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Abstract 

Since the onset of the COVID-19 pandemic, financial and commodity markets have exhibited significant volatil-
ity and displayed fat tail properties, deviating from the normal probability curve. The recent Russia-Ukraine war 
has further disrupted these markets, attracting considerable attention from both researchers and practitioners due 
to the occurrence of consecutive black swan events within a short timeframe. In this study, we utilized the Quantile-
VAR technique to examine the interconnectedness and spillover effects between African equity markets and inter-
national financial/commodity assets. Daily data spanning from January 3, 2020, to September 6, 2022, was analyzed 
to capture tail risks. Our main findings can be summarized as follows. Firstly, the level of connectedness in returns 
is more pronounced in the lower and upper tails compared to the median. Secondly, during times of crisis, African 
equity markets primarily serve as recipients of systemic shocks. Lastly, assets such as Silver, Gold, and Natural Gas 
exhibit greater resilience to systemic shocks, validating their suitability as hedging instruments for African equities, 
in contrast to cryptocurrencies and international exchange rates. These findings carry significant implications for poli-
cymakers and investors in Africa equities.

Keywords African equities, Commodities, Foreign exchange, Cryptocurrencies, Connectedness, Quantile vector 
autoregressive (QVAR) model, COVID-19, Russia-Ukraine conflict

Introduction
In recent years, the global economy has experienced 
significant uncertainty in response to the twin shocks 
emerging from COVID-19 pandemic and the more 
recent Russia-Ukraine conflict [6, 24]. The pandemic’s 

evolving nature, characterized by virus infections, 
deaths, and containment measures like lockdowns and 
travel restrictions, has intensified economic uncertainty 
[6]. Additionally, the ongoing Russia-Ukraine conflict, 
marked by geopolitical tensions and an absence of clear 
resolution, has further contributed to global instabil-
ity [39]. Notably, major disruptive events such as the 
pandemic and the Russia-Ukraine war render financial 
markets vulnerable and introduce systemic risks [7]. The 
resulting contagion effects, driven by extreme volatility, 
foster investor insecurity and prompt them to diversify 
their portfolios across various markets [79]. As risk hedg-
ing alternatives to equities, assets such as gold, crude oil, 
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foreign currencies, and cryptocurrencies have gained 
prominence [25, 31, 41, 47, 48].

Amidst the turmoil witnessed in global financial and 
commodity markets, African equity markets have not 
been spared from effects of COVID-19 and the Russia-
Ukraine war, and have also experienced heightened 
volatility since the onset of the pandemic. The initial 
declaration of COVID-19 as a global pandemic in March 
2020 led to crashes in global equities, cryptocurrencies, 
exchange rate, and oil markets, with similar downturns 
observed in African frontier stock markets [11, 17]. 
However, a turn of events occurred when most financial 
markets, including African frontier markets, witnessed 
record-high prices between November 2021 and March 
2022 [56]. These observations suggest that African equi-
ties are more integrated into the global economy, mak-
ing them susceptible to spillover effects during times of 
financial uncertainty [4]. This contrasts with the tradi-
tional view of African equities as disconnected or decou-
pled from global markets, potentially serving as hedges 
for equities in industrialized economies [37].

Considering the recently observed susceptibility of 
African equities to international equity spillovers in the 
post-pandemic era, coupled with the increasing acces-
sibility and participation of international investors in 
African stock markets, understanding the interconnect-
edness and spillover effects between African equities, 
financial markets, and commodity markets becomes cru-
cial to identifying diversification benefits and detecting 
sources of market vulnerability [2, 4]. Paying particular 
attention to tail-spillover effects, which are prominent 
during rare and extreme events like the COVID-19 
pandemic and the Russia-Ukraine war, is of paramount 
importance. However, most existing studies investigating 
spillover effects between equity markets and financial/
commodity markets during these Black Swan events have 
primarily focused on mean-based analytical frameworks, 
hence neglecting tail-risk connectedness [6, 19, 20, 35, 
61, 66–68, 69–71]. To address this limitation, our study 
employs the recently-introduced quantile vector autore-
gressive (QVAR) framework of Ando et al. [10], enabling 
the analysis of spillovers across different conditional dis-
tributions, including tail-risk connectedness.

