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Volatility spillovers between the European and
South African foreign exchange markets
Olivier Niyitegeka1* and Devi Datt Tewari1

Abstract: This article investigates the exchange rate volatility spillover and
dynamic conditional correlation between the euro and the South African rand
following the Eurozone sovereign debt crisis. It employs two multivariate gener-
alized autoregressive conditional heteroskedasticity (MGARCH) models, namely
bivariate BEKK-GARCH (1,1) a nd DCC-GARCH(1,1). Based on two datasets, for the
crisis and post-crisis periods, the study identifies significant uni-directional vola-
tility spillovers from the euro to the rand during crisis and post-crisis periods.
Further, increased volatility spillovers and time-varying correlations between cur-
rencies were evident during the Eurozone crisis. This suggests pure form of finan-
cial contagion between the two foreign exchange markets. As such, investors and
policy makers in the stock and/or foreign exchange markets in South Africa should
monitor euro volatility due to its contagious impacts on the rand and decoupling
strategies should be formulated to insulate the rand from contagion. The con-
tributions of the study are twofold. First, it informs the investors in the foreign
exchange market on the extent to which shocks in the euro affect the rand.
Second, it adds to the literature on pure form of contagion by testing whether
there exists an asymmetric correlation between the rand and euro over tranquil
periods as opposed to financial upheaval ones.
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1. Introduction
Since the South African authorities’ adoption of a free-floating currency regime in 2001, exchange
rates are determined by market forces and uncertain returns are a natural outcome (Patnaik, 2013).
These uncertain returns—commonly referred to as volatility—may persist over time1 and give rise to
what is usually referred to in the finance literature as volatility clustering or volatility pooling. Volatility
may also spread from one market to another, resulting in volatility spillovers (Patnaik, 2013).

This study investigates volatility spillovers to provide insights to investors and policy makers on
the volatility dynamics in the South African foreign exchange (FX) market caused by shocks
emanating from developed countries in general and from the Eurozone countries specifically.
The findings provide information on the formulation and implementation of reliable hedging
strategies to protect the rand against the contagious effects of the euro. Furthermore, the study
will help policy makers formulate possible decoupling or coupling strategies to insulate the rand
from the contagious effects of the euro.

The choice of the South African FX market was motivated by the fact that the South African
economy is an emerging market economy (EME). Ozkan and Unsal (2012) stressed that EMEs are
more prone to experience volatility spillovers (or financial contagion) due to factors such as their
high degree of trade openness and the scale of foreign currency-denominated debt in the domes-
tic economy, commonly known as liability dollarization. The Eurozone FX market was selected as
the source (ground zero) market. The choice of the Eurozone market was mainly enthused by the
fact that it is South Africa’s largest trading partner and foreign investment source, accounting for
72% of South Africa’s total foreign direct investment stocks (Tralac, 2019).

This study uses multivariate autoregressive conditional heteroskedasticity (MGARCH) models to
estimate volatility spillovers and financial contagion. Volatility spillovers have been identified in the
academic financial literature “as the cause and/or effect of financial contagion” (Roy & Roy, 2017,
p. 1). However, studies such as those of Abou-Zaid (2011) and Diebold and Yilmaz (2009) use the
terms volatility spillover and contagion interchangeably. Financial contagion can be defined as “a
significant increase in cross-market linkage after a shock to one country or group of countries”
(Forbes & Rigobon, 2002, p. 3) and occurs when cross-country correlations increase during crisis
periods relative to tranquil periods.

