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Abstract

This paper investigates the portfolio diversification benefits for Islamic and conventional investors in the USA with its
major trading partners (United Kingdom, Canada, China, Japan, Malaysia, and Turkey) before and during the COVID-19
crisis period. Using daily data from 2007 to 2020, we employ three relevant time-varying and timescale-dependent
techniques, the continuous wavelet transform (CWT) analysis, the wavelet multiple correlation (WMC), and the
wavelet multiple cross-correlation (WMCC). The findings suggest that conventional and Islamic US investors who
invest with major trading partners may reap large diversification benefits for very short investment horizons (4-8),
except for Sharia Malaysia index. However, they may not reap benefits for investment horizons of 8-16 and longer,
except for China. In addition, COVID-19 crisis caused a poor diversification opportunity for US investors regardless

of the regime they follow (conventional or Islamic). Moreover, the American industrial market depicts a state of
impending perfect market integration. Finally, the UK and Canada seem to be the potential market leaders in different
wavelet scales. These findings yield important policy implications.
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Introduction

The international financial sector has been struck by a
new event that has amply affected the portfolio invest-
ment business. The spread of the COVID-19 pandemic
has generated to a real economic slump in the world.
Faced with this perilous situation, most governments have
imposed quarantines, containment measures, closures
of restaurants, factories, educational institutions, stores,
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travel bans, deferral of dues and taxes, resilience of banks
to contain the virus. This has undeniably blocked most of
the commercial activities of the affected countries. The
COVID-19 pandemic also caused a real significantly dete-
riorates of international financial markets. Specifically, it
caused high volatility in the US stock market compared to
other epidemics of contagious diseases, including notably
the Spanish flu. [1, 2].

The COVID-19 pandemic has caused significant dis-
ruptions in various industries, leading to market volatil-
ity and significant losses for investors. As a result, many
investors are reevaluating their investment strategies and
seeking ways to mitigate risk. One strategy for mitigat-
ing risk is portfolio diversification, which involves invest-
ing in a variety of assets to reduce the impact of market
fluctuations on the overall portfolio. However, the effec-
tiveness of portfolio diversification during the COVID-
19 pandemic remains unclear. Therefore, investigating
the impact of the pandemic on portfolio diversification
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and its effectiveness in mitigating risk is a crucial area
of research. The paper can contribute to the literature
by examining the impact of COVID-19 on portfolio
diversification strategies and the effectiveness of vari-
ous diversification techniques in reducing the impact of
the pandemic on investment portfolios. The study can
also provide insights into the behavior of different asset
classes during the pandemic, enabling investors to make
informed decisions on their investment strategies.

Specifically, we analyze the benefits of portfolio
diversification before and during the COVID-19 period.
Portfolio optimization issues have been at the center of a
theoretical and empirical debate in international financial
markets since the 1950s. This debate is based on the
implementation of an optimal portfolio strategy, which
requires the trade-off between maximizing investment
returns and minimizing investment risk [3]. Several
factors have contributed significantly to the dramatic
evolution of international stock markets. International
investors should be vigilant to the increasing integration
that is happening between the different stock markets
of the world. They are then required to have diversified
securities or a portfolio, thus supporting risk reduction
[4]. The excessive interconnectedness between stock
markets is caused by the presence of high correlations
between stock markets in portfolio diversification
theories. Therefore, this is likely to prevent investors from
taking advantage of diversification benefits. As a result,
maximizing portfolio diversification benefits requires
the presence of low correlations in price behavior.
However, successful diversification strategies require
more than investors and portfolio managers considering
the interdependence of international stock markets.
It requires the consideration of different investment
horizons throughout the investment period. Indeed, the
variation in market returns is not exclusively viewed over
time. It is also perceived in terms of time scales attached
to different investment horizons [5].

According to the portfolio management literature,
conventional finance aims at optimizing the risk-return
trade-off of an investment. However, in Islamic finance,
profitability is not seen as the only and primary objective
of Islamic principles. In classical Islamic jurisprudence,
based on the principles of the Sharia, financial
transactions are aimed at improving global economic
efficiency, while requiring strict screening of commercial
and financial activities [6].! Several empirical studies

! Restrictions, imposed then by Islamic law, such as the prohibition of riba
and gharar, subrogation of bank loans by investments in real assets (i.e.,
Sukuk, Murabaha, jara...etc.) and interest charged with profit and loss shar-
ing among stakeholders, are put in place in order to improve economic effi-
ciency.
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have shown that Islamic stock indices, in some emerging
countries are less risky and partially protected against
financial crashes, thus constituting a viable alternative
source, for investors who wish to benefit from the
diversification advantages (see among others, [7—10].