Our study uses the quantile connectedness framework 
to examine the hedging properties of commodities, cryp-
tocurrencies, and international exchange rates in relation 
to African equities during various market states in the 
post-COVID-19 era. Whilst we acknowledge the grow-
ing number of recent studies that have examined spillo-
ver effects between African equities and global financial/
commodity markets [2, 12, 52, 54, 71], our study comple-
ments this prior research in two significant ways. Firstly, 
compared to previous studies, our research covers more 

recent data, incorporating crucial events like the Rus-
sia-Ukraine conflict and the subsequent transition of 
industrialized Central Banks from unconventional mon-
etary policy (UMP) to traditional policy conduct, which 
recent studies have shown to impact spillover effects in 
various financial and agriculture markets [20, 35, 39, 61, 
69–71]. Secondly, most previous studies have focused on 
the hedging options of one or two asset classes, such as 
oil [12], commodities [2], commodities and gold [71], or 
cryptocurrencies and precious metals [52, 54]. In con-
trast, we explore a more comprehensive range of alterna-
tive hedging options, including international currencies, 
thus providing an analysis using a more complete basket 
of hedging options.

The rest of this paper is organised as follows: Sect. "Lit-
erature review" discusses related literature on the topic. 
Sect.  "Methodology" presents the methodologies while 
Sect.  "Data" description of data. Sect.  "Empirical results 
and discussion" presents and discusses the results while 
the conclusion and recommendations are provided in 
Sect. "Conclusion".

Literature review
The analysis of spillover effects across equity mar-
kets has a rich history, but recent global events such as 
the COVID-19 pandemic and the Russia-Ukraine war 
have revitalized interest in this specific area of study. 
These notable occurrences, often labeled as "Black Swan 
events," possess distinct characteristics. They catch us by 
surprise, exert an extraordinary influence, and despite 
their exceptional nature, efforts are made to compre-
hend their origins [65]. Black Swan events tend to trig-
ger anxiety within financial markets. Investors and fund 
managers commonly opt for diversifying their portfolios 
to minimize the risks associated with heightened uncer-
tainty. Conversely, risk-takers like speculators often 
seize opportunities for short-term gains amidst the tur-
bulence in the financial realm [3, 80]. The amalgamation 
of fear and greed during these black swan events leads 
to irrational conduct among market participants, caus-
ing asset prices to deviate from their intrinsic values. 
As a consequence, shocks emanating from a singular 
equity market or a cluster of markets can cascade into 
other stock exchanges through inter-market connec-
tions. This occurrence arises as a product of cross-market 
interdependencies.

Extreme events such as the COVID-19 pandemic 
and Russian-Ukraine conflicts are usually associated 
with strong co-movement and spillover effects across 
financial markets and assets [22, 81]. As such, there are 
growing attempts to quantify the systemic risk ema-
nating from these events. In relation to these events, 
emerging literature can be grouped into two. The first 
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group of studies are those that focused on the risk-
return spillover for a single type of financial asset such 
as equity [1, 6, 13, 21, 33, 46, 51, 64, 74, 81], commodity 
[16, 24, 39, 45, 58, 66, 69, 70, 76, 81], and cryptocur-
rency [8, 53, 57, 59, 77], and foreign exchange [73].

The second group of studies explored the risk-return 
spillover across multiple financial assets such as equity, 
commodity, foreign exchange, and cryptocurrency. This 
group of studies is more closely related to the current 
paper, and they are further segmented into four sub-
groups of literature.

The first sub-group comprises studies that have used 
wavelet techniques to explore spillovers between crude 
oil futures and stock markets in different countries. 
Ali et al. [7] found that there are strong co-movements 
and bidirectional causalities between crude oil futures 
and stock markets in the USA, Canada, China, Russia, 
and Venezuela. Similarly, Cui et al. [25] found a strong 
dependence structure among oil and stock markets 
over long-term scales, with risk spillovers transmit-
ted mostly in the long run. Ajmi et  al. [5] applied the 
BEKK-GARCH approach to study the volatility spillo-
ver between the USA stock, gold, and crude oil markets 
and found that stocks and gold drive the transmission 
of volatility to the crude oil market. Mezghani et  al. 
[49] also used a similar approach to investigate six 
major stock markets and commodity futures and found 
that the COVID-19 pandemic intensified the volatility 
spillover among the markets, with commodity markets 
being the net recipients of volatility spillovers.

Another study by Mensi et al. [48] used the Markov-
switching approach to study spillovers between the 
USA and Chinese stock, crude oil, and gold futures. 
The study found that gold and stock markets are the net 
transmitters of spillover during the low volatility regime 
but net receivers during the high volatility regime. By 
contrast, crude oil was the net receiver (transmitter) 
during the low (high) volatility regime. Using the spillo-
ver index, Jebabli et al. [38] analyzed volatility spillovers 
between the energy market and global equity markets 
and found spillovers from the global equity markets to 
the energy market. Elgammal et al. [28] also found evi-
dence of bidirectional volatility spillovers across global 
equity, gold, and energy markets. In Africa, Morema 
and Bonga-Bonga [50] found significant volatility spill-
over between gold and equity markets, as well as crude 
oil and the equity market in South Africa. Urom et al. 
[71] found that African markets are weakly connected 
to other markets and that energy markets are the major 
transmitters of shocks. The study also revealed that 
French and South African equity markets transmitted 
the largest volatility spillover over the period.

