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Abstract: This study reviews the literature on volatility transmission in order to determine what
we have learnt about the different methodologies applied. In particular, GARCH, regime
switching and stochastic volatility models are analysed. In addition, this study covers several
concrete aspects such as their scope of application, the overlapping problem, the concept of
efficiency and asymmetry modelling. Finally, emerging topics and unanswered questions are
identified, serving as an agenda for future research.
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Titulo: Una revisión de los modelos de transmisión de volatilidad
Resumen: Este estudio hace una revisión de las diferentes metodologías aplicadas al
análisis de las interrelaciones entre mercados financieros, mostrando especial hincapié en
la transmisión de volatilidades. En concreto, se analizan las siguientes metodologías:
modelos GARCH, modelos de cambio de régimen y modelos de volatilidad estocástica.
Además, este estudio tiene en cuenta aspectos más concretos como son su ámbito de
aplicación, el problema del solapamiento, el concepto de eficiencia o la modelización de
asimetrías. Finalmente, se identifican líneas de investigación emergentes y se señalan
cuestiones que no han recibido respuesta en la literatura.
Palabras clave: Transmisión de volatilidad; GARCH; Cambio de Régimen; Volatilidad Estocástica.

1. INTRODUCTION
During the last decades, we have seen how different financial crises, originated in particular
regions or countries, have extended geographically. In fact, the interrelation among different
countries has been a topic extensively analysed by academics and professionals for a long time. As
*
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far as international markets are becoming more and more integrated, information generated in one
country can, without any doubt, affect other markets. Although the methodologies analysed in this
survey have been mostly applied to the analysis of common movements in international financial
markets, this paper extends their scope of application to other financial markets and assets.

Since the pioneer studies in international transmission of shocks in returns such as Eun and Shim
(1989), most of the empirical studies have focused on the analysis of relations in mean among
different markets. It was in the 90s when academics started to realise the importance of modelling,
as well, interactions in second moments. This way, studies on volatility transmission between
monetary markets (Engle et al. (1990a)), where extended to international stock markets (Hamao et
al. (1990), Koutmos and Booth (1995) or Booth et al. (1997), among others). In fact, it seems that
some markets have even more interdependence in volatility than in returns. This survey will try to
focus on volatility transmission, although it will inevitably include the rest of interactions.
Given the diversity of the existing literature, this study pretends to order ideas in an easy
structure that will enable the reader to have a broad but reliable vision of the investigation in this
field. Six main methodologies have been used in the literature to analyse interrelations between
financial markets: cross-correlations, VAR models, Cointegration models, GARCH models,
Regime Switching models and Stochastic Volatility models. This study proposes to analyse the
last three approaches, those particularly focused on volatility transmission.
This study reviews the literature on volatility transmission in order to determine what we have
learnt about the different methodologies applied and which questions are yet to be answered. As far
as we know, no other study reviews volatility transmission in such a broad manner. There exist
excellent surveys on specific methodologies, but none of them covers all of them or their scope of
application. Thus, Claessens and Forbes (2001) focus on the concept of contagion. Bollerslev et al.
(1992), Bera and Higgins (1993), Bollerslev et al. (1994), Engle (1995) and Gourieroux (1997)
among others, stand out for surveys on GARCH modelling. Bauwens et al. (2006) present a more
recent study for the multivariate case. Similarly, Ghysels et al. (1996), Shephard (2005) and Asai et
al. (2006) offer complete revisions on Stochastic Volatility models. Finally, Poon and Granger
(2003) offer a survey on different methodologies for volatility forecast. This survey differs from the
others in several aspects. First, it focuses on distinguishing applicable methodologies as such,
without focusing on their application to concrete markets. Second, the main objective is to offer a
broad vision of the state of the art to the non-expert and, at the same time, motivate further research.
Therefore, without giving too specific empirical results by regions or markets, it tries to become a
guide for those researchers that wish to deepen in this matter. In this sense, it should be highlighted
that this survey is intended to give a general vision of the available methodologies and it is not its
purpose to cover all existing theoretical and empirical studies.
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First of all, the concepts of interdependency and contagion should be differentiated. The first
term is much wider and includes all types of interrelations, both in mean and in variance, that may
exist between two assets or markets. Regarding the concept of contagion, it seems that the literature
has not reached an agreement for a common definition. This study uses the most restrictive
definition, the one that has been historically mostly used, that defines contagion as an increase in
cross-correlations after a crisis or shock. Without any doubt, the importance of understanding
volatility transmission mechanisms comes from their determinant consequences on monetary
policy, optimal resources allocation, risk measurement, capital requirements and asset valuation.
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The structure of the study is as follows. Section 2 analyses different methodologies applied
in the analysis of volatility transmission. Section 3 focuses on different aspects related to the
application of these methodologies, concretely: financial markets, overlapping problems,
efficiency and asymmetries. Section 4 offers general methodological proposals and identifies
key issues for future research. In Section 5, the main conclusions are presented. Finally, Tables
1 and 2 offer a synthesis of the main empirical studies reviewed.

2. METHODOLOGIES
In this section, we review the different methodologies that have been applied in the literature
to the analysis of volatility transmission. We propose to classify methodologies into three
categories: 1) GARCH models, 2) Regime Switching models and 3) Stochastic Volatility models.
2.1 GARCH
Since the concept of conditional heteroscedasticity was introduced in Engle (1982),
numerous studies have applied and extended this methodology. In concrete, the extension to
Generalized Autoregressive Conditional Heteroscedasticity (GARCH) models proposed by
Bollerslev (1986) has been extensively applied in studies analysing relations between financial
markets. This methodology allows to differentiate the effects described by Engle et al. (1990b)
as heat waves and meteor showers. The hypothesis of heat waves is consistent with the idea that
most of the volatility sources are country specific. On the contrary, the meteor shower hypothesis
is consistent with the idea of shock transmission between different markets, countries or regions.
In a multivariate GARCH estimation, the relative importance of own and cross coefficients
allows to differentiate the existence or not of such effects.
In this section, we will analyse some of the specifications most commonly used to analyse
short term interdependencies, both in the case of univariate and multivariate GARCH models.
2.1.1 Estimation in two stages: univariate GARCH
Hamao et al. (1990) was the first study that applied the univariate GARCH methodology to
analyse relations between international markets. In this study, they analyse daily volatility
transmission among the New York, London and Tokyo stock markets using a two stages
approach. Firstly, MA(1)-GARCH(1,1) models are estimated for each one of the markets
individually and, secondly, the squared residuals of the previous estimated models are used as
regressors in the variance equation of the other markets. Thus, one can determine if there exists
a relation between the domestic market variance and the "volatility surprise" of the foreign
market. In particular, they find volatility spillovers from New York to London and Tokyo and
from London to Tokyo, being the corresponding coefficients significant and positive.
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Other studies that have used univariate GARCH specifications in two stages to analyse
volatility transmission between financial markets are Engle et al. (1990b), Peña (1992) or Wang et
al. (2002). All of them find evidence supporting the meteor shower hypothesis in their respective
markets and only Susmel and Engle (1994) find more important the heat wave effect. In this sense,
Ito et al. (1992) propose a variance decomposition method to determine which proportion
corresponds to meteor shower effects and which to heat wave effects, finding in their analysis on
exchange rates bigger the first one. Following with their analysis, they suggest that the meteor
shower effect is due to gradual dissemination of private information and not to policy coordination.
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The specification of the mean equation as a moving average (MA) process is also a constant
in the literature reviewed and it tries to model the autocorrelation observed in most of the
financial series analysed. Generally, it is introduced in the case of stock market indexes because,
as suggested by Scholes and Williams (1977), the lack of synchronisation of individual stocks
and bid-ask spreads produce serial correlation.
A GARCH in mean model (GARCH-M), used among others by Susmel and Engle (1994),
Lin et al. (1994), Kim and Rogers (1995), Hsin (2004) and Kim (2005), allows the researcher to
analyse the relation between returns and volatility.

