The Spanish Review of Financial Economics 11 (2013) 29-38

ELSEVIER
DOYMA

The Spanish Review of Financial Economics

www.elsevier.es/srfe

The Spanish Review of
Financial
Economics

SRFE

FAEFIN

Article

Multivariate GARCH models and risk minimizing portfolios: The importance of

medium and small firms

José Luis Miralles-Marcelo*, José Luis Miralles-Quirés, Maria del Mar Miralles-Quirés

Department of Financial Economics, University of Extremadura, Av. Elvas s/n, 06071 Badajoz, Spain

ARTICLE INFO ABSTRACT

Article history:

Received 18 June 2012
Accepted 8 March 2013
Available online 7 May 2013

This paper re-examines the relationship among different firms using a combination of multivariate
GARCH models (symmetric and asymmetric with structural changes) and the IBEX 35, IBEX MEDIUM
CAP, and IBEX SMALL CAP indexes as the benchmarks to track the performance of large, medium and
small firms, respectively. Our findings show the existence of a significant difference in the transmis-
sion of volatility when the asymmetric behavior and structural changes are considered. After calculating

fGElLOClassmmﬁ"”: the risk minimizing portfolio weights, we show that the minimum-volatility portfolio is composed of
c11 medium and small indexes with a higher weight of medium firms for a set of different scenarios.

Gla © 2012 Asociacién Espaiiola de Finanzas. Published by Elsevier Espafia, S.L. All rights reserved.
Keywords:

Portfolio allocation

Multivariate GARCH models
Information spillover

Risk minimizing portfolio strategy

1. Introduction

The strong performance of medium and small firms has inspired
huge interest among investors, analysts, financial intermediaries,
communication media, and financial market participants in general
during the last few years. Some interesting studies are those of
Ewing and Malik (2005) and Hassan and Malik (2007), where the
relationships between large and small firms in the US market are
analyzed, or those of Aragé and Fernandez (2007) and Pardo and
Torr6 (2007) who analyzed that relationship for the Spanish stock
markets.

The present paper re-examines the relationship among differ-
ent firms using the IBEX 35, IBEX MEDIUM CAP, and IBEX SMALL
CAP indexes as the benchmarks to track the performance of large,
medium and small firms, respectively.! This study emphasizes to

* Corresponding author.

E-mail address: jimiralles@unex.es (J.L. Miralles-Marcelo).

1 In the Spanish market large, medium and small firms are represented by the IBEX
35, IBEX MEDIUM CAP, and IBEX SMALL CAP indexes respectively. The IBEX 35 is
composed of the 35 largest companies in terms of capitalization and liquidity which
are traded on the Spanish stock market. Additionally, the IBEX MEDIUM CAP and the
IBEX SMALL CAP indexes were created to provide better insight into the evolution
of medium and small capitalization companies. Nowadays, they are a national and
international reference. It is also important to note that these indexes are replicable
and investable, that is, their calculation allows for the issuance of financial products
such as Exchange Traded Funds (ETFs), index funds or derivatives.

the role that sudden changes in variance may play not only in the
transmission process but also in the calculation of risk minimizing
portfolios.

We improve the previous literature in various ways. Firstly, to
our knowledge this paper is the first one to focus on all three IBEX
indexes. Pardo and Torré (2007) and Chulia and Torré (2007) used
the Ibex Complementario and the Ibex Medium Cap taking them
as the reference for the small firms. Secondly, in order to check the
robustness of our results, we employ a symmetric and an asym-
metric multivariate GARCH model with structural changes. Thirdly,
since different assets are traded based on these indexes, we use
the estimated volatilities to calculate the risk minimizing portfo-
lio weights considering the methodology of Kroner and Ng (1998)
and a set of different scenarios. Finally, we shed some light on the
behavior of the Spanish stock market by providing some clues to
better understand portfolio allocations.

Our study focuses on the Spanish stock market because in
recent years it has become a reference for the main European stock
markets due to improvements in the technical, operational and
organizational systems supporting the market which have enabled
it to channel large volumes of investment and have made it more
transparent, liquid, and effective.

Our findings show the existence of a significant difference in the
transmission of volatility when asymmetric behavior and structural
changes are considered. However, the most interesting results are
related to the risk minimizing portfolio composition. For all the
different scenarios analyzed, we show that the minimum-volatility
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Table 1
Descriptive statistics.

IBEX 35 IBEX MEDIUM CAP IBEX SMALL CAP Equality tests
Mean 0.00023 0.00024 0.00012 0.1609 (0.85)
Std. Dev. 0.01441 0.01038 0.01159 150.92 (0.00)
Skewness ~0.01527 ~0.43262 ~0.32531

Kurtosis 8.28053 7.14654 8.02533

Jarque-Bera 5851.2 (0.00) 3764.9 (0.00) 5387.9 (0.00)

Q(20) 62.336 (0.00) 102.90 (0.00) 223.81(0.00)

Q2 (20) 3032.9(0.00) 2406.6 (0.00) 1580.9 (0.00)

ARCH (20) 754.77 (0.00) 690.96 (0.00) 600.28 (0.00)

ADF (4) ~33.303 (0.00) ~30.107 (0.00) ~28.092 (0.00)

PP (6) —68.601 (0.00) —65.762 (0.00) —62.666 (0.00)

This table presents descriptive statistics for the daily return series of the Ibex 35, the Ibex Medium Cap and the Ibex Small Cap indexes. Last column reports the mean and
variance equality tests using the ANOVA and Levene statistics, respectively. Skewness and Kurtosis refer to the series skewness and kurtosis coefficients. The Jarque-Bera
statistic tests the normality of the series. This statistic has an asymptotic x? (2) distribution under the normal distribution hypothesis. Q (20) and Q? (20) are Ljung-Box
tests for 20th-order serial correlation in the returns and squared returns. ARCH (20) is the Engle (1982) test for the 20th-order ARCH. These three tests are distributed as x>
(20). The ADF (4) and PP (6) refer to the Augmented Dickey and Fuller (1981) and Phillips and Perron (1988) unit root tests corresponding to the process with intercept but

without trend. The p-values of these tests are reported in parenthesis.

portfolio is composed of medium and small indexes with a higher
weight of medium firms. These results have important implications
for building accurate asset pricing models, forecasting volatility,
and understanding the Spanish stock market.