The second sub-group of literature examines the risk-
return spillover between equity and currency mar-
kets, including foreign exchange and cryptocurrencies. 
Aydogan et al. [14] investigated spillover between equity 
and cryptocurrencies in G7 and seven emerging mar-
kets using the VAR-GARCH approach. The study found 
strong return and volatility spillover between G7 stock 
markets and cryptocurrencies, with unidirectional spillo-
ver in most emerging markets but bidirectional in most 
G7 markets. Ha [34] applied TVP-VAR to study spillo-
ver between cryptocurrency and six stock markets and 
reported the influence of the pandemic on market link-
ages. The study found Bitcoin and Binance Coin to be 
the net receivers of spillover, while the USA stock mar-
ket is the net transmitter. Zivkov et  al. [82] found bidi-
rectional volatility transmission between stock markets 
and exchange rates in selected East European and Eura-
sian countries. Kamran et al. [41] found weak correlation 
between Bitcoin and the Australian stock markets and 
hedging benefit during the crisis period. Amewu et  al. 
[9] applied the wavelet technique for Ghana and found 
evidence of time-varying co-movement between foreign 
exchange rates and stock, with a weak association among 
the markets.

The third sub-group of studies analyzed the risk-return 
spillover between currency markets and commodities. 
Zhang et  al. [78] investigated the information spillover 
from the COVID-19 pandemic to crude oil, gold, and Bit-
coin markets using the time–frequency analysis method. 
The study revealed evidence of return and volatility 
spillover from the COVID-19 pandemic news to crude 
oil, gold, and Bitcoin, with media hype being the main 
transmitter of shocks to all markets. Nugroho [53] ana-
lyzed spillover for gold-backed cryptocurrencies and gold 
using the DCC-GARCH and spillover index techniques 
and found increased connectedness during COVID-19, 
with gold as the net receiver of spillover. Derbali et  al. 
[26] studied the co-movement between Bitcoin and gold 
and found a strong correlation that reacts to COVID-
19 news from the USA and China. Yildirim et  al. [75] 
examined volatility transmission between real exchange 
rates and precious metals and crude oil among Mexico, 
Indonesia, and Turkey and found bidirectional causality 
between precious metals and the exchange rate, with the 
volatility spillover disappearing during the COVID-19 
pandemic. Sayed and Charteris [61] found that the South 
African currency is a net recipient of volatility spillovers 
from commodity markets.

The fourth subgroup of studies investigates the spill-
over effects among various financial assets. For exam-
ple, Ghorbel and Jeribi [32] employed the multivariate 
generalized autoregressive conditional heteroskedas-
ticity (MGARCH) model to analyze the time-varying 
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co-movements between G7 stock markets, crude oil, 
gold, Bitcoin, and the COVID-19 pandemic. Their find-
ings suggest that crude oil transmits volatility to both 
stock indices and gold and Bitcoin. Ghorbel et  al. [31] 
utilized the spillover index to demonstrate the high 
dependence among stock markets and identified Bit-
coin as the primary transmitter of volatility during 
crises, while Maker and gold were the main receivers. 
Likewise, Elsayed et al. [29] confirmed Bitcoin’s role as 
the primary transmitter of volatility spillovers to other 
assets. On the other hand, the study by Hung [36] pre-
sented mixed results, with the equity market transmit-
ting volatility to crude oil and gold but receiving it from 
Bitcoin. Additionally, crude oil and gold were identified 
as the primary transmitters of return spillovers to Bit-
coin. Similarly, Le et  al. [44] revealed that Bitcoin and 
the Fintech index received the most significant spillo-
vers during the COVID-19 pandemic. Another study by 
Shaikh [62] concluded that Brent crude oil and equity 
markets were the primary transmitters, while gold, 
West Texas Intermediate (WTI), and the US dollar 
index were the primary receivers. Furthermore, Wang 
et  al. [72] found that the US and UK stock markets 
were net transmitters, while other markets were net 
receivers. Other studies with similar research interests 
include Chen et  al. [20], Corbet et  al. [23], Kakinuma 
[40], and Kumar and Singh [43].