Several studies highlight the relevance of the variable trade volume as explicative variable
for the conditional variance (see Peña (1992), Pyun et al. (2000) and Kim (2005), among others).
They suggest that its introduction can reduce persistency in volatility or, what is the same, that
it can be an important source of conditional heteroscedasticity.
Aggarwal et al. (1999) use a model that combines a GARCH specification with changes of
regime. In particular, they use the iterated cumulative sums of square (ICSS) algorithm of Inclan and
Tiao (1994) to determine points of change in volatility and examine global and local events that took
place in that moment. These changes are then introduced as dummies in the variance equation of the
GARCH model, which is estimated by Quasi-Maximum Likelihood (QML). In their study on
emerging markets they found that most of the volatility changes where due to local factors, being
the 1987 crash the only global factor found in their sample covering from 1985 to 1995. GARCH
coefficients are reduced or even become non-significant when changes of regime are introduced.
Susmel (2000) analyses as well the possibility of introducing changes of regime, but using
an E-SWARCH specification, that also includes asymmetries. Both ARCH and asymmetric
effects are reduced when changes of regime are introduced. Its strategy consists of determining
the different regimes or states in the analysed countries and comparing them. It finds common
volatility states in Canada and USA on one hand and Japan and UK on the other.
One of the main features of several financial time series that is not properly modelled
by standard GARCH specifications is the asymmetry or leverage effect. This concept has
its origin in the works of Black (1976), French et al. (1987), Schwert (1990) and Nelson
(1991). An unexpected fall tends to increase volatility more than an unexpected rise of the
same magnitude. Several univariate models have tried to include this characteristic, being
the most outstanding those of Nelson (1991) (EGARCH), Glosten, Jagannathan and
Runkle (1993) (GJR-GARCH) and Zakoian (1994) (T-GARCH). Ding et al. (1993)
propose a general model that includes several asymmetric specifications, the APARCH.
The most commonly used specifications in the univariate analysis of volatility
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A lot of studies include in their specifications dummy variables, both in the mean and variance
equations, in order to model day of the week effects, holiday effects, crises, periods of extremely
high volatility or asymmetries. Susmel and Engle (1994), among others, do not find evidence for
weekend effects and this is coherent with the observation made by Connolly (1989) that there is few
evidence of such an effect when heteroscedasticity is taken into account. Furthermore, a lot of
studies also include as regressors in their equations macroeconomic variables that help them obtain
better specifications. For instance, Hsin (2004) finds that the returns of a global index and the dollar
exchange rate are relevant variables. Also in this sense, Wongswan (2003) analyses the effect of
foreign countries macroeconomic announcements over conditional variance and trade volume.
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transmission among financial markets have been the GJR model, that introduces
asymmetries by means of dummy variables (see Bae and Karolyi (1994), Illueca and
Lafuente (2002) or Wang et al. (2002)), and the EGARCH model (see Kim (2005) and Lee
et al. (2004)). Other specifications commonly used in the empirical literature are the PNPGARCH used by Bae and Karolyi (op.cit.) or the T-GARCH used by Hsin (2004) and
Lafuente and Ruiz (2004), among others. Several studies that model asymmetries such as
Susmel and Engle (1994) or Bae and Karolyi (op.cit.) suggest that studies that do not take
them into account could reach incorrect conclusions.
The Aggregate-Shock (AS) and Signal-Extraction (SE) models are special cases of the
application of univariate GARCH models in two stages to analyse international volatility
transmission (see Lin et al. (1994)). They are used, among others, by King and Wadhwani
(1990), Jimeno (1995) and Hsin (2004). They present two different ways of modelling how
domestic investors process international information. The AS model uses as explicative
variables for domestic overnight returns, the daily return and the unexpected return in the foreign
market (et). The SE model decomposes et into uncorrelated shocks: global and local. In the case
of the AS model estimated in two stages, Lin et al. (1994) suggest that it is equivalent to a
multivariate process when mean equations are correctly specified and there is no correlation
between daily and overnight domestic returns. However, this statement is easily criticisable due
to the exigency of the assumptions and the benefits of the multivariate estimation.
Cheung and Ng (1996) develop a useful test for causality in variance. The test is based on
the residual cross-correlation function (CCF), obtained from the estimation of univariate
GARCH models. Similarly, Pascual-Fuster (2000) analyses volatility transmission between a
stock quoted in different non-overlapping markets. He proposes to estimate univariate GARCH
models for the individual series and, once conditional variances have been obtained, to estimate
correlations between those variances.
Finally, among the empirical literature using GARCH methodology, there exist several
studies that, based on the world factor model of Bekaert and Harvey (1997), analyse the
influence of global, regional and local factors on domestic volatilities (see Aggarwal et al.
(1999), Ng (2000), Hsin (2004) or Batra (2004), among others). Similarly, Illueca and Lafuente
(2002) analyse the factor structure of stock market return and volatility from a representative set
of international stock exchanges. They find that the propagative price causal transmission among
international stock markets is more intense in terms of volatility.
2.1.2 Joint estimation: multivariate GARCH
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As it has been shown, studies using univariate models normally introduce an estimation of
the conditional variance of series X as explicative variable in the conditional variance of series
Y, or vice versa. However, this univariate estimation ignores the possibility of having causality
between volatilities in both directions and does not exploit the covariance between both series.
A more effective way of estimating interactions among volatilities of N different time series is
to estimate a multivariate GARCH model. In this case, variances and covariances of the N series
are simultaneously estimated, generally using Maximum Likelihood (ML). Engle et al. (1984)
was the first study to introduce a bivariate ARCH model. However, it was the study by Engle
and Kroner (1995), based on a previous working paper by Baba et al. (1990), that introduced a
rigorous analysis of the theoretical properties of multivariate GARCH models.
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Now, some of the multivariate GARCH representations most used in the literature will be
presented. Let yt be a vector with dimension (Nx1) The conditional mean of yt is also a vector
with dimension (Nx1) that we will denote as µt and the conditional variance for yt is a (NxN)
matrix, represented by Ht. The diagonal elements of Ht are variance terms and elements outside
the diagonal are covariances. There exist several representations of multivariate GARCH
models, being the most commonly used the VECH, Diagonal, BEKK and CCC representations.
Moreover, there exist other extensions such as the multivariate GARCH in mean (GARCH-M),
Factor ARCH (FARCH) and the multiple asymmetric multivariate GARCH versions. The main
problem shared by multivariate GARCH models is the great number of parameters to be
estimated. This should not be a problem, in theory, if there was a sufficiently large sample size.
However, the efficient estimation of these models is done by Maximum Likelihood and it is
difficult, in many cases, to obtain the convergence of the optimisation algorithms involved in the
process. Furthermore, restrictions must be imposed in the parameters of the model in order to
guarantee the non-negativity of conditional variances in individual series. This implies to
guarantee that Ht is positive definite and, in practice, this is not easy to accomplish.
The VECH representation (Bollerslev, Engle and Wooldridge (1988)) has the following
specification:
(1)

where ε t = (ε1 t, ..., εΝ t )’ are the error terms associated to mean equations from y1t to yNt. A0 is a
positive definite matrix of parameters, Ai and Bi are parameters matrixes with size (N(N+1)/2 x
N(N+1)/2) and the vech operator applied to a symmetric matrix puts the elements of the lower
triangle in a column.
In the case of two variables (N=2) and p=q=1, the complete representation would be as follows:

(2)

where h11,t is the conditional variance of y1t 's corresponding error, h22,t is the conditional
variance of y2t 's corresponding error and h12,t is the conditional covariance between errors.
This specification implies a great number of parameters to be estimated (21 in the bivariate
case) and certain restrictions must be accomplished in order to assure a positive definite Ht.
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A multivariate GARCH model should not be estimated without previously checking the
existence of such an effect in the series. For this reason, GARCH specification tests must be used
a priori. Moreover, Kim and Rogers (1995) suggest analysing cross-correlations of squared
returns, as this will give a first idea of the existence or not of interrelations in the series second
moments. In many cases, this cross-correlation is even bigger than in levels.
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Maybe due to this reason this specification has not been very popular in the empirical application
of volatility transmission analysis.
In the diagonal representation (Bollerslev, Engle and Wooldridge (1988)), Ai and Bi are
diagonal matrixes. This assumption makes individual conditional variances and covariances to
have GARCH(p,q) form.
In the case of two variables (N=2) and p=q=1, the complete representation would be as follows:

(3)

This representation beats the previous one in the sense of less parameters to be estimated. In
the bivariate case, parameters are reduced from 21 in the VECH representation to 9 in the
diagonal case. However, it assumes that individual conditional variances and covariances only
depend on their own lags and lagged squared residuals. Therefore, important information such
as interrelations between variances and covariances is lost. Furthermore, it is still necessary to
impose restrictions in order to ensure a positive definite Ht.
De Santis and Gerard (1997), among few others, use this specification. In their case, they use
monthly returns to test the conditional CAPM. In their sample, dependencies among different
markets volatilities are not very strong and, for that reason, a diagonal representation is not that
restrictive. Ledoit et al. (2003) develop an estimation procedure in the framework of the
diagonal-vech version which is numerically feasible for large-scale problems.
The BEKK representation (Baba, Engle, Kraft and Kroner (1990) and Engle and Kroner
(1995)) assumes the following model for Ht:
(4)
where Ai* and Bi* are (NxN) parameter matrixes and C0 is restricted to be upper triangular.
In the case of two variables (N=2) and p=q=1, the complete representation would be as follows:

(5)
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This specification improves VECH and diagonal representations because it practically
assures that Ht will be positive definite. Furthermore, it does not require so many parameters to
be estimated as in the VECH case (11 parameters in the bivariate case) and is more general than
the diagonal representation as it allows certain relations that the last one would not allow, such
as lagged variances influencing covariances. This is important when trying to test certain
existing theories in the literature that intend to verify contagion relations or increases in common
movements in high volatility states.
This representation has been the most popular in the literature. In fact, some studies such as
Karolyi (1995) that propose and compare several specifications for the variances-covariances
matrix conclude that this one is the most appropriate one among those analysed.
Darbar and Deb (1997) apply this representation and, moreover, propose to decompose the
estimated covariance in its permanent and transitory components. They find in their series
evidence of significant transitory covariance and no null permanent covariance.

As it occurred in the case of univariate estimations in two stages, multivariate estimation also
allows asymmetries modelling and several studies have used these specifications. In particular,
studies such as Brooks and Henry (2000) or Isakov and Pérignon (2001) propose a BEKK model
with GJR asymmetry. Tai (2004) uses the same structure in a test of the conditional ICAPM
(International Conditional Asset Pricing Model). The theoretical ICAPM model allows him to
settle his contagion or volatility transmission analysis on a theoretical basis.
The CCC representation or Constant Conditional Correlation (Bollerslev (1990)) defines
its conditional correlation matrix as follows:

(6)

where ρij is the correlation coefficient between variables i and j. Then, it defines the conditional
variance matrix Ht as:

Volatility transmission models: a survey

Kearney and Patton (2000) use a BEKK model in systems of three, four and five currencies
from the European Monetary System, reaching different conclusions regarding movement
transmission in each one of them. Therefore, before estimating a model, the proposed
specification must be carefully analysed. Movements in a BEKK model can be transmitted both
directly through variances and indirectly through covariances.