A literature survey identified only one study that investigated the exchange rate volatility
spillover in South Africa: Raputsoane (2008) examined volatility spillover between the rand and
other currencies in selected developed and emerging markets in Europe, Asia, and Latin America.
Using an augmented univariate GARCH model, Raputsoane (2008) found significantly negative
exchange rate effects between the rand and European currencies. However, no volatility spil-
lovers were identified between the rand and Asian and Latin American currency markets.
However, a standard univariate GARCH model does not consider volatility spillover across mar-
kets. Additionally, univariate GARCH models cannot test the significance level of correlation
between markets during financial disturbances (Mei, 2016). This study fills this gap by using
two multivariate GARCH models. First, the BEKK-GARCH is used to determine the direction of
transmission of disturbances between the rand and euro and ensure the positive variance–
covariance of a multivariate time series matrix (Carsamer, 2015). Second, the dynamic condi-
tional correlation (DCC)-GARCH model is employed, as it allows correlations to be time-varying in
addition to the conditional variances. Hence, this study assesses whether the correlations
between the euro and rand are time varying and evolve according to market conditions (e.g.,
periods of stability versus periods of turmoil).
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The rest of this article is structured as follows. Section 2 reviews the literature on volatility
spillover in FX markets, Section 3 describes the data and methodology used in the study, and
Section 4 discusses the results and findings. Finally, concluding remarks and policy implications are
presented in Section 5.

2. Literature review
Studies on the transmission of crises in the context of FX markets include, among others, the
pioneering study by Ito et al. (1990), who used meteorological analogies to explain volatility
spillovers between the Japanese yen and the US dollar. They posited that the transmission of
news can either follow “a heat wave process”, in the sense that “a hot day in New York is likely to
be followed by another hot day in New York but not typically by a hot day in Tokyo”, or “a meteor
shower process” in which meteors rain down on the earth as it turns; hence, “a meteor shower in
New York will almost surely be followed by one in Tokyo” (Ito et al., 1990, p. 4). Using ARCH and
GARCH models, they rejected the heat wave hypothesis and found that the yen/dollar FX market is
not dextrous (i.e., the equilibrium price does not respond instantaneously and completely to
news); instead, it suffers from volatility spillover or volatility clustering because of stochastic policy
coordination. Further, Bubák, Kočenda and Žikeš (2011) investigated the dynamics of volatility
transmission between Central European currencies and the euro against the US dollar using daily
exchange rate volatility based on intraday data. They found strong evidence of spillovers and that
volatility spillovers tend to increase in periods characterized by currency market uncertainty.
Antonakakis (2012) evaluated spillovers in relation to returns on the euro, British pound, Swiss
franc, and Japanese yen against the US dollar before and after the introduction of the euro. He
found significant volatility spillovers and co-movements across the four exchange rates and
concluded that the volatility declined with the introduction of the euro and suggested that its
launch may have brought greater stability in the global financial markets. Moreover, Antonakakis
(2012) results indicated that, of the currencies analysed in his paper, the euro is dominant in terms
of volatility transmission, as its volatility significantly affects the volatility expectations of the
franc, pound, and yen. Xu, Wu, and Wu (2015) studied the dynamic relationship between the
renminbi (RMB) and six East Asian currencies, using foreign exchange spot rate data from 2005 to
2013. Using DCC-GARCH and quantile regression models, they found evidence of time-varying
correlation and an increasing influence of the RMB in East Asia over the analysed period. They also
noted that East Asian currencies behaved differently before the crisis but showed some similarities
after it. Xu et al. (2014) also noted that East Asian currencies prefer to “follow” the RMB when it
depreciates but are reluctant to do so when it appreciates. They argued this may be related to the
different macroeconomic environment in the East Asian region before and after the crisis, China’s
rising economic influence, and the internationalization of the RMB. Fratzscher and Mehl (2014)
used a three-factor global model of foreign exchange returns to study co-movement between the
RMB and East Asian currencies. They found that co-movement is mainly driven by the RMB and co-
movements increased markedly after China launched its exchange rate reform in 2005.

Colavecchio and Funke (2008) used switching autoregressive conditional heteroscedasticity time
series models to examine volatility dependence between nine Asian markets. Based on the weekly
returns on forward exchange rates of the nine countries, they identified two regimes with different
volatility levels, each displaying considerable persistence. Pontines and Siregar (2012) used the
smooth transition autoregressive model to examine the behaviours of emerging markets in
Indonesia, Korea, the Philippines, and Thailand. They found that the central banks of these four
economies tend to be more tolerant of the depreciation than the appreciation of their local
currencies against the US dollar.