The remainder of the paper is organized as follows: Section 2
presents a review of related literature. Section 3 describes the data
and methodology. In Section 4 we show the principal results and,
finally, in Section 5 we provide the main conclusions.

2. Literature review

One of the most important issues in finance in recent years has
been the analysis of price and volatility spillovers among stock mar-
kets, sector indexes, or small and large firm portfolios. Initial studies
such as those by Hamao et al. (1990), King and Wadhwani (1990)
and Lin et al. (1994), among others, were followed by others such as
Fleming et al.(1998), who demonstrated how cross market hedging
and sharing of common information could lead to transmission of
volatility across markets over time, or those of Chelley-Steeley and
Steeley (1996) and Grieb and Reyes (2002), who examine data for
the UK using different methodologies and show the existence of a
bi-directional feedback of conditional variances between UK firms
of different sizes.

More recently, Malik and Hammoudeh (2007) analyze the
volatility and shock transmission mechanism among equity and
global crude oil markets of US and Gulf countries. Ewing and Malik
(2005) examine the asymmetry in the predictability of volatility
allowing for sudden changes in variance by using the Bivari-
ate GARCH model. Finally, Hassan and Malik (2007) and Li and
Majerowska (2008) use multivariate GARCH models (including
more than two variables) to analyze the transmission of shocks
and volatility among different US sector indexes and links between
emerging stock markets in Poland and Hungary and established
markets in Germany and the US, respectively.

Volatility behavior in the Spanish stock market has also been
studied in recent years. Cufiado et al. (2004) analyze the behavior
of volatility in the Spanish stock market by detecting if volatility
has changed its behavior significantly over a period and by iden-
tifying the causes. The results show that the Spanish stock market
is subject to higher, but less persistent, volatility and that trading
volume significantly impacts on volatility.

Aragé and Fernandez (2007) analyze the European transmis-
sion of information through volatilities with structural changes in
variance for the main stock indexes following the ICSS algorithm
to detect sudden changes. Their findings suggest that markets react
not only to local news, but also to news originating in other markets,

especially adverse news. Soriano and Climent (2006a) use a mul-
tivariate GARCH approach to analyze the importance of regional
versus industrial effects and volatility transmission patterns in a
particular industry across different regions. Chulid and Torré (2007)
analyze volatility spillovers between large and small firms in the
Spanish stock market by using a conditional CAPM with an asym-
metric multivariate GARCH-M model.

Finally, Pardo and Torré (2007) study volatility spillovers
between large and small firms by analyzing the impulse-response
function for conditional volatility computed following the Lin
(1997), and Meneu and Torr6 (2003) procedure. They show that
volatility spillovers exist in both directions between those portfo-
lios after bad news.

This paper adds a new point of view to the analysis of volatility
in the Spanish stock market. As opposed to the previous empirical
evidence, we focus on large, medium and small firms and propose
arisk minimizing portfolio strategy based on a multivariate GARCH
methodology. Additionally, in order to obtain more conclusive eco-
nomic implications, we analyze the optimal portfolio responses to
good and bad news.

3. Data and methodology
3.1. Data

The data consists of daily close returns (calculated as logarithmic
differences) for the IBEX 35, IBEX MEDIUM CAP, and IBEX SMALL
CAP indexes for the period from January 14, 1992 to December 30,
2011.2

Table 1 presents the summary statistics for these return series.
An initial conclusion might suggest that the performance of the
IBEX MEDIUM CAP as measured by mean return is better (0.024%)
than the IBEX 35 (0.023%) and the IBEX SMALL CAP (0.012%). How-
ever, on the basis of the Anova test we cannot reject the null
hypothesis that all series in the group have the same mean since
those differences are not statistically significant. On the other hand,
due to the rejection of the null hypothesis of equality of variances
among the return series, we can conclude that the IBEX MEDIUM
CAP index is less volatile (standard deviation of 1.03%) than the
other two indexes (1.15% and 1.44% for IBEX SMALL CAP and IBEX
35, respectively). These preliminary results are consistent with

2 The data was extracted from Sociedad de Bolsas, which is the owner of the

indexes and is in charge of their management, calculation, dissemination as well as
of the review of their composition.
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those obtained previously by Pardo and Torré (2007) and Chulia
and Torré (2007) for large and small Spanish indexes and point
out that it is important to study more accurately the covariance
dynamics among these indexes.

Further test produce similar results for these three series. Skew-
ness and kurtosis values indicate that the distributions of returns
for all the indexes are negatively skewed and leptokurtic. The
Jarque-Bera statistic rejects the null hypothesis that the returns
are normally distributed for all cases.3 The Ljung-Box statistic for
up to 20 lags indicates the presence of significant linear and non-
linear dependencies in the returns of all indexes. The ARCH test
reveals that returns exhibit conditional heteroskedasticity and the
augmented Dickey and Fuller and Philips and Perron tests indicate
that these time series are stationary.

Finally, in order to illustrate the evolution of the three indexes,
we show their charts for the period analyzed in Fig. 1. We can clearly
observe some significant trends (upwards and downwards) in the
medium and small firm indexes in contrast to the more volatile
behavior of the IBEX 35 in which these trends are repeated during
the period.

3.2. Methodology

On the basis of the features observed in the previous section,
GARCH models will be appropriate. As the initial aim of this study
is to re-examine the volatility transmission of large, medium, and
small value firm portfolios in the Spanish stock market, we will use
a trivariate GARCH model.

The first step in the trivariate GARCH procedure is to identify
the best-fitting specification of the return series. This is particu-
larly important as mis-specifying the mean equation may lead to
an incorrect estimation of the variance equation (Ewing and Malik,
2005). Once the mean structure is identified, we estimate the mean
and variance specifications jointly to avoid the generated regressor
problem (according to Ewing et al., 2002).