(7)
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where diag produces a diagonal matrix with the elements in (.) in the main diagonal.

In the case of two variables (N=2) and p=q=1, the complete representation would be as follows:

(8)

where individual variances h11,t and h22,t are univariate GARCH processes with p=q=1. In this
specification, Ht is assured to be positive definite if certain restrictions on the parameters are
fulfilled.
This representation has been very popular among empirical studies because it reduces the
conditional correlation matrix to constant correlation coefficients between variables. Thus, the
number of parameters to be estimated is small, if we compare it with other specifications (7 in
the bivariate case). Some examples of studies using this specification are Longin and Solnik
(1995), Karolyi (1995), Koutmos and Booth (1995), Koutmos (1996), Scheicher (2001), Bera
and Kim (2002) or Baele (2005) for stock markets, Karolyi and Stulz (1996) for American
Depositary Receipts (ADRs) and Bollerslev (1990) for exchange rates.
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Simply, this model should only be applied when there is empirical evidence that correlation
is constant in time. For instance, according to Bollerslev (1990), when constant conditional
correlation is assumed, cross products of standardised residuals must be serially uncorrelated.
Bollerslev (op.cit.), Longin and Solnik (1995), Tse (2000) and Bera and Kim (2002) propose
different tests. Although Bera and Kim (2002)'s test is probably the most complete one, the rest
have been used more often due to their relative easiness. However, in some studies such as Fong
and Chng (2000), the validity of the assumption is not tested. Therefore, in our opinion,
conclusions extracted from that analysis may be questionable. In studies made by Bollerslev
(1990) for exchange rates and Scheicher (2001) for emerging stock markets indexes, the
assumption is analysed and verified. However, Longin and Solnik (1995), Bera and Kim (2002),
Karolyi and Stulz (1996) and Sheedy (1998) suggest that neither stock market returns, nor
ADRs, nor exchange rates can be properly modelled under this assumption. In the same way,
Assoé (2001) finds the assumption inappropriate for stock market indexes and exchange rates in
emerging markets. Longin and Solnik (1995) suggest and test three reasons why correlations
should not be constant in time: a) trend existence, b) asymmetry and changes of regime in
volatility and c) influence of macroeconomic variables. Therefore, they conclude that constant
conditional correlation does not exist in stock markets. In the case of Karolyi and Stulz (1996),
although correlations are not affected by macroeconomic announcements, shocks in interest
rates nor shocks in exchange rates, correlations do increase when absolute returns are high.
Alaganar and Bhar (2002) propose a bivariate GARCH model with constant conditional
correlation but affected by external shocks through a dummy. Finally, Christodoulakis and
Satchell (2002), Engle (2002) and Tse and Tsui (2002), among others, propose new multivariate
GARCH models with time-varying correlations.
Most of the studies that propose a multivariate EGARCH specification (Braun et al. (1995)),
assume as well constant conditional correlation (see TABLE 1). In these studies (see, for example,
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Table 1. Studies reviewed and GARCH methodology
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Table 1. Studies reviewed and GARCH methodology (cont.)
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Table 1. Studies reviewed and GARCH methodology (cont.)
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Booth et al. (1997), Niarchos et al. (1999) or Tse et al. (2003)), the appropriateness of the specification
is verified using the Ljung-Box analysis on residuals, the constant correlation assumption test and the
Engle and Ng (1993) test for asymmetry. Most of them, moreover, suggest a Student's t distribution for
the residuals (see, for example, Booth et al. (1997) or Tse (1999)). However, according to Niarchos et
al. (1999), this is only appropriate when the estimated degrees of freedom are higher than four.
The Factor ARCH model or FARCH from Engle, Ng and Rothschild (1990a) was also
introduced to solve the problem of the high number of parameters to be estimated, keeping the
benefits of a positive definite variances-covariances matrix. The model is defined by the
following expression:

(9)

where Ω is a positive semidefinite matrix NxN, ßk are Nx1 linearly independent vectors and λkt
are positive random variables. Furthermore, the mean equation is defined as follows:

(10)

where Et-1 ( f kt ) = 0, Et-1 ( f kt f jt ) = 0, Et-1 ( v t ) = 0 and Et-1 ( v t v t’ ) = Ω. The fkt are factors
affecting returns in excess in all series, vt is a vector of idiosyncratic noises and gkt are time
varying weight vectors.
This model has been used, among others, by Engle and Susmel (1993) and King et al. (1994).
Studies using this model are normally completed with Engle and Kozicki (1993)'s test for
common factors. Thus, for example, if two series with ARCH effects share a common factor,
they may eliminate that effect with a linear combination of both series. This test has been used,
for instance, by Arshanapalli et al. (1997) to provide evidence of the existence of a common
intra-industrial global factor in stock market indexes returns. Other studies such as Booth et al.
(1997), Niarchos et al. (1999) or Tse et al. (2003) do not find evidence of the existence of a
common volatility factor in their respective markets.
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With this kind of models, the existence of global common factors moving different markets
can be analysed. Although the most general model allows K factors and a time varying matrix
Ωt , Engle and Susmel (1993) work with one factor (a regional return) and Ωt = Ω in order to
reduce the number of parameters to be estimated. Moreover, the common factor is supposed to
follow a GARCH process. In King et al. (1994), the number of unobservable factors is two, and
they include four observable factors. Thus, the variance proportion attributable to observable
factors, unobservable factors and the idiosyncratic term, can be estimated. They find that
volatility is determined by unobservable factors and, as Engle and Susmel (op.cit.) do, they
suggest the existence of a common regional factor rather than a global one. These models can
be interpreted as a dynamic version of the APT (Arbitrage Pricing Theory) models. As opposed
to Engle and Susmel (op.cit.), King et al. (op.cit.) determine factors endogenously. They find
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that an increase in the volatility of those factors affecting all markets with the same sign
(observable factors in their sample), is related to an increase in correlation between markets. On
the other hand, increases in the volatility of those factors moving markets in opposite directions
can be associated with a decrease in correlation coefficients.
There is an important disagreement in the literature concerning the existence of global or
regional factors. Arshanapalli et al. (1997) suggest that some studies do not find common global
factors because they use general stock market indexes with different industrial composition. As
a result, the analysis is biased, and it is not possible to differentiate volatility sources coming
from country effect from those coming from industry or sector effect. These multivariate studies
try to differentiate local, regional and global shocks (see, for example, Scheicher (2001) or
Miyakoshi (2003)).

The main difference between FARCH and BEKK models in the number of factors affecting
the conditional variances-covariances matrix. In the BEKK model there are N factors, as many
as series or variables. In the FARCH model, there are K<N factors. In a similar way, an
alternative multivariate model, not included in the GARCH family but having similar
characteristics to the FARCH, is the latent factor ARCH model of Diebold and Nerlove (1989).
Fernández-Izquierdo and Lafuente (2004) also propose an alternative methodology to FARCH.
Their approach is based on a two-stage procedure. First, they use a factor analysis technique to
summarize the information contained in all stock exchanges into three latent factors. These
factors can be associated to a specific international trading area. Then, they estimate a bivariate
GJR-GARCH model for each pair of factors.
Kroner and Ng (1998) propose two generalisations of multivariate GARCH models in the
General Dynamic Covariance (GDC) and Asymmetric Dynamic Covariance (ADC) models.
They include as particular cases some representations previously described: VECH, BEKK,
CCC and FARCH, as well as their asymmetric versions with the GJR approach. One advantage
of this more general specification is that it allows the researcher to select the model that best fits
the data by simply testing certain restrictions on the general model. They apply their models to
the dynamic relations between large and small firm returns. The VECH, BEKK, CCC and
FARCH models provide different estimations. Moreover, when drawing news impact surfaces,
an extension of the news impact curves by Engle and Ng (1993), these also depend on the
selected model. Therefore, the adequate election of the best specification for the data is very
important, so they also provide several specification tests based on the tests provided by Engle
and Ng (1993) and the regression-based misspecification diagnostics suggested by Wooldridge
(1990, 1991). ADC models have been used, among others, by Ng (2000), Martens and Poon
(2001) and Meneu and Torró (2003). In all studies, specific models contained in the ADC model
are rejected in favour of the most general one.
Recently, Engle (2002) proposes the Dynamic Conditional Correlation (DCC) model, a new
multivariate GARCH model that is particularly interesting for large systems. He also proposes
its extension to the asymmetric case, the ASY-DCC model. Both models are estimated in two
stages and their application to the volatility transmission and contagion analysis is still to be
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The FARCH model can be estimated by Maximum Likelihood (ML) but, due to its high
number of parameters, some computational problems may appear in its estimation. Engle et al.
(1990a) suggest a two stages procedure in order to avoid this.
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explored (see Suleimann (2003)). More recent works are extending the DCC model to allow for
more flexible dynamic dependencies in the correlations, asymmetries and even regime switches
(see Billio et al. (2003), Capiello et al. (2004), Billio and Caporin (2005) and Pelletier (2006),
among others).
All the models discussed until now assume that the error term and its conditional variance
are stationary processes. However, Engle and Bollerslev (1986) introduce the terminology
IGARCH, for those cases when the conditional variance behaves as a unit root process and
shocks to ht do not decay with time. This phenomenon known as "volatility persistence" has also
been studied using Long Memory formulations. Bollerslev and Engle (1993) extend the
IGARCH concept to the multivariate case. They apply it to the bivariate analysis of exchange
rates and conclude that two individually IGARCH series can be combined in such a way that
volatility persistence disappears. Thus, from a multivariate IGARCH model, we can obtain a
univariate GARCH model with the sum of the coefficients in the variance equation being less
than one. Kearney and Patton (2000) and Ewing et al. (2002) propose IGARCH specification
tests both in the univariate and multivariate case. Similarly, Baille et al. (1996) and Bollerslev
and Mikkelsen (1996) introduce, respectively, the fractionally integrated GARCH (FIGARCH)
model and the fractionally integrated EGARCH (FIEGARCH) model. The first one has been
applied, among others, by Brunetti and Gilbert (2000) to analyse volatility on the NYMEX and
IPE crude oil futures markets. However, estimation and properties of IGARCH models still need
further investigation and, therefore, empirical applications are still scarce in this area.
Additionally, Susmel (2000) suggests that a near integrated behaviour in volatility might be due
to the presence of structural changes.
Another model to be taken into account is the one used by Fratzscher (2002) to analyse the
integration process of European financial markets. Concretely, he uses a trivariate GARCH model
with size and asymmetry effects in shocks and with time varying coefficients. It concludes that
coefficients have changed with time. Three factors explain these changes in the integration
process: exchange rates, currency policy convergence and real convergence, being the first factor
the most relevant one. Finally, another new approach for modelling the conditional dependence
in volatilities is the copula-GARCH model (Jondeau and Rockinger (2006)). They use their
methodology to investigate the dependency structure between daily stock-market returns. Patton
(2006a, 2006b) also gives important contributions in the study of time-varying copulas. He
introduces the concept of conditional copula, proposes estimation models and applies them to the
study of asymmetries in the dependence structure of a set of exchange rates. Similarly, Arakelian
and Dellaportas (2003) derive a contagion test via copula threshold models and use it in a
bivariate analysis of stock-market returns. However, empirical applications of these models in
volatility transmission analysis are still a subject for further research.
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In multivariate GARCH, the Maximum Likelihood (ML) estimation procedure has been
widely used, due to its relative simplicity and the good properties its estimators have under ideal
conditions. Thus, when the conditional normality hypothesis is correct, it is obvious that ML
estimators are the most appropriate ones because, under certain regularity conditions, they are
asymptotically efficient. However, as suggested by Engle and González-Rivera (1991) and
Bollerslev and Wooldridge (1992), the conditional normality assumption may be too restrictive,
especially in financial time series. Therefore, Bollerslev and Wooldridge (1992) propose QuasiMaximum Likelihood (QML) estimation and conclude that these estimators applied to GARCH
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models are consistent even when the real distribution function is not Normal. Other estimation
methods for GARCH models have been suggested in the literature: semiparametric methods (see
Tapia and Thompson (1978), Engle and González-Rivera (1991) or Drost and Klaassen (1997)),
Hansen (1982)'s Generalized Method of Moments (GMM) or non parametrics methods such as
Kernel and Fourier estimates. However, these methods have not been as popular in the empirical
literature on volatility transmission as ML and QML.

