MGARCH and
DCC-MGARCH models with the conditional volatility
between stocks and REITs in BRICS countries which led to
setting up the appropriate hedging strategy between the two
market players. This was accomplished using data sample
from 19 March 2012 to 08 November 2017 covering a total
of 1473 data points from the BRICS countries.

During the period, there exists highest positive return in
China REITs while the remaining four countries have
negative REITs returns. Which indicate that, only the China
REITs experienced a general increase in REITs among the
BRICS countries considered in this study while on the other
hand highest positive return was observed in South Africa
followed by China and then Russia when considering stock
prices, implying that, these countries experienced a general
increase in stocks prices for the period considered. In all,
Brazil experienced the smallest average returns for both
REITs and stocks prices meaning that it experience the

smallest volatility persistence during the period considered
when compared to the other BRICS economies. This result
fairly support Nawal and Raman [19], where it was observed
that BRICS stock markets except, Brazil and Chinese stock
markets have been significantly affected by the news in US
stock market. More so, we observed both positive and
negative skewness values for the REITs and stocks series.
With the exception of China, we can conclude that, there is a
higher probability for investors to experience daily negative
returns in REITs and stocks trading in BRICS countries.

Bivariate volatility modelling via the CCC model variants
showed significance in all the BRICS countries, with the
exception of India. Previous shocks and conditional
correlations on the current correlations were significant for
the Chinese and South African REITs prices and also found
significant for the Russian, Chinese and South African
stocks prices. More so, the residual mean returns for REITs
were found significant for Russia, while that of stocks prices
was found was significant for China and South Africa. These
results imply that, returns spillovers actually existed between
stocks and REITs markets in the BRICS economies.
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In managing investments in REITs and stocks prices in the
presence of stock portfolio’s risk, the stock-REITs portfolio
estimates for all the countries revealed that more investments
are expected for stock asset allocation in stock-REITs
portfolio in the BRICS economies since the optimal weight
of stock for the selected models in the BRICS countries is
higher compare to the optimal weight of REITS as shown in
Table 9. In addition, the highest and lowest hedge-ratio was
found to be Russia stock-REITs portfolio and Brazil
stock-REITs portfolio respectively.

Analyzing the volatility persistence, returns and volatility
spillovers between REITs and stocks portfolios can provide
useful information for portfolio managers, investors and
government agencies, who are concerned with movements in
the two market players. The results obtained in this paper can
be used to build an optimal portfolio and forecast future
REITs/stocks return volatility. That is, REITs market should
be used as a hedge against stocks prices, and the volatility at
the stock market can be used to determine the behavior of the
REITs market.
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