Our contribution in this paper focuses on two
key areas. Firstly, we analyze the effectiveness of
portfolio diversification for US investors (Islamic and
conventional) and their trading partners during the
COVID-19 pandemic using the continuous wavelet
transform (CWT) analysis to specify the degree of
correlation with both time and frequency changing.
Specifically, we examine the impact of the pandemic
on various asset classes and assess the effectiveness of
diversification strategies in mitigating risk. Secondly,
we introduce the use of wavelet multiple correlation
(WMC) to measure the degree of integration between
different asset classes, providing a more comprehensive
analysis of the relationships between assets. Additionally,
we use wavelet multiple cross-correlation (WMCC)
to identify the market leader among different asset
classes, enabling investors to make informed decisions
on their investment strategies. Overall, our contribution
offers new insights into the effectiveness of portfolio
diversification during the COVID-19 pandemic and
provides a more robust analysis of the relationships
between different asset classes, enabling investors to
make more informed decisions. To do so, we use the Dow
Jones conventional and Islamic indices as a proxy for
the US stock index. Our results show that conventional
and Islamic US investors who invest with major trading
partners may reap large diversification benefits for very
short investment horizons (4-8), except for Sharia
Malaysia index. However, they may not reap benefits
for investment horizons of 8-16 and longer, except for
China. Specifically, COVID-19 crisis caused a poor
diversification opportunity for US investors regardless
of the regime they follow (conventional or Islamic).
Moreover, the American industrial market illustrates an
expected state of full market integration. Finally, the UK
and Canada seem to be the potential market leaders in
different wavelet scales.

In sum up, previous studies have provided important
information on the portfolio diversification issue.
Therefore, our paper aims to answer three main
questions: first, does geographic diversification benefit
US investors? Second, how does the COVID-19 crisis
affect portfolio diversification opportunities for US
investors? Third, how integrated is the US stock market
and who is the US industrial market leader?

The rest of this document is structured as follows.
Section "Literature review" is devoted to the presentation
of the literature review. Section "Methodology" discusses
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the research methodology. The empirical results
are presented in Sect. "Data and empirical results".
Section "Conclusions and implications” concludes with
some remarks and recommendations.

Literature review
Theoretically, the portfolio diversification issue is often
explained by two main theories: (i) modern portfolio
theory and (ii) efficient market hypothesis. Under
modern portfolio theory, each security carries its own
risk. A portfolio composed of different securities with
low or negative correlation between them has a lower
risk than the weighted average of the risks of the different
securities. The main result of modern portfolio theory is
that the risk weight of a portfolio should be lower than
the average of the risk weights of the securities in it.
This situation is likely to generate optimal diversification
[3]. Under efficient market hypothesis, the perfect
market transmits precise signals for a better allocation
of resources. This is likely to help investors make their
investment decisions, while based on the transparency
and availability of information on securities prices [11].
The connection between international stock market
linkages has been the subject of several empirical
studies, largely confirming these theories. In addition,
these studies have used different estimation methods.
Therefore, this paper highlights a brief overview of this
subject by referring to some previous studies. More
specifically, we classify these studies according to the
econometric techniques most frequently used in the
literature. The ARDL model and the co-integration
method have been extensively used by several researchers
to examine the correlation between stock returns at the
international and regional level (e.g., [12-17]. However,
these different econometric techniques have not taken
into consideration the time-varying correlations. They
also ignored the different investment horizons over time.
This is likely to keep the literature on the existing
relationship between stock markets very limited. To
overcome these shortcomings, some empirical studies
have recently been published on this topic, taking into
account time-varying correlations and scale-dependent
correlations. To do so, they have used more sophisticated
econometric methods. First, several studies employed
the Dynamic Conditional Correlation models (DCC-
MGARCH) in order to detect the presence of time-
varying correlations, i.e., whether there are correlations
between different periods in the stock markets (e.g., [7,
8, 10, 18-20]. Second, some empirical applied the CWT
to jointly examine co-movements and lead-lag effects
between two stock markets in the time and frequency
domain, i.e., to assess the time variation and scale
variation in co-movements between two stock markets
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(e.g., [7, 9, 21-24]. More specifically, other papers used
wavelet-based quantile-on-quantile approach [25, 26],
and spillover index [25, 26]. Third, other several studies
employed the MODWT approach to provide insights on
the analyzed markets volatility in the time—frequency
domains (e.g., [7, 27, 28]. Finally, other studies employed
the WMC and WMCC to analysis the integration
between stock markets and to specify the leader of the
market (e.g., [22, 29, 30].

Methodology

In this paper, we employ three econometric methods
to examine the portfolio diversification benefits for
Islamic and conventional investors in the USA with
its major trading partners. The first method is the
continuous wavelet transform (CWT) analysis. This
approach has been applied by several studies in finance
and economics research.” The CWT traces the original
time series. It transforms it from a function with a
single variable separated in time into a function with
two different variables. These two variables include time
and frequency. In addition, the CWT method allows
the correlations of the series to be plotted in a two-
dimensional diagram that helps to identify and interpret
patterns or hidden information. The correlation between
two CWTs is referred to as wavelet coherence. These
plots specify the degree of correlation between two
variables as a function of time and frequency. Daubechies
[39] proposes the least length-asymmetric wavelet filter
(denoted LA (8)). This filter consists of eight nonzero
coefficients. The filter of length L=8 is considered as a
moderate length. The length filter is adequate for dealing
with the characteristics of time series data [5, 40]. In
addition, the wavelet coefficient generated by LA (8)
is smoother than that of other filters such as the Haar
wavelet filter [40]. According to Rua & Nunes [41], the
continuous wavelet transform is expressed as follows:

o0 _(t—u
Wx(u,s)z/ x(t)¢(5>dt (1)

where u reflects the position of the wavelet in the
time domain, and s represents the position in the
frequency domain. From this information on time and
frequency can be obtained together. This is achieved by
transforming the original time series into a function of u
and s in the wavelet transform.?