Regarding model selection between the numerous possibilities which have been analysed,
several useful tools for checking model adequacy have been provided. According to Tse (2002),
diagnostics for conditional heteroscedasticity models applied in the literature can be divided into
three categories: portmanteau tests of the Box-Pierce-Ljung portmanteau type, Lagrange
multiplier (LM) tests and residual-based diagnostics. In particular, Tse (2002) provides the
asymptotic distributions of the residual-based diagnostics for both univariate and multivariate
GARCH models. Bauwens et al. (2005) also provide useful suggestions on diagnostic checking
in multivariate GARCH models.
Once the existence of volatility spillovers has been analysed, Bollerslev et al. (1994) propose
to measure shock duration and persistence through the half-life analysis. It measures how many
days pass until half of the initial shock is absorbed by the variance. Several studies such as Booth
et al. (1997), Scheicher (2001) or Ewing et al. (2002) apply this analysis.
Similarly, Lin (1997) proposes the Volatility Impulse Response Function (VIRF), which is a
useful methodology to analyse second moments' interrelations between different markets.
As a conclusion, research will now probably focus on new and simpler GARCH models,
easier to estimate and, therefore, more useful in practice. For example, Alexander (2001) proposes
the O-GARCH model. Similarly, Van der Weide (2002) suggests the orthogonal GO-GARCH, a
simple model contained in the BEKK representation, and proposes an estimation method that
avoids typical convergence problems in the estimation of multivariate GARCH models.
2.2 Regime Switching
Diebold (1986), Lamoureux and Lastrapes (1990), Hamilton and Susmel (1994) and more
recent studies such as Diebold and Inoue (2001) or Edwards and Susmel (2003) suggest that an
almost integrated behaviour of volatility could be due to the existence of structural changes.
Following this idea, Hamilton and Susmel (op.cit.) introduced ARCH models with changes in
regime. In these models, ARCH parameters change according to a state or regime matrix of the
variable in the previous period. Thus, a non-linear regime switching model allows the behaviour
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It should not be forgotten that these multivariate models estimations are joint estimations.
According to Ewing et al. (2002), in order to avoid the generated regressor problem, it is better
to estimate jointly the mean and variance equations in a bivariate GARCH model than in two
stages. However, most of the studies that propose to model the mean equation as a Vector Error
Correction (VEC) model, first estimate the mean equation by OLS and, after that, they estimate
the variance equation by ML or QML. This two stages procedure is, according to Tse (1999),
asymptotically equivalent to a joint estimation of the VEC and GARCH models. This is so
because the OLS estimator used in the VEC model is unbiased and consistent even in the
presence of heteroscedasticity.
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of the series being modelled to depend on the state of the system. In related independent work,
Cai (1994) proposed another parameterisation of the regime switching ARCH model. Similarly,
Gray (1996), Dueker (1997) and Haas et al. (2004), among others, introduce new versions of
univariate regime switching GARCH models (see Marcucci (2005) for a review and comparison
of a group of univariate Markov Regime-Switching GARCH (MRS-GARCH) models with a set
of different standard GARCH models). However, all these models can be difficult to estimate, and
that is the reason why there are not many empirical studies in the volatility transmission field.
Two general methodologies dealing with changes in regime can be differentiated in the
literature that analyses shock transmission. On one hand, studies such as those of Lamoureux
and Lastrapes (1990), Aggarwal et al. (1999), Batra (2004) and Ewing and Malik (2005),
previously commented, use simple GARCH models where changes in regime are introduced
using dummies. Studies differ in the method chosen to detect regime changes. Most of them use
the algorithm proposed by Inclan and Tiao (1994), but other studies such as Sansó et al. (2004)
propose new tests for the detection of changes in the unconditional variance. On the other hand,
there is an important amount of empirical literature using the Switching ARCH or SWARCH
proposed by Hamilton and Susmel (1994), where transition probabilities from one state to
another are determined by a Markov chain.
First of all, univariate GARCH processes are considered. If high persistence in volatility is
observed, there exist the possibility of modelling the series with a univariate SWARCH(K,q):

(11)

where K is the number of states and, for example, if K=3 , then st=1,2,3 refers to the present
volatility state (low, medium or high). a0, a1, α0 and αi are parameters to be estimated.
One of the γs values must be standardised to 1. Moreover, if γs=1, the rest of values for γs
measure the conditional variance ratio for state s relative to state 1. If the probability of changing
from the high volatility state is also high, then that high volatility is not lasting.
The probability law making the economy switch from one regime to another is generally
represented by a Markov chain with K states and constant transition probabilities. The joint
estimation of the three equations (mean, variance and probability of regime change) is done by ML.
Finally, models using SWARCH methodology normally start with an estimation of univariate
models for each one of the series being analysed and, then, use a bivariate version of the
SWARCH model.
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Ramchand and Susmel (1998), among other univariate studies, observe how correlations
among markets increase when the dominant market is in the high volatility state. Therefore,
bivariate analysis makes correlations to depend on the volatility state. Ramchand and Susmel
(op.cit.) find common volatility states in certain countries but not in others. Moreover, they
suggest that, once regime changes are taken into account, a Student's t distribution does not help
explaining fat tails in the conditional errors distribution. However, in their case, better
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predictions are obtained from a GARCH-t model rather than a SWARCH. Similarly to them, Li
(2004) adopts a Markov-switching technique to identify the high/low volatility states of both
individual and world markets to create four possible market state combinations.
Susmel (2000) introduces the E-SWARCH(K,q) and its multivariate version, both indicated
for asymmetries modelling. As suggested in its conclusions, GARCH and asymmetric effects are
reduced when regime changes are introduced.

