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a b s t r a c t
This paper considers the transmission of volatility in global foreign exchange, equity and bond
markets. Using a multivariate GARCH framework which includes measures of realised volatility
as explanatory variables, signiﬁcant volatility and news spillovers are found to occur on the
same trading day between Japan, Europe, and the United States. All markets exhibit signiﬁcant
degrees of asymmetry in terms of the transmission of volatility associated with good and bad
news. There are also strong links between diffusive volatilities in all three markets, whereas
jump activity is only important within the equity markets. The results of this paper deepen our understanding of how news and volatility are propagated through global ﬁnancial markets.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction
The practical importance of modelling the volatility of ﬁnancial assets has given rise to a voluminous body of research. Much of the
modern literature stems from the seminal work of Engle (1982) and Bollerslev (1986) who treat volatility as an unobserved quantity.
More recent developments treat volatility as a realised (observed) variable, which is estimated from the squared returns of highfrequency ﬁnancial asset returns (Andersen et al., 2003; Barndorff-Nielsen and Shephard, 2002). Hansen et al. (2012) provide one
avenue for combining these two approaches. The vast majority of this work relates to modelling and forecasting the trajectory of
the volatility of an asset in one particular market.
A relatively recent but growing area of interest addresses the important question of how volatility is propagated from one region of
the world to another. The series of papers by Ito (1987), Ito and Roley (1987) and Engle et al. (1990) examine how volatility is transmitted through different regions of the world during the course of a global ﬁnancial trading day. Their approach is to partition each
24 hour period (calendar day) into four trading zones, namely, Asia, Japan, Europe and the United States, and examine international
linkages in volatility between these regions in the context of the foreign exchange market. Engle et al. (1990) describe two particular
patterns, namely, the heat wave in which volatility in one region is primarily a function of the previous day's volatility in the same
region, and the meteor shower in which volatility in one region is driven by volatility in the region immediately preceding it in
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terms of calendar time. Their major conclusion is that volatility in the foreign exchange market is best described by the meteor shower
pattern. Using a similar research protocol, Fleming and Lopez (1999) and Savva et al. (2005) ﬁnd that the heat wave hypothesis best
describes the behaviour of volatility in the bond and equity markets, respectively. Treating volatility as an observed measure, Melvin
and Melvin (2003) investigate the transmission of volatility in the foreign exchange market using realised volatility. While there is
some support for both meteor shower and heat wave hypotheses, evidence marginally favours the latter.1
This paper contributes to the literature examining volatility patterns in global foreign exchange, equity, and bond markets. In the spirit
of Fleming and Lopez (1999), the trading day for each market is partitioned into three zones, Japan, Europe, and the United States. The
original Engle et al. (1990) model is extended in order to entertain a more complex set of volatility interactions. Incorporating realised
volatility as an explanatory variable in the regional conditional variance equations turns out to be a valuable way of investigating volatility
linkages and allows a number of extensions. Using jump and continuous components of realised volatility reveals that the diffusive component has more explanatory power than the jump component. The jump component which reﬂects more extreme news arrival is only
signiﬁcant for the equity market. Furthermore, decomposing realised volatility into positive and negative semivariances allows the asymmetric transmission of volatility to be explored. It is found that the bond market is mainly driven by a negative semivariance, whereas
both negative and positive semivariances have an explanatory power for the foreign exchange and equity markets.
The rest of the paper proceeds as follows. Section 2 describes the data and justiﬁes the structure of the calendar day. Section 3
revisits the original Engle et al. (1990) framework and re-examines their results in the context of a different sample period and for
a broader selection of ﬁnancial markets. Section 4 extends the GARCH framework to try and separate the effects of the news and
smoothed conditional variances on volatility transmission between regions. Section 5 constructs the measures of realised volatility
in each of the trading zones and decomposes the basic measure into a number of constituent components which are used later in
the estimation. Section 6 introduces the realised volatility as an explanatory factor to describe volatility interactions across the
three regions and examines how different constituents of realised volatility contributed to our understanding of the global transmission of volatility. Section 7 is a brief conclusion.
2. Data
A high frequency (10 min) data set was gathered from Thomson Reuters Tick History for the period from 3 January 2005 to 28
February 2013 for instruments representative of the foreign exchange, bond and equity markets. Speciﬁcally, the following series
were collected:
1. Euro–Dollar United States futures contracts traded on the Chicago Mercantile Exchange (foreign exchange market);
2. United States 10 year Treasury bond futures contracts (one of the most traded securities in the bond market (Fleming and Lopez,
1999));
3. S&P 500 futures contracts (equity markets).
Each of these instruments is traded continuously (23 h per calendar day). Following the standard approach in the literature
(Andersen et al., 2003) days where one market is closed are eliminated, as are public holidays or other occasions when trading is
signiﬁcantly curtailed.2
This continuously-traded, high-frequency data on futures contracts is used to construct returns to the instruments in each of three
trading zones. The protocol of Fleming and Lopez (1999) to delimit the global trading day is adopted, in which the Japanese trading
zone is deﬁned as 12 am to 7 am GMT, the European trading zone is taken to be 7 am to 12:30 pm GMT and the United States zone is
12:30 pm to 9 pm GMT.
The setup may be illustrated as follows:
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z}|{

12 am⋯7 am

Europe

z}|{
7 am⋯12 : 30 pm

z}|{
U:S:

12 : 30 pm⋯9 pm

|{z}
One Trading Day

Note that the period denoted as Asian trading (2 h prior to Japan opening) by Engle et al. (1990) is excluded here because very little
trading activity occurs during this time. This lack of volume during this period means that little reliable high-frequency data is available to construct realised volatility estimates.
A second and possibly more important point concerns the decision to start the United States zone at 12:30 pm GMT which is
7.30 am in the eastern United States. This choice is motivated by Dungey et al. (2009), who deﬁne an additional trading zone,
12:30 pm to 2:15 pm GMT, immediately prior to the market opening in the United States. Although this period overlaps with late
trading in Europe, it is associated with a signiﬁcant increase in trading activity immediately before pit trading in Chicago begins
1
Recent research has also documented signiﬁcant linkages in volatilities between different ﬁnancial markets within a particular region. See for example, Hakim and
McAleer (2010), Bubák et al. (2011), Ehrmann et al. (2011) and Engle et al. (2012).
2
Each of these data series may be regarded as U.S. centric in the sense that they relate to U.S. based assets. However, in order to check the robustness of the volatility
patterns to the choice of assets, the analysis was repeated using both Japanese (Topix equity futures and JGB bond futures) and German (DAX equity futures and BUND
bond futures) data. While the results of this parallel exercise are not presented in this paper, they are broadly similar to the results reported here. An online appendix
together with all the data is available for download from http://www.ncer.edu.au/data/data.jsp.

