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1 | INTRODUCTION

The COVID-19 pandemic spread quickly worldwide, recording more than 118 million confirmed cases and more than
2.62 million deaths (WHO, 2021). Economies across the globe have suffered severe economic and financial conse-
quences of the pandemic. Global financial markets, in particular, developed markets, plummeted in March 2020
(World Economic Forum, 2020). However, economic uncertainties continue amidst the introduction, roll-out, and
efficacy of the COVID-19 vaccine. Due to the pandemic, the world economy is expected to have negative growth of
4.4% in 2020 (IMF, 2020). Developing economies were hard-hit by the pandemic and are projected to have negative
growth of 5.6% in 2020 (The UN, 2021). Governments across the world adopted unprecedented monetary and fiscal
stimulus packages to boost pandemic-inflicted economies. The UN estimated the global fiscal response of USD 12.7
trillion, amounting to 15.8% of the world GDP in 2020 (The UN, 2021). African economies are not immune to the
pandemic. They are expected to register a negative growth of 3.4% in 2020 (The UN, 2021). Nigeria and
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South Africa, the two largest economies in Africa, are expected to have negative growth of 4.3% and 8.0%, respec-
tively, in 2020 (IMF, 2020).

Literature shows that financial risk spillovers occur through financial linkages (Damijan et al., 2013; Fan
et al., 2020; Kaminsky & Reinhart, 2000; Kodres & Pritsker, 2002), trade linkages (Ali & Imai, 2015; Barrot
et al., 2018; Fontaine et al., 2018; Glick & Rose, 1999; Goldstein, 2001; Haile & Pozo, 2008), investors behaviours
(Bikhchandani et al., 1992; Broner et al., 2006; Calvo & Mendoza, 2000) and regional effects (Bucci et al., 2019;
De Gregorio & Valdés, 2001; Thang et al., 2016). There are extensive studies regarding the COVID-19 pandemic
effects on developed and developing economies (Akhtaruzzaman, Boubaker, & Sensoy, 2021; Banerjee, 2021,
Bottan et al., 2021; Guo et al., 2021; Janssens et al., 2021; Kansiime et al., 2021; Narayan et al., 2020). There is
literature on the risk spillovers to African markets during the global financial and European debt crises (Atenga &
Mougoué, 2020; Belcaid & El Ghini, 2019; Fosu, 2013; Gurara & Ncube, 2013; Sugimoto et al., 2014). However,
there is a paucity in the literature on how risk spillovers occur from developed to developing African economies
during the pandemic. Our study fills the literature void by examining the risk spillovers from the United States to
the four largest African developing economies, namely, Nigeria, South Africa, Egypt and Morocco, during the
pandemic.t

Examining Africa's pandemic effect is critical since Africa has a disproportionate burden of disease and poverty
(Ataguba, 2020). Adam et al. (2020) argue that early and stringent lockdowns disrupted Africa's domestic economic
activities, and second-wave lockdowns will dramatically increase economic shocks. Bisong et al. (2020) argue that
the remittance flows to African countries will be reduced due to the host countries' lockdown measures. Given the
literature gap, we attempt to examine how the four of the five largest African developing economies—Nigeria,
South Africa, Egypt and Morocco—were affected by the pandemic compared to the US market.2

Our study has several contributions to the literature. First, it examines the financial risk spillovers to the devel-
oping African economies at the aggregate market and sectorial levels: financial firms and banks. Analysing the spill-
overs at aggregate and sectorial levels helps investors and policymakers devise appropriate strategies for
safeguarding financial portfolios. Second, we use downside risk measures of African financial markets and compared
those with the United States. We have included both Value at Risk (VaR) and Conditional VaR (CVaR). We have sup-
plemented the downside risk analysis using the historical (back simulation), which overcomes the normality assump-
tion problem of the RiskMetrics approach.® We have also used the spectral risk measure to overcome the problem
of incoherence in the downside risk measure (see Acerbi, 2002, 2004). Third, our study contributes to the literature
on the increased integration of the African economies to the global financial markets and their higher exposition to
financial shocks during the crisis. For instance, Giovannetti and Velucchi (2013) find that African economies had been
severely hit by the global financial crisis in 2008-2009, despite the claim that Africa is not integrated into the globali-
zation process and, hence, it is not expected to be exposed to global shocks.