Therefore, the conditional mean equations are defined as a
VAR(15) process*:

15 15 15

Rie=c1+ E a11,e-jRe-j + E 12,¢-jRoej + E Q13,6 + €1
j=1 j=1 j=1
15 15 15

Ryt =0+ E 21,0 jR1 e+ E a2 jRo e+ E 3 R3¢+ &2t (1)

j=1 j=1 j=1
15 15 15

R3:=c3+ E @31, jR3j+ E a3 Ry j+ E 33, jR3 ¢ j+ €3¢

j=1 j=1 j=1

Eit !Qt—l ~ N(0O, Hr) (2)

where Ry, Ry and Rz are the daily returns for the Ibex-35, Ibex
medium cap and Ibex small cap indexes, respectively, ¢; and «;; for
i=1,2,and 3,andj=1, 2, and 3 are the parameters to be estimated,
¢;¢ indicates the innovations for each index at time t following a
normal distribution with a mean of 0 and variance H; where §2;_1 is
the information set in t — 1. The VAR lag has been chosen following
the Akaike information criterion.>

3 Those absences of normality are confirmed by the Lilliefors, Cramer-von Mises,
Watson and Anderson-Darling tests.

4 We do not include the error correction term in the mean equations since the
Johansen tests showed that three series are not cointegrated.

5 With this lag order we confirm previous results obtained by Pardo and Torré
(2007) about the existence of spillover effects in mean across the size indexes over
the previous three weeks (15 trading days).
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Fig.1. Performance of the stock indexes IBEX 35, IBEX MEDIUM CAP and IBEX SMALL
CAP.

We employ the BEKK representation, introduced by Baba
et al. (1991), to model the conditional variance-covariance
matrix®:

He=C'C+Ag 16, A+BH,_1B 3)

where, in our case, C is a (3 x 3) lower triangular matrix with six
parameters and A and B are squared (3 x 3) matrices of parame-
ters. The elements of A capture the effects of shocks or events on
volatility while the elements of B capture the effects of past condi-
tional variances measuring the diagonal parameters the effects of
own past shocks and past volatility in both cases. The total number

6 This specification has been the most popular in the literature. In fact, it improves
VECH and diagonal representations because it practically assures that H; will be pos-
itive definite. Furthermore, it does not require so many parameters to be estimated
asinthe VECH case and is more general than the diagonal representation. See Soriano
and Climent (2006b) for more detail.
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of estimated elements for the variance equations in our trivariate
case is 24.

11 11 C1 C31 apn a2 13
Hr=| c21 22 € €3 |+ | a1 ax ax | &s
C31 €23 (33 C33 asz; dsz dass
where
8%,t,1 E1,t-182,t-1  €1,t-1€3,¢-1 hi1,¢
A e &2 e € He=| h
Et& = 2,t-1€1,t-1 2,t-1 2,t-1€3,t-1 t = 21,t
2 h
€3,t-181,t-1 €3,t-1€2,t-1 €321 31,¢

Without using matrices we get the following forms for the con-
ditional variances,

apr 41 03 bi1 bia bi3 b11 b2 b3
@12 Gz asz | + | bar by bas | He1 | b1z baa b3
a3 a3 a33 b3 b3y b33 b1z bys b33
(4)
hiar iz
hay e hase (5)
hsa e haz

hie=c2 + 0%18%,[,1 + 0%18%,[,1 + 03,18%,{,1 +201102161,0-182,¢-1 + 20110311,¢-163,t—1 + 203102182, 1-1€3,0-1 + b? 1 1

+b3 hy t1 + b3, h3 1+ 2b11ba1hiz 1 + 2b11b31hyz 1 + 2b31barhaz g

2 L2 42 2 2 .2 2 .2
hop,r = C3y + €5y + 1,67 (g + 05,85 (1 + 03,65 1 + 202201261,¢-182,¢-1 + 203201281,¢-1€3,t-1 + 2032022€2,1-1€3,t-1

(6)

+b2,hy 1 + b3, hy 1 + b2, h3 1 + 2boabiahio 1 + 2b3ab1ahi3 i1 + 2b32baohos 4

h3s =3 +c2, +c3 + 0%38%,t,1 + a%?,git,] + a%g%tq +2a3301381,c-1€2,t-1 + 203301381,¢-1€3,¢-1 + 203302382t 1€3,t-1

+b23hy t1 +b33hy 1 + b33h3 1 + 2ba3bishin 1 + 2b33bishys c—1 + 2b33byshys 1

However, previous studies document the relevance of consid-
ering structural changes in variance and asymmetries, which are
the different responses of volatility to negative shocks (bad news)
or positive shocks (good news). More precisely, Pardo and Torré
(2007) and Chulia and Torré6 (2007) propose an asymmetric bivari-
ate GARCH model to analyze volatility spillovers between large and
small firms in the Spanish stock market. However, they do not
incorporate the role of sudden changes in volatility as proposed
by Ewing and Malik (2005), Aragé and Fernandez (2007) and Aragd
and Salvador (2011). Based on these previous studies, we extend
the latter model to allow for both aspects.

The methodology used in this study to identify sudden shifts in
the variance of an observed time series is based on the ICSS algo-
rithm developed by Inclan and Tiao (1994), and used by Aggarwal
et al. (1999), Malik (2003), and Ewing and Malik (2005).

The analysis assumes that the time series exhibit a stationary
variance over an initial period until a sudden change in variance
occurs. The variance is then stationary again for a time until the
next sudden change. The process is repeated over time, yielding a
time series of observations with an unknown number of changes
in the variance.

Let &¢ be a series with zero mean and with unconditional vari-
ance atz. Let the variance within each interval be given by ajz,j =0,1,
..., Ny where Nr is the total number of variance changes in T obser-
vationsand 1 < k1 < k3 < ... < ky; < T are the change points.

2 2 2 2
at:1:01<t</<1:1'1/q<t<K2:...=1'NT/<NT<t<T (7)

A cumulative sum of squares is used to estimate the number of
changes in variance and the point in time of each variance shift. Let
Cy = Z’;lsf, k=1,...,T,bethe cumulative sum of the squared
observations from the start of the series to the k-th point in time,

where k is a point of sudden change and T is the number of obser-
vations. The D, statistic is defined as follows:

Dk:(&)—li k=1,....T Dyp=Dr=0 (8)
Cr

where Cris the sum of the squared residuals from the whole sample
period.

