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Time-varying connectedness and contagion
between commodity prices and exchange rate in
Sub-Saharan Africa

Richard Takyi Opoku®* Anokye M. Adam?, Zangina Mohammed Isshag® and
Peterson Owusu Junior!

Abstract: Market participants, policymakers, and practitioners might have ignored
the connection between global commodities and the currency markets in sub-
Saharan Africa and the potential for contagion at various time scales. We examine
the degree of time-varying connectivity and contagion between commodities and
the exchange rates of sub-Saharan African countries (SSA). We use the Barunik and
Krehlik (BK18) spillover index on monthly data from 1990 to 2019 to illustrate the
dynamic connectivity in the time and frequency domains. The BK18 captures the
nonlinear, nonstationary, asymmetric, and time-dependent comovements in the
relationship. Our analysis indicates that the relationship between commodity
returns and exchange rates in Sub-Saharan Africa (SSA) is both time- and fre-
quency-dependent, but stronger at higher frequencies. We observe that, among
the three commodities, only crude oil is a dominant spillover propagator. The
exchange rates of South Africa dominate spillover transmission among metal-
producing countries, and those of Cote d’Ivoire dominate agricultural-producing
countries. The dynamic results reveal significant spillovers between commodities
and exchange rates during economic turmoil, indicating contagion among the
markets. Since uncertainty spillover is more severe amid market upheaval, investors
should use their awareness of market dynamics and fluctuations to protect their
holdings from lower asset returns. Policymakers should keep a close eye on spil-
lovers because they endanger cross-market connections.

Subjects: Political Economy; Economics; Finance

Keywords: commodity prices; exchange rate; time-varying connectedness; contagion;
spillovers

1. Introduction

The financial economics literature has shown significant interest in connectedness and contagion,
mainly driven by financial catastrophes like the Asian, Mexican, and Russian crises, the 2007/2008
global financial crisis (GFC), the 2013 oil price drop, and the COVID-19 pandemic (see, for instance,
Boako & Alagidede, 2017; Diebold & Yilmaz, 2009; Jiang et al., 2022). The growing interdependence
of countries as economic partners or neighbours has also opened the door to shock spillovers and,
as a result, interest in contagion (Owusu Junior et al., 2020). Again, high market integration,
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especially for nations in the same economic bloc, contributes to high interest in contagion research
and financial market expansion as investors seek secure assets (Tiwari et al., 2019).

The numerous academic interests in contagion have generated a debate on what constitutes
financial contagion. From the perspective of fundamental contagion theorists, contagion occurs
when there is shock transmission from one country or market to another through the real sector or
macroeconomic factors (Bekaert et al., 2005; Forbes & Rigobon, 2002; Pritsker, 2000). On the
contrary, the pure contagion theorists are of the belief that when shocks are transmitted from
one country or market to another without any idiosyncratic factors, there is contagion (see
Dornbusch et al., 2000; Kaminsky et al., 2003). The lack of clarity in the meaning of contagion
led Forbes and Rigobon (2002) to propose “shift contagion” (SC), which is a significant shift in cross-
market linkages. To them, a cross-market linkage without any significant change in spillover
constitutes connectedness. Despite the contribution of SC, the definition and measurement of
contagion are still the subject of an ongoing and contentious debate. Contagion is therefore an
empirical issue that is contextual in nature; hence, this study seeks to examine the connectedness
and contagion between global commodity prices (CP) and exchange rates (ER) in SSA. In line with
Forbes and Rigobon (2002), we separate connectedness from contagion and make inferences
about any possible decoupling between the two markets.

The focus on commodities and ER is motivated by the high dependence of countries in SSA on
commodity exports for revenue. Indeed, nine out of 10 countries in SSA are classified as commod-
ity dependent (United Nations Conference on Trade and Development, 2021), and since these
commodities are traded mainly in US dollars on the international market, there is a high probability
of shocks emanating from commodity prices to ER in SSA. At the same time, these countries see
commodities as assets that can be relied on to hedge their currencies, especially in turbulent
times. As a result, understanding the dynamics of interdependence and possible contagion
between these two variables will be helpful in the hedging and risk management decisions of
policymakers in SSA.

Moreover, information from crises like the GFC and the recent COVID-19 pandemic usually
triggers a reaction from market participants and agents to look for alternative assets to put in
their portfolios, either for hedging purposes or for diversification. These economic agents could
either be rational or irrational, and because of the heterogeneity in their behaviour, they may be
following the heterogeneous market hypothesis (HMH) by Muller et al. (1993) or the adaptive
market hypothesis proposed by Lo (2004). The idea behind these theories is that the differences
among investors cause them to operate at different investment horizons as they respond to
volatility differently. Investors’ behaviour is thus frequency-varying over time, contrary to the
proposition of the efficient market hypothesis (EMH), which sees investors behave similarly.
Market participants seeking an efficient portfolio, particularly during times of crisis, look for assets
that are uncorrelated or negatively correlated to provide a safe haven (Baur & Lucey, 2010). This is
because contagion between assets diminishes portfolio diversification possibilities since it
increases correlation (Gulko, 2002).

Financial markets in Africa, including the forex and stock markets, have become attractive to
global investors because there is a perception fuelled by some studies that the African markets,
like many in other developing economies, are decoupled from global economic activities (see Kose
& Prasad, 2010; Kose et al,, 2008; World Economic Outlook, 2007). These studies posit that
economic activities in advanced markets and the developing and emerging worlds are uncorre-
lated, contrary to the views of contagion theorists. The implication is that returns from FX markets
in SSA and the global commodities market will not be related normally; that is, they will not be
correlated. This belief has led to increased capital inflows to SSA markets (Atenga & Mougoué,
2021; oro Owen, 2017; World Bank Group, 2018). The question then is: do the currency markets in
SSA offer any diversification opportunities to commodity investors, and do commodities provide
hedging potential for currencies in SSA? The answer to the question hinges on the nature of any
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possible connectedness or contagion between the two variables, and since not much is known in
this direction, this study seeks to provide a possible guide to investors and policymakers.

Further, several studies on financial contagion in the financial economics literature have focused
on contagion between stock markets (Caporin et al., 2018; Diebold & Yilmaz, 2009; Owusu Junior
et al,, 2020), between commodities (Bouri et al., 2017; Ji & Fan, 2012; Shen et al,, 2022), between
currencies (see Antonakakis, 2012; Bubdk et al., 2011; Huynh et al., 2020; Ko¢enda & Moravcovd,
2019; Salisu et al., 2018), and between commodities and stocks (Agyei & Bossman, 2023;
Alagidede et al.,, 2021). Yet, contagion between commodity markets and currency markets has
received limited attention. The few exceptions, like Dai et al. (2020) and Jiang et al. (2022), focused
on only major currencies at the expense of those of weaker economies. The situation in SSA is even
worse, as studies on contagion between global commodities and exchange rates (ER) hardly exist.
Mention can be made of Katusiime (2018), but apart from the study being limited to only one
country (Uganda), no differentiation was made between connectedness and contagion. This gap
needs immediate attention due to the high dependence of countries in SSA on commodity exports.

Additionally, previous connectedness and contagion studies between commodities and ER in SSA
have concentrated on linear and static time analysis in line with EMH with little or no attention to
the time-frequency dimension. This is a significant gap because Muller et al. (1993) found that
agents in financial markets respond to volatility differently at different investment horizons,
corresponding to high, medium, and low frequencies. Understanding the frequency dynamics of
connectedness is critical to finding the origins of connectivity in an economic system since
economic shocks have various impacts on variables at different frequencies and intensities.
Again, measuring connections in the frequency domain provides another source for managing
systemic risk between assets (Barunik & Kiehlik, 2018). Moreover, most prior studies have relied on
GARCH, transfer entropy, and DY12 methods. Although these methods contain information about
static time-domain analysis, they are limited in their ability to examine the frequency information
of contagion over time. There is therefore a need to utilise a more robust method capable of
capturing the dynamic behaviour of market agents.

This study differs from others by focusing on returns as the source of contagion in commodity-
dependent developing countries and making the following contributions: First, the study provides
novel understandings of the ways in which dependence and contagion spread both within and
between ERs in SSA and between global commodities and ERs in SSA by disaggregating return
volatility. Such analysis provides more information about the heterogeneous behaviour of inves-
tors, which varies across different times (short-, medium-, and long-terms) and may be hidden
from studies focusing on composite behaviour (Owusu Junior & Gherghina, 2022). The information
provided by the study is helpful to investors and policymakers for risk management.

Second, it examines the dynamic interdependence between commodities and ER at different
frequencies (high, medium, and low) and over time. This provides information about how complex
connections between CP and ER have evolved over time. Such analyses appeal to HMH, which has
indicated that the differences in investor expectations and appetite for risk, among others, make them
operate at different investment horizons at different times. Therefore, while institutional investors and
monetary policy authorities are more interested in medium and low frequencies, which correspond to
medium- and long-terms, speculators focus on high frequencies, which correspond to short-terms.
Findings here will therefore be more useful to different participants in the markets making hedging
decisions than other studies that focus on only time at the expense of time variation.

Third, we quantify connectedness and contagion using the non-parametric method of Barunik’s and
Krehlik (2018) time-domain, frequency-domain, and time-frequency domain framework (BK18). This
method captures non-linear and non-stationary returns. Non-stationarity and non-linearity are
becoming important in spillover research. To the best of our knowledge, this method has not been
applied to commodities and currency markets in SSA, as prior studies have mostly applied the Diebold
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and Yilmaz (2012) spillover index and GARCH methods, which are limited in accounting for the
frequency dimension of the relationship. Again, BK18 accounts for causality in the frequency domain
by using “within” connectivity, contrary to DY12. The BK18 considers composite and pairwise (bi-
directional) spillover at different frequencies and timings. It estimates net spillovers by comparing
“from” and “to” spillovers. BK18 calculates spillovers like several current studies (see Adam, 2013;
Diebold & Yilmaz, 2009; Saiti et al., 2015). BK18’s contagion measurement is consistent with Forbes
and Rigobon’s (2002) “shift contagion” measurement. It captures contagion asymmetry, which ben-
efits investors and policymakers.