2 See, e.g., Vacha & Barunik [31], Madaleno & Pinho [32], Abdullah et al. [33],
Najeeb et al. [34], Dewandaru et al. [35], Tiwari et al. [36],Yang et al. [37],
Sakti et al. [38], Das et al. [22].

3 For more details of the Wavelet approach specification, see, among oth-
ers, Rahim & Masih [7], Das et al. [22].
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The coherence of the wavelets is illustrated by a contour
plot, where the horizontal axis indicates time, while the
vertical axis corresponds to the frequency component
(converted into units of time of days). By assessing the
degree of co-movements, the coherence changes from
blue (low coherence) to red (high coherence). The black
area in the coherence graphs is the one that is statistically
significant at the 5% significance level. It is estimated
from a Monte Carlo simulation. Therefore, cross-wavelet
coherence can investigate the different characteristics
of the correlation between the index returns in the
time—frequency domain. In addition, the dotted arrows
indicate the phase difference in the wavelets. This is likely
to provide information about the lead/lag relationship in
time—frequency space.

The left (—)/right («-) arrows indicate that the two-
time series under consideration are in-phase and anti-
phase, respectively. In-phase and anti-phase phenomena
represent positive and negative co-movements, respec-
tively. The upward (1), right-upward () and left down-
ward (/) arrows represent the first time series leads the
second one. Similarly, the downward ({), right-downward
(\\) and left-upward (\) arrows indicate the first time-
series tends to follow the lead of the second series (e.g.,
[22, 42].

The second and third techniques are the Wavelet
Multiple Correlation and Wavelet Multiple Cross-
Correlation. Ferniandez-Macho [29] developed these
techniques to overcome a few of the limitations of
pairwise and cross-correlations. For simplicity, the WMC
is calculated as:

1
/1' = 1 -_—_
(p( ]) \/ max diag Pi_l (2)

where P/-_1 is the correlation matrix of the wavelet coef-

ficients (Wjt = (wljt,u- ,ant))- They coefficients are
defined for the respective scales /; for a multivariate
stochastic process X; = (x14,--- ,%nt) to each of the
xit (i=1---n) process.” In theory, the WMC may be
defined as:

Cov(wijt, Wijt)

\/Var (Wijt)val” (ﬁ/ijt>
(3)
where the wavelet variances (Var(wijt)) and co-vari-
ances (Cov (wijt)) are examined by:
Var(Wy) =3, = 1/T; S W

—2 _ .
Var(Wie) =3, = 1/T; ¥, 1 Wi

Ox (}vj) = Corr(wijt, V~Vijt) =

* For more details in the specification of this techniques, see e.g., Fernandez-
Macho [29], Das et al. [22].
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A —2 _ ~
Var(Wye) =& = 1/7; 20 W
Cov(Wi, Wit) = 72 = /T ;S0 Wi, Wi 5]
Following Fernindez-Macho [29], the WMCC is calcu-
lated as:

Cov ( W/ijt, VAVijt+r)

\/Var(Wijt)Var(VAVith)
(4)
The methodology of CWT, WMC, and WMCC is
particularly useful for analyzing signals or time series
data that have non-stationary properties, meaning their
statistical properties vary over time. The CWT allows for
the decomposition of a signal into different frequency
components, while retaining the time information.
This allows for the identification of local patterns and
variations in the signal that may not be apparent when
looking at the signal. The CWT can also be used to filter
out certain frequency components or noise from the
signal, making it a valuable tool in signal processing [41,
42] and [22]. WMC measures the correlation between
multiple time series, considering the non-stationary
properties of the data. This is achieved by decomposing
each time series using CWT, and then computing the
correlation coefficients between the corresponding
components at each scale. WMC can be used to identify
common patterns or relationships between multiple
time series, even if they have different time scales or
underlying trends. Hence, as early mentioned, it is used
to measure the degree of integration between different
asset classes [29]. WMCC is an extension of WMC that
measures the cross-correlation between multiple time
series, again considering the non-stationary properties
of the data. This is achieved by computing the wavelet
coherence between each pair of time series, which
measures the degree to which they share common
frequency components. WMCC can be used to identify
causal relationships between multiple time series, even
if there are lags or delays between them. Thus, as early
mentioned, it employed to identify the market leader
among different asset classes [29].

ox, t(%) = COFF(Wijt, VAVin—r) =

Data and empirical results

Data

In this study, the Dow Jones conventional and Islamic
indices returns are used as a proxy for the US stock index
returns which is the principal Conventional and Islamic
benchmark indices of the US stock exchange. In addi-
tion, we use the principal trading partners of United
States which are from United Kingdom, Canada, China,
Japan, Turkey, and Malaysia. The choice of this index,
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Table 1 List of abbreviations. Source Author’s own computation

Ticker Definition

CWT Continuous wavelet transform (CWT) analysis
WMC Wavelet multiple correlation

WMCC Wavelet multiple cross-correlation
DCC-MGARCH Dynamic conditional correlation models
ARDL model An autoregressive distributed lag model
MODWT Maximal overlap discrete wavelet transform
Conventional indices