Our study makes several interesting findings. First, the downside risk exposures of African markets, financial
firms and banks increased significantly during Phase | (30 January to 30 April 2020) of the pandemic compared to
the pre-COVID-19 (2 January 2017 to 29 January 2020) and Phase 2 (1 May to 30 October 2020) of the COVID-19
period. The nature and magnitude of downside risk exposures of African financial markets appear similar to those of
the US market. This result implies that African financial markets are equally affected by the pandemic. Second, we
provide evidence that the United States is the net transmitter of risk spillovers while Nigeria, South Africa, Egypt,
and Morocco are net recipients during the pandemic. Third, our results show that the dynamic conditional correla-
tions (DCCs) between the US and South African markets, financial firms and banks increased during Phase |, which

echoes Diebold and Yilmaz's (2012) spillover model. Similarly, DCCs between the US and Nigerian financial firms and

The United Nations has classified Nigeria, South Africa, Egypt, and Morocco as developing economies (see The UN, 2021).

2The five largest economies in Africa are Nigeria, South Africa, Egypt, Morocco and Algeria. Due to the unavailability of required data, we have not
included Algeria in our study.

3JP Morgan first introduced the RiskMetrics model to measure VaR in 1994.
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banks increased during Phase I. Higher DCCs between the United States and South Africa (Nigeria) provide evidence
that spillovers occurred between the United States and the African two largest economies.

The rest of the paper proceeds as follows. Section 2 presents our empirical design. Section 3 presents the litera-
ture review on risk spillover measures. Section 4 provides data and the empirical results. Section 5 checks robust-

ness. Section 6 concludes.

2 | LITERATURE REVIEW

Literature has evolved to analyse international spillovers, although the focus was primarily on the equity markets in
the early 1990s. For example, Hamao et al. (1990), King et al. (1994) and Lin et al. (1994) find return and volatility
spillovers from the United States to the Japanese and UK equity markets. Bekaert et al. (2009) find return spillovers
across 23 developed equity markets. Diebold and Yilmaz (2009) introduce a spillover index based on forecast error
variance decompositions from vector autoregression (VAR) models to measure the spillovers or connectedness of
asset returns and/or volatilities for 19 global equity markets. Diebold and Yilmaz (2009) find evidence of divergent
behaviour in return and volatility spillovers dynamics. In particular, they show that return spillovers appear to be
increasing over time with a burst. However, the volatility spillovers do not have any trend but with significant bursts.
Following Diebold and Yilmaz's (2009) seminal work, literature on the spillover measure significantly evolved
(McMiillan & Speight, 2010; Zhou et al., 2012). However, Diebold and Yilmaz's (2009) spillover index model depends
on the Cholesky-factor identification of VAR, and thus, the resulting forecast error variance decompositions can be
influenced by order of variables. Also, Diebold and Yilmaz's (2009) model measures only the total spillovers and does
not examine the directional spillovers from/to a particular market. Diebold and Yilmaz (2012) propose the spillover
index model based on the generalized VAR framework that removes the order of the variables that could influence
return and volatility spillover results. Extensive literature applies Diebold and Yilmaz's (2012) model to measure the
total and directional spillovers among equity markets as well as among different asset classes (Akhtaruzzaman,
Boubaker, Lucey, & Sensoy, 2021; Akhtaruzzaman, Abdel-Qader, et al., 2021).* We apply the Diebold and
Yilmaz (2012) model to examine spillovers across the United States and developing African economies: South Africa,
Nigeria, Egypt and Morocco.

3 | EMPIRICAL MODEL

To investigate how risk spillovers occur from the United States to developing African economies, we apply state-of-
the-art methodologies. First, we apply Value at Risk (VaR) and Conditional VaR (CVaR) to measure downside risk
exposure of market indices, financial firms, and banks in African developing economies compared to their US coun-
terparts during the pandemic. Second, we apply the asymmetric DCC (ADCC) model of Cappiello et al. (2006) built
on the DCC-GARCH model of Engle (2002) to assess how the risk spillovers are transmitted from the US to African
developing economies during the COVID-19 pandemic. Finally, we apply Diebold and Yilmaz's (2012) spillover index
model to examine the source of risk spillovers during the pandemic.

