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We extend the framework of Diebold and Yilmaz (2009b) and Diebold and Yilmaz (2012)
and construct volatility spillover indexes using a DCC-GARCH framework to model the mul-
tivariate relationships of volatility among assets. We compute spillover indexes directly
from the series of asset returns and recognize the time-variant nature of the covariance
matrix. Our approach allows for a better understanding of the movements of financial re-
turns within a framework of volatility spillovers. We apply our method to stock market in-
dexes of the United States and four Latin American countries. Our results show that Brazil
is a net volatility transmitter for most of the sample period, while Chile, Colombia and
Mexico are net receivers. The total spillover index is substantially higher between 2008Q3
and 2012Q2, and shock transmission from the United States to Latin America substantially
increased around the Lehman Brothers’ episode.
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1. Introduction

The recent international financial crisis has clearly shown that national policies and financial events have important
cross-border effects. Now-a-days the world is more connected than ever by cross-border financial flows. Policy decisions
and relevant news produced in single countries can have significant impacts on other countries. This is particularly true if
decisions and news are originated in systemically significant economies.

One of the most notable similarities displayed by financial crises is the occurrence of volatility spillovers, i.e. the prop-
agation of negative shocks originated in one economy to other countries’ financial markets. Diebold and Yilmaz (2012) de-
veloped a volatility spillover measure based on forecast error variance decompositions from vector autoregressions (VAR),
useful for measuring the impact that shocks to a particular asset or financial market have on the volatility of other assets
or markets.

Their method, which extends the one proposed in Diebold and Yilmaz (2009b), has many considerable advantages such
as avoiding the necessity of sticking to particular contagion definitions that have to be tested in ad-hoc time periods. Their
generalized variance decomposition makes results independent of the ordering of variables in the VAR system. And, ad-
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ditionally, directional and total spillovers can be studied, allowing the identification of individual and systemic volatility
effects.

In this paper we present an extension of Diebold and Yilmaz (2009b, 2012). In these two papers the construction of the
spillover indexes are performed within a VAR system in which the covariance matrix, estimated under either the Cholesky
or the generalized decomposition, is assumed to be time-invariant. However, it is well known that financial series exhibit
volatility clusters (see, for instance, Bollerslev, 1990 and Engle, 1993). Moreover, asset correlations vary over time, being
higher during periods of high volatility (see, for instance, Yang, 2005).

In order to better account for these stylized facts, we propose an extension of the spillover indexes using a DCC-GARCH
framework to model the multivariate relationships of the volatility among assets. In our proposal we compute spillover
indexes directly from the series of asset returns and recognize the time-variant nature of the covariance matrix using a
multivariate GARCH model. This contrasts with Diebold and Yilmaz (2012), in which the indexes are estimated using volatil-
ities computed using a particular definition involving daily high and low prices.

Hence, in this paper we do not have to distinguish between return and volatility spillovers, because our measure of
volatility is computed directly from the covariance matrix obtained from a DCC-GARCH model. Our results are therefore
comparable to those of Diebold and Yilmaz (2012), with the advantage of avoiding the need of using an artificial definition
of volatility.

We apply our method to stock market indexes of the United States and four Latin American countries. We compute both
total and directional spillovers for these market indexes for the period spanning between January 2nd, 2003 and January
27th, 2016.

We find several interesting results. Total spillovers vary considerably over time. Particularly, they are substantially higher
between the third quarter of 2008 and the second quarter of 2012, a period of ample financial volatility related to the
United States subprime crisis and the European sovereign bonds crisis.

Regarding directional spillovers, we encounter that Brazil is a net volatility transmitter for most of the sample pe-
riod, while Chile, Colombia and Mexico are net receivers. The United States is a net transmitter by construction. Net
spillovers exhibit great time-variation as well. For instance, around the Lehman Brothers’ episode, shock transmission from
the United States to the other four countries increases significantly. Even Brazil becomes a net receiver for that period of
time.

The magnitude of volatility spillovers transmitted by Brazil to the other Latin American countries increases after 2012, co-
inciding with the development of political instability issues of this country that affected negatively several financial markets
in the region.

Our contributions to the literature are two-folded. First, we present an extension of Diebold and Yilmaz (2009b) and
Diebold and Yilmaz (2012) in which important financial market regularities are better accounted for, as explained above.
Second, we study volatility spillovers for a set of major Latin American countries for which the literature on this topic is
scarce.

Section 2 shows the methodological framework in which our extension is introduced. Section 3 presents the data used
in our empirical application. Results are shown in Section 4, and finally Section 5 concludes.

2. Methodology

In matrix notation, Diebold and Yilmaz (2012) methodology is based on the following VAR(p) model

p
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where Y; is a vector of size N, containing all stock market returns at time t, and €|t — 1 ~ F(0, H;) and F is the multivariate
conditional probability distribution of errors. In this way, H; is the conditional covariance matrix of errors.
Then, Y; recursion can be expressed like a VMA(o0)
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In this way, the h-periods ahead forecast error is
erinlt = Oo€in + O1€p1 + -+ Op_1€11 (3)
whose covariance matrix is
Zf 4t = OoHpup Og+ O1Hipq ©) + -+ + Op_1Heyq O, (4)

Each element of the diagonal of Ef+h|t is a summation that includes terms of its past covariance matrices of the error
term €, in (1), Hyy; for all i=1,2,...h. Therefore, variance decomposition W;; (h) are defined in a way they contain the
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