Despite the growing body of literature on the spillo-
ver effects of returns and volatility among various 
financial markets and assets during the COVID-19 
pandemic and Russian-Ukraine war, the literature on 
the spillover and connectedness of African equity with 
other financial markets and assets remains limited. 
Therefore, this paper aims to bridge this gap by investi-
gating the risk-return spillover effects between African 
equity and other financial markets and assets during 
the current pandemic and Russian-Ukraine war.

Methodology
To investigate the co-movement and volatility spillo-
ver between African equity, commodities, foreign 
exchanges, and cryptocurrency markets, we applied the 
quantile vector autoregression (QVAR) connectedness 
approach proposed by Ando et  al. [10]. The approach 
is an extension of the spillover index developed by Die-
bold and Yilmaz [27] to account for tail behaviour of 
financial at different quantiles [10]. The application of 
this models is motivated by evidence in the literature 
[8, 15, 18, 30, 60, 63, 77]. The details of the estimation 
technique are presented below.

We follow Ando et  al. [10] and begin by defining the 
n-variable quantile VAR process of order p as:

where Zt and Zt−j are an n× 1 dimensional vector of 
return and conditional volatility generated from Eqs. (1) 
and (2); τ ranges from 0 to 1 which corresponds to differ-
ent quantiles. We define three quantiles for this paper as 
0.1, 0.5 and 0.9. The V (τ ) is an n× 1 dimensional vector 
of the conditional mean and φj(τ ) is n× n dimensional 
coefficient metrices while ǫt(τ ) is an n× 1 dimensional 
vector of serially uncorrelated errors. Equation (4) can be 
transformed into an infinite order moving average speci-
fication of QVAR as:

We also follow the generalised forecast error variance 
decomposition (GFEVD) frameworks developed by 
Koop et al. [42] and Pesaran and Shin [55]. The H-step 
ahead forecast error variance decomposition matrix 
�H = [�H

ij ] is expressed as:

where � is the variance matrix of the error vector ǫ ; ei is 
an n× 1 selection vector with one as the ith element and 
zero if otherwise. Thereafter, individual element of the 
variance decomposition matrix is normalised by the row 
sum as:

where 
∑n

j=1 �̃
H
ij = 1 , and 

∑n
i,j=1 �̃

H
ij = n. Based on these 

elements, the four measures of connectedness at each 
quantile are derived by applying the GFEVD. First, the 
total return or volatility connectedness (spillover) index 
(TCI) at each quantile is defined as:

The TCI index provides information on average con-
tribution of shock to the forecast error variance among 
the financial markets/assets. Also, it allows for the 
determination of directional volatility spillover trans-
mitted to (TO) market i from all other markets j as well 
as volatility received by markets j from (From) market i 
as shown by Eqs. (6) and (7) below:

(1)Zt = V (τ )+

p∑

j=1

φj(τ )Zt−j + ǫt(τ )

(2)Zt = V (τ )

∞∑

i=0

Ai(τ )ǫt−i

(3)�H
ij =

�(τ)−1
jj

∑H−1

h=0
(éiAh(τ )

∑
(τ )ej)

2

∑H−1

h=0
(éiAh(τ )

∑
(τ )Ah(τ )

′ei)

(4)�̃H
ij =

�H
ij∑n

j=1�
H
ij

(5)TCI(H) =

∑n
i,j=1,i �=j �̃

H
ij∑n

i,j=1 �̃
H
ij

× 100
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Based on the above equations, the net spillover for 
each financial market/asset is computed as the difference 
between the gross volatility transmitted from market i to 
other markets/assets and gross volatility received by mar-
ket i from other financial markets/assets:

In this regard, a positive net value indicates that the 
financial/asset is a net risk transmitter while a negative 
value indicates a net risk receiver.

Data
We employ daily time series data covering the period 
from January 3, 2020, to September 6, 2022. Our analy-
sis covers 10 top African stock markets by market capi-
talization and stock performance (Botswana, the Bourse 
Regionale des Valeur Mobilieres, Egypt, Kenya, Mau-
ritius, Morocco, Namibia, Nigeria, South Affrica and 
Tunisia), 6 top energy and precious metals commodities 
(copper, brent crude, natural gas, gold, platinum and sil-
ver); 2 foreign exchanges (Euro/dollar and Pound/dollar 
exchange rate); and 2 major cryptocurrencies (Bitcoin 
and Ethereum). All data used in this paper are sourced 
from the Investing.com and we transform the raw data 
into returns series using the method as:

(6)
TOj.i←∗(H) =

n∑
j=1

j �=i

�̃H
ij

∑n
i,j=1 �̃

H
ij

× 100

(7)
Fromj,i→∗(H) =

n∑
j=1

j �=i

�̃H
ji

∑n
i,j=1 �̃

H
ji

× 100

(8)Netj,i(H) = Si→∗(H)− Si←∗(H)

where the daily return is given by Rit and Pit is the closing 
price of a given asset i at time t and t − 1.