DJUS Dow Jones US conventional index

DJUK Dow Jones UK conventional index
DJCA Dow Jones Canada conventional index
DJCH Dow Jones Chine conventional index
DJJA Dow Jones Japan conventional index
DJTUR Dow Jones Turkey conventional index
DJMA Dow Jones Malaysia conventional index
Islamic indices

DJIUS Dow Jones US Islamic index

DJIUK Dow Jones UK Islamic index

DJICA Dow Jones Canada Islamic index

DJUA Dow Jones Japan Islamic index

DJTUR Dow Jones Turkey Islamic index

DJIMA Dow Jones Malaysia Islamic index

as mentioned above, depends mainly on the largest sin-
gle-point drop in history for the Dow Jones, which fell
2,997.10 on March 16, 2020. The list of the indexes and
their respective tickers are in Table 1.

All the data comes from Thomson-Reuters Datastream
database. These indexes are transformed to market
returns by computing the natural logarithmic differences

(a) Conventional indices

Fig. 1 Returns series plot of conventional and Islamic Dow Jones indices (DJUS, DJUK, DJCA, DJCH, DJJA, DJTUR, and DJMA & DJIUS, DJIUK, DJICA,
DJICH, DJUUA, DJITUR, and DJIMA). Source Author's own computation
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of the daily closing prices (In(p;) — In(p;—1)). The closing
prices are collected during the period from 26" Novem-
ber 2007 to 19th Mars 2020, covering 3195 trading
days. There are several reasons why this particular time
period may have been chosen. First, it is possible that the
researchers chose the sample period of 26th November
2007 to 19th March 2020 in order to capture two signifi-
cant crises that had a major impact on financial markets:
the global financial crisis of 2008 and the COVID-19
pandemic. The global financial crisis of 2008 was a signif-
icant event that had a major impact on financial markets
around the world. It began in late 2007 and continued
through 2008 and beyond. By selecting a sample period
that includes the period leading up to the financial crisis,
as well as the crisis itself and its aftermath, the research-
ers may be able to capture the full impact of the crisis on
financial markets. Similarly, the COVID-19 pandemic,
which began in early 2020, had a significant impact on
financial markets. By including data from the beginning
of the pandemic through March 2020, the research-
ers may be able to capture the initial impact of the pan-
demic on financial markets. Comparing the two crises
could also be a reason for selecting this time period. The
researchers may be interested in analyzing how the two
crises differ in terms of their impact on financial markets,
or in identifying similarities or patterns between the two
crises. The plots are presented in Fig. 1.

Table 2 provides a summary of the descriptive statis-
tics for all the indices used in this study. According to this
table, the increase in standard deviation value indicates
the existence of increased volatility of returns for the
conventional Dow Jones US index. However, this volatil-
ity remains the lowest for US Islamic returns. Moreover,
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Table 2 Descriptive statistics. Source Author’s own computation
Conventional index

DJUS DJUK DJCA DJCH DJJA DJTUR DJMA
Mean —2.80E—05 —0.000247 1.38E—05 4.09E — 06 —5.19E—-05 —0.000503 —0.000163
Median 0.000660 0.000339 0.000626 0.000000 0.000326 0.000342 0.00000
Maximum 0.107740 0.108351 0.523630 0.078229 0.126605 0.147924 0.054327
Minimum —0.150628 —0.140642 —0.140697 —0.085298 —0.120659 —0.170506 —0.109175
Std. Dev 0.014072 0.014142 0.017682 0.013627 0.013748 0.022336 0.009433
Skewness — 1.606557 —0.749510 7.557620 —0.222719 —0.250784 — 0497663 —0.813503
Kurtosis 2157637 15.32418 250.1342 5.956129 1142669 9445471 13.11550
Jarque-Bera 47,313.39 20,518.90 8,161,069 1189.753 9486.572 5662.441 13,974.20
Probability 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Islamic index

DJUSI DJUKI DJCAI DJJAI DJTURI DJMAI

Mean 0.000250 —0.000157 —0.000200 9.28E — 05 —4.42E—-05 7.88E—05
Median 0.000655 0.000236 0.000348 0.000273 0.000406 0.000272
Maximum 0.117498 0.116768 0.118689 0.106586 0.147142 0.108989
Minimum —0.128880 —0.131457 —0.137681 —0.095483 —0.138005 —0.086419
Std. Dev 0.012069 0.014772 0.017195 0.013078 0.017498 0.012994
Skewness —0.478853 —0.282088 —0.792615 —0.265942 —0.433732 —0.249422
Kurtosis 18.91403 13.81815 14.96492 8.742828 10.62338 9.593077
Jarque-Bera 33,836.87 15,622.31 19,392.63 4428133 7836.849 5819.894
Probability 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

with the exception of the Dow Jones Conventional Can-
ada returns, the presence of skewness was detected for
all other returns. This asymmetry proves the existence
of high risks. Moreover, the results of the normality test
show that the kurtosis values are greater than three are.
This translates into the fact that the returns of the con-
ventional and Islamic indices are not normally distrib-
uted, also showing the existence of high risks. Similarly,
referring to the results of the Jarque—Bera test, it can be
noted that the distribution is not normal, as all returns
of the conventional and Islamic indices are significant.
This shows the severity of the variability and risk of the
returns of the conventional and Islamic indices, which
are significant.