Carsamer (2015) used an unrestricted multivariate BEKK-GARCH model to estimate volatility trans-
mission in selected African countries and found that the FX market on this continent is more suscep-
tible to global market than intra-regional volatility spillovers in for both volatility and mean spillover.
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As previously noted, the only study on volatility spillovers in the FX market from a South
African perspective is that of Raputsoane (2008), who analysed exchange rate volatility
spillovers between the rand and selected currency markets in developed and emerging
countries in Europe, Asia, and Latin America. Using a univariate GARCH model, the author
found significantly negative exchange rate effects between the rand and European curren-
cies, but no spillover effects between the rand and the Asian and Latin American currency
markets.

3. Data and methodology
This section describes the data and econometric models used to investigate the volatility spillovers
between the European and South African FX markets, following the Eurozone sovereign debt crisis.
The data consist of the daily spot exchange rate of the rand and euro against the US dollar and
multivariate GARCH models are used.

3.1. Data
This study used the daily spot exchange rate of the rand and euro against the US dollar from
October 2009 to February 2017. All data were sourced from Datastream (Reuters). The study used
daily data to obtain a meaningful statistical generalization and a clear picture of the movement of
market returns. A potential drawback is the effectiveness of daily data due to trading hour
differences; however, as Forbes and Rigobon (2002) stressed, this represents a relative problem
and attempts to circumvent the problem by using the average returns failed to find a meaningful
difference in their results.

Figures 1 and 2 display the time series plots of the spot exchange rates of the rand and euro
against the US dollar, respectively. The time series is non-stationary due to the non-constant
mean.

To prepare the data for analysis, the spot exchange rates were transformed into logarithmic
exchange returns using the following formula:

Rt ¼ ln Ptð Þ � ln Pt�1ð Þ

6
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16
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Figure 1. Daily spot exchange
rate of the rand against the US
dollar from 1 October 2009 to
28 February 2017.
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where Pt is the spot exchange rate for period t, Pt�1 is the spot exchange rate for period t-1, and Rt
is the logarithmic exchange returns on each currency between times t and t—1. Therefore, Rt<0
reflects the appreciation of local currencies against the US dollar. The daily logarithmic exchange
returns are displayed in Figures 3 and 4.
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Figure 3. Daily changes in loga-
rithmic exchange returns for
the rand against the US dollar.
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Figure 2. Daily spot exchange
rate of the euro against the US
dollar from 1 October 2009 to
28 February 2017.
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The series display volatility clustering, that is, periods with high volatility are followed by periods
of high volatility, and correspondingly, periods with low volatility are followed by periods of low
volatility.

3.2. Methodology
As previously mentioned, this study employs two MGARCH models: (1) Engle and Kroner (1995)
bivariate BEKK-GARCH, which consists of a conditional covariance matrix and was chosen to
determine the direction of transmission of disturbances between the rand and euro and (2) the
DCC-GARCH, developed by Engle (2002), to detect the correlation and volatility spillover between
the rand and the euro. The models are discussed below.

3.2.1. BEKK-MGARCH
The BEKK-MGARCH model, initially proposed by Engle and Kroner (1995), enables us to reveal the
existence of any volatility transmission from one currency to another. The positive definiteness of
the conditional covariance matrix is achieved by formulating the model so that this property is
implied by the model structure (Yonis, 2011). The following mean equation is estimated for the
yield of each currency:

rt ¼ μt þ εt (1)

εt Ωt�1 ! Nj 0;Htð Þ

where rt is an 2 × 1 vector of daily exchange rate returns at time t, εt is a 2 × 1 vector of
random errors for each market at time t, Ωt�1 represents the market information that is
available at time t-1 with its corresponding 2 × 2 conditional variance-covariance matrix Ht,
and Ct is a 2 × 1 vector representing the long-term coefficient drift. The conditional matrix
can be written as:

Ht ¼ C
0
0Cþ A

0
1;1εt�1ε

0
t�1A1;1 þ G1;1Ht�1G1;1 (2)

10.-
500.-

0
500.