Edwards and Susmel (2003) use a regime switching model to analyse interest rates volatility
in emerging markets. They suggest that standard GARCH models are not appropriate for
emerging countries due to the existence of big shocks. Although a GARCH model estimated
using a Student's t distribution could cope with thick tails, those models predict too much
persistence in volatility. Thus, the summation of the GARCH model coefficients is near the
unity. As an alternative, a model with three states is considered: low, medium and high volatility.
If the probability of changing from the high volatility state is also high, then that high volatility
does not have to be extremely persistent. The SWARCH model allows researchers to locate and
date periods of high volatility and it is found that, in emerging markets, these tend to be the same
even in geographically separated markets.
Billio and Pelizzon (2003) analyse volatility and shocks spillover before and after EMU in
European stock markets. In order to do so, they use a multivariate Switching Regime Beta Model
(SRBM) (see Billio and Pelizzon (2000)). They find that volatility spillovers from both the world
index and the German market have increased after EMU for most European stock markets.
The first paper that considers switching copulas to study contagion is the paper by Rodriguez
(2003). He explores whether financial crises can be described as periods of change in the
dependence structure between markets. He models this dependence structure as a mixture of
copulas, with parameters changing over time according to a Markov switching model.
Baele (2005) proposes four different bivariate models to explain stock market returns in Europe
and USA and concludes that the model that best describes data is a bivariate Normal model with
regime changes. In this model, returns come from a mixture of two bivariate Normal distributions. The
distribution to be used depends on the regime and coefficients in the Markov chain are constant. This
methodology allows to decompose unexpected domestic returns in local, regional and global shocks,
being the last ones the most important ones. In the univariate analysis it proposes a model with regime
changes in the volatility transmission parameters, depending on innovation in the regional and global
markets. Furthermore, it proposes a three stages estimation. In the first stage, four bivariate
specifications are estimated for Europe and USA and the best one is chosen. In the second stage, the
model is estimated excluding each time from the European index the market being analysed. Finally,
innovations in European and USA returns are orthogonalized and these returns are introduced in the
estimation of univariate models. Baele (op.cit.) finds evidence in favour of contagion from the USA
market into European local markets, but not from the European aggregated index.
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Edwards and Susmel (2001) also apply a bivariate SWARCH model and conclude that high
volatility states tend to be related to international crises. Their results find evidence of
interdependency rather than contagion. It should not be forgotten that Longin and Solnik (2001)
disagree with the previous studies and suggest that correlation is not linked to volatility per se,
but with market trend.
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Lee and Yoder (2006) extended Gray (1996)'s univariate Generalized Regime Switching
(GRS) model to the bivariate case. This model solves the problem of path dependence and they
used it to estimate time-varying minimum variance hedge ratios for corn and nickel spot and
futures prices.
In regime switching models, the general modelling strategy should follow some steps. First,
analyse series in order to detect or not changes in regime. Second, try to model series with linear
processes and obtain good residuals. Third, use one of the tests designed to detect non linearity.
Fourth, if non linearity is found, decide the best way to model it. Finally, estimate the model and
check that coefficients are significant and that it fits better than the linear model.
Taking into account the results obtained in the different empirical studies analysed,
variances, covariances and correlations seem to change with time and state. Furthermore, most
of the studies suggest that high volatility states have a short length.
Finally, as there is already much literature analysing unit roots and cointegration in the presence of
non linearity, further investigation should focus on multivariate SWARCH models estimation.
We should not forget the relevant financial implications of modelling regime switches. It is
well documented that volatility persistence and asymmetric effects are reduced when regime
changes are introduced. Ewing and Malik (2005) suggest that accounting for volatility shifts
considerably reduces the transmission in volatility and, in their case, it even removes the
spillover effects. These results have important implications for building accurate asset pricing
models, improving volatility forecasts of stock returns (see, for instance, Hamilton and Susmel
(1994)) and improving risk management.
2.3 Stochastic Volatility
Stochastic Volatility (SV) models are another alternative to analyse volatility transmission
between financial markets. These models, however, have not been as popular as the GARCH
models, as it is suggested by the few existing empirical literature.
The most basic SV models introduced by Taylor (1982) consider volatility as an unobservable
variable and model the logarithm of volatility as a stochastic linear model, normally an
autoregressive process. They can be seen as discrete time approximations to the continuous time
models frequently used in the literature (see Taylor (1994) for a detailed revision on SV models).
The main advantages of these models in contrast with GARCH models are: i) generalisation
to the multivariate case is much easier (see Harvey et al. (1994)) and ii) properties of the series
being analysed can be easily obtained. Detailed comparisons between ARCH models and SV
models can be found in Shephard (1996) and Kim et al. (1998), among others. Franses et al.
(2005) develop a simple test for GARCH against a Stochastic Volatility model.
In the univariate case, the simpler stochastic volatility model would be as follows:
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where εt ~ IID(0,1), ηt ~ NID(0,ση2) and both errors are mutually independent. The necessary
and sufficient condition to assure stationarity in yt is that |ß|<1. As it can be seen, one of the
advantages of SV models in contrast with GARCH models is that they explicitly differentiate
error in level, εt, and error in variance, ηt.

Apart from the conventional SV models from Taylor (1982), there exist several extensions.
This model can be generalized so that ht follows any kind of process (see Ruiz (1994b), Harvey
et al. (1994), Billio and Sartore (2003) and Asai et al. (2006) for theoretical specifications and
extensions of SV models). Within these extensions, we could highlight the multivariate
extension of Harvey et al. (1994), the asymmetric SV models of Harvey and Shephard (1996),
Danielsson (1994, 1998), So et al. (2002) and Jacquier et al. (2004) or the long memory SV
model (see Comte and Renault (1998) and Breidt et al. (1998)). Similarly, Diebold and Nerlove's
(1989) latent factor model can be regarded as a a stochastic volatility model. Sentana (1998)
discusses the relationship between Engle's factor GARCH model and a general class of
conditionally heteroskedastic factor models, which includes the latent factor model as a special
case. The factor multivariate SV model was first introduced by Harvey et al. (1994) and
extended by Shephard (1996), Pitt and Shephard (1999), Aguilar and West (2000) and Chib et
al. (2006), among others. Thus, multivariate SV models can also incorporate common factors.
Wongswan (2003) and Lopes and Migon (2003) use SV models with factors and apply them to
the analysis of shock transmission between markets. Moreover, Kalimipalli and Susmel (2004)
introduce regime switching in a two-factor stochastic volatility (SV) model to explain the
behaviour of short-term interest rates. Similarly, Markov Switching Stochastic Volatility models
can be found in So et al. (1998) and Casarin (2004), among others.
As it happens with GARCH models, SV models can also be estimated assuming that εt
follows a Student's t or Generalized Error Distribution (GED).
Relative to the extensive theoretical and empirical literature on GARCH models, the SV
literature is still in its infancy. Therefore, the majority of existing research in the SV literature
deals with specifications or estimation techniques. So, there are still few empirical studies
applying SV models to the analysis of shock transmission between financial markets. Among
them, So et al. (1997) study stock market volatility in seven Asian countries. They decompose
volatility into two components: basic and residual volatility, which enables them to calculate
volatility of volatility. In SV models, half-life or volatility shock duration can also be analysed.
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The main disadvantage of SV models is that, even assuming that εt is a Gaussian process, yt
is not conditionally Normal, and therefore estimation is not as easy as in the case of GARCH
models. Estimation had usually been made with the Generalized Method of Moments (GMM).
Nevertheless, Nelson (1988) and Harvey et al. (1994) independently proposed a Quasi
Maximum Likelihood (QML) method, whose properties have been analysed by Ruiz (1994a),
concluding that this method is more efficient than the GMM. However, Andersen and Sorensen
(1997) suggest that the QML procedure is not efficient if volatility proxies are not Gaussian. In
fact, other methods such as Gibbs sampling (Mahieu and Schotman (1998)), Bayesian Markov
Chain Monte Carlo (MCMC) (Jacquier et al. (1994)), Simulated Maximum Likelihood
(Danielsson (1994)) or Maximum Likelihood in closed form (Aït-Sahalia and Kimmel (2006))
have been proposed in the literature. Broto and Ruiz (2004) provide a survey regarding
estimation techniques for SV models.
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In this case, they estimate the model in two stages, as proposed by Harvey et al. (1994). In order
to analyse volatility transmission between markets, univariate models are estimated and
correlations between standardised residuals are calculated. This study provides evidence in
favour of volatility transmission between the Asian financial markets analysed. An alternative
would be to use multivariate models.
Wongswan (2003) applies SV models to high frequency data, in particular, to stock market
returns in 15 minutes intervals for the USA, Japan, Korea and Thailand markets. In particular, he
studies the effect of macroeconomic announcements in USA and Japan on volatility and trading
volume in Korea and Thailand. In this study, a SV model with two factors is estimated following
the two stages procedure proposed in Andersen and Bollerslev (1998). He uses (1) a short term
or mean reversion factor and (2) a long term or persistency factor. The first factor varies with
information, measured as: i) a dummy for each macroeconomic announcement, ii) the size of
announcement surprises and iii) the dispersion of announcement expectations.
Also, Lopes and Migon (2003) combine factor models with SV models. In this case, they
analyse dependency among Latin American and USA stock market indexes, modelling the
factor's variance with a multivariate SV structure.
It seems that these multivariate factor SV models can be the solution to dimensionality and
computational problems. Therefore, more empirical and theoretical effort should be placed in
this kind of models.