3.1 | VaRandCVaR

The VaR measures the downside risk of a portfolio. A two-moment VaR is calculated as®

“Recent literature has extended Diebold and Yilmaz's (2012) spillover index model to the time-varying parameter Vector Autoregressive model (TVP-VAR)
to measure spillovers (for details, see Akhtaruzzaman, Boubaker, & Umar, 2021; Bouri et al., 2021)
SWe have followed Hong et al. (2009) for the specification of the VaR equation.
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VaRp(a> =—Hp +Z,0p (1)

where yu, and o, are the mean and standard deviation of the daily returns of the portfolio p, respectively. z, is the
quantile of the standard normal distribution. VaR in Equation 1 assumes the normal distribution of returns. However,
during the crisis periods, return distribution is most likely non-normally distributed. To overcome the assumption
underlying the VaR measure in the RiskMetrics model (JP Morgan, 1995), we use the historical (back simulation)
approach that does not assume an a priori distribution of returns. Our empirical results also demonstrate that our
return series are generally not distributed.

Although VaR is now a standard risk measure for downside risk, it has several problems (Yamai &
Yoshiba, 2005). For instance, it does not consider any loss beyond the VaR level known as ‘Tail risk.” VaR is also a
subadditive method, which concerns the situation when the total risk of a portfolio should not be higher than the
sum of each portfolio's risk element (Artzner et al., 1999). Conditional Value at Risk (CVaR) (also known as an
expected shortfall) overcomes these problems. CVaR, a loss expectation if the loss is larger than the VaR level, is

calculated as follows:
[CVaR], =E(rplrp > VaRp(a)) (2)

where [CVaR]p is an average of returns exceeding the VaR level at the a quantile.

32 | DCCs

Building on the DCC-GARCH model of Engle (2002), prior studies (Alexakis & Pappas, 2018; Kenourgios
et al., 2011; Kocaarslan et al., 2017; Kocaarslan et al., 2018; Zhang, 2017) apply the Asymmetric DCC model of
Cappiello et al. (2006) to account for the non-linearities and asymmetries in return distribution. Engle (2002) applies
a two-step estimation process to compute the dynamic conditional correlation (DCC). First, the univariate GARCH
model is estimated. Second, DCC is estimated through a variance-covariance matrix.

Let r; be an n x 1 vector of assets returns with covariance matrix H:
re]Qe—1N (0,Hy) 3)
where ©;;_1 is the information set at t — 1.

H; = DR:D; 4)

nn,t

where D :diag(h}ﬁ ......... hl/z) is an (n x n) diagonal matrix. \/h;;; is the ith diagonal withi=1, 2, 3 ....n.

Rt is an (n x n) correlation matrix as below:
Re=Q Qi ©)

Equation 5 presents the correlation matrix with Q; = (%‘,t) as the conditional variance-covariance matrix of the
standardized residuals, and Q; = (q;,i,t> = /Gii; as a diagonal matrix. Q; is expressed as

Q:=(1—-a—b)Q+a(u_1u’1)+bQ_y (6)

where Q is the unconditional variance matrix of standardized residuals, ui¢ and a and b are nonnegative scalars with
(a+b)<1.
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A typical element of R; is of the form:
Piit = Aije/ \/QiigQjiehi = 1,2,...n, andi #j (7)

In Equation 7, p;; represents the time-varying conditional correlations between the US and African markets,
financial and bank stock returns. gj;; and g;; are the conditional variance of the US and African markets, financial
and bank stock returns, respectively.

Cappiello et al. (2006) introduce an Asymmetric DCC model by combining the DCC model (Engle, 2002) and
asymmetric GARCH model (Glosten et al., 1993) as below:

he=w+aef_y +phe_1 +7llee1 < 0Jel ®)

In Equation 8, the indicator function I[e;_1 < O] equals one if &_1<0 and zero otherwise.
The DCC model of Engle (2002) does not allow for asset-specific news and asymmetries. Cappiello et al. (2006)
modify the correlation equation described by Equation 6 to be

Q= (Q-AQA—BQB—G'NG) +A'u;_1u}_,A+G'ne_an| ,G+B'Q; 1B 9)

where A, B and G are k x k parameter matrices, n; =I[u; < OJou; (I[u; < 0] is a k x 1 indicator function that takes the
value of one if us < 0 and zero otherwise, ‘o’ indicates the Hadamard product, and N= E(nmﬂ).