If there are no changes in variance over the sample period, the
D, statistic oscillates around zero (a horizontal line when plotted
against k). However, if the series contains variance changes, the D,
values drift either above or below zero. Critical values based on
the distribution of D, under the null hypothesis of homogeneous
variance provide upper and lower boundaries to detect a signifi-
cant change in variance with a known level of probability. In this
way, the null hypothesis of constant variance is rejected if the max-
imum absolute value of Dy, is greater than the critical value. So, if
max;\/(T/2)|Dy| exceeds the predetermined boundary, then the
value of k is taken as an estimate of the change point. The criti-
cal value at the 95th percentile is 1.36, therefore upper and lower
boundaries can be set at +1.36 in the D, plot.

Several recently developed methodologies are available to
analyze the asymmetric responses of volatility in variances and
covariances: Aragé and Fernandez (2007), Chulia and Torré (2007)
and Li and Majerowska (2008). However, in accordance with the
subsequent use of the methodology of Kroner and Ng (1998) to
compute the optimal portfolio holdings, we employ the extended
approach of Glosten et al. (1993) proposed by Kroner and Ng (1998),
and also used by Karmakar (2010), to capture the asymmetric
effects of news on volatility. The model is specified as:

He = C'C+ A1, A+ BH,_ 1B
n

1l <0) @ 8t 1611 Olie,_, <o+ D _DXiXiD; (9)
i=1
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where [, ,_,) is @ 3x 1 vector whose elements take value 1 if
the corresponding innovation in vector &; is negative, and © is
the Hadamard (element by element) product. D is a 3 x 3 diag-
onal parameters vector; X is a 1 x 3 vector which represents the
dummy variables taking a value of 1 from each point of sudden
change of variance onwards and zero elsewhere and, finally, n is
the number of sudden changes found in each index (three in each
case).

The models are estimated maximizing the likelihood function
assuming normally distributed errors:

T
L(6) = —TIn(27) — %Z(ln |He | + 4H; e0) (10)
t=1

where T is the number of observations and 0 represents the param-
eter vector to be estimated.”

4. Empirical results

This section presents the empirical results for the models pro-
posed and their economic implications in the calculation of a
risk minimizing portfolio strategy. While our initial objective is
to model the volatility and shock transmission in large, medium
and small firms allowing for asymmetries and structural breaks,
it is helpful to first examine the baseline case of the symmetric
trivariate GARCH model. The results of estimating this trivari-
ate GARCH model with BEKK parameterization are reported in
Table 2.

Panel A reports the estimated coefficients of the conditional
variance for each return series.® We find that conditional variance
in large firms (h;1;) is directly affected by their past news and
volatility and directly and indirectly by volatility and news from
medium firms. Regarding medium and small firms, we observe
that not only are their conditional variances (hy,  and h33 ¢, respec-
tively) directly affected by their own volatility and news, but also by
bi-directional transmission of volatility and shocks between each
other. This is because both of them are affected directly and indi-
rectly by the news and shocks of the other group of firms. Therefore,
each index is closely related with the next one in terms of size,
although the relationship between the medium and small firms
is closer. Moreover, following Pardo and Torré (2007), we show
in Panel B that the null of cross variance effects (a;;=b;; Vi # j) is
clearly rejected as well as the nulls of a;=0 and b;;=0. For that
reason, we cannot ignore cross relationships across all conditional
moments and their symmetric shocks. However, these are prelim-
inary results which do not take into account structural changes in
variance and asymmetries.

Relative to structural breaks, Table 3 reports the number of sud-
den changes in volatility detected using the ICSS algorithm. For each
index we find three sudden changes which are related with eco-
nomic policies destined to improve the markets. Additionally, we
extend the previous model to allow for the asymmetric responses

7 Schiiler and Schroder (2003) pointed out that by using this methodology, all of
the estimations are conducted using Maximum Likelihood (ML) under the assump-
tion that the residuals follow a normal distribution. However, as these authors also
pointed out, this assumption is, in fact, not true because in most cases, the standard-
ized residuals exhibit leptokurtosis. Thus, the application of the normal distribution
leads to a so-called Quasi- or Pseudo-ML estimation. According to Weiss (1986), this
application leads to a consistent estimation of the parameters if the equations for
the (conditional) means and variances are specified correctly. Some authors tried
to solve the problem by using different distributions. However, it was proven that
when a distribution different from the normal one is used and this distribution is not
the true one, then the estimates are, in most cases, not consistent. For that reason,
we prefer to apply the normal distribution.

8 Results for the mean equations are not reported for the sake of brevity, although
they are available upon request.

Table 2
Trivariate GARCH model.

Panel A: Conditional variance equations

hi1e hao e h3s
e, 0044 (651) 0.000  (0.40) 0000  (0.01)
e, 0.023" (2.96) 0.100™" (7.26) 0015™ (2.62)
e, 0000  (0.28) 0002  (1.41) 0071 (7.20)
1e16201 00637 (7.04) 0006  (0.83) 0000  (0.03)
E1e16301  —0.005  (0.56) 0001  (0.81) 0.000  (0.03)
201631 —0.003  (0.54) 0029 (2.99) 0065 (5.73)
Bires 0957 (104.6) 0000  (0.38) 0000  (0.70)
hazen 0002 (3.18) 0871 (63.88) 0002 (3.13)
h3en 0000  (0.27) 0000  (1.24) 0917 (81.75)
Rzt —0.096™  (6.25) 0006 (0.75) 0001  (1.23)
hiseq 0006  (0.53) 0000  (0.66) 0011  (1.41)
h2sen 0000 (0.52)  —0.025° (247) —-0.091"" (6.19)

Panel B: Testing restrictions on cross-variance effects

Chi-squared (p-value)
Ho:a;j=b; Vi #j 357.8785 (0.00)
Ho:a;=0 2885.586 (0.00)
Ho :b;j=0 817848.5 (0.00)

Panel A shows the estimated coefficients of the conditional variance for the large,
medium, and small cap return series (the corresponding t-values are given in paren-
thesis). Panel B reports Wald test of cross-variance effects significance (p-values are
reported in parenthesis).

" Represents the level of significance of 5%.

" Represents the level of significance of 1%.

of volatility in order to measure the effects of negative shocks (bad
news) in the variances and to check the robustness of the initial
results.