Fourth, we present evidence of currency market contagion in 27 commodity-producing and
largely commodity-dependent SSA countries. Commodity-dependent countries need to know
whether they should spend more time dealing with external shocks from global commodity prices
or dealing with shocks from the exchange rates of other commodity-exporting countries within the
continent. The use of three major commaodities (oil, gold, and cocoa) and several countries provides
a broader understanding of the situation in specific countries to aid investor and policy decision-
making. The methods employed in this study (BK18) can determine the system’s most dominant
contributor to spillovers. This is important for systemic risk management and portfolio diversifica-
tion. By using BK18, the study can determine whether a specific country at a specific frequency is
a net receiver of return shocks in pairs or as a whole, which other methods are unable to do.

Our findings show a significant time-varying frequency relationship between global commodities
and currencies in SSA, with varied spillover contagion during crisis times. We observed that crude oil
and cocoa are net transmitters of spillovers to exchange rates, but gold is a net recipient of spillovers.
This finding creates room for gold to provide a hedge for the exchange rates of metal-exporting
countries. According to market conditions, there are huge opportunities for diversification between
commodities and SSA currency markets, as well as between pairs of SSA currencies in systems.

The paper continues as follows: Section 2 is a review of related works, and Section 3 looks at the
material and methods. In the fourth section, we concentrate on the discussion of results from the
estimation, while the fifth and final section concludes the study with recommendations.

2. Literature review

Despite the ongoing debate on the concept of contagion, empirical studies abound in the litera-
ture, with inconsistencies probably due to the multiplicity of measurements. Several studies in this
area have concentrated on the return and volatility spillovers between the exchange rates of
major currencies in the world, with varying outcomes. Bubdk et al. (2011) conducted a study on
volatility transmission between the currencies of Central European (CE) countries and the EUR/USD
exchange rate, relying on model-free estimates of daily exchange rate volatility. The findings
showed that in the Central European markets, there are statistically significant intra-day spillovers
among the currencies. Except for the Czech Republic and Poland, there were no spillovers from
EUR/USD markets to CE markets. In a study to examine the volatility spillover and exchange rate
co-movement before and after the Euro introduction, Antonakakis (2012) utilised a VAR-based
spillover index for major currencies in Europe and the US dollar. The results show that spillovers
were important, but on average they were smaller after the euro was introduced than they were
before. This shows that spillovers change over time and need to be looked at from time to time.

Similarly, Salisu et al. (2018) examined the return and volatility spillovers in the global exchange rate
markets, focusing on the six most traded currency pairs (Aussie, Cable, Euro, Gropher, Loonie, and
Swissy) in the world using daily data from January 1999 to December 2014. The result from the DY12
model indicates that interdependence exists among major currency pairs, but while return spillovers
exhibit mild trends, volatility spillovers exhibit no trend at all. It must be pointed out that, apart from
the study focusing on only the major currencies in the world, the analysis was only done in the time
domain, which falls short of bringing out the total dynamics at different levels.
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In a related study, Ko¢enda and Moravcova (2019) investigated spillovers, co-movement, and
hedging costs in the EU forex markets with monthly data from 1999 to 2018. They concluded that
correlation and spillovers were unstable; the correlation becomes negative during turbulent times,
and cross-currency spillovers rise at times of crisis. Not only do their findings contradict some
aspects of Antonakakis (2012), but they also assume a time-domain analysis. More recently, Huynh
et al. (2020) considered the role of trade policy uncertainties in studying connectedness and
spillovers in the foreign exchange market over the period from 1999 to 2019 for nine major US
dollar exchange rate currencies. It came out that connectedness and spillovers are present only
after considering trade policy, albeit at a higher level of volatility than the return. This study, just
like previous studies, ignores the weaker currencies and is also limited to time-domain analysis.

Other contagion studies have focused on exchange rates and stock market relationships. For
example, Lin (2012) focused on the emerging Asian market by studying the co-movement between
exchange rates and stock markets. The autoregressive distributed lag (ARDL) was used, and the
findings show that spillovers become stronger during crisis times, which is a sign of contagion
during turbulent times. But while the study attempts to differentiate between connectedness and
contagion, the method used is more linear in nature, which defeats the nonlinear nature of
financial data like stock prices and exchange rates. In a similar vein, Moore and Wang (2014)
examined the dynamic linkages between real exchange rates and stock returns, focusing on the
US market and emerging Asian markets. Using the dynamic conditional correlation (DCC)
approach, they discovered that trade balance is a key influencer of the relationship between
Asian and US markets, while interest rate differential is the primary influencer on US markets.
But, like Lin (2012), this study is limited by the fact that linear models cannot show the whole
picture of what is going on.

Boako and Alagidede (2017) carried out a more thorough investigation into the existence of
“shift contagion” in African stock markets using weekly data to examine extreme events (downside
movement from the global exchange rate and developed stock markets). The conditional value at
risk (CoVAR) based on the copula method was employed, and the findings show that, based on
“shift contagion,” there is evidence of contagion from some developed stock markets and
exchange rates to African stock markets. They argued that shocks do not happen only during
crisis times but can also happen post-crisis, so there is “delayed-shift contagion.” While we share
the view that there can be a delay in contagion, a simple extension of the study period does not
necessarily defeat the implicit assumptions of the SC since the SC still captures shocks after the
crisis period. However, the mathematical assumptions in implementing shift contagion (SC) might
be its main weakness, an issue this thesis seeks to correct.

Some studies have used multi-scale analysis to study the nonlinear connection between com-
modities and foreign exchange markets, albeit with a focus on major currency markets and mostly
one commodity (oil or gold). For instance, Benhmad (2012) studied the nonlinear causality
between oil prices and the US dollar, relying on the wavelet approach. The findings show that
the causality relationship was bi-directional and varied over frequency but was unidirectional at
the first frequency, running only from oil to exchange rate. In a similar fashion, Reboredo and
Rivera-Castro (2014) examined the importance of gold to exchange rate risk management in terms
of hedging and downside risk. The analysis was done at different investment horizons using
wavelet multiresolution analysis. The findings show that over the period 2000-2013, the deprecia-
tion of gold and the US dollar had a positive dependence on other currencies used in the study at
all-time scales. Despite these two studies using the same approach but with different commod-
ities, the findings are not consistent for both. While the former does not obtain a consistent
relationship at all frequencies, the latter does. This creates room for an assessment of the
relationship between different commodities and different currencies. Moreover, the wavelet
method used in both studies has the probability of smearing the energy of the decomposed
frequencies, thus making their reliability suspect.
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Uncertainty in the results is also evidenced in Wen et al. (2017), who sought to assess the
nonlinear Granger causality and time-varying effect between crude oil and the US dollar. In this
study, multiple methods were applied, including the Hiemstra and Jones test, the Diks and
Panchenko test, and the time-varying parameter structural autoregressive model (TVPSAR). The
finding of the study was that the exchange rate does not cause the oil price, but rather the other
way around: the exchange rate has a more stable negative effect on the oil price. Despite the
multiple methods used in Wen et al. (2017), none of them has the capability of proper decom-
position to present frequency-level information.

In a recent study, Yildinm et al. (2022) investigated the volatility transmission between real
exchange rates and real commaodity prices for three emerging economies: Mexico, Indonesia, and
Turkey. The study suggests that a bidirectional causality exists between the CP and ER but that the
relationship varies with time and that volatility transfer disappears in times of crisis, particularly
during the COVID-19 pandemic. Yildirm et al. (2022) also revealed that, though both precious
metals and oil have safe-haven potential for the exchange rate, risk transfer from oil only happens
in Indonesia and not in the other two countries. One weakness of this study is that it is a time-
domain study with no frequency dimension. Again, the study also confirms the importance of
studying different commodities and different exchange rates due to the inconsistencies in the
outcomes for both oil and gold in the same study.

Other studies on co-movement and connectedness have concentrated on other sectors and
assets. One such study is that of Athari and Hung (2022), who focused on the asset class co-
movement pre- and post-COVID-19 eras with specific emphasis on equity, digital assets, commod-
ities, and fixed income. Using daily data from 2017 to 2021, the results from the wavelet analysis
indicate that co-movement among assets during the COVID-19 pandemic intensified relative to
the pre-COVID period. The problem is that the study relied on commodity indexes instead of
specific commodities, making it difficult for specific country policies. Kirikkaleli and Athari (2020)
studied bank credit supply and economic growth in Turkey using data from 1993 to 2017. Findings
from the wavelet analysis concluded that ownership structure plays a significant role in the
connection between credit supply and economic growth in the short and long run. A related
study by Athari et al. (2021) focused on credit ratings for economic risk in Balkan countries.
Using data from 1999 to 2019, the results show that while there is one-way causality between
credit rating and the economies of Bulgaria and Croatia in the long run, feedback causality exists
between credit rating and the economies of Greece, Slovenia, and Romania. While these studies
show the importance of studying connections between assets on different time scales, they did not
focus on the currency market with an emphasis on some European countries. There is therefore
a need to provide evidence from the African currency market and global commodities due to their
important contribution to global commodity exports.

Contagion studies on African currency markets have primarily been linear or time-domain
analyses. For instance, Katusiime (2018) investigated price volatility spillovers from commodities
to the exchange rate in Uganda using dynamic conditional correlation (DCC), constant conditional
correlation (CCC), and time-varying conditional correlation (TVCC). The study found that market
interconnectedness and volatility spillover are generally low but increase during times of crisis,
using data from January 1992 to April 2017. Atenga and Mougoué (2021) study the return and
volatility spillover to African currencies using data from 2000 to 2019. The empirical results of the
DY12 model show that African currencies respond more to themselves than to global factors,
except for Botswana, Morocco, Tunisia, and South Africa, which may be linked to other currencies.

