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The paper characterises domestic and foreign sources of volatility transmission for South African (SA) bonds,
commodities, currencies, and equities. We introduce a small-open-economy extension of the volatility spill-
over model proposed by Diebold and Yilmaz (2012). Based on generalised variance decompositions (Pesaran
and Shin, 1998) of a vector autoregressive model, this approach combines bidirectional spillovers exchanged
by domestic assets with volatility injections imported from shocks to the global financial system. The analysis
relates to a sample of daily observations ranging from October 1996 to June 2010. The estimated spillover
levels are time-varying, and increase during domestic and foreign crises. Average domestic spillovers of
38% exceed average foreign spillovers of 4.7%, and maximum domestic spillovers estimated for the United
States for a similar sample period (Diebold and Yilmaz, 2012). These findings suggest a high degree of
systemic risk in SA and, furthermore, that this risk is predominantly related to country-specific factors.
Commodity and equity shocks are identified as the primary sources of spillovers to other asset classes.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

This paper studies volatility transmission as it relates to represen-
tatives of four South African (SA) asset classes, namely bonds, com-
modities, currencies, and equities. The objective is to empirically
characterise domestic and foreign sources of volatility spillover. A
volatility spillover is the share of future variability in one asset's
returns that is expected to result from volatility surprises in another
asset. The study is motivated by a large literature that documents
synchronisation of cross-market volatilities, both internationally and
across different asset classes (see, for example, Duncan and
Kabundi, 2011a; Dungey and Martin, 2007; Morana and Beltratti,
2008).

Volatility spillovers are computed using a small-open-economy
(SOE) extension of the method proposed by Diebold and Yilmaz
(2012). In this method, spillovers are derived from generalised vari-
ance decompositions (GVDs; Pesaran and Shin, 1998) of a vector
autoregressive (VAR) model. GVDs are invariant to variable ordering,
thus facilitating bidirectional shock transmission in the VAR. This pre-
cludes the imposition of a priori restrictions on the causality of do-
mestic spillovers. The bidirectional property is an important feature

of the model, since theories of cross-market connections between
asset markets are still in their infancy.1

A novel contribution of the paper is to introduce foreign sources of
volatility spillover to domestic assets. However, spillovers are not permit-
ted to flow in the opposite direction. This restriction reflects the idea that,
whilst SOEs such as SAmay be highly sensitive to international events, fi-
nancial shocks originating in these economies are idiosyncratic to the
globalfinancial system. For simplicity, we consider only one source of for-
eign volatility transmission, namely the Chicago Board Exchange Market
Volatility Index (VIX).2 The VIX – popularly referred to as the “fear
index” – measures the option cost of insuring against downside risk in
the United States (US) S&P 500 index, the world's largest equity market.

The results are based on a sample of daily observations ranging from
October 1996 to June 2010. Time-varying spillover estimates are
obtained from 200-period (40 weeks) rolling window regressions. On
average, domestic spillovers account for 38% of system-wide volatility.
Spillover magnitudes range between 15.9 and 75%, indicating the im-
portance of structural breaks in volatility transmission. Peaks in spill-
over levels are correlated with the timing of recurring crises in the
domestic currency market and in the global financial system. In partic-
ular, domestic spillovers in excess of 70% are recorded during the
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Asian crisis of 1997–8, during the 1998 SA currency crisis, and prior to
the US dot-com crisis in 2000. Magnitudes of SA spillovers are much
larger than those of corresponding spillovers estimated for US asset
classes using the same approach (Diebold and Yilmaz, 2012). This indi-
cates, that relative to the US benchmark, there is a high degree of
cross-market volatility dependence in SA.

Commodity and equity markets are identified as the primary ori-
gins for spillovers to other asset classes. As a net receiver of spillovers
on 91.8% of trading days, the bond market plays a passive role in vol-
atility transmission. The same conclusion generally applies to the cur-
rency market. However, in the period following the 2001 currency
crisis up until the end of 2005, currency shocks temporarily dominate
domestic volatility transmission.

With an average value of only 4.7%, foreign spillovers are relatively
small in magnitude. Nevertheless, up to 20.9% of SA volatility is
imported during the Asian crisis. Other peaks in foreign spillovers
are measured following the September 2001 terrorist attack and dur-
ing the 2007–8 subprime crisis. The maximum foreign spillover of
29.7% occurs on 7 May 2010, the day following the “flash-crash” in
US equities (Easley et al., 2011).

The paper is one of only a few studies to model volatility spillovers
across both national and asset class dimensions. In this respect,
Dungey and Martin (2007) represent an important precursor to our
analysis. These authors introduce a dynamic latent factor model of in-
ternational asset price linkages. The model controls for a variety of
global and domestic factors, each impacting on one or more asset
classes. Cross-market factors included in each of the pricing equations
capture asset class contagion and spillovers.3 Dungey and Martin
(2007) focus on interactions between currency and equity markets
located in countries affected (directly or indirectly) by the Asian cri-
sis. Variance decompositions of the modelled factors indicate an im-
portant role for bidirectional contagion and spillovers in most
countries, especially in the post-crisis period.4

Fleming et al. (1998) propose two channels of possible interaction
between correlated returns in equity, bond and money markets. The
first, is the “common information” channel,where simultaneous changes
to expected values in multiple markets lead to portfolio re-optimization.
The second channel, referred to as “information spillovers”, results when
changing expectations in one market alter optimal hedging demands in
othermarkets.5 Both channels, operating either independently or in con-
junction, provide possible explanations for volatility spillovers across
asset classes. Using GMM to impose moment restrictions on a stochastic
specification of volatility, the authors estimate theirmodel for US futures
markets in a sample period ranging from January 1983 to August 1995.
Their results suggest strong comovements of volatility across all three
asset classes. They find that market linkages are time-varying. In partic-
ular, correlations between realised volatility in different asset classes in-
crease following the 1987 stock market crash.