10.
510.

orue
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Time

Figure 4. Daily changes in loga-
rithmic exchange returns for
the euro against the US dollar.
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Ht can also take the following form:

Ht ¼ C
0
0Cþ a11 a12

a21 a22

� �0
ε21;t�1 ε1;t�1ε2;t�1

ε1;t�1ε2;t�1 ε22;t�1

" #
a11 a12
a21 a22

� �

þ g11 g12
g21 g22

� �0

Ht�1
g11 g12
g21 g22

� �
(3)

where

Ht ¼ h11 h12
h21 h22

� �

Further expanded by the matrix multiplication, Ht can also be expressed as:

h11;t ¼ c211 þ a211ε
2
1;t�1 þ 2a11a21ε1;t�1ε2;t�1 þ a221ε

2
2;t�1 þ g211h11;t�1 þ 2g11g12h12;t�1

þ g221h22;t�1 (4)

h12;t ¼ c11c12 þ a11a21ε21;t�1 þ a21a12 þ a11a22ð Þε1;t�1ε2;t�1 þ a21a22ε22;t�1 þ g11g12h11;t�1

þ g21g12 þ g11g22ð Þh12;t�1 þ g21g22h22;t�1
(5)

h22;t ¼ c221c
2
22 þ a212ε

2
1;t�1 þ 2a12a22ε1;t�1ε2;t�1 þ a222ε

2
2;t�1 þ g212h11;t�1 þ 2g12g22h12;t�1

þ g222h22;t�1 (6)

As Engle and Kroner (1995) posited, since εt Ωt�1 ! Nj 0;Htð Þ, the above BEKK systems can be
estimated efficiently and consistently using the full information maximum likelihood. The log-
likelihood function of the joint distribution is the sum of all log-likelihood functions of the condi-
tional distributions, that is, the sum of the logs of the multivariate-normal distribution. Letting lt be
the log-likelihood of observation t, n the number of stock markets, and L the joint log-likelihood,
the function takes the following form:

L θð Þ ¼ ∑p
t¼1lt θð Þand lt θð Þ ¼ �log2π � 1

2
log Ht θð Þj j � 1

2
ε
0
tH

�1
t θð Þεt θð Þ (7)

where L θð Þ ¼ ∑p
t¼1lt θð Þ denotes the vector of all unknown parameters.

3.2.2. DCC-GARCH
The DCC model was introduced by Engle (2002) to capture dynamic time-varying of conditional
covariance. The DCC-GARCH model is a dynamic model with time-varying mean, variance, and
covariance of return series rt:

rt ¼ ut þ εt

εt Ωt�1 ! Nj 0;Htð Þ

From the residuals of the mean equation, the conditional variance of each return is derived as:

h2
i;t ¼ α0 þ ∑

pi

j¼1
αjε

2
i;t�j þ ∑

qi

j¼1
βjσ

2
i;t�j (8)

where ∑
Pi

j¼1
αj þ ∑

qi

j¼1
βj < 1.

Then, the multivariate conditional variance Ht is estimated as follows:

Ht ¼ DtRtDt (9)

where Ht is the conditional covariance matrix of rt, Dt represents a (k × k) diagonal matrix of time
varying standard deviations obtained from the univariate GARCH specifications in Equation (8), Rt is
the (k x k) time varying correlations matrix derived by first standardizing the residuals of mean
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Equation (1) of the univariate GARCH model with their conditional standard deviations derived

from Equation (8) to obtain ηit ¼ εit

� ffiffiffiffiffiffiffiffi
hit

2
q

.

The standardized residuals are then used to estimate the parameters of conditional correlation
as per Equations (10) and (11):

Rt ¼ diag Qtð Þð Þ�1=2 Qt diag Qtð Þ�1=2

� �
(10)

Qt ¼ 1� θ1 � θ2ð Þ�Qþ θ1ηt�1η
0
t�1 þ θ2Qt�1 (11)

where �Q is the unconditional covariance of the standardized residuals. Qt does not generally have
ones on the diagonal, so it is scaled as in Equation (3) to derive Rt, which is a positive definite
matrix. In this model, the conditional correlations are dynamic or time varying. θ1 and θ2 from
Equation (11) are assumed to be positive scalars with θ1 + θ2 < 1.