Equation 9 is an asymmetric generalized DCC (AG-DCC) model. The ADCC model is obtained as a particular case
of the AG-DCC model if the matrices A, B, and G are replaced by scalars. Cappiello et al. (2006) propose the scalar
ADCC as

Q= (57 a’Q- bzéfgzﬁ) +a%u1U,_y +g2ne_an,_; +b*Q 4 (10)

A sufficient condition for Q; to be positive definite is that the matrix in the parentheses is positive semi-definite, and

a necessary and sufficient condition for this to hold is a2 +b? + 5g2 where 5 = maximum eigenvalue afl/zN;Qfl/z] .

3.3 | Directional spillover model

We apply the Diebold and Yilmaz (2012) model to examine spillovers across the United States and developing
African economies: South Africa, Nigeria, Egypt, and Morocco. The Diebold and Yilmaz (2012) model applies a
generalized vector autoregression (VAR) framework instead of using Cholesky factor orthogonalization to measure
spillover (see Diebold & Yilmaz, 2009).

Assume an N-variable VAR(p), y; = Zf’:lfpm + &, where s(O:Z) is a vector of i.i.d. residuals.

ye = > icoAiet_i is a moving average with A;, an N x N matrix A; in a recursive pattern:

Ai=w1Ai_1 + @2Ai_2 + ... + wpAi_p With Ai_, =0fori<0.

The H-step-ahead Forecast Error Variance Decompositions (FEVD) are calculated as below:

g5 () _ 71 ho (A e)*
o (A Ae))®

1
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where ¢j is the standard deviation of error terms and e; is a selection vector, with one as the ith element, and

0 otherwise. Zj'ilef}(H) # 1. Each element is normalized by the row sum.

BH)=—T""
)

with SN, 6%(H) =1 and SN_, 65 (H) =N.

ij
The spillover index is calculated from Equation 13 as

SUIRTAL) S 16GH)
SE(H) = i#] -100= ]

—= -100
POCAC) N

Directional spillover to market i from all other markets j is measured in Equation 14

S 1G5H) S 1G5(H)
IEL 100 — jEI

= -100
SN L6 (H) N

$=

Directional spillover from market i to all other markets j is calculated in Equation 15

S 1G5(H) S 1G(H)
IE 100= IE

= —
D WAC) N

-100

Net spillover from market i to all markets j is estimated in Equation 16.

=5

4 | DATA AND EMPIRICAL RESULTS

4.1 | Dataand descriptive statistics

(12)

(13)

(14)

(15)

(16)

Our sample period covers both the pre-COVID-19 period (2 January 2017 to 29 January 2020) and COVID-19
period (30 January to 30 October 2020). The COVID-19 period started on 30 January 2020, when the WHO

declared a public health emergency of international concern over a novel coronavirus outbreak.® We have taken

2 January 2017, as the start of the period to not overlap with other financial crises.

Data on market indices, financial firms, and banks are from DataStream. We include major developing economies

in Africa, namely Egypt, Morocco, Nigeria and South Africa (The UN, 2021). Together, these countries contributed to

6See https://www.who.int/director-general/speeches/detail/who-director-general-s-statement-on-ihr-emergency-committee-on-novel-coronavirus-

(2019-ncov)
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AKHTARUZZAMAN ETAL I INTERNATIONAL DEVELOPMENT Wl LEYM

50.26% of the African GDP in 2019 (African Development Bank Group, 2021). We choose the United States as a
source of risk spillovers given that it is the largest economy in the world and the most affected country by the
COVID-19 pandemic. We use local currency-denominated return series to calculate daily returns.” Daily returns
were computed from the return index: ry =In(RI;/Rl;_1), where r; is return and RI; is the return index obtained from
DataStream.

Table 1 presents the descriptive statistics for the daily stock returns for equity indices, financial firms, and banks
from 2 January 2017 to 30 October 2020. Panel B provides the descriptive statistics of the pre-COVID-19 period
while Panels C and D present those of Phase | and Phase 2, respectively.

During Phase |, all returns across markets were negative, with South African banks presented the highest nega-
tive return, followed by US banks. These statistics indicate that not only the US market was affected by the pan-
demic, but also African markets were affected. Similarly, US banks' volatility appears to be the highest during Phase
2, followed by South African banks. Most indices exhibit positive returns during Phase 2 of the pandemic except US
banks, South African and Egyptian financial firms, and Egyptian banks. It is evident that the volatility is the highest
during Phase | of the pandemic for African markets and the US market (see Figures SA1 and SA2). This provides
evidence that African markets were not immune to the pandemic.