The forgoing literature presents the following issues and weaknesses: (1) that most empirical
evidence has focused on major currencies in developed economies; (2) that there are inconsis-
tencies in empirical findings when different commodities are used for different currency markets or
even when the same commodity is used for different currencies; (3) that many existing studies
concentrate on linear interaction; (4) that there is a paucity of empirical evidence on time-
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variation, particularly in SSA; and (5) that there is a lack of studies testing the “decoupling
hypothesis” in the frequency domain of the currency market in SSA from global CP. Based on the
weaknesses identified in the literature, this study fills the gaps by: (1) using three commodities (oil,
gold, and cocoa) and the exchange rates of 27 commodity-producing countries in SSA; (2)
appealing to the HMH and presenting evidence in the frequency domain; and (3) employing the
BK18 approach. In the process, we differentiate between connectedness and contagion, similar to
Forbes and Rigobon (2002) and Owusu Junior et al. (2020), and make an inference about the
decoupling hypothesis in SSA. We take frequency heterogeneity into account in our analysis, which
gives investment and policy decisions a more complete picture.

3. Material and methods

3.1. Methodology

We provide details of the Barunik and Krehlik (2018) spillover methods, which was relied on to
achieve the purpose of the study. Barunik and Kehlik (2018) spillover method, commonly called
BK18 was motivated by Diebold and Yilmaz's (2012) method (DY12), which estimates connected-
ness among variables in the time domain. Barunik and Krehlik extended the DY model to incorpo-
rate the frequency domain in estimating connectedness. The benefit of the BK18 method is its
ability to account for connections in the time domain, frequency domain, and time-frequency
domain. The DY12 calculates connectedness from generalised forecast error variance decomposi-
tions (GFEVDs), which are based on the matrix of vector autocorrelation (VAR) model of local
covariance stationarity. For instance, if we denote K — variance process as Y; = @1,t‘...,yk>t)/ at
t=1,...,T, then, the VAR, may be expressed as;

p
Yi= 2 0iyt-1 + e (1)
1

From Equation (1), §; and ¢ represent coefficient matrix and white noise respectively with (possibly
non-diagonal) covariance matrixz. In the equation above, the system makes it possible to regress
each of the variables on its own p lags and the p lags of other variables. This makes § have
complete information of the connection between all the variables. It must be indicated that it is
helpful to work with (KxK) matrix (Ix — 01L — ... — 0pLP) with identity Ix. The (L) and the(LP)
represent the lag and lag polynomial respectively. In this process, if the root of |9(Z)| lies outside
the unit circle, then the VAR process contains a vector moving average (i.e., MA(co)) expressed as

Ye=(L)et, (2)

Where (L) is an infinitely lag polynomial. Building on Diebold and Yilmaz (2012) the GFEVD can be
expressed as;

- 2
_ O_kklzﬁzo(lph”)j.k)
Shoo (W) ¢

(®n)jx (3)

Where y, is KxK matrix having a coefficient corresponding to h lags(i.e.,h=1,...,H) and
o = (m),, and represent the contribution of the ky, variable to the variance of the forecast error
of the element . It is worth noting that the sum of each row does not necessarily add up to one, so
each element of the decomposition matrix is normalized as follows;

- (O
O e *
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It should be noted that (8);, provides a pairwise connectedness measure from j to i at horizon
H that can be aggregated by design. The connectedness measure is defined by Diebold and Yilmaz
(2012) as the amount of variance in forecasts contributed by errors other than own errors or the
ratio of the sum of the off-diagonal element to the sum of the entire matrix, which is expressed as

Yisk(On); Tr{®
G = 100 4O _ 100, (1 T{O4} (5)
E@H E(’j')H

From (5), Tr{x} is the trace operator, and the denominator stand for the sum of all the elements of
Oy Matrix. Accordingly, connectedness is the relative contribution of the other variables in the
system to the forecast variances. Until now, the link between commodity prices and exchange
rates has been clearly demonstrated in time domain. We can also measure spillovers from one
country to another. Barunik and Krehlik extended the DY model to incorporate the frequency
domain in estimating connectedness. As a foundation, if we consider a frequency response

function @(e) ™ = ey, of Fourier transformable coefficient g, with i=+/—1, then,
a spectral density of Y; at a frequency o can be expressed as MA(oco) filters series as follows;

Sy = X E(Y'YVip)e o = tp(e*"w)mp' (e+"w) (6)
h=cc

The power spectrum S, expresses how the variance of the Y; is distributed over the frequency

component w and is very important in understanding the frequency dynamics. The generalized

causation spectrum over we = (—m, ) is expressed as:

oW (e ™) myl*
(F(0))jx = W’(G”‘”)LJ (7)
The (¥ (w)); indicate the portion of the ith variable at a given frequency » due to shocks in the kth
variable. From that, we can interpret the quantity as within-frequency causation based on the
denominator which shows a spectrum ofjth variable at a frequency of w. The most logical thing to
do now is to weigh (F(@)); by the frequency share of the variance of the jth variable to get the
natural decomposition of GFEVD to frequencies. This is expressed as

Lo W)y (e™);
TR (e )my (etih)); di

(8)

The weighted function defined in (8) is the power of (jth) variable at a given frequency which sums
up the value of real numbers through to 2. Indeed, it is appropriate to measure connectedness
over time horizons if we have proper financial application. Therefore, measuring connectedness at
different frequency bands instead of just at a single frequency is very necessary. So as a general
representation, if we have a frequency band d = (a, b) : a, be(—m, ), a<b, then, the GFEVDs can be
expressed as

b
(O = 5| T1(0) (F(@))yudo ©

From (9), a scale generalized variance decomposition can be expressed over the same frequency
band d as follows.

(éd)j‘k = (84)k/ Xk (O)jk (10)
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Consequently, (9) and (10) respectively define the within-frequency and frequency connectedness
over d as follows

T.{6
% = 100. <1 GE "}> (11)
$0q
. T ~
¢ = 100.(&— ’{9"}) - cy.(&) (12)
0. 0. S04

Based on the estimation of Barunik and Krehlik (2018), C!f measures the connectedness within
a frequency band which is exclusively weighted by the power of the series. The Cf, on the contrary
decomposes the original connectedness into separate parts which add up to the original connect-
edness measure. In this study, the frequency bands (= + 0.00001, 7/4,7/12,0) as seen in Barunik
and Krehlik (2018) and Tiwari et al. (2019) are used.

3.2. Data

The data used as input for the VAR analysis were the monthly return series for three commodities
and the exchange rate. The series covered log returns from January 1990 to December 2019 for
commodity-exporting countries in sub-Saharan Africa following IMF classification. Three commod-
ities (gold, cocoa, and crude oil) were utilised for the study based on their massive revenue
contribution to countries in SSA, and data on commodity prices were gleaned from the World
Bank commodity price database, commonly called the “Pink Sheet”. These three commodities were
selected from three categories: metal commodities, agricultural commodities, and energy com-
modities, respectively.

Data on exchange rates were sourced from the International Financial Statistics (IFS) database
of the IMF for countries included in the study. The exchange rate is a measure of the rate between
a particular country’s currency and the US dollar. Countries selected for the study were grouped
into three groups based on their level of dependence on a particular commodity or commaodities.
The connection between gold and ER was calculated for metal-exporting countries; that of cocoa
and ER for agricultural-exporting countries was done; and finally, the estimation of oil and
exchange rates for energy-exporting countries was done.

Table 2 presents the stationarity test results and the series’ descriptive statistics. Also, results on
the graphical behaviour of both the original and return series of the commodities are presented in
Figure Al in Appendix A. The graphs in Figure A1l show that the original series’ behaviour is
unstable. For instance, commodity prices recorded sharp price drops between 2007 and 2008.
The sharp change in price may have been a result of the GFC over the period. The return series of
commodities has stable trends with some volatility in the study space. The augmented Dickey-
Fuller (ADF) test by Dickey and Fuller (1979) and the Phillips-Perron (PP) test by Phillips and Perron
(1988) indicated that all the return series were stationary at the 1% significant level. In conducting

Table 1. Time-scale and frequency interpretation

BK18

Band Frequency Months Interpretation
d; 3.14 ~0.79 1~4 Short-term

d, 0.79 ~ 0.26 4~12 Medium-term

d; 0.26 ~ 0.00 12 ~ oo Long-term
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the analysis, the entire set of 359 data points was used to calculate the spillover in the time
domain and the frequency domain. The data were then rolled over to account for the time-
frequency domain, with a window size of 100 and a forecast horizon of 12 months. The lag
selected for the VAR model was done in order to minimise the AIC. It is worth noting that, when
using the BK18 method, it is unnecessary to exogenously designate the start and end times of the
crisis when using the rolling window approach. By visualising the resulting spillover indices, we can
take into consideration significant alterations in the shape of spillovers as we roll the data across
the whole sample period (Yilmaz, 2010). The Diebold-Yilmaz and Barunik-Krehlik spillover frame-
works have this as a major advantage over other methods.

Table 1 displays the selected bands’ interpretations in the BK18 framework. The selected bands
were to help in accounting for time-frequency spillovers in the short-, medium-, and long-terms,
respectively.

4. Empirical results

In this section, emphasis is placed on discussing the results obtained from the Barunik and Krehlik
(2018) framework. The analysis is presented in two sections. The first part focuses on the results
from the frequency domain, classified as static analysis (Barunik & Krehlik, 2018; Diebold & Yilmaz,
2012). The analysis then proceeds to the second section for the results of the rolling window, which
is described as the time-frequency variation by the extant literature (see Barunik & Kehlik, 2018;
Diebold & Yilmaz, 2014; J. M. Polanco-Martinez, 2019; J. Polanco-Martinez et al., 2018).

4.1. Static frequency connectedness

In this static analysis, three frequencies are selected, and the results are presented in three
Tables 3, 4 and 5, for oil and energy-exporting countries, gold and metal-exporting countries,
and cocoa and agricultural-exporting countries, respectively. The expected contribution from
commodity/exchange rate j innovations to the forecast error variance in commodity/exchange
rate i is represented by the ijth entry. The proportion of the forecast error variance attributable to
the commodity’s or exchange rate’s own innovations is represented by diagonal entries (i=}j)
(shocks). These are the table’s greatest values, which makes sense given their size.