Estimation using the CWT analysis
The results obtained from the CWT analysis, based on vari-
ous investment horizons, will be discussed in this section.
Before performing this approach, it was first necessary to
test the linearity hypothesis. Figure 2 plots the linear cor-
relation coefficients. These coefficients show a low degree
of correlation at the level of the whole sample. However, it
should be noted, that linear correlations may not satisfacto-
rily account for nonlinear relationships [22, 43]

To remedy this problem, we use the BDS test on the
residuals of the AR(1) process for the returns of the

conventional and Islamic DJ indices [22, 44]. The null
hypothesis of this test is independent and identical dis-
tribution (i.i.d). Table 3 presents the BDS test results,
indicating that the null hypothesis could not be accepted.
This result indicates the risk of unreliability of linear cor-
relation results and the need to perform wavelet-based
correlation.

To perform the CWT analysis, we apply the wavelet
coherence method mentioned in the above section. Fig-
ures 3 and 4 illustrate the results of the CWT analysis
and the phase difference between the returns of the US
Dow Jones indices (conventional and Islamic) and their
counterparts from scale 1 (one day) to scale 5 (1024 days).
The horizontal axis indicates time in terms of the num-
ber of days of trading, while the vertical axis denotes the
investment horizon. For our study, the conventional and
Islamic Dow Jones indices in the US are the first series
in all wavelet coherence diagrams. The R language was
used to perform all kinds of calculations. In this frame-
work, our analysis is based on four main scales, namely
very short investment horizons (2-4 and 4-8), short
investment horizons (8-16, 16—32 and 32-64), medium
investment horizons (64—128 and 128-256) and longer
investment horizons (256—512 and 512-1024).

For the very short investment holding periods
(2—4 days and 4-8 days), we note that the correlations
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Fig. 2 Scatter plots, histograms, and linear correlations of conventional and Islamic Dow Jones indices. Note: ***, ** * represents those linear
correlations are significant at 1% 5%, and 10% levels, respectively. Source Author's own computation

Table 3 BDS test. Source Author’s own computation

Dimension
2 3 4 5 6
Conventional indices
AR (1): US 16.07 (0.00) 21.06 (0.00) 2444 (0.00) 27.92 (0.00) 1(0.00)
AR (1):U 13.80 (0.00) 17.35 (0.00) 20.88 (0.00) 23.93 (0.00) 27.15 (O 00)
AR (1): Canada 15.64 (0.00) 22.15(0.00) 26.59 (0.00) 30.72 (0.00) 34.77 (0.00)
AR (1): China 11.03 (0.00) 12.79 (0.00) 13.99 (0.00) 14.70 (0.00) 15.33(0.00)
AR (1): Japan 16.03 (0.00) 19.28 (0.00) 21.31(0.00) 23.24(0.00) 24.89 (0.00)
AR (1): Turkey 7.73 (0.00) 7(0.00) 14.52 (0.00) 16.67 (0.00) 18.02 (0.00)
AR (1): Malaysia 9.99 (0.00) 14.73 (0.00) 17.33 (0.00) 18.94 (0.00) 20.78 (0.00)
Islamic indices
AR ( ): 14.75 (0.00) 20.01 (0.00) 23.39(0.00) 26.67 (0.00) 29.82 (0.00)
R(1): 14.02 (0.00) 17.55 (0.00) 21.13(0.00) 24.43 (0.00) 27.74 (0.00)
R(1): 14.28 (0.00) 18.81 (0.00) 22.38(0.00) 25.91(0.00) 29.55 (0.00)
R (1): Japan 13.72 (0.00) 17.92 (0.00) 19.94 (0.00) 21.69 (0.00) 23.07 (0.00)
AR (1): Turkey 12.14 (0.00) 15.82 (0.00) 18.35 (0.00) 20.34 (0.00) 21.99 (0.00)
AR (1): Malaysia 13.36 (0.00) 17.69 (0.00) 20.72 (0.00) 23.47 (0.00) 20.00 (0.00)

are low between all the returns in the Dow Jones U.S
indices (conventional and Islamic) and the major trad-
ing partners throughout the study period, except for
the Islamic Malaysia index. Overall, these low cor-
relations are detected through the coherence diagram
which represents the regions in blue and light blue
color. Thus, these low correlations generate a low risk,
which in turn encourages US investors to invest in the

short term. From these results, geographic diversifica-
tion is a good strategy for US investors in the very short
term.