The skewness of portfolio returns deviates from zero, and the kurtosis is over 4 in all cases, indicating a
non-normal distribution of returns. The Jarque-Bera test also indicates that the return series do not follow a normal
distribution. The augmented Dickey-Fuller and Phillips-Perron tests reject the unit root hypothesis for all return
series. The Box-Pierce-Ljung portmanteau test provides evidence of autocorrelation in returns. The presence of

autocorrelation is consistent with Jegadeesh (1990).

4.2 | Empirical results
421 | Downside risk

Table 2 presents the downside risk exposure of the US, Egypt, Morocco, Nigeria and South Africa markets, financial
firms, and banks. Our primary variable of interest is how African markets perform during Phase | of the COVID-19
pandemic compared to the US. Panel C results show that the downside risk exposures of African markets, financial
firms, and banks increased significantly during Phase | compared to other phases in our study. More interestingly,
the United States has the highest downside risk exposure during Phase |. Another interesting observation is that the
magnitude of downside risk exposures using the Historic (Back Simulation) approach is much higher than that of the
RiskMetrics (Variance-Covariance) approach. This happens because returns were not normally distributed and had
tail risks during Phase | of the pandemic.® For example, South African banks could lose 8.97% or more of their equity
value in Phase 1 compared to 3.47% or more during the pre-COVID-19 period using the Variance-Covariance
approach at the 1% confidence level. However, this measure for South African banks jumped to 14.34% using the
historical approach, which supports the presence of tail risks during Phase 1.

To check the robustness of the downside risk exposure, we present the results from the CVaR approach. Previ-
ous literature shows that CVaR is a better downside risk measure than a fixed-level quantile of VaR (Meng &
Taylor, 2020; Taylor, 2019, 2020; Zoia et al., 2018). Results from CVaR demonstrate that the downside risk expo-
sures of equity indices increased significantly notably in the period of our interest (e.g., Phase I). Another interesting
finding is that the nature and magnitude of downside risk exposure of African markets, financial firms, and banks are

similar to those of the United States. This result again reinforces our conclusion that African financial markets were

“Mink (2015) favours the use of domestic currency returns than USD returns. Literature (Akhtaruzzaman et al., 2021; Forbes & Rigobon, 2002) shows
similar results for financial contagion using domestic currency or USD returns.
8The descriptive statistics show that returns are not normally distributed.
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TABLE 2 Downside risk

RiskMetrics (Variance-Covariance) Approach  Historic (Back Simulation) Approach

VaR VaR CVaR CVaR VaR VaR CVaR CVaR
(5%) (1%) (5%) (1%) (5%) (1%) (5%) (1%)
Panel A: Total period (2 January 2017 to 30 October 2020)
US market 2.07 2.94 3.67 4.68 1.78 3.70 3.39 6.52
US financial firms 2.55 3.61 4.59 6.31 216 4.40 4.05 8.16
US banks 3.27 4.62 5.34 7.41 2.90 6.05 5.11 9.42
South Africa market 2.18 3.09 3.59 5.20 2.00 3.73 3.29 6.34
South Africa financial 295 4.16 513 6.93 2.60 4.66 4.24 8.14
firms
South Africa banks 344 4.86 5.67 7.96 3.00 522 4.88 9.09
Egypt market 1.64 2.33 2.72 3.85 1.54 3.28 2.63 4.84
Egypt financial firms 1.69 2.39 231 3.92 1.51 324 2.56 4.53
Egypt banks 1.67 2.37 2.72 4.04 1.47 2.82 241 445
Nigeria market 1.77 251 2.60 341 1.70 3.05 2.53 3.89
Nigeria financial firms ~ 2.46 3.51 4.04 5.95 2.25 4.09 3.67 7.03
Nigeria banks 2.54 3.62 4.15 6.35 2.30 4.19 3.78 7.29
Morocco market 1.27 1.80 245 3.40 0.93 219 1.86 3.94
Morocco financial 1.45 2.04 274 3.80 1.05 2.52 212 4.71
firms
Morocco banks 1.55 2.19 3.19 3.85 1.17 2.80 226 5.53
Panel B: Pre-COVID-19 period 1 (2 January 2017 to 29 January 2020).
US market 1.21 1.74 2.01 245 1.30 2.52 212 3.13
US financial firms 1.33 191 214 271 1.44 2.67 2.00 3.37
US banks 1.87 2.66 2.93 3.73 1.85 3.74 2.54 4.30
South Africa market 1.63 2.32 227 276 1.66 2.65 2.32 3.10
South Africa financial ~ 2.02 2.87 261 2.89 2.10 2.89 3.48 3.40
firms
South Africa banks 244 3.47 3.08 n/a 2.51 3.44 4.50 4.25
Egypt market 1.39 1.98 1.90 2.03 1.34 2.58 2.21 3.50
Egypt financial firms 1.46 2.08 1.69 n/a 142 2.39 2.26 3.40
Egypt banks 1.44 2.06 1.72 n/a 1.35 2.10 1.87 3.47
Nigeria market 1.71 241 2.83 3.74 1.64 274 n/a 3.42
Nigeria financial firms 1.98 2.83 2.84 n/a 1.97 3.11 2.51 3.60
Nigeria banks 2.03 2.90 2.92 n/a 1.97 3.07 2.19 3.68
Morocco market 0.93 1.33 2.07 0.57 0.86 1.59 1.37 1.93
Morocco financial 1.01 1.43 211 2.98 0.94 1.60 1.49 213
firms
Morocco banks 1.10 1.56 1.63 3.12 0.96 1.64 1.59 2.32
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TABLE 2 (Continued)