When discussing the overall connectedness results in Tables 3-5, the emphasis is on within
connectedness (WTH) rather than absolute (ABS) connectedness. This is due to the fact that,
although it is intriguing to learn that, when broken down into frequency bands, total connection
adds up to absolute connectedness, within connectedness has the crucial additional function of
pointing out causality in the system. In the view of Barunik and Krehlik (2018), cross-sectional
dependence on connectedness can distort causal effects when using variance decomposition. As
a result, by using the cross-sectional correlations, they modify the correlation matrix of the VAR
residuals, which Diebold and Yilmaz (2014) also pointed out.

Again, we need to point out that the results in Tables 3-4 can be interpreted as causality within
connectedness. This is because there is a corresponding within-connection value for each of the
absolute connection values, which signifies an element of causation. The observations in Tables 3-
5 give a clear picture of causality because, throughout the results, values of within-connectedness
are higher than those of absolute connectedness. This suggests that the main reason for the lower
absolute connectivity is the smaller number of correlations happening at the same time.

Also, in line with Anas et al. (2020), the decoupling hypothesis is accepted when a commodity
contributes negative, zero, or less than 1% to within- or net spillovers. In other words, if
a commodity is contributing negative or zero spillovers within the system, it is a sign of
a negative or no connection, but where it is positive and less than one, it is still an indication of
a weak connection with the exchange rate.

Page 12 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

://doi.org

https:

(panuiuo))

Ayutjur 03 syjuow zT 03 puodsaiiod ‘000 03 9Z°0 :€ pupg
7200 6C°0- S0 cC0- 00°0- 70 BN
8L 590 LS50 €e'¢ LT'T 9%°0 §9°C qHLM 01
LS'T €10 110 L%°0 €C0 600 €50 2S8Y Ol
€50 110 ¥6'ST 600 600 L00 ¥0'0 €60 pLebIN
€0'¢ 1%7°0 900 1011 LT'T 900 €00 111 DIUDILND
80T [44¢) 700 000 1181 9,0 810 [4N0) bubys
97T S0 900 4 81T AR 100 et uo0JaWD)
L0 600 200 L00 sz0 €00 9€'9¢ z0 pjobuy
A/ 6C°0 190 8C°0 10 870 6C°0 76°¢C uinisy 1o
syjuow g1 03 syjuow % 0} ﬁco&mm‘tou 920 01 6/£°0 ¢ pupng
48 (80~ yT'T 6€0- 800~ 800 ®N
y1's 590 6€0 1e¢ €90 610 960 HLM 01
8¢ 770 LT0 LS'T €70 €10 590 sav ol
%70 [4%0 88'¢L 7€°0 110 L1°0 LT0 €01 (dN) PUIBIN
(91 €11 870 €9°7L 10°S ¥0'0 S10 43} (LW) DIUDILNDI
€90 €70 1€0 €00 L8859 79’1 800 S0 (HD) pupyo
1t 80 [AN0] 870 L€ 99°/9 700 950 (WD) uooiawin)
1€0 120 610 ST0 8€0 500 e 870 (Nv) pjobuy
¥8°0 50 A 650 810 890 €20 8995 (40) N33y 110
syjuow % 03 yuow T 03 spuodsaliod 6/°0 03 #T°E :T pubg

qHLM WOUA oSV WOY4 DLIBBIN DIUDLINDY pupyo uooiawn) pjobuy uin3ay 110

VSS ul saujunod bupnpoid-A6iaua jo a3ps abupysxa pup |i0 usamiaq sadipul JaAo)jids 32U pup Janojjids |p3o] “€ 3)qp]

Page 13 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

//doi.org

https:

*sa12uaNbaJy |0 404 P|Og Ul 34D SIaA0])IdS 03 S103INGUIUOD 353B.D) 924Y3 BY]L “(6TOZ “I0 32 MDMIL) ¥ A13UNOI/AHPOLILIOD 0} UOIIDAOUU] UMO wody buipnpul
A13un02/A3IpoUIWOd 03 S314IUNOD JBYI0 WOJ) SISA0||IdS Uin3ai 2inNspaw woi uiyi ¥ A13unod/A3powiulod 03 UoiIpAOUUL UMO w0y Buipnidul ‘sali3unod Jay3o o3 [ A13unod/A}powuiod woiy siano))ids uinial
2INSDaW 03 UIYIMg [ A13un0d/A1IpoWLI0d 0} S31AIUNOD JBYI0 WOJ) SIBA0)|IdS UINIBI 2INSDAW WO4f 83Nj0SqYy "SBLIUNO J3y10 03 [ A13uN0d/A}POWILIOD W0l SI3n0)|ids LIN3aJ 2INSDaW 03 31Nj0sqY,, 810N

<00 8T1°0- ST0 10— c0°0- LT0 BN

€78 650 290 S7'C w11 290 8¢ n_._tsloh
10T L0°0 800 0€0 %10 800 €0 0,58V 0L

6€0 S00 we'L 900 900 %00 000 €10 pUBBIN
60'C 97°0 100 65°S 20 500 %0'0 2,0 DIUDILINDW
6rl'T ST0 000 000 LCT 670 120 810 buUDbYH
0€'¢ 80 000 ST0 0.0 98°’L 000 €80 uooJisuwib)
180 010 200 900 87°0 £0°0 1127 70 pjobuy
7'l 810 0%7'0 810 700 €C0 120 eTel uiniay |Io

qHLM WOuA »SAV WOY4 pL3bIN DIUDMIND punyo uoosawn) pjobuy winiay 110

(panunuo)) “g a1qo}

Page 14 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

//doi.org

https:

(panunuod)

090 €10 €00 | 10 | SE€0 | %00 ¢¢0 | ¢00 | €T0 | 9T0 | %S'€C | 800 | 600 | 100 |9€0 |800 baUINg
or't 720 6.0 | 6C0 | L0O0 |600 L00 | 9C0 | SO0 |70 100 |8¢€91 SO0 |%L0 |%¥0 00 bupbyn
9’1l L0 700 | %C0 [N} 120 0T'0 | 6T0 |TT0 | 000 |€00 |LC0 |890C|0¢tC €10 | 000 2da
1.1 9¢'0 100 | 9T0 | S80 | 600 €0 | 900 |0CT |¢1T0 |¢C0 | 190 | €00 |80ST | /90 |9¢0 puning
S0's 80T ¢e'0 | 600 S99 100 06'S LEO | €EE0 | %0 | %70 | 600 | SO0 100 'L LE0 bupmsiog
88’1 070 640 | 000 |9T'T | €00 70T | %00 | LOO |8C0 |8C0 |80 |60 |<CC0 |%C1l |60¢l uinlay pjoo
syjuow ZT 03 syjuow 4 03 puodsaiiod 9z°0 03 6/°0 :Z pupg
€€0 | ¥1'0 | 0L0 |SE0- | %€0 | 6C0 | C90-|S90-|0C0-|¥%C0 |600-|0C0-|9%0 | O0%0- BN
18°'S¢C €l | 8C¢T | 09S | %70 90's | €60 | 10T |S60 | 090 |6%1T | €0 |690 | 1S | 680 D_.:.>>|Oh
LLIT 080 | €80 |#%9¢ |8C0 6C¢ | 190 990 |90 |6£0 |/L60 8O0 |S%0 |8EE |8S0 258V 0L
L0 70 €C°ES | 820 0’1 00 LOT | %10 | 61T |8L0 |6T0 |ST0 |SE€E0 |SS0O |0L0 110 (g7) piquinz
LO'T 690 7.0 | SC6% | €90 | 9¢0 S0 | 19T | €€0 |10 | 8%0 |%6C | 8C0 |STO |90T |9C0 (1) piubzup|
[A% 76'C 0€'0 | 8C0 S¥'eC | €00 9%'0¢ | LCO |60 |%/0 |0S0 |800 | <TI0 |€CO S%9T1 | L80 (VS) Pauyy yinos
L6°0 €90 6T't | SO0 SO0 | LL°€9 €00 | LL'T | LT'O |060 | %00 | ¢SO |980 |¢CEg0 | 890 [aa) (MY) ppubmy
€Sy 76'C g0 | S€0 8'1C | 100 85°GC | ST'0O | L0 | 690 |1%0 | 110 600 |€C0 |8%7ST | 180 (9N) pIgIWPN
0S0 g0 8C¢0 | €60 110 | SO0'1T ¢1'0 | 68| ¥00 | €00 | %10 |8%Y0 | %00 |9C0 |680 |¥%10 (ZW) anbiquuozopy
96'1 LT €70 | €80 | LL'CT | €C0 61°C | 90T | €06S | €0 | 160 |¢C% | 1€0 | /80 |%6C | 060 (L) DIUDIUNDIN
S6'T LTT 18'C | 6%¢C | 16T |90 04T | S€0 | I¥0 |88¢S|%l'0 |06C | 8C0 |950 |%SC | €01 (W) oW
60 090 81’0 | €€0 | O%1 00 L[0T €10 | ¢6'T |0T0 | £LLTS]9C0 | 600 | 0OT0 |961 640 (ND) pauIng
111 L0 8T'T | €6'¢ | €C0 | CCO €0 | 850 | 800 |LST |L00 |8€8S | LTO |1I%0 |0L0 |LLO (Ho) pupyn
LS50 LE°0 L0 | 0€0 | €ET0 | LSO 600 | #1°0 | %#C0 | 800 |0O%0 | 110 | 8L'SS|ITC |SCO | 1I%0 24d
00T S9°0 6%'0 | %C0 Se0 1€0 0€0 | SCO0 | %91 71T | 8¢1 [90 | C60 | GL'6S | LEO LL0 (ng) tpuning
6% 6'C 9¢'0 | 901 SY' LT | ¢70 T%'GT | ¢8'T | %01 €t (90 | 0T0 | €0 | #TO ¢7r'se | 10T (19) pupmsiog
161 860 160 | 090 e | 0C0 99'C | %C0 | 650 |£L0 |8T0 | €01 €C0 | ¥E€0 | vee 8'LS (49) wIn1dyY p1oo
syjuow % 03 yuow T 03 spuodsailod 6/°0 03 T'E :T pupng

a_._._.>>|_>_0~_n_ oSAV WOUd | WZ Z1 vS My aN N 1NW N no HD | Jdd ng 14 4o

VSS ul saujunod Hupnpoid-|plaw jo 33pa abupysxa pup pjob usamiaq sadipul Jano))ids 32U pup 1ano))ids |plo] 4 d1qpL