3. APPLICATIONS
In this section we specifically focus on certain aspects related to the empirical application of
the methodologies analysed before. In particular, we will analyse the different financial markets
where these methodologies have been applied. Moreover, the overlapping problem coming from
different markets' trading hours will be commented. Another aspect also related to the empirical
application of these methodologies is the relation between efficiency and information
transmission between markets. Finally, special attention is paid to asymmetries modelling.
3.1 Financial markets
The empirical literature has mainly focused on international shock transmission between
stock market indices. However, the methodologies proposed can also be applied to analyse
shock transmission between: i) cross-listed stocks, ii) stocks, indices or portfolios of large and
small firms, iii) exchange rates, iv) interest rates and v) spot and futures markets, among others.
TABLE 2 contains several examples of studies applied to each one of these markets.
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Earlier studies analysing interrelations between stock market indices mainly focused on
developed markets, where data was reliable and easy to obtain. After the 1987 crisis, studies
analysing volatility transmission from developed to emerging markets started to appear.
Differences between developed and emerging markets have been pointed out in several studies
and must be taken into account when choosing between alternative methodologies. Bekaert and
Harvey (1997) highlight four common features of stock returns in emerging markets: high
average returns, high volatility, more predictable returns and low correlation with developed
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markets. Scheicher (2001) also finds no correlation between USA and several emerging markets
and suggests that, in contrast with developed markets, international spillovers tend to be in
returns and not in volatilities. Besides, Aggarwal et al. (1999) point out that some emerging
markets have returns with positive asymmetry, in contrast with developed markets. Thus, as
there are several studies suggesting no normality in emerging stock markets returns,
specifications with Student's t distributions could be more appropriate for this kind of countries.
In studies analysing volatility transmission between different stock market indices, prices are
denominated in local currencies or they are all converted into the same currency. Generally, the
results obtained are the same in both specifications (see Hamao et al. (1990), Aggarwal et al.
(1999) or Lee et al. (2004), among others). Finally, a recent study by Cifarelli and Paladino
(2005) suggests that volatility modelling with exuberance indexes (excess stock market return
over expected long-term bond return) is more accurate than modelling with stock returns.
In the case of empirical applications to cross-listed stocks, the empirical literature is not that
extensive, probably due to its higher complexity. As suggested by Xu and Fung (2002), there are
many factors that must be taken into account when analysing information transmission in one
single stock traded in different markets. Although they find that trade volume does not influence
this relation, other factors such as the firm's degree of internationalisation, different trading
hours and microstructure aspects can play an important role.
The empirical literature on volatility transmission between small and large firms reaches
different conclusions, the most accepted one being that large firms' returns can affect small firms'
volatility, but small firms' returns do not affect large firms' volatility (see Conrad et al. (1991)
and Kroner and Ng (1998)). Moreover, the existence of asymmetric effects is generally accepted
(see Pardo and Torró (2006), among others). However, Ewing and Malik (2005) indicate that
accounting for volatility shifts considerably reduces the transmission in volatility and, in
essence, removes the spillover effects.
Maybe one of the most interesting applications is that of volatility transmission between spot
and futures markets. Chan et al. (1991), Cheung and Ng (1996), Aragó et al. (2000, 2003),
Lafuente (2002) and Meneu and Torró (2003) find evidence of spillovers in both directions,
whereas Koutmos and Tucker (1996), Tse (1999) and Fung et al. (2005) find more important
volatility spillovers from future to spot markets.
There is also a considerable amount of literature dedicated to analyse volatility transmission
between exchange rates. Most of these studies propose multivariate GARCH methodologies
(see, Bollerslev (1990), Ito et al. (1992) or Kearney and Patton (2000), among others), although
more recent studies, such as Chowdhury and Sarno (2004), also apply multivariate Stochastic
Volatility models to analyse volatility spillovers across exchange rates. In contrast, there are no
many empirical studies analysing volatility transmission between different interest rates. Ayuso
et al. (1997), Edwards and Susmel (2003), Abad and Novales (2004) and Alonso and Blanco
(2005) are among those few existing studies.
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Caporale et al. (2002) analyse relations between stock markets and exchange rates. If there
exist, as they suggest, bidirectional volatility spillovers, regulatory authorities should take into
account both effects when determining their intervention policies. Finally, there are also studies
dealing with volatility transmission in electricity markets (see Worthington et al. (2005)) and in
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different commodity markets (see Ewing et al. (2002) for the oil and natural gas markets or Xu
and Fung (2005) for precious metals markets, among others).
The introduction of dummies to model day of the week effects, both in the mean and variance
equations, has also been popular in the empirical literature. Although evidence is contradictory
and depends on the markets being analysed, these variables are generally significant in the mean
equation but not in the variance equation (see, among others, Peña (1992), Karolyi (1995) and
Kim (2005)).
Regarding data frequency, most of the studies analyse daily or intradaily returns (open to
close, close to open and close to close). These are mostly recent studies and they present
modelling difficulties due to seasonality and microstructure features. There is not a clear relation
between data frequency and methodology used, with the only exception of Regime Switching
models, which are obviously mostly used in weekly or lower frequencies.

It is very important to decide how volatility is measured or introduced into the model in the
different methodologies analysed. Several studies use squared residuals as a proxy for the
influential market volatility (see, for example, Hamao et al. (1990), Susmel and Engle (1994) or
Lee et al. (2004)). Other studies introduce directly as a regressor the estimated conditional
variance (see Hamao et al. (1990) or Kim (1994)). However, there are other possibilities such as
using implied volatilities (Jimeno (1995)), Garman-Klass volatilities (Kim (op.cit.)) or any of
the measures suggested by Engle and Gallo (2006), such as realized volatilities or high-low
spreads. Although conclusions reached regarding volatility transmission using either one or
another specification may be the same (see Hamao et al. (1990) or Kim and Rogers (1995)), the
different interpretations must be taken into account.
The theoretical properties of realized volatility have been discussed from different
perspectives in a number of recent studies including Andersen et al. (2000, 2001a,b, 2003a,b,
2006) and Barndorff-Nielsen and Shephard (2001,2002a,b, 2004, 2005). The studies by
Barndorff-Nielsen and Shephard also deal with the use of realized volatility in conjunction with
Stochastic Volatility models. As an example of the use of this volatility measure in volatility
transmission modelling itself, Melvin and Peiers (2003) examine volatility spillovers in
exchange rates across regional markets using the realized volatility of high-frequency data.
Finally, it should be highlighted that some studies, applying different methodologies to the
same markets, frequencies and sample, reach different conclusions regarding volatility
transmission. For instance, Hamao et al. (1990) and Susmel and Engle (1994) offer
contradictory conclusions regarding the relationship between the New York and London stock
markets, probably due to differences in estimation methods and asymmetries modelling.
Therefore, it is important to understand and test methodology's assumptions and choose the one
that best fits the markets being analysed.
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Some studies, such as Ghose and Kroner (1996) or Kearney and Patton (2000), which
analyse different frequency data, suggest that in lower frequencies there is less volatility
transmission. This can be interpreted as evidence in favour of markets transferring information
when they are in active periods and not in calm periods. Moreover, short term spillovers may not
be detected when working with low frequency data.
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Therefore, the main results extracted from this section are as follows. First, empirical
applications of volatility transmission models have mainly focused on stock market indices of
developed countries, though there are empirical studies on other financial markets. Second, there
is not a clear relation between data frequency and methodology used. Third, in lower frequencies
there is less volatility transmission. Fourth, volatility can be measured or introduced into the
model in different ways. And, fifth, it is determinant to check and choose the specification that
best fits the data.
3.2 Overlapping problem
When analysing shock transmission between different financial markets, differences in
trading hours and trading calendar must be taken into account. When analysing future and spot
markets or large and small firms, this problem does not normally appear because markets in the
same country tend to overlap trading hours and calendar. However, when analysing volatility
transmission between international stock markets or between ADRs and their underlying assets,
the overlapping problem must be considered.
Another technical problem also related with nonsynchronous trading, this time
regarding stocks making up a particular index, is the so-called stale quote problem. This
problem was analysed, among others, by Stoll and Whaley (1990) and Lo and MacKinlay
(1990). It appears because, when markets open, not all stocks marking up indices start
being traded. This fact produces autocorrelation in return series and has been detected in
most of the studies analysing stock market indices, among them, Lin et al. (1994), Bae and
Karolyi (1994) and Kim and Rogers (1995). To minimize this problem, the opening quote
is chosen as a price index quoted 15 or 30 minutes after the stock market official opening
time (see Hamao et al. (1990) or Lin et al. (1994)) or simply, as many studies do, a moving
average MA term is included in the mean equation. As suggested by Lin et al. (op.cit.), not
taking into account this effect could alter results as it could produce false relations or
spurious lagged spillovers.
Nevertheless, in this section we will mainly focus on the nonsynchronous trading problem in
international stock markets.
In general, three different situations may exist: a) total overlapping, b) no overlapping and
c) partial overlapping. The two first cases are easier to handle, being the third one the most
complicate one.
There is no clear relationship between overlapping circumstances and methodology applied.
Only in the case of non overlapping markets there seems to exist a preference for GARCH
models and a clear differentiation between intradaily open to close (O-C) and close to open
(C-O) returns. The rest of cases mostly combine cross-correlation and cointegration analysis
with GARCH methodologies.
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The easiest case to interpret is total overlapping markets (see Karolyi (1995) for USACanada or Booth et al. (1997) for European indices). In this case, conditional moments in the
different markets refer to the same time period and the existence of lead-lag relations or the
effect of a global shock are easier to analyse. Moreover, both close to close (C-C) and O-C
returns can be used.
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Regarding non overlapping markets, only O-C returns should be considered in the analysis.
This is so because there could exist dependency relations not related to information transmission.
Some examples of studies using O-C data in non overlapping markets are Hamao et al. (1990), Bae
and Karolyi (1994) and Koutmos and Booth (1995). If C-C returns are used, returns of the first
market to open will depend on lagged returns of the other market. However, using C-C returns does
not avoid the spillover effect found in opening prices and predicted by ICAPM models.
In any case, working with returns calculated for periods that do overlap can introduce a bias
in the relation between both markets because the contagion coefficient includes both causality
and correlation coming from contemporarity. Therefore, using C-O and O-C returns could
reduce this problem. Moreover, Hamao et al. (1990) do not find important differences in
empirical results when using these returns or C-C returns.