RiskMetrics (Variance-Covariance) Approach

e smemar W LEY_L_%®

Historic (Back Simulation) Approach

VaR VaR CVaR CVaR VaR VaR CVaR CVaR
(5%) (1%) (5%) (1%) (5%) (1%) (5%) (1%)
Panel C: COVID-19 period (Phase 1: 30 January to 30 April 2020)
US market 4.19 5.86 6.90 10.38 5.55 11.09 9.21 12.91
US financial firms 5.47 7.57 9.16 11.50 8.57 12.41 11.49 14.28
US banks 6.79 9.38 10.89 13.97 8.37 15.23 12.65 15.93
South Africa market 3.85 5.35 6.59 7.34 6.46 9.49 8.73 9.89
South Africa financial 5.67 7.81 9.53 11.42 9.55 12.23 11.42 14.55
firms
South Africa banks 6.53 8.97 11.31 12.23 9.61 14.34 12.52 17.20
Egypt market 2.70 3.68 4.93 5.35 4.90 6.81 6.20 7.31
Egypt financial firms 272 3.68 4.59 5.39 3.96 6.96 5.85 7.21
Egypt banks 2.67 3.61 433 5.07 3.54 6.73 5.50 6.81
Nigeria market 2.39 3.24 3.61 4.34 3.20 4.55 4.18 521
Nigeria financial firms ~ 4.38 6.01 7.72 8.04 7.15 10.29 9.28 12.02
Nigeria banks 4.55 6.24 8.01 8.28 7.26 10.63 9.61 12.51
Morocco market 2.52 341 491 6.67 3.19 7.08 5.80 8.53
Morocco financial 2.96 3.99 5.27 7.86 3.49 8.10 6.77 9.97
firms
Morocco banks 3.14 4.24 5.24 8.19 3.90 8.50 7.11 10.18
Panel D: COVID-19 period (Phase 2: 1 May to 30 October 2020).
US market 3.07 2.97 3.18 4.38 2.43 3.61 3.45 4.87
US financial firms 3.00 4.26 4.37 8.24 2.69 4.09 4.14 6.25
US banks 4.40 6.22 6.44 7.53 3.80 6.54 5.77 8.10
South Africa market 212 3.02 2.83 341 2.09 2.99 2.81 4.00
South Africa financial ~ 3.84 5.44 442 n/a 3.53 4.68 4.32 491
firms
South Africa banks 4.48 6.35 5.24 n/a 4.19 5.54 4.96 5.69
Egypt market 1.55 2.21 2.85 2.85 1.71 2.74 2.27 3.00
Egypt financial firms 1.62 2.29 2.29 4.14 1.28 2.18 2.15 3.20
Egypt banks 1.68 2.37 2.49 471 1.49 1.98 222 3.35
Nigeria market 1.39 2.06 1.59 2.31 0.94 1.97 1.62 2.08
Nigeria financial firms ~ 2.10 3.10 2.53 3.69 1.85 251 246 3.12
Nigeria banks 2.19 3.22 2.67 3.89 1.98 2.56 2.59 3.23
Morocco market 0.93 1.37 1.56 1.74 0.73 1.51 1.37 1.74
Morocco financial 1.28 1.83 1.87 2.20 1.09 181 1.56 2.20
firms
Morocco banks 1.41 2.03 2.04 2.50 1.27 2.04 1.74 2.50
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Note: The values of VaR (1% and 5%) and CvaR (1% and 5%) represent a potential loss for each asset category at the 99%
and 95% confidence levels, respectively. Equations (1) and (2) have been used to estimate VaR and CVaR, respectively. n/a
means not computable for that asset category.
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not immune to the COVID-19 pandemic. These results offer risk managers, policymakers, and investor guidance to