Page 15 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

//doi.org

https:

(panuiuo))

18°¢ ¢so 991 €01 | ¥L'0 | S00 060 | 69T | 890 |¢I0 |%00 |€£0 | %#C0 |000 |8%0 | 000 DIUDZUD |
61 LS0 €0 | 200 | 9T 000 | €8°¢ | €00 | LTO ¢0 | 610 | 900 | €00 |SO0 |S6C | 120 DOV 'S
L8°0 1o 950 | 100 | 000 |96, 000 | /%0 | 100 |¢€0 |¢O0 |800 | €00 |800 |LOO | 000 DpupMy
66'¢ S50 870 | ¢00 | %8¢ | 000 98¢ | ¢00 |STO |8T0 |9T0 | SO0 | €00 |%00 |69C |1C0 DIGIWDN
7%'S SL°0 €T | 18¢ | G50 | 80T 1.0 |S00C | 870 |000 |LO0O | OST |00 |0OCO |€C0 | 100 anbiquiozow
#0'¢C 820 GS0 | €00 | €£0 | 000 00 | %00 |%1's | ¢00 |STO0 |690 | 000 |6T0 | 180 |00 DIUDIUNDN
0C'e 0€0 €Tl 200 | 9%0 | 100 70 | LT0 | %C0 |94'S |800 | LSO | %00 |8€0 |990 | 900 1IOW
¢so L00 900 | 610 |ST0 | 200 600 | ¢00 | 000 |€T0 |/LS€L | %00 | ¢TI0 |000 |910 |00 baUING
SO'T 71°0 170 | 200 | 600 |00 800 | LTO0 |¢00 |LTO | 100 |086 | €00 |%S0 |SE0 | 100 pupbys
9¢'l 610 #0'0 | SO0 | SO0 | ZZ0 S00 |SC0 |L00 |000 |000 |0OE€0 | £SCT | %ST | €00 | 000 dd
0L'T €20 €00 | LOO0 | 790 |¢€00 G50 | 000 | 940 |000 |1T00 |S%0 |SO0 |0LL |S%0 | #%CO Ipuning
00y S50 810 | 100 | €€ | 000 L6'C | LTO0 |9T0 |CC0 |60 |900 K00 |¢00 |0L€ |610 buPMs]Og
8L'T 720 850 | 000 | 490 | 000 190 | €00 /000 |CZT'0 [ 0CO [ OTO |8TO | IZO |CLO |9¢9 uiniay ploo
Ayutjur 01 syjuow zT 03 puodsa.riod ‘00’0 01 9Z°0 :€ pupg
9¢'0 | ST0-|%€0 | £L0O- |CE0 |9C0- | €00~ | €C0-|S00 |000 |8T0-|000 |TIT0 |SCO- 19N
80°C€E 9L'C | 8%'T | 659 |950 8¢9 | €0T | %ST | €0T | 980 |SST | €%0 |¢LT |99 | 690 qHLM 0L
€89 650 |¢E0 |0O¥T | CTO #€T | CC0 | €€0 | ¢CCO0 |8T0 |€€0 | 600 |LEO |8TT |STO 2S8Y Ol
LS'T €€0 69°L1 | 600 | 00 | 100 %0 | 900 |%1'T |9T0 |61T0 |%C0 |LO00 |890 |LE0O |0CO bIquIDZ
L1C 9%°0 ¢S'T | %691 | 890 | 900 980 | I¥1T | 050 |STO |€T0 |SE€0 | GCTO |OTO0 |%%0 | €00 DIUDZUD |
408 L0 €70 1900 | ST'8 | 000 #€L 1900 |9C0 |SE0 |0€0 |LOO | 900 |%00 |9 |8€0 DOV 'S
L8°0 610 #9'0 | ¢00 | 2Z00 | TZST | 200 |LEO | 600 |%90 | €00 |€T0 | €C0 |¢C0 |80 | 200 DpUDMY
6L [40n8 660 | 800 |%E€L | 000 8¢'L | %00 |%C0 | €0 |SC0 | 900 | SO0 |€00 |O1T'S |6€0 DIGIWDN
LT¢ 8%7°0 160 | €0€ | 610 |860 6¢0 | %661 | ST0 | 100 | 810 | /L0 |900 |€10 | %00 | 100 anbiquiozow
891 9¢0 650 | €00 | 880 | €00 %80 | SO0 | 906 | €00 |T1I€0 |L60 | CO0 |8T0 |¢COT | 800 DIUDIINDIN
60°¢C S%7°0 LLT | CT0 | %90 | 110 850 | 910 |1€0 |€TCL|STO0 | 080 |900 |L¥0 |960 |CI0 1IPW

a_._._.>>|_>_o~_u_ oSAV WOUd | WZ Z1 VS My aN ZN 1N W nos HD | Jda n4g 14 k. b

(panunuo)) 'y 31qoy

Page 16 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

//doi.org

https:

*sa|ouanbauy |0 404 P|Og Ul 3JD SIaA0)|IdS 03 SI0INGLIUOD 3S3B.D) 924Y3 BYL “(6T0Z “I0 32 MDMIL) ¥ AIJUNOI/AHPOLILIOD 0} UOIIDAOUU] UMO Wody buipnpul
A13un02/A31pouIWIOd 03 SB14IUNOD JBYI0 WOJ) SIBA0||IdS uin3al 2inspaw woi uiyim ¥ A13unod/A3powiwlod 03 uoipAouul UMo woiy buipnidul ‘sali3unod Jay3o 03 [ A13unod/Aypowuiod woiy siano))ids uinial
2INSD3W 03 UIYIMg [ A13Un0d/A1IpPOWLI0d 0} SB1AIUNOD JBYI0 WOJY SIBA0)|IdS UINIDI BINSDAW WO4f 33Nj0SqY "SBLIUNO J3Y10 03 [ A13uNod/A}POWIWIOD Wl SI3A0)|Ids UIN32J 2INSDaW 03 31Nj0sqY,, 810N

1C0 | ¢C0-| 600 |00 60 | IS0- | 610~ 7 610- | ¢00 | 1C0 | €T0-| %00 | T0 |9T0- BN

€€°9€E 16'¢ | ¢C’C | 609 |SL0 719 | 0L'T | 961 7 ¢80 | 990 |85¢C |70 |66T |SCS |90 gHIM 0L

8% 750 €0 | 980 | 010 %80 | €C0 | LCO 7 IT°0 | 600 | SE€0 | 900 | L0 |TLO | 600 SV OL

6€'C €e0 7CEL | 000 | €80 | 000 880 | 110 | 101 7 800 | S00 |€€0 | €00 |950 |6%0 | 1C0 piquioz
a_._._.\SI_ZOzu_ oSAV WOUd | WZ Z1 VS My 4N N In W no HD | J¥a | ng 14 - D)

(panunuod) 4 a1qo}

Page 17 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

//doi.org

https:

(panunuod)

95’1 €0 900 | €€0 ¢00 | €6'T | SC0 | €00 100 70 | 9%91 | €00 | 100 | 6%0 | 160 | 0%0 WO
050 110 70’0 | 900 100 L00 | %00 | 100 00 | ¢60 100 | 6T€l  ¢00 |9T0 ST0 | 900 13
9.1 6€0 S00 | LTO loo0 91 610 | 0T°0 LS50 | STO | %10 | €00 | 9%/LT|080 |L¥%1 0C¢0 S3
[AR3 8.0 800 | 600 |l€00 | €9T | 000 |1T0 900 | /90 | 600 |000 |0%0 |6EL |S%7L |LEO a
%8¢ 980 S00 | €T0 900 | %9C | 000 |0C0 €10 80 | LTO | 000 |SL0 (59 | LSL €50 W0D
85T S€0 76’0 | STO LS50 | 650 | 610 | SO0 L00 | ST0 | €00 | CO0 |8€0 |€L0 |80T |1CHl j<B)
syjuow ZT 03 syjuow % 03 puodsaliod 9z°0 03 6/°0 :Z pupg
S00 | S€0-| 800-|8C0 |S%0-|990- |IT0-|%%0 |000-|L90-|%¥00-| LSO 1 000 N
4TSt 160 | 10T 0€0 | eT'e | 650 | €L0 90 | ¥9'T | S60 |H%%0 | ES'T | %S | 1€9 | €81 D_.:.>>|Oh
79T 650 | 990 0C0 | %0C |6€0 | 8%0 070 | LO0T |¢90 |60 |660 |I¥E |OTY |6TT 258V 0L
%80 %S0 6577 | €00 6%0 180 |S80 | ¢00 or't 1€0 | 810 | ¢O0 | €€0 |¥eT 90T 90T (on) opupbn
ViR 00T A" S%9% | LTO | 06T €00 | LTO 70 10 | 8C0 | €90 | 1% SL0 | 9€T |YAY4 (A3S) saneyaAas
€70 8C°0 €50 | L60 7¢0L | %10 | 810 | LCO 810 110 |9T0 | IT0 | €Y0 | 910 |9C0 6€0 (4N) pLSBIN
69°C SL'T 7’0 | 8¢'T 0T'0 | %8%¢ | 8C0 | 060 €0 | €80 |0CC 980 | €91 €L | 8T8 | 9T'C (SW) sniuNDRK
8C'1T €80 %0 | 00 w0 | Y10 | L%ey | %00 8C'T | 6€0 |GL0 |CC0O | %C0O |81l% 1re 190 (MIN) 1MDIDIN
SL'T VA G50 | ¢00 910 | 68¢ |€0C |GE6Y 900 | 850 |8E0 |8¢0 ' ¢/LT LS'T 68C 991 (DIN) 4D2SDBDPDRY
6,0 150 S6°0 | STO 9%'0 | %01 L0 | 0T0 9¢€'9% | 840 | 810 |0OT0 | LET 6€0 | 940 6%°0 (NX) DAuSy
.60 €90 800 | %00 1¢0 | 10 | LT0 | 18T 610 | L69S | LE'T | 8C0 | 600 |¢8T |99T |0£0 (Ho) pupyn
0Tl L0 0C¢0 | .01 SC0 S8t | 6%Y0 | %10 0€0 | S%0 | /8/LS | TC0 | €00 | 060 |6ST S50 (WD) pIgupy
87’1 960 70 | 801 L00 | 9LT | 600 | S¥%0 L0°0 9L | €C0 |SL%9 ET0 | %0 | IS0 | 640 (13) oidoiyi3
65T €01 S0 | ¢L0 ¢00 | 6€C | 090 | 990 7.0 | 8T0 | 660 |0C0 |9405|SLT |ST'E |SEC (S3) lunoms3
9¢ %8¢ %1'0 | 0S50 900 7'¢ |1 S00 | 690 910 | €81 7’0 | €0 | L6'0 | 8TCE | LS6C | LST (@D) SJI0ALP 810D
19'% 00°¢ G1'0 | €80 010 |16 | 900 | 611 €0 | ¥9'T | /90 |8€0 | S9T | LOLC | L1'8C | 86T (WoD) sosowio)
8’1 8T'T €EC | veC 9¢€'0 | 85C |0C0O |SCO0 L0 [ %10 | €80 |0¢€0 | 601 09°¢ 8C'¢ 1AV (¥2) win}aJ pod0)
syjuow % 03 yuow T 03 spuodsaliiod ‘6/°0 03 T°E :T pupng