Table 4 reports the most relevant results from the asymmet-
ric trivariate GARCH model with structural changes. Panel A shows
the estimated coefficients of the conditional variance equations for
each index. As Ewing and Malik (2005) documented for the US mar-
ket, the significance of these coefficients is quite different from
those obtained in the symmetric model (Table 2 Panel A). Rela-
tive to the IBEX 35, we observe that now it is affected by its own
volatilities and shocks lagged one period and indirectly by medium
and small firm shocks. The results from the IBEX MEDIUM CAP
are very similar but, in this case, its conditional volatility is also
indirectly affected by large firm shocks. Finally, the results related
with the small firms show that not only is their conditional volatil-
ity directly affected by their own volatility and shocks, but it is
also indirectly affected by the shocks and volatility from the IBEX
MEDIUM CAP.

In order to check the suitability of the asymmetric GARCH
model, we observe that only the IBEX 35 is directly affected by
its bad news and indirectly by the other indexes. These results
differ from those obtained by Chulid and Torré (2007) and Pardo
and Torr6 (2007) who show the existence of a significant trans-
mission of information between the large and small firms in
the Spanish market.® However, Panel B shows that restrictions
on cross-variance effects and asymmetric covariance are clearly
rejected. As a consequence, cross relationships across all condi-
tional moments and their shocks (symmetric and non-symmetric)
cannot be ignored.

For the purpose of robustness, we analyze the properties of the
standardized residuals (&; = &; ¢/+/hii ) for each return series.
Panel C of Table 4 reports the main results of these specification
tests. As we can observe, the mean value is close to zero in all
cases with a standard deviation of nearly one. We also observe a

9 These differences can be explained by the fact that different methodologies and
samples are used in these studies.
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Table 3
Sudden changes in volatility.
Portfolio No. of change points Time period Events
IBEX35 3 14 January 1992-3 October 1997 Interest tax reduction

6 October 1997-6 October 2000
9 October 2000-14 January 2008
25 January 2008-30 December 2011

14 January 1992-19 September 1997
22 September 1997-5 September 2001
6 September 2001-26 February 2007
27 February 2007-30 December 2011

14 January 1992-1 July 1994

4 July 1994-23 June 2000

26 June 2000-12 December 2007

13 December 2007-30 December 2011

Economic policies for investment
Support breakout (decrease 17%)

Decrease on telecommunication sector
Support breakout (decrease 8%)

Liberalization plan
2nd consecutive historical maximum
of the IBEX 35

IBEX MEDIUM CAP 3
IBEX SMALL CAP 3
Table 4

Asymmetric trivariate GARCH model with structural changes.

Panel A: Conditional variance equations

hi1e haa ¢ hs3¢
e, 0.064™ (5.36) 0001  (0.84) 0002  (1.26)
&, 0001  (040) 00907 (549) 0001  (045)
&, 0000 (037) 0001 (062) 0094 (7.03)
ere1g2e 0014 (0.83) 0015  (1.82) 0002  (1.06)
11831 0.009 (0.75) 0.001 (1.03) 0.025" (2.54)
201631 0001  (0.76) 0014  (1.30) 0015  (0.93)
Biren 0903™ (5675) 0000  (0.20) 0.000  (0.36)
hoor 1 0.000 (0.02) 0.854"" (41.09) 0.000 (0.85)
h3en 0000  (0.34) 0000  (0.31) 0.885™  (59.36)
hi2-1 —0.001 (0.05) 0.005 (0.40) 0.000 (0.95)
hi31 -0.011 (0.68) 0.000 (0.33) -0.010 (0.72)
hasen 0000 (0.05) —0009 (0.63) —0037  (1.69)
" 0051 (2.72) 0002  (0.63) 0.000  (0.14)
77%4[71 0.023 (1.22) 0.005 (0.58) 0.003 (0.42)
7’];[71 0.006 (0.84) 0.007 (1.17) 0.000 (0.18)
Meimae: -0069° (190)  —0006 (0.67)  —0.001 (0.23)
Mealsen  —0035  (1.53)  —0.007  (0.99) 0.000  (0.25)
Matalses 00237 (1.97) 0012 (120) —0002  (0.28)

Panel B: Testing restrictions on cross-variance effects

Chi-squared (p-value)
Ho:aj=b;Vi+j 91.35378 (0.00)
Ho:a;=0 2188.309 (0.00)
Ho :b;j=0 194338.7 (0.00)
Ho : mij =i 290.8207 (0.00)
Ho :7;;=0 366.9817 (0.00)
Panel C: Residual diagnostics
N &2 &3¢

Mean —0.036 —0.038 -0.039

Std. Dev. 0.990 0.984 0.988
Skewness —0.161 —0.307 —0.258
Kurtosis 4.429 4.709 4.512
Jarque-Bera 449.056 (0.00) 689.772 (0.00) 533.854 (0.00)
Q(20) 11.424(0.93) 16.231 (0.70) 26.201 (0.16)
Q2 (20) 15.713 (0.73) 22.623 (0.31) 24.685 (0.21)

Panel A shows the estimated coefficients of the conditional variance for the large,
medium, and small cap return series (the corresponding t-values are given in paren-
thesis). Panel B reports Wald test of cross-variance effects significance (p-values are
reported in parenthesis). Panel C reports summary statistics for the standardized
residuals. Q (20) stands for the Ljung-Box Q statistic for the standardized residuals
up to 20 lags while Q2 (20) for the Ljung-Box Q statistic for the squared standardized
residuals up to 20 lags.
" Represents the level of significance of 10%.
" Represents the level of significance of 5%.
™" Represents the level of significance of 1%.

reduction in the skewness and kurtosis of the residuals compared
to the original series. The Ljung-Box Q statistics for the 20th orders
performed over the standardized residuals reveal a lack of serial
autocorrelation and indicate the appropriate specification of the
mean equations. Moreover, the Ljung-Box Q statistics for the 20th
order in squared standardized residuals show that there is no series
dependence in the squared standardized residuals, indicating the
appropriateness of the fitted variance-covariance equations by the
multivariate GARCH model.

Furthermore, the importance of considering asymmetries and
structural breaks is further supported by the likelihood ratio statis-
tic (LR) which is calculated as LR=2[L(®1)—L(®y)] where L(®)
and L(®)y) are the maximum log likelihood values obtained from
the multivariate GARCH models with and without asymmetries and
sudden changes, respectively. This statistic is asymptotically x?2 dis-
tributed. In our case, LR=2(52224.24 — 52152.99)=142.5, thus we
can clearly reject the null hypothesis of no asymmetric effects even
at the 1% significance level.