However, we remark that the correlations between the
returns of the conventional and Islamic Dow Jones Indi-
ces are highly elevated for the short (8-16, 16-32, and
32-64) and medium investment horizons (64—128 and
128-256), which lead a low diversification opportunity.
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Fig. 3 Continuous wavelet transform-Conventional indices returns. Note: Wavelet coherence maps. Note: The red (blue) colors present the region
with high (low) coherency. The coherence power color bar indicates the power of coherence coefficients. The black contour presents the 5%
significance level estimated from Monte Carlo Simulations. Source Author's own computation

Specifically, these high correlations are mainly a result
of the onset and propagation of several financial crises,
going through the 2008 financial crisis to the COVID-
19 crisis. The financial crisis revealed a large crash in
the world stock markets that occurred in October
2008. Specifically, the findings show a high correla-
tion between the returns of US indices (conventional

an Islamic) and the returns of United Kingdom indices
(conventional an Islamic). This high correlation is also
due to the Eurozone sovereign crisis of 2011-2012. In
addition, the stock market crash in China, which began
on June 12, 2015, caused a high correlation between the
return of the Dow Jones index of China and the USA.
Moreover, the findings also suggest a high correlation
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(low) coherency. The coherence power color bar indicates the power of coherence coefficients. The black contour presents the 5% significance level
estimated from Monte Carlo Simulations. Source: Author’s own computation

between the returns of the Dow Jones Indices of Turkey
and the USA during the period of the Turkish lira crisis
of 2018. Finally, we thus find a high correlation between
all the returns of the conventional and Islamic Dow
Jones Indices of the United States and trading part-
ners during the COVID-19 period. Certainly, this high

correlation could reduce the investment opportunities
for conventional and Islamic US investors.

Turning to the longer investment horizons (256—
512 and 512-1024), we observe a strong correlation
between all US conventional and Islamic Dow Jones
index returns and the returns of major trading partner
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Table 4 Wavelet multiple correlation (WMC) among USA and their major trading partners markets indices using LA (8) wavelet filter of

length 8
Conventional indices Islamic indices

Scales Coefficient Lower Upper Coefficient Lower Upper
D1 0.364 0313 0412 0.179 0.123 0.233
D2 0.456 0.390 0518 0.231 0.154 0.306
D3 0.556 0472 0.629 0.341 0.237 0438
D4 0.597 0.482 0.691 0.464 0.327 0.581
D5 0.599 0429 0.728 0.556 0.375 0.696
D6 0.657 0423 0.809 0.624 0376 0.789
D7 0.998 0.996 0.999 0.998 0.994 0.999

Coefficient is the correlation coefficient. LA is Daubechies Least Asymmetric. The lower and upper values are bounded within the 95% confidence interval

Source: Author’s own computation
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Fig. 5 Wavelet multiple correlation for Dow Jones returns. Note: The blue dashes represent the upper and lower bounds of the 95% confidence

interval. Source: Author’s own computation

indices, especially in 2008 at the time of the financial
crisis and the COVID-19 crisis. This high correlation
indicates poor diversification opportunities for US
investors regardless of the regime they follow (conven-
tional or Islamic). In summary, we explain all these cir-
cumstances in more detail in Sect. “Discussions”.

Estimation applying the WMC and WMCC techniques

The CWT results show higher coherences in the returns
of the conventional and Islamic US DJ indices. These
higher coherences lead us to analysis the integration
of the US stock market. Specifically, we investigate the
extent to which the US stock market (conventional and
Islamic) is integrated. Based on the financial literature,
it appears that a highly integrated market is similar to
a common investment portfolio. In other words, the
advantage of shifting investments from one economy
to another is indifferent [22, 29, 36]. Similar to this lit-
erature, we apply wavelet multiple correlation analysis
to measure the market integration. Table 4 reports the
result of WMC.

The WMC results show low correlation coefficients
(0.364 for the conventional market and 0.178 for the
Islamic market) at wavelet scale 1 (2—4 days) that increase
smoothly to 0.998 at the longest horizon of 128-256 days
(for both conventional and Islamic US markets). Thus,
the findings show that US markets (as measured by the
Dow Jones index) are tending toward an optimal level
of integration when there are only limited benefits from
diversification among their constituent economies. In
addition, Fig. 5 plots the data pictorial representation.

Figure 6 reports WMCC results for different wavelet
levels applying the Daubechies less asymmetric filter of
length eight. Similar to Polanco-Martinez & Ferndndez-
Macho [45] and Das et al. [22], the cross-correlations
are plotted up to one-month lag. Furthermore, the loca-
tion of the highest correlation can be seen at the long-
est wavelet scale of 32 for a lag of up to 10 days. Thus,
this method allows the identification of potential mar-
ket leaders in the US. Following Polanco-Martinez &
Fernandez-Macho [45], the right-hand side of the wave-
let scale mappings presents the series that optimizes the
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cross-correlations with respect to the linear combination
of the other considered time series. The results then show
that the UK appears to be the eventual market leader at
wavelet scales 2, 16 and 32. However, at wavelet scales 1,
4 and 8, Canada appears to be the market leader.

Discussions
Based on the results obtained by the different techniques,
we find the presence of several circumstances that could
explain the change in the level (having direct effects) of
the correlations between the returns of the conventional
and Islamic Dow Jones indexes of the United States and
the main trading partners. Moreover, the results show a
strong correlation between the returns of DJUS indices
(conventional and Islamic) and the returns of DJCA indi-
ces (conventional and Islamic). These results prove that
the Canadian stock index is a risky investment for U.S.
investors. This could be attributed mainly to the great
increase in trade activity between these two countries
when comparing to other trading partners. According to
Trade (2019), Canada remains the main trading partner
of the United States, as bilateral trade between the two
countries recorded 612.4 billion in December 2019.
Analyzing the correlation between the returns of
the US indices (DJUS and DJIUS) and those of Turkey
(DJTUR and DJITUR), we find overall a low correlation,
except for the period of the financial crises especially
the Turkish lira crisis of 2018. In fact, this period was
marked by a massive increase in inflation rates (with an
annual inflation rate of around 13% for 2018) and a cut
in key interest rates implemented by the Turkish regu-
latory authority. This situation is mainly the result of
trade threats between Turkey and the USA. In this case,

the Turkish lira loses almost half of its value on August
13, 2018, from 3.5 lira to 1 dollar to 7.5 lira to 1 dollar.
This decrease generated therefore to a strong association
between the returns of the indices of two countries.