Table  1 summarizes the acronyms used for each of 
the time series whereas Table  2 reports the descriptive 
properties and unit root tests for the returns series of 
each variable over the sample period. As reported in the 
table, majority of African equity markets recorded nega-
tive average returns over the period. Among the equity 
markets with positive returns, Nigeria has the highest 
returns (0.126%) followed by BRVM (0.038%) and Tuni-
sia (0.025%). The worst performing equity markets are 
Egypt (-0.048%), Namibia (0.039%) and Kenya (0.036%). 
Regarding the international financial assets, apart from 
Euro-dollar, British pound-dollar, natural gas and plati-
num, other financial assets recorded positive return. It is 
also shown that Ethereum (0.257%), Brent crude (0.128%) 
and Bitcoin (0.103%) reported the highest returns. The 
unconditional variance as measured by the standard devi-
ation shows that among African equity markets, Namibia 
(7.058), South Africa (1.551) and Egypt (1.268) exhibit 
the highest volatility. While Ethereum (5.389), natural gas 
(4.137), Bitcoin (4.070) and Brent crude (3.304) reported 
the largest volatility among the international financial 
assets. With exception of Namibia, Nigeria, and natural 
gas, all the returns series are negatively skewed. This indi-
cates a high change of realising negative returns over the 
period. In addition, the kurtosis shows that all the return 
series are leptokurtic with respect to a normal distribu-
tion. Furthermore, all the returns series are stationary 
as indicated by the unit root tests (Augmented Dickey–
Fuller-ADF and Phillips–Perron-PP) and exhibit volatility 
clustering behaviour as suggested by autoregressive con-
ditional heteroscedasticity (ARCH) and Ljung–Box tests 
(LQ).

(9)Rit = ln

(
Pit

Pit−1

)
× 100

Table 1 Variables

No. Equities markets Exchange rate Commodity Cryptocurrency

1 Botswana (BOT) Euro/Dollar (EUR) Copper (COP) Bitcoin (BIT)

2 Bourse Regionale des Valeur 
Mobilieres (BRVM)

British pound/Dollar (GBP) Brent crude oil (BRT) Ethereum (ETH)

3 Egypt (EGY) Natural gas (GAS)

4 Kenya (KEN) Gold (GLD)

5 Mauritius (MAU) Platinum (PLT)

6 Morocco (MOR) Silver (SLV)

7 Namibia (NAM)

8 Nigeria (NIG)

9 South Africa (RSA)

10 Tunisia (TUN)
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Figure  1 plots the evolution of return across African 
equity markets and international financial assets. The 
evidence from the figure shows wide fluctuation at the 
beginning of the sample period (January 2020–May 2020) 
and towards the beginning of 2022 (March 2022–May 
2022) for all the returns. The periods of high fluctuation 
identified in the figures are associated with the World 
Health Organisation (WHO) declaration of COVID-19 
as a global pandemic, the collapse of crude oil prices due 
to price war between Saudi Arabia and Russia, and surge 
in the global commodity prices due to Russia-Ukraine 
conflict [24, 25, 32]. This preliminary finding supports 
the need for this study.

Empirical results and discussion
This section provides the analysis of return and volatil-
ity connectedness and spillover between African equi-
ties and international financial assets based on QVAR 
approach. Specifically, the analysis is based on lag 2 
selected by Akaike information criteria (AIC) and 
10-steps ahead forecast error variance decomposition 
together with 150-days rolling window. One interesting 
feature of QVAR is the ability capture the connectedness 
and spillover at lower and upper tails of the conditional 
distributions [10]. Such a feature provides information 

on the pattern of connectedness and spillover under 
extreme market conditions. As a result, three different 
quantiles (such as 0.05, 0.50, and 0.95) are compared, 
corresponding to bearishish (lower), normal (median), 
and bullish (upper) market conditions. In this section, we 
first present and discuss the result of the quantile static 
connectedness and spillover followed by the network 
connectivity diagrams, the dynamic spillover analysis and 
lastly the net directional spillovers.