consider a coherent downside risk measure such as CVaR during crisis periods.

422 | DCCs

Table 3 presents the dynamic conditional correlation (DCC) between the US and African financial markets. The mean
DCC correlation coefficients between the US and South African markets, financial firms, and banks increased during
Phase | of the pandemic. For example, the mean DCC between the US and South African markets rose to 0.4234 in
Phase | from the value of 0.3111 in the pre-COVID-19 period. DCCs between the US and South African markets,
financial firms, and banks increased during Phase . Similarly, DCCs between the US and Nigerian financial firms and

banks increased during Phase I. Higher DCCs between the United States and South Africa (Nigeria) provide evidence

TABLE 3 DCCs between the US and African equity indices, 2 January 2017 to 30 October 2020

South Africa Egypt Nigeria Morocco
Panel A: Between market indices
Mean DCC
Total Period 0.3187 0.1574 0.0147 0.0994
Pre-COVID-19 Period 0.3111 0.1569 0.0147 0.0993
COVID-19 Phase 1 0.4234 0.1797 0.0147 0.0994
COVID-19 Phase 2 0.3120 0.1490 0.0147 0.1002
Diagnostic Test:
Tse (2000) test 19.27*** 12.91*** n/a 44.14***
Panel B: Between financial firms
Mean DCC
Total Period 0.2892 0.1204 0.0630 0.1042
Pre-COVID-19 Period 0.2763 0.1218 0.0539 0.1012
COVID-19 Phase 1 0.3638 0.1021 0.1276 0.1357
COVID-19 Phase 2 0.3305 0.1208 0.0862 0.1071
Diagnostic Test:
Tse (2000) test 14.99*** 66.15*** 34.11** 59.67***
Panel C: Between banks.
Mean DCC
Total Period 0.2550 0.0794 0.0917 0.0905
Pre-COVID-19 Period 0.2445 0.0767 0.0857 0.0868
COVID-19 Phase 1 0.2970 0.1104 0.1680 0.1313
COVID-19 Phase 2 0.2985 0.0808 0.0902 0.0927
Diagnostic Test:
Tse (2000) test 13.48*** 26.21*** 2.32** 56.84***

Note: 1. Tse (2000) tests the null hypothesis of constant correlation: Ho: pj; = O for the equation: p;; = pj; + Sj&it—1€j-1,
where ¢;;_1 and ¢j;_1 are the standardized residuals of i (United States) and j (South Africa, Egypt, Nigeria and Morocco)
returns from a GARCH (1,1) process. 2. Total Period: 2 January 2017 to 30 October 2020; Pre-COVID-19 Period: 2 January
2017 to 29 January 2020; COVID-19 Phase 1: 30 January to 30 April 2020, and COVID-19 Phase 2: 1 May to 30 October
2020.
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FIGURE 1 Spillover plots, 2 January 2017 to 30 October 2020. Notes: Diebold and Yilmaz's (2012) spillover
model has been used to generate return spillover plots for the United States and developing African economies:
South Africa, Nigeria, Egypt, and Morocco. The return spillover index uses a 200-day rolling window with a forecast
horizon of 10 days. The shaded area represents Phase | of the COVID-19 pandemic (30 January to 30 April 2020)

that financial spillovers occurred between the United States and African two largest economies. Higher DCC
between them could result from higher trade intensity, and capital flows between these countries. Higher DCCs dur-
ing the crisis are consistent with the literature (Chiang et al., 2007; Hwang et al., 2013). These results offer investors

and policymakers guidance on designing strategies to cope with the financial spillover from overseas.