Finally, the conditional correlation coefficient, ρij, between two foreign exchange rates, i and j, is
expressed by the following equation:

ρij ¼
qij;tffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
qij;t;qjj;t

p ; i; j ¼ 1;2;:::::::;n;and i�j (12)

ρij ¼
1� θ1 � θ2ð Þq12 þ θ1η1;t�1η2;t�1 þ θ2q12;t�1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� θ1 � θ2ð Þq11 þ θ1η21;t�1 þ θ2q11;t�1

h ir ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� θ1 � θ2ð Þq22 þ θ1η22;t�1 þ θ2q22;t�1

h ir

The parameters of the DCC model are estimated using the likelihood of this estimator and can be
written as:

L ¼ �1
2
∑
T

t¼1
n log 2πð Þ þ 2 log Dtj j þ log Rtj j þ η0tR�1

t ηt
� 	

(13)

where Dt ¼ diag
ffiffiffiffiffiffi
hi;t

p
 �
and Rt is the time varying correlation matrix.

One of the stylized facts of financial time series data is that they deviate in two respects from
the usual white noise generated under a Gaussian stochastic process. First, the unconditional
distribution is severely leptokurtic. In other words, it is more peaked in the centre and displays fat
tails, with more unusually large and small observations than would be implied under the
Gaussian law. Second, they exhibit volatility clustering, where calm and volatile episodes are
observed, so that at least the variance appears predictable (Chinzara & Aziakpono, 2009).
Consequently, the Gaussian assumptions in the DCC-GARCH procedure can be violated. To
circumvent this problem, this study also uses the t-DCC-GARCH procedure, in which the DCC
model is applied under the assumption that market yields follow a multivariate t-distribution, as
suggested by Pesaran and Pesaran (2007). To achieve this, Pesaran and Pesaran (2007) intro-
duced the use of devolatilized returns, which are approximately Gaussian, instead of standar-
dized returns.

Devolatilized returns �rit are computed by allowing returns to be normalized by realized volatility
rather than by conditional volatilities in GARCH-type models (Barassi et al., 2011).

�rit ¼ rit
σ

realised

it

~σ2it dð Þ ¼ ∑d�1
s¼0 r

2
1;t�s

d
(14)

The devolatilized returns, �rit, are used in Equation (5) to calculate the conditional correlations.
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4. Results and discussion
To test volatility spillovers and time varying correlations between the rand and euro during the
Eurozone crisis, this study used two sets of data, namely (1) a crisis period between
1 October 2009 and 29 February 2012 and (2) a post-crisis period between 1 March 2012 and
28 February 2017.2

4.1. Summary statistics
The summary statistics (sample mean, maximum, minimum, median, standard deviation, the kurto-
sis, and skewness) of the data, namely daily changes in the logarithmic exchange returns of the rand
during the crisis and post-crisis periods (Rcrisis

zar;t and Rpost�crisis
zar;t ), as well as the daily changes in the

logarithmic exchange returns of the euro during the crisis and post-crisis periods (the Rcrisiseu;t and

Rpost�crisis
eu;t ), are listed in Table 1. None of the statistics appear to have a normal distribution, as

skewness is non-zero, that is, the market returns of both currencies are either skewed to the right
or left and they all appear to be more peaked compared to a standard normal distribution.

Histograms returns on currencies (overlaid with the curve from a normal distribution) are shown
in Figures 5 and 6. The series are leptokurtic, as the centre of the histogram has a high peak and
the tails are relatively heavy compared to the normal distribution.

Quantile-quantile (Q–Q) plots for a standard normal Gaussian distribution are also plotted next
to each histogram. A theoretical Q–Q plot takes the shape of the line y = x with the data expected
to have points lying around the normal prediction line. Deviations of the data points away from this
line indicate deviations from normality (Ijumba, 2013). From Figures 5 and 6, the points of the Q–Q
plots lie on the normal line, except towards the ends of the plots, indicating the presence of heavy
tails.