As explained in the introduction section, the use of the condi-
tional variance and covariance series obtained from multivariate
GARCH models has important economic implications. Kroner and
Ng (1998), Ewing and Malik (2005) and Hassan and Malik (2007)
consider the problem of computing the optimal portfolio holdings
subject to a no shorting constraint. In order to avoid the forecasting
expected returns, they assume that the expected returns are zero,
making the problem equivalent to estimating the risk minimizing
portfolio weights. Therefore,

haae —hia¢

11
hi1,e = 2h12,¢ + hoo ¢ (mn

w12,t =

where @y, is the portfolio weight for the first index relative to
the second index at time ¢, h11 denotes the conditional variance of
the first index, hy,  denotes the conditional variance of the second
index and hy; denotes the conditional covariance between the first
and the second index.

Considering a portfolio that combines the large and medium-
firm indexes and assuming a mean-variance utility function, the
optimal portfolio holdings of the large firm index are,

@2, =0 if @iz <0,

o If O<wpe<1

and wWi2,t = 1 lf w12,t > 1
The optimal portfolio holdings for the medium-firm index would
therefore be 1 — ;.

We also estimate the risk minimizing hedge ratios for these
indexes by using the ratio proposed by Kroner and Sultan (1993)
who show that to minimize the risk of a portfolio an investor should
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Table 5
Risk minimizing portfolios.

Symmetric model

Asymmetric model with sudden changes

Portfolio 1 Portfolio 2 Portfolio 3 Equality tests Portfolio 1 Portfolio 2 Portfolio 3 Equality tests
Large-medium  Large-small Medium-small Large-medium  Large-small Medium-small
Panel A: Returns
Mean 0.000234 0.000106 0.000159 0.1992 (0.82) Mean 0.000256 0.000105 0.000152 0.2857 (0.75)
Median 0.000697 0.000627 0.000714 Median 0.000707 0.000620 0.000723
Maximum 0.069266 0.071227 0.069833 Maximum 0.071900 0.071227 0.069391
Minimum -0.074820 —0.078393 —0.065211 Minimum -0.068786 —0.074985 —0.065750
Panel B: Volatility
Mean 0.009580 0.009989 0.009023 75.537 (0.00) Mean 0.009519 0.009943 0.008954 82.754 (0.00)
Median 0.008511 0.009251 0.008111 Median 0.008535 0.009222 0.008099
Maximum 0.038839 0.040842 0.040842 Maximum 0.037577 0.041834 0.041600
Minimum 0.004166 0.004574 0.003990 Minimum 0.004244 0.004799 0.004111
Panel C: Hedge ratios
Mean 1.054778 0.837569 0.640103 Mean 1.068330 0.832984 0.642686
Median 1.005257 0.810271 0.645474 Median 1.030970 0.819014 0.634734
Maximum 2.797081 2.321326 1.389453 Maximum 2.582937 2.033148 1.566561
Minimum 0.155133 -0.272818  —-0.178250 Minimum 0.352239 —-0.305101 —0.078548
Panel D: Average weights
Large 0.1272 0.2953 - Large 0.1214 0.2973 -
Medium 0.8727 - 0.6370 Medium 0.8785 - 0.6396
Small - 0.7046 0.3629 Small - 0.7026 0.3603

Following Kroner and Ng (1998), Ewing and Malik (2005), and Hassan and Malik (2007), we calculate the composition and hedge ratios of three risk minimizing portfolios
by the combination of each pair of indexes and employing conditional variance and covariance series from both symmetric and asymmetric multivariate GARCH models.
Portfolio 1 is constructed by the combination of large and medium cap indexes, Portfolio 2 is constructed by the combination of large and small cap indexes, and Portfolio
3 is constructed by the combination of medium and small cap indexes. Based on the optimal portfolio holdings in period t, we calculate the expected returns and volatility
(measured as standard deviation) of each portfolio in period t+ 1. Panel A, B, and C show mean, median, maximum and minimum values for expected returns, volatility and
hedge ratios of each portfolio. We also present results for mean equality tests using the ANOVA statistic (p-values are reported in parentheses). Finally, Panel D presents

average weights of each index in the risk minimizing portfolios.

short $ of the second index for each $1 long in the first index. This
ratio is given by:

h
B = 12t

= 12
haa ¢ (12)

Furthermore, each optimal portfolio holding in period t is used
to calculate the expected return and volatility (measured by the
standard deviation) of each portfolio in period t+1. We follow
two main objectives based on Markowitz portfolio selection pro-
cedures: (i) to determine the portfolio which holds the minimum
volatility values?; and (ii) to analyze the expected return results in
the event of finding the perfect combination of minimum risk and
maximum return.

Table 5 reports results in terms of expected returns, volatil-
ity, hedge ratios and average weights for each risk minimizing
portfolio constructed by the combination of pairs of indexes
and employing conditional variance and covariance series from
both symmetric and asymmetric multivariate GARCH mod-
els.

In Panel A, we observe that the combination of the large and
medium cap indexes provides the higher mean returns from both
symmetric (0.000234) and asymmetric (0.000256) data. However,
the low values of the Anova tests of equal means lead us to not
reject the null and, therefore, to not consider the differences of
average returns among the three statistically significant portfo-
lios.

Consistent with the objective of calculating the lower risk port-
folio, we observe in Panel B some interesting results. Firstly, the
lower mean volatility is obtained in Portfolio 3 when medium and
small cap indexes are combined (with average weights of 0.63 and
0.36, respectively) from both symmetric (0.009023) and asymmet-
ric (0.008954) data. Secondly, differences in volatility among the
portfolios are statistically significant due to the clear rejection of

10 See Bodie et al. (2005, pp. 231-232).

the null of equal means in the standard deviations derived from
the Anova and Welch tests. Finally, the average standard deviations
are lower when data from the asymmetric model with structural
breaks is used.