Quantile static connectedness analysis
We start by reporting the results of static connectedness 
analysis between African equity markets and interna-
tional financial assets. Tables 3, 4 and 5 report the results 
of the static return connectedness for the three quan-
tiles. As reported in the tables, the total connectedness 
index (TCI) varies across the three quantiles, indicating 
the return spillover between African equity markets and 
international financial assets is dependent on market 
conditions. Importantly, the results show strong con-
nectedness at the lower (91.89%) and upper (91.69%) 
quantiles compared to the median (57.67%) quantile. 
This finding implies that extreme negative and positive 
shocks emanating from events such as COVID-19 pan-
demic, oil price war between Saudi Arabia and Russia 
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and Russia-Ukraine war, have significant impact on the 
pattern of returns spillover at lower and upper tails. 
Moreover, the contributions to and from others for both 
the lower and upper quantiles are much larger than those 
in the median quantile. These results are consistent with 
the recent works of Al-Shboul et al. [8], Billah et al. [15], 
Farid et  al. [30] which observed similar patterns across 
different market states.

Next, we consider the static directional spillover which 
shows the amounts of spillovers received and transmitted 
as well as the net spillover at different quantiles. Focus-
ing on the net spillovers, we observe that under bearish-
ish market condition (Panel A of Table 3), African equity 
markets (except for Kenya and South Africa) are mostly 
the net receivers while majority of financial/commodi-
ties assets (except for brent oil, natural gas and silver) 
are net transmitters. Also, the results show that the larg-
est recipient of spillover is Botswana (− 8.57%), followed 
by Mauritius (− 5.63%) and Tunisia (− 4.16%) while the 
largest contributor to spillovers is the British pound/dol-
lar (8.7.3%) followed by crude oil (5.02%) and platinum 
(4.08%). Interestingly, we observe a role reversal under 
normal market condition (Panel B of Table  4) with all 
the international financial assets being the net receivers 
while half of African equity markets are net transmit-
ters. Among the international financial assets, the larg-
est recipient of spillovers is natural gas (− 20.01%), crude 
oil (− 13. 64%) and Bitcoin (− 6.13%) whereas the biggest 
contributors of spillover are Botswana (84.57%), South 
Africa (8.35%) and Mauritius (7.48%). Similarly, the result 
in Panel C of Table 5 shows that under the bullish market 
condition, majority of international financial assets are 
the recipients of spillover while most Africa equity mar-
ket are transmitters. The results specifically show that 
South Africa (8.27%), Nigeria (7.40%) and Tunisia (4.37%) 
are largest contributors whereas natural gas (−  2.47%), 
gold (−  2.24%), and silver (−  2.14%) are the largest 
recipients of return spillover. Therefore, the above find-
ings indicate that African equity markets are recipient of 
return spillovers from the international financial assets 
and commodities during bearishish market condition but 
constitute a major source of spillovers during normal and 
bullish market conditions.

Overall, the findings from the static connectedness 
analysis can be summarized in three points. Firstly, we 
find stronger overall market connectedness at the tail-
end distributions. This implies that investors should be 
more concerned about spillover effects during the bullish 
and bearish markets compared to tranquil periods. Simi-
lar conclusions were drawn by Bouri et al. [18], Shahzad 
et al. [63], Farid et al. [30], Rao et al. [60] and Yousaf and 
Yarovaya [77] yet for different financial markets. Sec-
ondly, Kenya is the only equity market which is resilient 

to systemic shocks in all market states. This would imply 
that this equity market is more disconnected from sys-
temic shocks and thus offers support to the traditional 
intuition that African equities are better diversifies of 
market risk due to their lack of connectedness to global 
markets [37]. To a lesser extent, similar conclusions can 
be drawn for South Africa (bullish and tranquil markets 
and Mauritius (tranquil and bull markets which show 
resilient over two states and yet are exposed to shocks at 
the tail end distributions. The remaining majority of Afri-
can equities are either vulnerable to spillover shocks in 
two market state (BRVM, Botswana, Morocco, Namibia 
or at all market states (Egypt, Nigeria and Tunisia hence 
highlighting their need for diversification with other 
asset classes. Lastly, energy commodities and precious 
metals appear to more resilient to systematic shocks 
compared to financial assets such cryptocurrencies and 
exchange rates and during bearishs and bullish. In par-
ticular, we find that brent oil, gas and silver (cooper, gas 
and platinum are suitable for diversification purposes 
during bearish (bullish markets. These results are inter-
esting to observe since they contradict conventional lit-
erature which advocates for Gold and Bitcoin as suitable 
diversifies of risk in African equities [52, 54, 71]. Overall, 
we conclude that a select few commodities are resilient to 
systemic shocks and hence could serve as viable diversi-
fiers for the host of African equities which were found to 
be susceptible to spillover shocks.