ﬂ__._._.>>|_>_0~_n_ »SAV WOd4d | 9n A3S UN SW | MW DN N) H9 W9 13 S3 a | Wod | ¥

VSS Ul sauunod buidnpoid-|panynaubo jo 91p4 abupydXa pup DOJ0d U3AM}AQ SBJIpUl J3A0)jids 18U puDp JaA0))ids |D1O] °G 3)qPL

Page 18 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

//doi.org

https:

(panuijuo))

€ee 0 950 |86/ | L00 | I€T | 200 | 000 | SE0 |800 |610 | €00 |8%T |/Z0 990 | 160 A3S
S9°0 800 €20 %00 | 98, | ST0 | 100 000 | 200 | €00 | 900 | ZO0 | SO0 | %00 | CI'0 | 1I%0 AN
€7'e €70 81°0 |0€0 | 000 | 978 |100 |/00 | 9%0 |1S0 |9%0 | 600 |0TT | /90 | €9T |0S0O SW
10C S0 800 | 000 | %00 | 900 |1I8TIT|Z00 | %S0 |800 | %00 | 100 |€€0 | 8T | €0T |SO0 MW
GS'T 0z0 000 | %00 | 100 | 950 |STO 000 | 000 | 000 |900 |90 |LE£O |00 | 010 oW
A 1€0 88T | 100 | G20 | /60 |T€0 | 000 | %%l |/T0 |61°0 (000 |8T0 | 100 | €10 |600 NM
LLT 440 900 |S00 | 100 | SL0 |100 | %C0 |/10 |666 |€C0 | €10 | 600 |2S0 | %80 | SO0 HO
171 81°0 100 | ST0 | 000 |ZOT |800 | 100 €00 | /TO | 678 | 000 | 000 |STO |8%70 |0TO0 W9
170 500 000 | /00 | 000 | 000 |Z00 | €00 00 | €70 | 000 ' 0€9 | 200 |800 | /OO | 200 13
89'T 120 €10 | ZI'0 | 000 | ¥T'T | 100 | €00 |SS0 |L00 | 600 | 000 |88 |€C0 | 650 | C00 S3
6€°€ €70 100 800 | ZO0O | €0T | 000 |800 |800 |/E£0O | €00 | 000 |8TO |#%9€ | €8¢ | 610 a
S9'¢ 9%°0 000 |IT0 | ¥00 | 19T | 000 | €0 |ST'0 |G¥0 | /00 | 000 |6%0 |SU'E |S8€ | /20 INOD
LS'T 0z0 G690 | 000 | T%0 | 920 | SO0 | 100 | 800 |€T0 | 000 | ZO0 |€T0 |0O%0 | %90 |90, D)
Ayutjur o3 syuow zT 03 spuodsatiod ‘pp°0 01 9Z°0 :€ pupg
900 | 19°0- | 200~ €20 | €€0-| /20~ | L00O-|%00 | /10— SO0-|€C0 |/Z0 | 650 |600 BN
10'8¢ %7€'T | SS0 | 6¥0 | 7Ly 790 | 0%0 | 8CT | ZST | 180 |0€0 | LT |¥wl% | 6%9 | 00T qHIM 0oL
ST9 0€0 |ZT0 | IT0 |SOT | %I0 | 600 |8Z0 |%€0 | 810 |L00 | 290 |90T |S¥T | S%0 S el
90T 720 €€ 600 | 0C0 | ¢0T |#%0 | 200 | %80 | SO0 | SO0 000 |€T0 | €00 |00 |0€0 oN
67°€ €L0 %90 | SEST | LT0 | €6T | %00 | %00 %0 800 |GCO |TI0 68T |%90 |STT |81 A3S
090 €10 870 | €10 | 00ST | 10 | 100 | 200 100 | /00 | 600 | €00 | 800 |800 |8T0 |/90 AN
oL'€ 780 81°0 |9%0 | 000 | 9L%L | €10 | 0Z0 |8€0 | %80 | 160 |SCO0 |L6T |99T |9€€ | Tl SW
80'C 9%°0 €00 | 100 | %00 | 900 |10°€Z | 100 SZT (%10 | 910 | 900 | €70 |€€T |LLT | €20 M
65T SE0 Zro (%00 | €00 | /ZTT | I¥0 |%T/1 |00 | SO0 | %00 | 910 |ITT |8%0 | /ZOT | %T0 oW
65T SE0 %9'T | 600 | 6€0 | 80T | 920 | 100 |66CC | %70 | 610 | 000 |70 |600 |2C0 |ST0 NM
SET 0€0 900 | %00 | 100 |80 |000 |#%%0 TT0 | €891 |0O¥0 | 1T0O | 900 | 640 |STT |S00 HO

n_._._.>>|s_o~_“_ oSV WOY4d | 9n | A3S AN SW | MW O NX HO W9 13 S3 a | Woy | W

(panunuo)) °s a1qo}

Page 19 of 31



o
.

&

Opoku et al., Cogent Economics & Finance (2023), 11: 2237714

cogent - economics & finance

/10.1080/23322039.2023.2237714

://doi.org

https:

*sa|ouanbauy |0 404 P|Og Ul 3JD SIaA0)|IdS 03 SI0INGLIUOD 3S3B.D) 924Y3 BYL “(6T0Z “I0 32 MDMIL) ¥ AIJUNOI/AHPOLILIOD 0} UOIIDAOUU] UMO Wody buipnpul
A13un02/A31pouIWIOd 03 SB14IUNOD JBYI0 WOJ) SIBA0||IdS uin3al 2inspaw woi uiyim ¥ A13unod/A3powiwlod 03 uoipAouul UMo woiy buipnidul ‘sali3unod Jay3o 03 [ A13unod/Aypowuiod woiy siano))ids uinial
2INSD3W 03 UIYIMg [ A13Un0d/A1IpPOWLI0d 0} SB1AIUNOD JBYI0 WOJY SIBA0)|IdS UINIDI BINSDAW WO4f 33Nj0SqY "SBLIUNO J3Y10 03 [ A13uNod/A}POWIWIOD Wl SI3A0)|Ids UIN32J 2INSDaW 03 31Nj0sqY,, 810N

100- | 920 100- | 9¢0 | 0C0- | STO- | LO0O- | €00-|800- | €00- | #I'0 | 600 |1I€0 | 100 N

69°8C €l'¢ | 650 GS°0 | 09'S | 6E0 | 9€0 (8T | €S'T | LLO ¢0 | 98¢ |01% | 019 |¢€91 gHIM 0L

9€ L0 | LOO L00 | 0L0 | SO0 | SO0 70 | 610 | 0OT0 | €00 |9€0 |TS0 | LLO |TTO SV OL

[4" L1°0 G881 | 600 1o | 160 | ¢CO0 | C00 ¢6'0 | 000 | 100 | 000 |£LO0O |0O0O0 |OTO | 800 5N
..._I._.>>IS_O~_H_ »SAV WO¥4 | 9N | A3S AN SW | MW W N HD W9 13 S3 a  Woy | ¥

(panunuo)) °s a1qo}

Page 20 of 31



Opoku et al., Cogent Economics & Finance (2023), 11: 2237714 O‘ZK;' Cogent oo economics & ﬁ nance

https://doi.org/10.1080/23322039.2023.2237714

The results in Table 3 concentrate on the spillovers between oil returns and exchange rate
returns of fuel-producing countries in SSA. It can be observed from the results that the average
absolute spillovers are 3.48 for Band 1, 1.57 for Band 2, and 1.01 for Band 3. This indicates that the
short-term dominates spillovers and the long-term has the lowest spillovers between the oil price
and exchange rate. Surprisingly, Ghana and oil returns dominate spillovers in Band 1, with Angola
and Nigeria, the two largest producers of crude oil, contributing the least. Bands 2 and 3 follow
a pattern that is very similar to band 1, where oil returns predominate, followed by Ghana,
Mauritania, and Angola, which recorded the fewest spillovers. Together with Ghana’s exchange
rate, crude oil return is therefore a dominant propagator of the average absolute spillovers for
energy-exporting countries in the frequency domain. However, Cameroon and Mauritania are the
biggest recipients of spillovers from other countries.