Moreover, we show in Panel C the average hedge ratios for
the different portfolios. The value for Portfolio 1 derived from
the symmetric data is 1.054, which means that to minimize the
risk an investor should short 1.054€ of the large cap index for
each 1€ long in the medium cap index. The other two values
for Portfolio 2 (0.8373) and Portfolio 3 (0.6401) should be inter-
preted in the same way. In accordance with Ewing and Malik
(2005) we find that in 2 out of 3 cases (Portfolios 1 and 3) these
hedge ratios are lower when compared to the model that con-
trols for the volatility regimes. Therefore, the choice of the model
affects the estimated hedge ratio and ignoring the regime shifts
and asymmetries would seriously lead to wrong hedging deci-
sions.

Additionally, as an alternative way to stress the aforemen-
tioned differences between the symmetric and asymmetric models
and among the estimated minimum volatility portfolios we show
Figs. 2-4.

Fig. 2 reports the differences between the estimated standard
deviations of Portfolio 3 using the data from the symmetric and
asymmetric models. Figs. 3 and 4 report differences between the
estimated standard deviations derived from the asymmetric mod-
els of Portfolios 1 and 3 and Portfolios 2 and 3, respectively.
In all cases, positive values would indicate that the volatili-
ties in the first element of the difference is higher than in the
second and, therefore, the preference of the investor for the
second element (which is always Portfolio 3, the combination
of the medium and small cap indexes, in its asymmetric ver-
sion).

We can clearly observe that in all cases the differences are
mostly positive which means that the standard deviations of
Portfolio 3, which combines the Ibex Medium and Small cap
indexes, are lower than the first element of each difference
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Table 6
Risk minimizing portfolio responses to good and bad news. Volatility analysis.

Symmetric model

Asymmetric model with sudden changes

Portfolio 1
Large-medium

Portfolio 2
Large-small

Portfolio 3
Medium-small

Equality tests

Portfolio 1
Large-medium

Portfolio 2
Large-small

Portfolio 3
Medium-small

Equality tests

Panel A: Scenario of good new, when the previous shocks of both indexes are positive (¢1t_1 >0; €21 >0)

Mean 0.0097 0.0100 0.0092 19.791 (0.00)
Median 0.0086 0.0093 0.0083
Maximum 0.0388 0.0408 0.0408
Minimum  0.0043 0.0046 0.0041

Panel B: Scenario of normal news when one of the previous shocks is negative (¢1,-1>0; €21 <0)

Mean 0.0086 0.0093 0.0080 24.304 (0.00)
Median 0.0077 0.0085 0.0072
Maximum  0.0359 0.0377 0.0241
Minimum  0.0042 0.0047 0.0039

Panel C: Scenario of normal news when one of the previous shocks is negative (¢1,-1 <0; &2,-1>0)

Mean 0.0087 0.0096 0.0082 24.911 (0.00)
Median 0.0076 0.0089 0.0075
Maximum 0.0304 0.0278 0.0238
Minimum  0.0041 0.0045 0.0040

Panel D: Scenario of bad news, when the previous shocks of both indexes are negative (1,1 <0; €21 <0)

Mean 0.0099 0.0102 0.0093 23.102 (0.00)
Median 0.0088 0.0094 0.0083
Maximum  0.0343 0.0361 0.0359
Minimum  0.0042 0.0046 0.0040

Mean 0.0096 0.0100 0.0091 23.443 (0.00)
Median 0.0086 0.0093 0.0083
Maximum  0.0375 0.0418 0.0416
Minimum  0.0043 0.0049 0.0041
Mean 0.0085 0.0093 0.0080 22.779 (0.00)
Median 0.0077 0.0084 0.0073
Maximum  0.0347 0.0385 0.0237
Minimum  0.0043 0.0049 0.0041
Mean 0.0087 0.0095 0.0081 24.078 (0.00)
Median 0.0076 0.0088 0.0075
Maximum 0.0294 0.0281 0.0238
Minimum  0.0042 0.0047 0.0041
Mean 0.0098 0.0102 0.0093 25.446 (0.00)
Median 0.0089 0.0094 0.0083
Maximum 0.0334 0.0370 0.0347
Minimum  0.0043 0.0048 0.0041

Following Kroner and Ng (1998), Ewing and Malik (2005), and Hassan and Malik (2007), we calculate the composition of three risk minimizing portfolios by the combination
of each pair of indexes and employing conditional variance and covariance series from both symmetric and asymmetric multivariate GARCH models. Portfolio 1 is constructed
by the combination of large and medium cap indexes, Portfolio 2 is constructed by the combination of large and small cap indexes, and Portfolio 3 is constructed by the
combination of medium and small cap indexes. Based on the optimal portfolio holdings in period t, we calculate the volatility (measured as standard deviation) of each
portfolio in period t+1 in four different scenarios: Good news is when the previous shocks of both indexes are positive; Normal news is when one of the shocks is negative,
in which case, there are two possibilities: positive-negative, and negative-positive; and, Bad news is when both of the previous shocks are negative. Panel A, B, and C show
mean, median, maximum and minimum volatility values of each portfolio in each scenario. We also present results for mean equality tests using the ANOVA statistic (p-values

are reported in parenthesis).
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Fig. 2. Standard deviation differences of Portfolio 3 based on symmetric and asym-
metric data.

Standard deviation differences relative to Portfolio 3 (combination of medium and
small cap indexes). Positive values indicate that Portfolio 3 assume higher levels of
volatility when is constructed based on the symmetric specification than employing
the asymmetric one.

and, for that reason, is always the preferred one in terms of
volatility.!!

At first glance, and consistent with the objective of determining
the portfolio which holds the minimum volatility values, we would
choose the portfolio where the medium and small cap indexes are
combined. This is consistent with their lower volatility as reported
in the descriptive statistics, and with the fact that their conditional
variance is less affected by other volatility and shocks than the
IBEX 35.

11 In all cases, the null of zero mean for each difference was tested and rejected.
Values are not reported, but are available upon request.
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Fig. 3. Standard deviation differences between Portfolio 1 and Portfolio 3.
Standard deviation differences between Portfolio 1 (large and medium cap indexes)
and Portfolio 3 (medium and small cap indexes) based on asymmetric data. Positive
values indicate that Portfolio 1 assume higher levels of volatility than Portfolio 3.