There are several solutions in order to artificially synchronise international markets. In the
case of USA, information transmission with other markets can be analysed through ADRs,
which will share trading hours with the North American market. The problem is that there are
no many ADRs, they are not actively traded and there are microstructure differences between the
North American stock market and that from the original country (Wongswan (2003)). Other
studies prefer to use weekly or two days returns (Forbes and Rigobon (2002)) in order to avoid
the overlapping problem. Finally, Martens and Poon (2001) analyse different procedures
proposed in Riskmetrics (1996) and Burns et al. (1998) to calculate artificially synchronised
correlations from nonsynchronised returns. They compare both measures and prefer the second
one, although they suggest more investigation should be made in this field.
Some studies analysing several international markets (see Ito et al. (1992)) propose to divide
one day t in separate non overlapping markets or regions, for instance: Pacific, Japan, Europe and
USA. Market i will have information from t-1 but also information from t coming from those markets
that were opened before. It is important to correctly specify temporal subindices in order to analyse
the existence of heat waves or meteor showers. Similarly, Melvin and Peiers (2003) identify five
sections: Asia, non overlapping period Asia/Europe, Europe, overlapping period Europe/America and
America. These five non overlapping market segments are the basis for their volatility transmission
models, which use daily measures of integrated or realized volatility for each region.
Studies such as King and Wadhwani (1990), Jimeno (1995) or Cotter (2004) propose to
differentiate those cases where: i) both markets are open, ii) both are closed and iii) one is
opened and the other closed, and analyse them separately, with the same model adapted to each
circumstance. Depending on the case, the other market's influence will be contemporaneous,
lagged or even inexistent. King and Wadhwani (op.cit.), use in their contagion model the
so-called shadow index, relative to the period when the market is closed. Moreover, they extend
their analysis to several markets, proposing a model with exogenous regime switches depending
on the overlapping circumstance.
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In the case of partially overlapping markets, a jump in prices can be observed in the first market
to open when the second one starts trading, reflecting information contained in the opening price.
Therefore, this could make volatility increase in this first market. Moreover, as suggested by Hamao
et al. (1990), a correlation analysis between partially overlapping markets using C-C returns could
produce false spillovers, both in mean and volatility. This is so because it is difficult to separate effects
coming from the foreign market from those coming from the own market while it remains closed.
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Some studies directly choose to analyse non overlapping markets, due to its simplicity. Even in
some cases, when there is overlapping they consciously ignore it or eliminate it from the sample
(see Susmel and Engle (1994)). Some other studies do not take the overlapping problem into
account in their models and simply suggest that it may hamper the correct interpretation of results.
From our point of view, the overlapping problem should be considered and the methodology used
should be adapted to the kind of overlapping existing between the markets analysed.
3.3 Efficiency
The concept of efficiency has been frequently linked to financial markets' interrelations. In
particular, traditionally, it has been related to mean relations between the different markets
analysed. Granger (1986) argues that two series of prices from efficient markets cannot be
cointegrated, otherwise one price could be used to predict the other. This would go against the
efficient market hypothesis in its weak sense. According to it, asset prices incorporate all the
available information. Similarly, if we take Fama (1970)'s definition of static efficiency, markets
would not be efficient when cointegration relations exist. That definition describes a market as
efficient when participants rationally exploit all the available information and the equilibrium
expected returns are constant.
Sephton and Larsen (1991) called into question the direct relationship between the existence
of cointegration relationships and the absence of efficiency. They showed that the statement is
excessively ambitious as cointegration results can differ substantially depending on the period
and the sample frequency, and the existence or not of structural changes. Even the method for
estimating a cointegration relationship can be determinant.
Other studies link the concept of efficiency to the existence of arbitrage opportunities.
Therefore, in this case, cointegration and efficiency would not be incompatible. Dwyer and
Wallace (1992) and Engel (1996), among others, pointed out that although the existence of
cointegration implies prediction, it does not necessarily imply that arbitrage opportunities exist.
Transaction costs, for instance, could eliminate the differences revealed by the prediction.
Similarly, Darrat and Zhong (2002) argue that predictability alone does not necessarily imply
market inefficiency, unless the implied trading rule can also yield risk-adjusted excess returns.
But let us extend the debate to second moments and volatility transmission. Engle et al.
(1990b) analyse exchange rates markets and find evidence in favour of meteor shower effects.
As they suggest, this could go against efficiency in the strict sense. It should be noticed that
although returns are not predictable, volatilities are.
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As it also happens in the more theoretical literature, in the empirical literature there exist
different definitions of efficient markets, although all of them seem to point in the same direction.
Susmel and Engle (1994) describe a market as efficient when there are neither mean nor volatility
spillovers from another market that closed some hours in advance. This is so because that old
information is supposed to have been already incorporated into domestic returns. Therefore, they
relate efficiency to rapidly incorporating information from external markets. Fratzscher (2002)
also uses this definition in his analysis of European stock markets. A market is more efficient
when relevant information is rapidly incorporated into asset prices. Assuming totally efficient
markets, information in t-1 should not affect returns in period t. Thus, he finds evidence of higher
integration and efficiency in European markets following monetary union. Similarly, Kim and
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Rogers (1995) define as efficient market any market which incorporates other markets'
information into its opening price. In particular, they conclude that, following the Korean's market
liberalisation, volatility spillovers from international markets have increased.
As a conclusion, it seems that in the mean analysis of returns, efficiency should be related to
the existence of arbitrage opportunities, whereas in the variance analysis, a market is efficient
when spillovers are contemporaneous and have a short life.
3.4 Asymmetry
The importance of modelling this effect comes from the need of obtaining better model fits.
As suggested by several authors, conclusions obtained from volatility transmission models could
be erroneous when asymmetries are not modelled (Susmel and Engle (1994) and Bae and
Karolyi (1994)).

Several explanations have been proposed in the literature for the asymmetry in the volatility
of equity returns. One is the leverage hypothesis due to Black (1976). According to this
explanation, a drop in the value of a stock increases financial leverage, which makes the stock
riskier and increases its volatility. Although the concept of leverage effect has become almost
synonymous to asymmetric volatility, some authors suggest other explanations, such as the
volatility feedback effect (Pindyck (1984), Frech et al. (1987) and Campbell and Hentschel
(1992)), which defines asymmetry as the result of misspecifying the volatility process or coming
from the incompleteness of the information used to form conditional volatility.
Although the concept of asymmetry as the different impact of negative and positive shocks
on volatility has its origin in Black (1976), French et al. (1987) and Schwert (1990), in this case
we are interested in its application to volatility transmission between markets. This concept has
been mostly used in GARCH methodologies. Several univariate models try to model this
feature, being the most populars in the empirical literature those of Nelson (1991) (EGARCH)
and Glosten, Jagannathan and Runkle (1993) (GJR-GARCH).
Nelson (1991)'s EGARCH model proposes the following specification for the conditional
variance:

(13)

In the GJR-GARCH model by Glosten, Jagannathan and Runkle (1993), the original
GARCH specification is modified including a dummy variable It-1 that takes value 1 if εt-1 >0
and 0 otherwise:
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Some studies use the asymmetry concept to refer to the differences found in the direction of
spillovers or causality relations between markets. Thus, for example, Hamao et al. (1990) find
asymmetries in the London-Tokyo relation, meaning that volatility spillovers are found in one
direction but not in the other. This concept of asymmetry should not be confused with the one
being analysed, which is more related to shocks' sign and size.
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(14)

Although these specifications have been the most popular ones, there exist other specifications
such as the PNP-GARCH model used in Bae and Karolyi (1994) or the T-GARCH model used in
Hsin (2004). There exist other possibilities to models asymmetries such as the contemporaneous
asymmetric GARCH model of El Babsiri and Zakoian (2001) or the quadratic ARCH model of
Sentana (1995) although, as far as we know, they have not yet been used to analyse volatility
transmission. The selection between several asymmetric specifications should be made in terms of
conventional measures of goodness of fit and/or parameter significance tests. Alternatively, Ding et
al. (1993) propose a general model, the APARCH, which includes several asymmetric
specifications.
Without any doubt, Engle and Ng (1993) is an important reference for asymmetries modelling.
In this study, the concept of News Impact Curve and its functional form for several GARCH
specifications are introduced. This curve represents the functional relationship between conditional
variance at time t and the shock term (error term) at time t-1, holding constant the information dated
t-2 and earlier. If there is asymmetry in the series, either the slopes in both sides of the curve are
different or the curve's centre is in a point where εt-1 >0. Moreover, they introduce some very
popular specification tests: the Sign Bias Test (SBT), Negative Size Bias Test (NSBT) and Positive
Size Bias Test (PSBT). Once a GARCH model has been estimated, these tests analyse whether an
asymmetry dummy variable is significant in the prediction of squared residuals. These tests can be
used individually or jointly, the last option resulting in a more powerful test.
Engle and Ng (1993) analyse several asymmetric specifications and conclude that
asymmetry does not only depend on sign, but also on innovation size. Moreover, they find
evidence in favour of the GJR specification when compared to the EGARCH.
Bae and Karolyi (1994) apply these tests and also extend the graphical concept to the socalled International News Impact Curve.
Another study that had a lot of influence on the volatility transmission analysis was Kroner and
Ng (1998). The authors propose two generalisations of multivariate GARCH models in the General
Dynamic Covariance (GDC) and Asymmetric Dynamic Covariance (ADC) models. They include
as particular cases some representations previously described: VECH, BEKK, CCC and FARCH,
as well as their asymmetric versions with the GJR approach. They apply their models to analyse
dynamic relations between large and small firm returns and use Maximum Likelihood techniques
and a two stages procedure to estimate their models. Furthermore, they extend Engle and Ng
(1993)'s news impact curve to the multivariate case in the so-called news impact surface. They also
provide several specification tests because, as also suggested by Engle and Ng (op.cit.), the LjungBox test cannot detect misspecification due to asymmetries. Finally, Kroner and Ng (1998) extend
asymmetries modelling to covariances. It should not be forgotten that, as stated in Martens and Poon
(2001), there is evidence of asymmetry in variances, covariances and correlations.
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Meneu and Torró (2003) use the ADC model and obtain the Volatility Impulse Response
Function (VIRF) for asymmetric multivariate GARCH structures, extending Lin (1997) findings
for symmetric GARCH models.
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Longin and Solnik (2001) detect asymmetries in correlations. This means higher correlations
in bear markets and lower correlations in bull markets. Based on them, Ang and Bekaert (2002)
show that a regime-switching (RS) model reproduces these asymmetric exceedance correlations,
whereas standard models, such as multivariate normal or asymmetric GARCH models, do not.
Similarly, Martens and Poon (2001) find that correlations increase when there has been a large
negative shock the previous day, but they are much less sensitive to large positive shocks and
returns smaller than 2% in absolute value. Therefore, correlations respond to volatility only in
the case of large negative returns.
Thus, it seems that there exists enough evidence of asymmetry in variances and covariances,
and more effort should be made on the analysis of correlation asymmetries and in their causes,
in any case. In this sense, Bae and Karolyi (1994) suggest that the lack of trade volume variables,
microstructure variables or regime changes in the model could cause the existence of
asymmetries.