Table 1. Summary statistics

Rcrisiszar;t Rpost�crisis
zar;t Rcrisiseu;t Rpost�crisis

eu;t

Observations 799 1,085 799 1,085

Mean 0.00015 0.00040 0.00014 0.00020

Minimum −0.03518 −0.05059 −0.02287 −0.03035

Maximum 0.06081 0.04935 0.02653 0.02400

Standard deviation 0.00996 0.00992 0.00670 0.00546

Skewness 0.39889 0.22870 0.15275 −0.15271

Kurtosis 5.13009 4.89393 3.69046 5.51464
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Figure 5. Density histogram and
QQ plot under the Gaussian
normal distribution assumption
for the yield of the rand versus
the US dollar.

Niyitegeka & Tewari, Cogent Economics & Finance (2020), 8: 1741308
https://doi.org/10.1080/23322039.2020.1741308

Page 9 of 17



4.2. Estimation of the BEKK-GARCH model
The study first estimates the bivariate BEKK-GARCH model to determine the direction of transmission
of disturbances. Additionally, the model effectively captures own and cross volatility spillovers between
the two currency markets. Tables 2 and 3 present the estimated coefficients from the variance-
covariance matrix of the bivariate BEKK-GARCH model used to analyse the volatility relationship
between the rand and euro. The estimates are presented for both the crisis and post-crisis periods.

Considering the parameter estimates, the diagonal values in matrix A indicate own innovation
(ARCH effects) spillover and the diagonal values in matrix G represent persistence in own condi-
tional volatility (GARCH effects).

From Table 2, A22 is statistically significant. This indicates the presence of the rand’s own
volatility spillover effects during the crisis period. In other words, the current volatility of the
rand is highly dependent on its volatility in the previous period. Conversely, Table 2 indicates
that parameter A11 for the euro is not statistically significant, meaning that its own volatility
spillover was negligible during the crisis period. The analysis could not identify the presence of own
conditional variance in both currencies, as both diagonal matrices G11 and G22 were statistically
insignificant for the crisis period.

The crisis period off-diagonal matrices A and G in Table 2 capture cross-market effects, such as
shock and volatility spillover. There is a uni-directional linkage in the transmission of shocks from
the euro to the rand, as the parameter A12 is the only statistically significant off-diagonal parameter.
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Figure 6. Density histogram and
QQ plot under the Gaussian
normal distribution assumption
for the yield of the euro versus
the US dollar.

Table 2. Summary of the BEKK-GARCH model parameter estimates for the rand and euro
during the crisis period

Estimate Std. error
C11 −0.00612*** 0.000377

C12 −0.02073*** 0.000579

C22 0.005191*** 0.000737

A11 −0.06765 0.07247

A12 0.548501*** 0.09458

A21 −0.09757 0.043888

A22 −0.50218*** 0.056842

G11 −0.08569 0.193077

G12 −0.05205 0.087893

G21 0.280459*** 0.106543

G22 −0.2422 0.082126

***, **, and * significant at 1%, 5%, and 10%, respectively.
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The results of the parameter estimates in Table 3 for the post-crisis period yield results similar to
the crisis period. However, it is worth noting that parameter A12 for the post-crisis period is
negative, indicating the presence of anti-correlation.

The above results indicate that volatility transmission in the South African FX market follows the
meteor shower hypothesis. These results are also in line with Carsamer (2015), who found strong
evidence of persistent volatility spillovers between South Africa and United Kingdom’s (UK) FX
markets. However, for the UK, transmission was bidirectional.

4.3. Estimation of the DCC-GARCH model
Summary estimates of the DCC-GARCH model parameters are displayed in Table 4. The univariate
GARCH(1,1) parameter estimates for each of the currency yields, represented by diagonal elements Dt,
are as defined in Equation (9), whereas θ1 and θ2 represent the DCC conditional correlation
parameters.