Relating to the medium investment horizons (64—
128 and 128-256), correlations were high between
the US and the Asian trading partner (Malaysia and
Japan). These results are consistent with those found
by Rahim & Masih [7]. The authors concluded that the
markets in Malaysia and Japan were evolving toward
greater integration. This was clearly observed after the
1997 financial crisis. Specifically, there is a relatively
strong correlation between the returns of the US indi-
ces (DJUS, DJIUS) and those of Malaysia (DJMA and
DJIMA). Therefore, if traditional US investors decided
to invest in Malaysia, diversification benefits could be
generated when investing at shorter time periods than
8-16 days. However, US Islamic investors do not bene-
fit from diversification if they invest in Malaysia during
all investment horizons.

The low correlation between the returns of the U.S.
(DJUS and DJIUS) and China (DJCH and DJICH) indi-
ces that is observed during for almost all investment
horizons is explained by commercial relationship.
Indeed, China is considered the largest trading part-
ner in terms of imports for the USA with 452.2 billion.
This shows an increase in trade activity between the
two countries. However, the market crash in China,
which began on June 12, 2015, by the ricochet of the
US stock markets, leads to a high correlation between
the returns of these indices. This period was marked
by a drop in the value of stocks on the Shanghai stock
exchange (about a the one-third) for a month. In this
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case, the ability of listed companies to access financing
has been reduced, thus hindering their growth. This
crash created a financial bubble that began in Novem-
ber 2014. Moreover, in 2018, the increase in customs
taxes, resulting from trade disputes, disrupted the
financial markets of these countries. Therefore, if US
investors were to invest in China, they could realize
the benefits of diversification when they do not do so
during the average time horizons (64—128 and 128-
256). Finally, the COVID-19 crisis did not lead to a
significant correlation between the returns of the two
countries’ indices.

Turning to the WMCC findings, the basic reason
for Canada’s emergence as a market leader in the
USA is obvious in the North American Free Trade
Agreement (NAFTA). Canada and the US trade more
than 1 million dollars in goods and services every
minute of every day of the year, totaling an estimated
718.4 billion dollars in 2019 (USTR, 2019). Following
this agreement, Canada has restructured certain
industrial sectors to better integrate its economy
with that of the USA In addition, the main reason for
United Kingdom’s emergence as a market leader in
the USA could be attributed to the spatial relationship
between the two countries. Although the UK was the
seventh largest trading partner of the USA in 2019
[46], WMCC results suggest that it is the US industrial
market leader. These findings could encourage the two
countries to conclude a free trade agreement.

Based on these findings, a more important question
deserves to be asked: why has the spread of COVID-
19 provoked such perverse repercussions on the stock
markets since the end of February 2020? To answer
on this question, we focus on recent studies with
different explanations. According to Baker et al. [2],
the current pandemic has serious public health and
economic implications. In addition, these authors
linked this spread of COVID-19 to several factors
such as the severity of the pandemic and the non-
negligible increase in mortality rates. In addition,
the period of COVID-19 is accompanied by a huge
technological development compared to that of the
Spanish flu. Therefore, this technological development
has been a major factor in the disclosure of reliable
information about the COVID-19 pandemic [2]. The
most important conclusion reached by the authors is
that the effect of the COVID-19 pandemic on the stock
markets turns out to be more concentrated in time.
This effect is also able to generate a daily jump trigger
and high stock market volatility compared to the
evolution of the Spanish flu over the last century [2]. A
more extensive explanation focuses on the attitude and
policy responses to the COVID-19 outbreak situation.
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Baldwin [47] suggested that the crisis period and the
confinement policies of COVID-19 generated a direct
and huge reduction in the flow of labor to firms.
These policies then led to a dramatic reduction in the
production of goods and services. In addition, other
factors led to the disruption of financial markets, the
most reactive of which was the voluntary adoption of
social distancing practices.

Conclusions and implications

Conclusions

This paper investigates the portfolio diversification
benefits for investors in the USA with their main
commercial partners, both Islamic and conventional
(United Kingdom, Canada, China, Japan, Malaysia, and
Turkey) before and during the COVID-19 crisis period.
To do so, we collected daily time series closing price
data for the Dow Jones conventional and Islamic indices
returns from November 26, 2007, to March 19, 2020.
Similar to previous studies, we employ three econometric
methods: CWT analysis WMC, and WMCC. The
results of the CWT analysis focused on four main scales
namely very short investment horizons (2-4 and 4-8),
short investment horizons (8-16, 16-32 and 32-64),
medium investment horizons (64—128 and 128-256) and
longer investment horizons (256-512 and 512-1024).
Regarding the first scale results (2—4 days and 4-8 days),
these proved that the correlations are generally low
between all the returns of the US Dow Jones Indices
(conventional and Islamic) and trading partners during
the full period, except for the Islamic Malaysia index.
Turning to the second (8-16, 16-32 and 32-64) and
third scales results (64—128 and 128-256), these showed
that the correlations between the returns of the US Dow
Jones Indices (conventional and Islamic) and the major
trading partners are highly significant. Finally, except
for China, the fourth scale results (256-512 and 512—
1024) indicated high correlation between the returns of
US Dow Jones Indices (conventional and Islamic) and
major trading partners, specifically during the financial
and Covid-19 crises. These findings indicate poor
diversification opportunities for US investors regardless
of the regime they apply (conventional or Islamic).