However, in order to obtain some more conclusive results and
economic implications, we analyze the optimal portfolio responses
to good and bad news (positive and negative shocks). For this rea-
son, we consider four different scenarios in order to calculate the
average risk and return of each portfolio. More precisely, the sce-
narios are the followings: Good news is when the previous shocks
of both indexes are positive, PP, (11 >0; &3+1 >0); Normal news
is when one of the shocks is negative, in which case, there are
two possibilities: positive-negative, PN, (€11 >0; €2¢1 <0) and
negative-positive, NP, (¢1¢-1 <0; &2¢1 >0); and, finally, Bad news
is when both of the previous shocks are negative, NN, (&1,.1<0;
£2¢-1<0).
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Table 7
Risk minimizing portfolio responses to good and bad news. Return analysis.

Symmetric model

Asymmetric model with sudden changes

Portfolio 1 Portfolio 2
Large-medium Large-small

Portfolio 3
Medium-small

Equality tests

Portfolio 1
Large-medium

Portfolio 2
Large-small

Portfolio 3
Medium-small

Equality tests

Panel A: Scenario of good new, when the previous shocks of both indexes are positive (¢1t_1 >0; €21 >0)

Mean 0.0013 0.0017 0.0014 0.846 (0.43) Mean 0.0013 0.0017 0.0014 0.832 (0.44)
Median 0.0017 0.0018 0.0017 Median 0.0015 0.0017 0.0017
Maximum 0.0451 0.0390 0.0387 Maximum 0.0451 0.0394 0.0387
Minimum —0.0545 —0.0384 —0.0532 Minimum —0.0545 —0.0383 —0.0536
Panel B: Scenario of normal news when one of the previous shocks is negative (€11 >0; €21 <0)
Mean 0.0003 0.0003 0.0003 0.003 (0.99) Mean 0.0002 0.0002 0.0003 0.040 (0.96)
Median 0.0003 0.0001 0.0009 Median 0.0003 0.0001 0.0009
Maximum 0.0297 0.0352 0.0388 Maximum 0.0297 0.0362 0.0388
Minimum —0.0390 —0.0539 —0.0559 Minimum —0.0390 —0.0539 —0.0560
Panel C: Scenario of normal news when one of the previous shocks is negative (€11 <0; €2¢-1 >0)
Mean —0.0009 —0.0002 0.0006 3.053(0.05) Mean —0.0010 —0.0002 0.0006 3.401 (0.04)
Median —6.62x 10> 0.0005 0.0012 Median —0.0002 0.0004 0.0011
Maximum 0.0393 0.0408 0.0288 Maximum 0.0393 0.0389 0.0287
Minimum —-0.0748 —-0.0783 —0.0652 Minimum —-0.0687 —-0.0749 —-0.0657
Panel D: Scenario of bad news, when the previous shocks of both indexes are negative (1,1 <0; €21 <0)
Mean —0.0005 —0.0014 —0.0012 3.411(0.03) Mean —0.0004 —-0.0013 —0.0012 4.069 (0.02)
Median 0.0001 —0.0006 —0.0005 Median 0.0001 —0.0006 —0.0005
Maximum 0.0692 0.0712 0.0698 Maximum 0.0719 0.0712 0.0693
Minimum —0.0676 —0.0740 —0.0582 Minimum —0.0676 -0.0712 —0.0585

Following Kroner and Ng (1998), Ewing and Malik (2005), and Hassan and Malik (2007), we calculate the composition of three risk minimizing portfolios by the combination
of each pair of indexes and employing conditional variance and covariance series from both symmetric and asymmetric multivariate GARCH models. Portfolio 1 is constructed
by the combination of large and medium cap indexes, Portfolio 2 is constructed by the combination of large and small cap indexes, and Portfolio 3 is constructed by the
combination of medium and small cap indexes. Based on the optimal portfolio holdings in period t, we calculate the expected return of each portfolio in period t+1 in four
different scenarios: Good news is when the previous shocks of both indexes are positive; Normal news is when one of the shocks is negative, in which case, there are two
possibilities: positive-negative, and negative-positive; and, Bad news is when both of the previous shocks are negative. Panel A, B, and C show mean, median, maximum
and minimum expected return values of each portfolio in each scenario. We also present results for mean equality tests using the ANOVA statistic (p-values are reported in

parenthesis).
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Fig. 4. Standard deviation differences between Portfolio 2 and Portfolio 3.
Standard deviation differences between Portfolio 2 (large and small cap indexes)
and Portfolio 3 (medium and small cap indexes) based on asymmetric data. Positive
values indicate that Portfolio 2 assume higher levels of volatility than Portfolio 3.

The results'? for the estimated standard deviations and
expected returns are reported in Tables 6 and 7, respectively. In
all cases the lower risk values (Table 6) are achieved with Port-
folio 3 which combines the Ibex Medium Cap and the Ibex Small
Cap indexes. Differences among the volatilities are statistically sig-
nificant due to the fact that the null of equal means is rejected
in all cases. Moreover, from the results of the expected returns
(Table 7) we can consider that the best combination of minimum
risk and maximum return is that provided by Portfolio 3 when
the negative—positive scenario is considered. This is because the

12 We do not provide the values of the portfolio weights and risk minimizing hedge
ratios but they are available upon request.

However, these relationships disappear when asymmetries and
structural breaks are taken into account.

In order to analyze the economic implications of our results,
we calculate the optimal invested portfolio holdings. Considering
different scenarios we demonstrate that the minimum risk port-
folio is that which combines the IBEX MEDIUM CAP and the IBEX
SMALL CAP indexes (with a higher weight for the medium index).
This implies that investors should keep a close eye on that port-
folio which also obtains the best return results in some of the
analyzed situations. These results add a new point of view to the
analysis of volatility because we show that the reduced volatility of
medium and small firm indexes makes them an interesting invest-
ment option even in times of recession.

To sum up, we want to point out that the results of multivari-
ate GARCH models can be used by financial market participants
to make optimal portfolio allocation decisions. These results have
important implications for building accurate asset pricing models,

13 See results from the asymmetric data in Table 6.



38 J.L. Miralles-Marcelo et al. / The Spanish Review of Financial Economics 11 (2013) 29-38

forecasting volatility and, consequently, understanding the Spanish
stock market.
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