The result on crude oil returns and the ER has some implications for market participants. For
starters, diversification in the long term can be advantageous over diversification in the short term
with stronger spillovers. This can be achieved by combining crude oil and an exchange rate or by
combining ERs. Second, the major oil-producing countries do not dominate spillovers, as smaller
producing countries do in most cases. The indication is that when one relies on returns as the
source of spillovers, there is a less dominant effect from large markets. Finally, because oil returns
are the most dominant propagator of spillovers at all frequencies, they transmit significant spil-
lovers in relative terms. The findings here support several empirical studies that have observed the
crude oil price as the biggest transmitter of global shocks to oil-producing countries (see, for
instance, Benhmad, 2012; Wen et al., 2017).

In a nutshell, when it comes to exchange rate returns, oil-producing countries in SSA must
exercise caution when it comes to policies of integration or dependence among themselves rather
than with countries outside Sub-Saharan Africa. Moreover, it can also be suggested that the
spillovers among the ER of many oil-producing countries are not stronger than the impact
emanating from crude oil, and so countries must consider hedging their ER against crude oil
volatilities. The results also show that oil-producing countries are not separated from shocks in
crude oil prices because there is a connection at all frequencies.

In Table 4, we find the results of spillovers between gold returns and ER returns for metal-
exporting countries in sub-Saharan Africa. In terms of correlation dynamics, it is interesting to see
that the average absolute and within-connectedness follow a similar pattern, as shown in Table 3.
The exception in Table 4 is that the magnitude of the average connectedness is higher in the case
of gold than in the case of oil. For example, in the case of gold returns and metal-exporting
countries’ ERs, the average spillovers within those bands are 16.77%, 6.88%, and 4.85%, respec-
tively. In spillovers, the short-term also outweighs the medium- to long-term. Other findings are
that in band 1, which represents the short-term frequency, South Africa (3.64%), Botswana
(3.38%), and Namibia (3.29%), which are all southern African countries, dominate absolute spil-
lovers. Rwanda (0.28%) and the Democratic Republic of the Congo (0.28%) recorded the lowest
contributions to spillovers. Band 2 sees South Africa leading, Namibia coming in second, and
Botswana coming in third. The Democratic Republic of the Congo and Rwanda come in last.
Band 3 has the same countries dominating spillovers, but the DRC and Rwanda are the two
nations with the fewest spillovers. The absolute spillovers for gold returns are 0.58, 0.15, and
0.09 for bands 1, 2, and 3, respectively.

The findings have some implications for the spillovers between gold returns and exchange rate
returns in SSA metal-producing countries. First, owing to the strength of spillovers in the short
term, it will not be advisable for investors to undertake diversification in the short term. They
should rather consider the long term for such an investment, as the weakness in spillovers will
make it more beneficial. Shocks from gold returns are transmitted more strongly in the short-term
than in the medium- and long-term. It must be pointed out that the gold return is among the least
likely to shock the exchange rate, making it less risky for metal-producing countries in SSA. This
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finding is consistent with several empirical findings that have identified the gold price as a weak
transmitter of shocks to the exchange rate (see Ciner et al., 2013; Reboredo & Rivera-Castro, 2013).
Moreover, policymakers must be cautious with integration policies like the African Continental Free
Trade Area (ACFTA), since a strong dependence can easily trigger spillovers among the ERs of these
countries. The results in Panel B provide evidence in support of the “decoupling hypothesis” at all
frequencies.

We now move to the results in Table 5, which focus on spillovers between cocoa returns and the
exchange rate of countries that produce agricultural commodities. Thirteen countries are included
for this purpose. Surprisingly, the results in Table 5 are like those in Table 3 and Table 4 in terms of
the correlation of average absolute and within-connectedness. The average absolute spillovers for
bands 1, 2, and 3 are 16.41%, 6.28%, and 3.68%, respectively, which are like those between gold
and the exchange rate. Just like in the case of Table 3 and Table 4, band 1 dominates bands 2 and
3 in terms of spillovers. In bands 1 to 3, the absolute (to) spillovers from cocoa returns are 1.3%,
0.45%, and 0.21%, in that order. But cocoa returns do not produce the most dominant spillovers,
as that position is taken by exchange rates in the Comoros and Cote d’Ivoire, with figures of 1.45%
and 1.06, respectively, in band 1, with the lowest coming from Nigeria and Ethiopia. Moving to
bands 2 and 3, the situation is not different from band 1 because Comoros and Cote d’Ivoire are
still dominant, with absolute (to) spillovers with Mauritius in the mix. For these last two bands,
Ethiopia produces the fewest spillovers, followed by Nigeria. In terms of the policy and investment
implications, the explanation provided in panel B at the average absolute (to) connected levels is
also applicable here.

At this stage, it is necessary to bring out the issues relating to net spillovers. The earlier
discussion in Tables 3-5 concentrated on spillovers “from” and “to” between commodity returns
and the exchange rate. To determine the net position of a commodity or exchange rate in terms of
spillovers, it is necessary to find the difference between spillovers (from) and spillovers (to), which
represent net spillovers. A positive net spillover makes a commodity or an exchange rate a net
transmitter of spillovers, while vice versa makes a commodity or an exchange rate a net recipient
of spillovers. The results of net spillovers are found in the last rows of each band in Tables 3-5. The
results in Table 3 show that oil returns are a net transmitter of spillovers, but this is very weak in
the short term, which confirms the existence of the “decoupling hypothesis” only in the short term.
The cocoa return found in Table 4 is also a net transmitter of spillovers to the ER of food and
beverage-producing countries in the short- and long-terms, but zero in the medium-term. The
implication is that agricultural commodity exporting countries are insulated from short- to med-
ium-term shocks from cocoa returns. However, the gold return in Panel B is a net recipient of
spillovers from the exchange rate in metal-producing countries, which is also across all bands. The
dynamics here make gold a good asset for portfolio diversification and have great potential for
hedging ER, particularly for metal-producing countries.

For energy-exporting countries, Angola, Cameroon, and Mauritania are the net recipients of
spillovers, while Nigeria and Ghana are the net transmitters of spillovers across all bands, as seen
in Table 3. As a result, combining crude oil with the ER of either Ghana or Nigeria is a good
possibility for portfolio selection. In terms of metal-producing countries, the ER of Burundi, the
Democratic Republic of the Congo, Guinea, Mali, Mauritania, and Rwanda are net recipients of
spillovers, whereas Botswana, Ghana, Mozambique, Namibia, South Africa, and Zambia are net
transmitters across all bands. South Africa is the biggest net transmitter, which is not surprising
since it is the biggest economy among metal-producing countries and a leading producer of gold in
SSA. Concerning countries that focus more on the production of agricultural commodities, seven
out of the 13 countries (Ethiopia, Gambia, Kenya, Madagascar, Malawi, Nigeria, and the Seychelles)
are consistently net recipients of spillovers, with Comoros, Cote d’Ivoire, Mauritius, and Uganda
also net transmitters of spillovers across all bands.
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A close examination of the results in Table 5 indicates that two countries (Eswatini and Ghana)
are net recipients and net transmitters at the same time. When it comes to shock transmission,
there is a big-producing country effect for oil and metal-exporting countries, but both small and
big countries for cocoa-producing countries. To stabilise the ER, oil-exporting countries should
make policies that specifically target shocks from global oil prices as well as the ER of Nigeria due
to their consistent net transmission of shocks. Similarly, policies from countries that produce cocoa
must focus on dealing with fluctuations in cocoa returns, and those from ERs for Cote d’Ivoire,
Comoros, Mauritius, and Uganda. Since gold is a net recipient of shocks, metal-exporting countries
should not have many problems with shocks emanating from gold but should rather worry
inwardly about shocks coming from the exchange rates of southern African countries and from
Ghana, a leading producer of gold. Investors should also keep in mind that the dynamics are not
only static but also frequency-dependent, so policies must be considered on a country-by-country
basis rather than as a blanket policy for all countries.

4.2. Time-frequency-domain (time-varying) connectedness

In the previous analysis, the assumption was that the direction of spillovers does not change over
time but only changes at different frequencies, which makes them static. This assumption is not
entirely accurate, as the nature and direction of shocks change with time, hence their time-varying
nature. This is particularly true considering the impact of financial market regime changes and the
changing nature of the business cycle. For instance, extreme events like financial crises and
changes in the regulations of financial markets have tended to change the narrative on shock
transmission at various times. Thus, spillovers transmitted from one asset to another are likely
time-varying and, as such, not static. To incorporate the time-frequency domain in the analysis,
a rolling window approach in the BK18 framework has been utilised with a window size of 100 and
a 12-month forecast horizon. The results are presented in Figure 1 for rolling total spillovers.

Concerning oil- and energy-exporting countries, as seen in Figure 1(a), an increase in frequency
is accompanied by an increase in the magnitude of overall connectedness. It is observed that in
the short-term (band 3.14 to 0.79), the fluctuation is between 10% and 20%; in the medium-term
(band 0.79 to 0.26), it is between 1% and 15%; and it fluctuates between 1% and 12.5% in the
long-term (band 0.26 to 0.00). The return spillovers, however, exhibit some situations of sharp
contagion at different frequencies. For instance, in the short term, an episode of a sharp increase
in spillovers to about 60% was observed around 2001, which may be due to the 2000 global
recession. In the medium term, a similar incident was recorded between 2000 and 2001 at about
18%. In band 3 (0.26 to 0.00), which represents the long-term, there were upward changes in
spillovers from 5% to about 12.5% between 1998 and 2000. The sharp changes in the short- and
medium-terms were very steep but short-lived; however, those in the long term persisted for
a while, though not as high as those in the short- and medium-terms.