Network connectivity plot for return and volatility
In this section, the analysis of network connectivity for 
return and volatility is provided to better visualise the 
degree of connectedness and spillover between African 
equities and international financial assets. Figure 2 plots 
the network connectivity of the variables under differ-
ent quantiles with the blue (yellow) colour represents 
net transmitter (receiver) of shocks. The size of the node 
depends on the amounts of shocks received or transmit-
ted. Thus, the larger the node, the higher the amounts of 
shocks received or transmitted and vice versa. Also, the 
edges represent the origin and direction of spillovers 
while the thickness of the edge shows the degree of the 
connectedness.

Consistent with the results of static analysis, we 
observe in Fig.  2a that under bearishish market condi-
tion, African equity markets are shock receivers except 
Namibia and South Africa. The figure shows that Bot-
swana and Mauritius are the largest recipients of spillo-
vers from the international financial assets. By contrast, 
the international financial assets are net transmitters 
except natural gas. The largest return transmitters are 
British pound/dollar and platinum. Under normal mar-
kets conditions as reflected in Fig.  2b, African equity 
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markets are mainly net shock receivers from the system, 
especially Botswana, Mauritius, Nigeria, Tunisia and 
BRVM. It also shown African equity markets like Kenya 
and South Africa large contributors to the systemic 
shocks. Again, it is observed that most international 
financial asset are transmitters under normal markets 
conditions with the British pound/dollar and crude oil 
as the leading transmitters of shock. In terms of bullish 
market condition in Fig.  2c, we observe reversal of role 
with African equity markets being the primary transmit-
ters while international financial assets as the receivers. 
The leading contributors are among the African equity 
markets are Botswana, Morocco, Mauritius, South Africa 
and Namibia. These findings collaborate the results of the 
static return analysis presented in the previous section.

Dynamic connectedness analysis
Next, we applied the rolling window to investigate the 
time-varying connectedness between African equity 
markets and international financial assets. As before, we 
perform the analysis across the three quantiles (lower, 
median, and upper) and plot the total dynamic connect-
edness in Fig. 3. From Fig. 3, it can be observed from the 
figures that the total return connectedness index exceeds 
98% at the lower and upper quantiles while exceeding 
70% at the median quantile. This finding indicates that 
the degree of connectedness appears extremely high at 
the lower and upper quantiles compared to the median 
quantile. Also, this finding collaborates the results of the 
static return connectedness.

We further observe heightened connectedness across 
the three quantiles over the periods February 2020–July 
2020, September 2020–January 2021, May 2021–Sep-
tember 2021, November 2021–January 2022, and Feb-
ruary 2022–onwards. These periods are associated with 
five extreme events. The first period (February 2020–July 
2020) corresponds to the early period of COVID-19 pan-
demic, and crude oil price war between Saudi Arabia and 

Russia. The second period (September 2020–January 
2021) is associated with the second wave of the COVID-
19 pandemic, the January 6th capital riot in the USA and 
the release of the clinically approved COVID-19 vacci-
nation. The third period (May 2021–October 2021) cor-
responds to the third wave of the COVID-19 pandemic 
which is associated with the delta variant. The fourth 
period (November 2021–January 2022) covers the fourth 
wave of the pandemic due to the omicron variant. The 
fifth period (February 2022–present) covers the start of 
the Russian-Ukraine war and the reversion back to mon-
etary policy ‘normalization period’ of Central Banks in 
industrialized economies.

The analysis of the total dynamic connectedness pro-
vides two key findings. Firstly, even after accounting 
for dynamic time-variation we still find that the extent 
of connectedness between African equity markets and 
financial/commodity assets peaked during the periods 
extreme market events compared to normal market con-
dition. Secondly, investors and market regulators should 
pay attention events related to the COVID-19 pandemic, 
Ukraine-Russia war and US monetary policy since higher 
connectedness is observed during these periods. How-
ever, we cannot determine the extent to which individual 
markets are affected spillovers during different market 
events and we shed light on this in the next section.

Net directional spillover
Lastly, we examine the dynamic net direction spillover 
effects for individual markets, and plot our findings in 
Fig.  4a–c for the 5th, 50th, and 95th quantiles, respec-
tively. The findings reveal switching effects from net 
transmission to net receivers of shocks across all markets 
throughout the entire time window. Therefore, our inter-
pretation focuses on the dominance of the net transmis-
sion effect, particularly during periods of higher market 
connectedness indicated by our time-varying dynamic 
connectedness index.

Fig. 2 Network connectivity plot for returns
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Starting with the results at the median quantile, we find 
that Botswana, Kenya, Mauritius, Morocco, Namibia, 
and South Africa (BRVM, Egypt) equities are primar-
ily net transmitters (receivers) of shocks. Significant 
peaks are observed at the onset of the pandemic, around 
November 2021, and at the beginning of the Russia-
Ukraine war. Conversely, most commodities and financial 
assets are predominantly net receivers, except for Copper 
and Silver, which act as net transmitters of shocks, espe-
cially during periods of higher market connectedness.