Table 3. Summary of the BEKK-GARCH model parameter estimates for the rand and euro
during the post-crisis period

Estimate Std. error

C11 0.005054*** 0.001065

C12 0.004255 0.00561

C22 0.006536*** 0.000842

A11 0.302989*** 0.047744

A12 −0.10482* 0.030514

A21 −0.01929 0.032267

A22 0.396738*** 0.052174

G11 −0.17188 0.618079

G12 0.747106 1.643285

G21 −0.04441 0.389596

G22 0.169976 0.612032

***, **, and * significant at 1%, 5%, and 10%, respectively.

Table 4. Summary of parameter estimates for the DCC model during the crisis period

Parameter Estimate

Rcrisiszar;t α0 8.93e-06

Ppi
j¼1

αj
0.10665***

Pqi
j¼1

βj
0.80302 ***

Rcrisiseu;t α0 0.00002*

Ppi
j¼1

αj
0.12264 ***

Pqi
j¼1

βj
0.45454*

θ1 0.03607**

θ2 0.89713***

ρij[corr (zar, euro)] 0.58724

Maximized log likelihood 5,599.10100

*****, and * significant at 1%, 5%, and 10%, respectively.
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The parameter estimates for the crisis period appear significantly different from zero. Moreover,

1the sum of the estimates, ∑
pi

j¼1
αj þ ∑

qi

j¼1
βj

 !
, is less than unity for both returns (0.98957 for the rand

and 0.57718 for the euro). For the euro, sum ∑
pi

j¼1
αj þ ∑

qi

j¼1
βj is 0.57718, which indicates a relatively

lower persistence of volatility during the crisis period.

However, the DCC correlation parameters for the crisis period differ from zero, implying that the
correlation between the two currencies is dynamic. Additionally, the correlation parameter esti-
mates show adherence to the restriction imposed on them, that is, θ1+θ2 = 0.93320 <1.

As indicated in Table 1 the Gaussian assumption in the DCC-GARCH model on the return of the two
currencies is violated. To capture the fat-tailed nature of returns, the DCC model was combined with
t multivariate distributions. The results for the crisis period using t-DCC are displayed in Table 5.

The results of the t-DCC-GARCH model in Table 5 show similar results to the normal DCC-GARCH;

however, parameter estimates ∑
qi

j¼1
βj and θ1 are not statistically significant. This means conditional

volatility is negligible for the euro. These results confirm the findings obtained using the BEKK-

GARCH model displayed in Table 2. Given that the maximum likelihood values for t-DCC GARCH are

greater than those for the normal DCC-GARCH (5627.959 > 5599.101), we conclude that t-DCC is

the most appropriate model to capture the fat-tailed nature of the returns.

Parameter estimates for the post-crisis period were also computed and are displayed in Table 6.

The parameter estimates for the post-crisis period also appear significantly different from zero.

The significance of the univariate GARCH parameters ∑
pi

j¼1
αj and ∑

qi

j¼1
βj and sum ∑

pi

j¼1
αj þ ∑

qi

j¼1
βj

 !
being

close to unity implies that conditional volatility for both the euro and rand is highly persistent.

Moreover, the sum of the estimates, ∑
pi

j¼1
αj þ ∑

qi

j¼1
βj

 !
, is less than unity for both returns (i.e.,

0.84956 for the rand and 0.72571 for the euro).

Table 5. Summary of parameter estimates for the t-DCC model during the crisis period

Parameter Estimate

Rcrisiszar;t α0 6.45e-06

Ppi
j¼1

αj
0.09958**

Pqi
j¼1

βj
0.83632***

Rcrisiseu;t α0 0.00002

Ppi
j¼1

αj
0.10161***

Pqi
j¼1

βj
0.54928

θ1 0.02895

θ2 0.92106***

ρij[corr (zar, euro)] 0.59946***

Maximized log likelihood 5,627.95900

***, **, and * significant at 1%, 5%, and 10%, respectively.
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However, the DCC-GARCH correlation parameters for the post-crisis period are also different
from zero, implying the correlation between the two currencies is dynamic. Additionally, the
correlation parameter estimates show adherence to the restriction imposed on them, that is, θ1
+ θ2 = 0.96120 < 1, suggesting that estimated correlation matrix Dt is positively defined.

We also use the t-DCC-GARCH model to capture the fat-tailed nature of returns during the
post-crisis period. The results for the post-crisis period using the t distribution are displayed in
Table 7.

The results of the t-DCC-GARCH model in Table 7 are in line with those of the normal DCC-GARCH.
The maximum likelihood values for t-DCC-GARCH are greater than those for the normal DCC-
GARCH (7808.54500 > 7748.14600); hence, the t-DCC model is the most appropriate model to
capture the fat-tailed nature of the returns.