For gold and metal exporting countries (Figure 1(b)), we observe increasing frequency with
increasing overall connectedness. The fluctuation in the spillovers was between 30% and 85% in
the short term, between 5% and 20% in the medium term, and between 1% and 15% in the long
term. Strangely, no episode of connectedness or contagion was recorded between 1990 and 1997
or between 2012 and 2018 at all frequency bands. This is an exhibition of the “decoupling
hypothesis” between gold returns and exchange rates for metal-producing countries. However,
1997 witnessed sharp upward return spillovers for all frequencies, though different in magnitude.
The increases were 75% for band 1, 21% for band 2, and 13% for band 3. Then, around 2001,
another sharp change occurred, but this time in different directions at different frequencies. For
instance, while band 1 recorded a steep increase in spillover episodes to about 90%, bands 2 and 3
had a sharp downward trend to 2.5% and 1%, respectively. This period was characterised by what
was called the “Brown Bottom” (the sale of about half of the UK’s gold reserve), which had
a massive impact on gold prices (Maund, 2007).
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Figure 1. Overall rolling spil-
lovers between commodity
prices and exchange rate of

Sub-Saharan African countries.

(a) Oil and exchange rate, (b)
Gold and exchange rate, (c)
Cocoa and exchange rate.
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Shifting attention to Figure 1(c), which relates cocoa to agricultural exporting countries, similar
observations to (a) and (b) were made. Following increasing magnitude in overall relation to
increasing frequency, the average fluctuations were between 35% and 60% for band 1, 10% to
20% for band 2, and 22% for band 3. Concerning band 1 (3.14 to 0.79), a sharp upward contagion
incidence was seen in 2004 and 2007, with 68% and 60%, respectively. In Band 2, there was
a sharp increase in spillovers to about 50% in 2001. But while the situation in bands 1 and 2 was
mainly one-off events, several episodes of sharp increases occurred in the long term (band 3)
between 1998 and 2008, with the highest of about 26% happening around 2002.

Allin all, the strength of contagion is higher in the short-term than in both the medium- and long-
term for all commodities when time variation is considered. Again, an interesting observation is that
contagion is short-lived in many instances. This may be a result of lessons learned from the previous
commaodity price collapse in the late 1980s and early 1990s, which prepared many countries in the
sub-region to manage it better. Worth mentioning is the fact that many of the contagion episodes
occurred during or just after the crisis period. For instance, the energy-exporting countries recorded
contagion of about 60% around 2001, and in the same period, both metal-exporting countries and
food and agricultural-exporting countries recorded contagion of about 90% and 50%, respectively.
These occurrences were most likely a result of the recession that hit many developed nations between
2000 and 2001 as well as the delayed effects of the Asian financial crisis, which had an impact on
global commodity trade. The 2007-2009 global financial crisis and the Eurozone crisis also produced
similar episodes of contagion. It is safe to say that the results here have an element of delayed
contagion based on spillovers coming after a crisis moment. Also, there are instances of a sudden
change in spillovers, which is also in line with the “shift contagion hypothesis” and the “decoupling
hypothesis,” which show up at some point specifically between gold returns and exchange rates. This
study, however, demonstrates that contagion in the currency markets in SSA is frequency-varying.

In summary, the results point to some important lessons that policymakers must consider. It is clear
from the results that there is always a danger posed by the immediate aftermath of a commaodity price
crisis or financial crisis, which must be a concern. However, there are instances where spillovers were
delayed or prolonged, as happened after the 2007-2008 financial crisis and the Eurozone recession. There
is therefore the possibility of delayed spillovers from an extreme event, which should not be ignored. The
results also point to the fact that connectedness is not just time-dependent but also frequency-dependent.
But the strength of dependence is higher at the higher frequencies than at the lower frequencies, though
the persistence is greater at the lower frequencies. This suggests that diversification between commodities
and the exchange rate of commodity-producing countries in SSA will be more beneficial in the long- and
medium-terms than in the short-term due to the strong interdependence.

4.3. Robustness analysis

We check the robustness of return spillover between commodities and exchange rate using
wavelet multiple cross-correlation (WMCC) proposed by (Ferndndez-Macho, 2012) which capture
the frequency connectedness dynamics in the relationship. Ferndndez-Macho (2012) define wave-
let multiple correlation (¢X(4;)) as a single set of multi-scale correlations as follows;

1
X(4) =41 —————— 13
PX(%) \/" maxdiagp;*, 13

where P; is the (nxn) correlation matrix of Wj, and the max diag(-) operator selects the largest
element in the diagonal of the argument. Based on Equation (13), the wavelet multiple cross-
correlation(¢X, z(4;)) is estimated as:
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Cov (Wi, Wi )

(14)
\/ Var(wji) Var (W)

X, (%) = Corr (Wit Wit ) =

From (14), wy is selected to maximize ¢X,z(4;) and the fitted values of w;; on the rest of wavelet
coefficient at scale (%) is Wj:. A more detail estimation procedure can be found in Fernandez-Macho
(2012). The results of the WMCC are presented in Figures 2a-c for oil-exporting countries, metal-
exporting countries and agricultural exporting countries. By convention (in heatmaps), the magnitude
of contemporaneous correlations for WMCC is indicated by the scale on the right, which ascends from
blue to wine in colour. The advantage of the WMCC is that it goes beyond telling correlation at various
scales and also indicate the market leadership (lag) based on the dashed-lines.

The results indicate that while there is market leadership at some scales for oil-exporting countries,
there is no market leadership for metal-exporting countries or agricultural exporting countries. Ghana
dominates spillover propagation at the higher scale, and crude oil and Nigeria dominate spillovers at
the intermediate scales for oil-exporting countries. For metal-exporting countries, South Africa is the
most dominant propagator of spillovers but has no market leadership, followed by Namibia. Comoros
dominates spillover propagation, although it has no market leadership, followed by Cote d’Ivoire. The
results of the WMCC are therefore quite similar to those of BK18.

5. Conclusion and recommendations

The study focused on the connectedness and contagion between commodity prices and exchange
rates in commodity-exporting countries in Sub-Saharan Africa (SSA). The extant literature has
concentrated on spillovers among stock markets and commodities in developed and emerging
markets, with little emphasis on developing countries like those in SSA. This study concentrated on
the returns of commodities and the exchange rate as the origin of contagion and thus emphasised
the role of cross-sectional correlation in the origin of connectedness.

In this study, monthly log-return series for crude oil, gold, and cocoa were computed, as were
the ERs of five energy-exporting countries, 13 metal-exporting countries, and 13 agricultural-
exporting countries. Commodities are used as propagators of spillovers. Spillovers in the system
were captured in the static frequency domain (BK18) and the time-varying frequency domain
(BK18).

The findings of the study show that there are differences in spillovers and contagion for different
commodities. Additionally, when frequency levels rise, connectedness rises as well, and short-lived
outbreaks of contagion eventually give way to dependency. The results also revealed that in the
medium- to long-term, within-connection levels are lower than in the short-term, so diversification
advantages can be realised from both static and time-varying perspectives.

There is no clear evidence from the results of the study that the exchange rates of large
commodity-exporting countries are the dominant propagators of spillovers. We also found that
gold and cocoa do not dominate spillover transmission to exchange rates in Sub-Saharan Africa,
although oil returns and cocoa returns are net transmitters of spillovers to oil-exporting countries
and agricultural-exporting countries, respectively. Surprisingly, gold returns happen to be a net
receiver of spillovers, with the exchange rates of South Africa, Namibia, and Botswana (all south-
ern African countries) dominating spillover transmission among the metal-exporting countries. Oil
returns were dominant among oil-producing countries, while Comoros and Cote d’Ivoire domi-
nated the agricultural-producing countries. Further, Mauritania and Nigeria have a passing con-
tagious association with oil returns in the net’s pairwise directional connectedness. The same can
be said for South Africa’s gold returns and the Comoros’ cocoa returns.

Since the study concentrated on contagion and connectedness between commodities and
exchange rates, the findings are significant for improving portfolio diversification, risk management,
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and the stability of the financial market. Policymakers should thus understand and monitor the
connection between these markets and their interaction with global shock factors for effective
decision-making. Again, instead of focusing on external shocks from commaodities, policies aiming
to reduce the impact of external shocks on exchange rates should rather be heavy on other
commodity-producing countries’ exchange rates. This stems from the fact that shock propagation
is stronger in the currency markets of other exporting countries than global commodities. Also, when
it comes to how return shocks spread, policymakers should look at the exchange rates of both small
and large commodity-producing countries since there is no large country dominance in the study.

From the perspective of investors, there is a need to understand the dynamic connectedness for
possible portfolio diversification and hedging strategies. To this end, investors seeking to create
a new portfolio can combine investments in gold and the currencies of metal exporting countries
due to the weak connection between these assets. Investing in cocoa can also provide a good
hedge against the currencies of cocoa exporting countries at low to medium frequencies due to
the low shock spillovers from cocoa to those currencies.

In general, this study demonstrates that not only does contagion in the currency market shift or
delay, it is also time-frequency dependent. For the energy exporting countries (EEC) and agricul-
tural exporting countries (AEC), decoupling is rejected but partially accepted in the metal exporting
countries (MEC). The study has therefore examined the “decoupling hypothesis” in the currency
market of CEC in SSA, which was not previously done. This is new evidence that is critical for
hedging and risk management decisions, as well as portfolio diversification strategies, for com-
modity exporting countries that are also commodity dependent. In line with the HMH, policy and
investment decisions in SSA’s currency market should take into account the short-, medium-, and
long-terms. This is because different factors may affect the movement in each time frame.

Finally, although the shape behaviour of contagion was not described in this study, Owusu Junior
et al. (2020) indicated that there is a “shape shift” in contagion among stock markets. By focusing on
the higher moment, the strength of contagion between individual commodities and the exchange rate
may change, which can also provide an additional source of diversification. As a result, this research
can be expanded by comparing contagion at higher levels in commodity-dependent SSA countries.
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Appendix A

Figure Al. Plots of Prices and Log-return Series for Commodities

Figure Al. Time series plots of
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commodity prices and returns.
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