Therefore, choosing the correct model specification becomes crucial, both a priori in the data
analysis process and a posteriori, applying different specification and goodness of fit tests.
General specifications such as Kroner and Ng (1998), nesting other more restrictive
specifications, enable researchers to select the final model (with or without asymmetry) using
some restriction tests. This is an easy procedure and avoids ad hoc selection.
3.5 Extensions
Once the empirical and theoretical literature has been analysed, it would be interesting to
highlight emerging investigation topics and questions that remain still unanswered, which could
open future investigations lines.
Here is a list of open issues/research topics:
1. Further developments on multivariate SV models (estimation methods, new models and
empirical applications).
2. Providing realistic but parsimonious multivariate models for large dimensional systems.
3. Improving software for multivariate models estimation.
4. Further developments of multivariate diagnostic tests.
5. Analysing volatility transmission between cross-listed stocks.
6. Analysing volatility transmission through sectoral indices.
7. Effects of microstructure over volatility transmission mechanisms.
8. Analysing volatility transmission through ultra high-frequency data.
9. Using realized volatility on volatility transmission models.
10. Causes and consequences of volatility transmission.
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Although GARCH specifications have been the most popular to model asymmetries, other
methodologies also include asymmetric versions. For instance, there exist asymmetric
extensions of Stochastic Volatility models (Harvey and Shephard (1996)). Similarly, Susmel
(2000) proposes an asymmetric E-SWARCH model and suggests that modelling regime changes
reduces GARCH and asymmetric effects.
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More details in these areas and further and more specific research topics can be found in
Engle (2002), Asai et al. (2006) and Bauwens et al. (2006).
Regarding methodologies, correlation, cointegration and GARCH models have been the
most popular in both applied and theoretical literature. Thus, nowadays, empirical studies tend
to focus on other methodologies such as Stochastic Volatility models and models with Regime
Switching. In particular, multivariate factor SV models seem to have a promising future. The
literature has recently focused on providing and comparing different estimation methods but,
surely, further new models and empirical applications are warranted.
In GARCH methodology it would be necessary to get deeper in multivariate model
estimation, in concrete, improving computational convergence possibilities. In this sense, more
recent models such as Engle (2002)'s DCC or Van der Weide (2002)'s GO-GARCH, pursue this
idea of estimation simplicity and speed. Similarly, further research should be devoted to improve
software for estimation. Brooks et al. (2003) examine the relative small number of software
packages that are currently available for estimating multivariate GARCH models, in spite of
their widespread use. Finally, further research should be also devoted to develop multivariate
diagnostic tests. Since estimating multivariate GARCH models is time-consuming, it is desirable
to check both ex ante and ex post the adequacy of the GARCH specification.
Regarding financial markets, there are certain relations that have not been sufficiently
analysed. For instance, relations between individual stocks traded in different markets or
relations between different sectoral indices. In the first case, cross-listed stocks, e.g.,
American Depository Receipts (ADRs) is an alternative and important way of achieving
international diversification and, therefore, information flows between ADRs and their
underlying assets must be further analysed. In the second case, studies such as Roll (1992) or
Arshanapalli et al. (1997) suggest that international movements should not be measured with
general stock market indices because they have different industrial composition. Thus, these
studies propose using indices from the same industry in different countries in order to analyse
international interrelations. General indices do not differentiate country effect from volatility
sources coming from the industry.
Without any doubt, another topic that is becoming increasingly important is market's
microstructure. The real short term relationship between markets can be affected by
microstructure differences such as institutional features or trade rules. These differences could
make the correct interpretation of results difficult. Therefore, more investigation on the effects
of microstructure over volatility transmission mechanisms would be welcomed.
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The development of information treatment systems in the last decades has favoured the
appearance of high frequency databases, which have been a great impulse for empirical studies.
Many financial markets offer detailed information on transactions and quotes, which allows the
creation of time series of prices, volume, demand and so on, with almost continuous frequency.
However, this information wealth introduces new modelling difficulties, such as regular
components or seasonality (see Andersen and Bollerslev (1997)). In this sense, some studies
such as Werner and Kleidon (1996), Chan et al. (1996) or Kofman and Martens (1997), analyse
relations between different markets in the very short term (intraday) controlling for seasonality
in volatility. Similarly, continuous time Stochastic Volatility models will be, without any doubt,
useful in the development of future volatility transmission models with high-frequency data.
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This is relevant because continuous time models are everywhere in financial theory and
derivative pricing. Finally, as suggested by Engle (2002), it will be desirable to find models
based on irregularly spaced data.
Probably due to the lack of high precision databases, researchers have mainly used closing
prices data, when volatility transmission could also be analysed using other variables such as
bid-ask quotes or trade volume. Also in this sense, realized volatilities will surely be present in
future research. According to Andersen et al. (2003a), two directions for future research are
apparent: (1) continued development of methods for exploiting the volatility information in
high-frequency data, and (2) volatility modelling and forecasting in the high-dimensional
multivariate environments. The realized volatility concept readily tackles both, even better when
combined with Stochastic Volatility models.
Finally, literature also seems to be aware that understanding how shocks are transmitted
between markets is not enough, and causes and consequences of these transmissions must be
further analysed.

After several years of research on information transmission between financial markets, many
questions remain still unanswered. The literature has mainly focused on the empirical analysis,
requiring the theoretical part further investigation. Increasing availability of more complete
databases, technological development, globalisation and increasing financial market integration,
among other reasons, raise even more the interest in this field.
This study reviews the most relevant methodologies applied to the analysis of volatility
transmission between financial markets: GARCH models, Regime Switching models and
Stochastic Volatility models. In addition, it covers several concrete aspects such as their scope
of application, the overlapping problem, the concept of efficiency and asymmetry modelling. It
seems quite clear that the best methodology to be used will depend on the hypothesis to be
contrasted, serving in many cases some methodologies as complementary to the others. In fact,
most of the studies use correlation and cointegration analysis as a complement to the short term
analysis. Finally, emerging topics and unanswered questions are identified, serving as an agenda
for future research.
We hope this survey, although necessarily brief and selective, has given the reader an idea of
the methodological richness and the variety of conclusions in which it derives. Despite the
discrepancies found in empirical literature, some ideas seem to be shared by most of the studies.
Correlation coefficients between different financial markets' returns tend to be small, positive
and changing in time. It is not clear whether there is or there is not a direct or indirect relation
between volatility and correlation. Furthermore, it is not clear whether this relation exists with
volatility or market trend. From our point of view, markets tend to increase or reduce their
common movements in periods of high volatility depending on the factors or common shocks
producing them. What it seems quite clear is that variances, covariances and correlations contain
asymmetries and are changing in time. Finally, classical correlation measures, cointegration and
unit root tests can be affected by the existence of conditional heteroscedasticity.
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Furthermore, if, as some studies suggest, the relation between contagion and volatility was
always positive, portfolio diversification would not be an adequate strategy. However, if this
relation depended on the existence of common factors, the existing causality should be
determined and international or intersectoral diversification would then be justified. Anyway,
those factors could be observable, unobservable, local, regional or global. Evidence in this
ground is diverse and it will surely depend on the markets being analysed. Finally, although it
seems quite clear that volatility is predictable, this will not affect financial markets' efficiency.
Some guidelines for further research in volatility transmission models have been given in the
survey. With the increased availability of new and more complete high frequency databases,
further theoretical and empirical studies will surely emerge. Multivariate SV models are
particularly suited for that kind of data. However, as we mentioned, relative to the extensive
theoretical and empirical literature on GARCH models, the SV literature is still in its infancy.
Therefore, further developments on multivariate SV models will be surely welcomed. Moreover,
both in GARCH and SV, additional effort should be devoted to provide realistic but
parsimonious models for large dimensional systems.
Understanding the information transmission process between markets is crucial for asset
valuation, risk management and economic policy. As suggested by Karolyi (1995), an incorrect
understanding of market interrelations could result in inadequate or even counterproductive
regulatory policies. Therefore, the different methodologies proposed should be used by
researchers and analysts to determine where shocks come from, how and where they are
transmitted and, if it is the case, how to control them.
As a conclusion, as it seems evident that there is no general methodology that could embrace
every existing relation, market and hypothesis, we hope to have motivated the development of
further research in the field.
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