In addition, the WMC results indicate that the US
markets (as measured by the Dow Jones index) are
trending toward a point of optimal integration. Finally,
the WMCC findings suggest that the UK appears to be
the eventual market leader at the 2, 16 and 32 wavelet
scales. However, at wavelet time scales 1, 4 and 8, Canada
appears to be the market leader.

Certainly, serval conclusions can be drawn from the
case study on portfolio diversification benefits in the
USA. First, the case study could explore in more depth
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the specific benefits of portfolio diversification, such as
risk reduction, improved returns, and better asset allo-
cation. The study could also discuss how these benefits
apply to different types of investors, such as institutional
investors, individual investors, and high-net-worth indi-
viduals. Second, the study could analyze how differ-
ent economic conditions affect the benefits of portfolio
diversification. For example, during a recession, diversi-
fication may provide a greater degree of risk reduction
than during a boom period. The study could discuss the
benefits of international diversification, including the
potential to reduce overall portfolio risk by investing in
a broader range of markets and asset classes. It could also
examine the challenges and risks associated with inter-
national diversification, such as currency fluctuations
and political instability. Third, the study could provide
practical advice for investors who want to diversify their
portfolios. This could include information on how to
determine an appropriate asset allocation, how to select
diversified investments, and how to monitor and adjust
the portfolio over time. Finally, the study could also dis-
cuss the limitations of portfolio diversification, such as
the fact that diversification does not eliminate all invest-
ment risk, and the potential for correlation among differ-
ent asset classes during times of market stress. Overall,
the case study on portfolio diversification benefits in the
USA provides a valuable starting point for further dis-
cussion and analysis. By exploring the various aspects
of portfolio diversification, investors can gain a better
understanding of the potential benefits and risks and
make more informed decisions about how to structure
their investment portfolios.

Practical implications

In terms of policy implications, it is essential to highlight
that geographic diversification is an appropriate policy
for US investors in very short investment horizons (2—4
and 4-8). However, during the COVID-19 period, this
policy is not an appropriate investment for US investors
if they are investing in the horizons of 16-32 days and
longer. This is because the integration of financial mar-
kets could generate risks (a risk of exchange rate volatil-
ity, an increase in the rate of inflation, etc.), leading to
global shocks. However, during the COVID-19 crisis,
conventional US investors investing with Chinese part-
ners may reap large diversification benefits for medium
and longer investment horizons. In sum up, American
investors and portfolio managers must adopt a secto-
ral diversification rather than geographic diversification
in times of COVID-19 because the pandemic operates
in waves. In addition, to take benefit of portfolio diver-
sification, US investors should not invest only in stocks
(e.g., include other financial assets) and reassess their
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investment horizons. Therefore, policymakers need to
consider these implications.

Portfolio diversification is a risk management strategy
that involves investing in a variety of assets to reduce
the overall risk of the portfolio. Empirical analyses have
shown that diversification can offer several practical
implications and economic benefits, especially during
times of economic uncertainty and market volatility.
The financial crisis of 2008 highlighted the importance
of diversification in investment portfolios. During this
period, many investors suffered significant losses due
to the high concentration of investments in a few asset
classes. However, those who had diversified portfolios
with investments in different asset classes, such as bonds
and real estate, were better positioned to weather the
storm. Similarly, the COVID-19 pandemic has demon-
strated the importance of diversification during times of
unexpected economic shocks. The pandemic led to sig-
nificant market volatility, causing many asset classes to
suffer losses. However, those with diversified portfolios
were able to mitigate their losses by having investments
in sectors that were less affected by the pandemic, such
as technology and healthcare. Moreover, empirical analy-
ses have shown that portfolio diversification can provide
economic benefits such as higher returns and lower vola-
tility. A well-diversified portfolio can provide exposure
to a range of assets with different risk and return charac-
teristics, which can lead to better risk-adjusted returns.
In addition, events such as changes in interest rates and
inflation can also have implications for portfolio diver-
sification. For example, in a high inflation environment,
investors may benefit from having exposure to com-
modities and real estate, which can act as a hedge against
inflation. Overall, portfolio diversification is an impor-
tant strategy for investors to manage risk and maximize
returns. By diversifying across different asset classes and
sectors, investors can reduce the impact of market vola-
tility and position themselves to take advantage of eco-
nomic opportunities.

Limits and future research

Finally, boosted by the announcement of a future vaccine
on November 8, 2020, the Dow Jones closed sharply up
2.95% at 29,157.97 points. In this case, our study indicates
avenues for future research that could examine portfolio
diversification benefits after the vaccination period.
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