Table 6. Summary of parameter estimates for the DCC model during the post-crisis period

Parameter Estimate

Rcrisiszar;t α0 1.51e-06*

Ppi
j¼1

αj
0.04911 ***

Pqi
j¼1

βj
0.93644 ***

Rcrisiseu;t α0 5.49e-07***

Ppi
j¼1

αj
0.06012 ***

Pqi
j¼1

βj
0.92202***

θ1 0. 02503**

θ2 0.94301***

ρij[corr (zar, euro] 0.34113 ***

Maximized log likelihood 7,748.14600

***, **, and * significant at 1%, 5%, and 10%, respectively.

Table 7. Summary of parameter estimates for the t-DCC model during the post-crisis period

Parameter Estimate

Rcrisiszar;t α0 1.40e-06

Ppi
j¼1

αj
0.05660***

Pqi
j¼1

βj
0.93297***

Rcrisiseu;t α0 3.90e-07**

Ppi
j¼1

αj
0.06161***

Pqi
j¼1

βj
0.92500 ***

θ1 0.02509***

θ2 0.95245***

corr (zar, euro) 0.36389

Maximized log likelihood 7,808.54500

***, **, and * significant at 1%, 5%, and 10%, respectively.
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A graphical representation of conditional correlation between the rand and euro over time is
presented in Figures 7 and 8 for the crisis and post-crisis periods, respectively.

During the crisis period, the conditional correlation was relatively high compared to the post-
crisis period. Throughout the crisis period, the conditional correlation remained positively high.
Conversely, during the post-crisis period, the correlation decreased significantly and even reached
negative values towards the end of 2015. Interestingly, the period of negative correlation coincides
with a period of volatility in the rand caused by what is commonly known as Nenegate, that is,
when the South African president controversially sacked his then finance minister Mr. Nhlanhla
Nene, resulting in a sharp weakening of the rand.

The fact that the conditional correlation between the rand and euro is significantly higher during
tranquil periods compared to crisis periods suggests the presence of financial contagion between
the European and South African FX markets.

5. Conclusions and policy implications
This study investigated the behaviour of the rand vis-à-vis the euro before and after the recent
Eurozone sovereign debt crisis to determine whether there existed volatility spillovers between the
two currencies during the crisis. Multivariate GARCH models were employed using two sets of data
—for the crisis and post-crisis periods. We found evidence of volatility spillovers and time-varying
correlation between the euro and rand in both periods.

We also found evidence that the volatility spillover from the euro to the rand is unidirectional
and volatility is more prevalent during periods of turmoil than during stable periods. Hence,
financial contagion took place between the European and South African FX markets.

Since the volatility spillovers between the euro and rand are unidirectional, the policy implica-
tions are as follows: (i) policy makers, traders, investors, and regulatory authorities should focus on
monitoring the volatility of the euro as the efforts by the South African authorities to stabilize
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Figure 7. Conditional correla-
tion between the rand and euro
during the crisis period.
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volatility spillovers from the euro to rand are futile because volatility emanates from the Eurozone
countries; (ii) the regulatory authorities should formulate international economic policies and
macro-prudential regulations that enable investors to significantly reduce the risk exposure of
the rand to the euro; (iii) international trading firms in South Africa should formulate and imple-
ment reliable hedging strategies against the contagious effects of the euro to serve as shock
absorber of volatilities emanating from EU markets; and (iv) South African authorities should also
strive to increase the attractiveness of the country’s goods and services to other markets besides
the EU, which will help decrease the co-movement of economic cycles between the two markets.
Finally, it is imperative that the regulatory, supervisory, and monetary authorities work together to
formulate a comprehensive regulatory framework that allows investors and traders to benefit from
increased currency stability.
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Notes
1. That is, periods of high volatility are followed by peri-

ods of high volatility and periods of low volatility are
followed by periods of low volatility.

2. While other studies use a crisis and a pre-crisis period,
the authors are of the opinion that the period prior to
the Eurozone crisis was also characterized by financial
turmoil and is thus not a good representation of
a tranquil period.
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