At the tail-end distribution of the quantile connect-
edness, the switching between net transmitters and 
receivers of shocks is even more pronounced than at the 
median quantile. However, some markets are consistently 
net receivers/transmitters at this distribution. For exam-
ple, at the 5th quantile, commodities such as Brent, Natu-
ral Gas, and Gold (Botswana) are major transmitters of 
shocks during bearish markets, while Nigeria is predomi-
nantly a net receiver. Conversely, at the 95th quantile, 
only Gold, Silver, and African equities such as Nigeria, 
South Africa, Mauritius, Namibia, and Nigeria act as pre-
dominant transmitters of shocks, while Botswana is pri-
marily a net receiver.

Overall, these findings suggest that African equities 
exhibit greater resilience to market shocks during tran-
quil market states but become more susceptible during 

extreme events. This underscores the notion that African 
equities have become more interconnected with global 
markets, particularly in the post-COVID era [2]. As for 
diversification, commodities like Gold, Silver, and Cop-
per display resilience to market shocks across different 
market states, making them suitable for consideration by 
investors seeking a more diversified portfolio. These find-
ings contradict the conclusions of Omane-Adjepong and 
Alagidede [54], who suggest that cryptocurrencies offer 
better diversification for African equities compared to 
traditional commodities like precious metals or energy 
commodities.

Conclusion
This paper investigated the connectedness and spillo-
ver between African equity and international financial 
assets using the Quantile-VAR measurement to gener-
ate condition for lower (0.05), middle (0.50) and upper 
(0.95) quantiles. In particularly, our analysis covers ten 
African equity markets (namely Botswana, BRVM, Egypt, 
Kenya, Mauritius, Morocco, Namibia, Nigeria, South 
Africa and Tunisia), two foreign exchange rate (Euro/
dollar, and British pound/dollar), six commodities (Brent 
crude oil, copper, gold, natural gas, platinum and silver), 
and two cryptocurrencies (Bitcoin and Ethereum). Also, 
we use the daily data over the period 3 January 2020 to 6 

(a) Quantile = 0.05          (b) Quantile = 0.50  
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Fig. 4 a Net directional return spillover (quantile = 0.05). b Net directional return spillover (quantile = 0.50). c Net directional return spillover 
(quantile = 0.95)
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September 2022 to account for the effect of COVID-19 
pandemic and Russia-Ukraine war.

Our findings reveal three distinct episodes character-
ized by heightened tail-connectedness among the mar-
kets. Firstly, during the stock and oil market crashes in 
April 2020, prompted by the global economic shutdown 
in response to the pandemic, followed by a significant 
market upswing after the approval of COVID-19 vacci-
nations from December 2020 to March 2021. Secondly, 
during the announcement of various COVID-19 vari-
ants between 2020 and 2021. Lastly, during the ongoing 
Ukraine-Russia conflict the reversion back to monetary 
policy ‘normalization period’ of Central Banks in indus-
trialized economies. In each of these extreme co-move-
ments, the individual financial and commodity markets 
exhibit increased vulnerability to systemic spillover 
shocks.

Moreover, the study identifies the net transmitters 
and net receivers of systemic tail-end shocks to assess 
the hedging benefits of cryptocurrency and commod-
ity assets against African equity tail-risk during extreme 
events. We find that most African equity markets, 
cryptocurrencies, and exchange rates primarily act as 

recipients of systemic shocks in the post-COVID-19 era. 
Conversely, certain commodities such as Gold, Silver, and 
Natural Gas emerge as significant transmitters of these 
shocks, highlighting their potential as hedging assets. 
These results challenge the conventional belief that Afri-
can equities are decoupled from international markets 
and suggest their unsuitability for diversification pur-
poses against financial and commodity assets. Addition-
ally, they question the notion that cryptocurrencies serve 
as superior hedging options compared to traditional 
commodities like Gold and Gas.

Overall, our findings are valuable for market partici-
pants seeking to explore tail-risk hedge strategies and 
leverage opportunities presented by sharp downward 
market swings and increased investment payoffs during 
extreme market movements. Additionally, these findings 
have implications for market regulators, who can moni-
tor market contagion effects and implement appropriate 
regulatory measures to mitigate systemic risks. These 
implications are particularly relevant given the ongoing 
global uncertainty surrounding the pandemic, the Russia-
Ukraine conflict, and other geopolitical tensions.
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