423 | Spillovers

We measure the return spillovers using a 200-day rolling window to examine the magnitude and type of spillovers
during the pre- COVID-19 and COVID-19 periods. The spillover plots show that return spillovers are the highest at
mid-March when markets worldwide, mainly developed markets, experienced significant drops (see Figure 1). Higher
return spillover plots during the height of the pandemic reflect similar results from DCCs and volatilities (see
Figures SA2-SA4). We find an interesting result that the United States is a net transmitter of spillovers to developing
African economies in all three levels: market indices, financial firms and banks, while African economies are net recip-
ients of spillovers during the pandemic (see Table 4). To further examine the source of spillovers between developed
and developing countries, we have generated net spillover plots using Equation 16. The results from the net spillover
plots show that the United States is a dominant source of spillovers to African countries during the COVID-19 pan-
demic (see Figures SA5 and SA6). The net spillover plots further show that Nigeria and South Africa are dominantly
net receivers of spillovers during the pandemic. Our results are consistent with those where the United States is the
source of financial spillovers to developing economies during the global financial crisis (Kim et al., 2015). These
results are critical to policymakers, regulators, investors, and other market participants to understand spillovers from

developed to developing economies.
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5 | ROBUSTNESS

In the baseline analysis, we have estimated the downside risk using VaR and Conditional VaR. However, these mea-
sures could be biased and not coherent (Artzner et al., 1999). To overcome the potential problem of incoherence,
spectral risk measure is proposed as a weighted average of the quantiles of the portfolio returns with a non-

increasing weight function. A spectral risk measure (My) is defined as follows:
1
My~ | 0(p)a,p (17)

where ()(p) is a weighting function that reflects the user's risk aversion with the properties: ((p) >0 for p € [0,1];
_[;@(p)dpzl; O(p1) <0(p,) for all 0<p;<p,<1 and q, is the p loss quantile (see Acerbi, 2002, 2004; Adam
et al,, 2008; Cotter & Dowd, 2006). ()(p) is determined from the following exponential utility risk-aversion function:

Re—R(1-p)

(p) =1_eR (18)

where R € (0, x) is the user's coefficient of absolute risk-aversion.” The absolute risk function is presented in
Figure SA7 with varying coefficients of absolute risk aversion (i.e., R € (20,100,200)). Figure SA7 shows that a
weighting function ((p) in Equation 17 rises with the cumulative probability p and rises exponentially for a more
risk-averse user with higher absolute risk aversion values R.

Table 5 presents the results from the spectral risk measure. The results show that the downside risk measures
from the spectral risk measure are qualitatively similar to those from the VaR and Conditional VaR for the African
markets, financial firms and banks. These results provide further support to our main findings.

To check the robustness of our results, we have estimated the conditional stock volatility as the conditional vari-
ance of daily stock returns from a GARCH (1,1), GARCH (2,2) and GARCH (3,3) process, respectively. The results are
presented in Figure SA2 in the online appendices and show that the pattern of the conditional volatility remains simi-
lar at the different lag structures of the GARCH process.

6 | CONCLUSION

Our study examines how the risk spillovers occur between the United States and developing African economies dur-
ing the COVID-19 pandemic. It considers the largest four developing economies (i.e., Nigeria, South Africa, Egypt
and Morocco) that account together for more than half of the continent's GDP. It investigates the spillovers to the
developing African economies at the aggregate market and sectoral levels: financial firms and banks. It uses both
VaR and CVaR to measure the downside risk exposure of African financial markets and compared those with the
United States. Additionally, it uses a spectral risk measure to overcome the potential incoherence in the downside
risk measure. The results show that the downside risk exposures of African markets, financial firms, and banks
increased significantly during Phase | (30 January to 30 April 2020). The nature and magnitude of downside risk
exposures of African financial markets are similar to those of the US market, implying that African financial markets
are likewise affected by the pandemic. Our results provide evidence that the United States is a net transmitter of risk
spillovers while developing African economies are net recipients during the pandemic. Our findings offer risk man-
agers, policymakers and investors guidance to consider a coherent downside risk measure such as CVaR during the
crisis period. Our results are also important to investors, risk managers, and policymakers to understand financial

?The details of the absolute risk-aversion function are available at Acerbi (2004).
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spillovers that originated from the COVID-19 pandemic and devise appropriate strategies to cope with the spillovers

from overseas.
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