The class of spillover indices that we describe above is originally de-
veloped by Diebold and Yilmaz (2009, 2012). In the first paper, the au-
thors use variance decompositions from a Cholesky-restricted VAR to
measure unidirectional returns and volatility spillovers between 1992
and 2007 for a panel of seven developed and twelve emergingmarkets.
The results indicate, that whilst returns spillovers increase smoothly
over time, the level of volatility spillover is characterised by substantial
instability. Local maxima in volatility spillovers coincide with periods of
global financial crisis. In the second paper, bidirectional spillovers are
introduced to study domestic volatility transmission across US bonds,
commodities, currencies, and equities between 1999 and 2010. Once

again, spillover magnitudes fluctuate through time, reaching a maxi-
mum of roughly 32% during the subprime crises.

The rest of the paper is structured as follows. Section 2 outlines
the methodology used in constructing domestic and foreign volatility
spillover indices. Details of the data set are provided in Section 3. The
results are summarised in Section 4. The implications of our findings
are discussed in Section 5. Section 6 concludes.

2. Methodology

Let xt=(yt,zt)′, where yt=(y1t,y2t,…,ymt) is a vector of volatilities inm
domestic asset classes, and zt=(zm+1,zm+2,…,zn) is a vector of n–m for-
eign volatility sources (1≤m≤n). Consider the VAR(p) model given by

xt ¼
Xp

k¼1

Φkxt−k þ �t ; ð1Þ

where, for k=1,…,p,Φk is a coefficient matrix and �t=(�td,�tf)′ is a vector
of mean-zero error terms. The error vectors, �td=(ε1td ,ε2td…,εmt

d ) and �t
f=

(εm+1t
f ,εm+2t

f …,εntf ), collect the innovations associated with yt and zt, re-
spectively.We assume that �thas amultivariate normal distribution,with
�t independent of �s(s≠t), and with nonsingular covariance matrix Σ�=
Et−1(�t�t′)={σij}.

In the case of domestic assets, our intention is tomeasure bidirection-
al volatility spillovers, as well as spillovers received from foreign sources.
In contrast, we assume that foreign volatilities are independent of each
other and that they are unaffected by spillovers from shocks to domestic
assets. Thus, we impose the following restriction on the form of eachΦk:

Φ ¼

ϕd
1;1 ⋯ ϕd

1;m ϕ f
1;mþ1 ϕ f

1;mþ2 ϕ f
1;mþ3 ⋯ ϕ f

1;n
⋮ ⋮

ϕd
m;1 ⋯ ϕd

m;m ϕ f
m;mþ1 ϕ f

m;mþ2 ϕ f
m;mþ3 ⋯ ϕ f

m;n

0 ⋯ 0 ϕ f
mþ1;mþ1 0 0 ⋯ 0

0 ⋯ 0 0 ϕ f
mþ2;mþ2 0 ⋯ 0

0 ⋯ 0 0 0 ⋱ ⋯ 0
⋮ ⋮
0 ⋯ 0 0 0 0 ⋯ ϕ f

n;n

2
6666666666664

3
7777777777775

;

where k is suppressed for notational convenience.
Under covariance stationarity, Eq. (1) has an infinite moving aver-

age representation:

xt ¼
X∞

k¼0

Ak�t−k: ð2Þ

By setting Ak=0 for kb0 and A0= In (where In is the n-dimensional
identity matrix), we establish coefficient matrix Ak=Φ1Ak−1+
Φ2Ak−2+⋯ΦpAk−p recursively for k=1,2,….

Pesaran and Shin (1998) define the h-step-ahead generalised
forecast-error variance decomposition (GVD) for variable i as follows:

θhij ¼
σ−1

ii ∑h
‘¼0 ðe′iA‘Σ�ejÞ

2

∑h
‘¼0 e′iA‘Σ�A

′
‘ei;

ð3Þ

where ei denotes the ith column of In. In the sequel, we suppress the h
in θijh for notational convenience. A special property of the GVD is that
θij is invariant to the ordering of variables i and j in the VAR.6

Volatility spillover indices are constructed using GVDs as inputs. In
this context, θij measures the expected magnitude (in absolute terms)
of h-horizon future volatility in asset i which is attributable to
period-t volatility in asset j.

3 Dungey and Martin (2007) define contagion as contemporaneous comovements
between asset classes. In contrast, and consistently with our definition, spillovers are
intended to refer to market interactions which occur with a time lag.

4 Also refer to Dungey et al. (2010), who use Dungey andMartin's (2007) framework
to study similarities between several recent financial crises.

5 In related research, Kodres and Pritsker (2002) model information spillovers across
countries in a partially-revealing rational expectation framework.

6 Pesaran and Shin (1998) show that if Σ� is nondiagonal, then generalised impulse
responses and GVDs coincide with their Cholesky-restricted analogues only if j is the
first variable included in the VAR.
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