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Abstract: The current study investigates the connectedness between US COVID-19 news, Dowes
Jones Index (DJI), green bonds, gold, and bitcoin prices for the period 22 January 2020-3 August
2021. The study has employed wavelet coherency, the continuous wavelet transform, and the wave-
let-based Granger causality methods to obtain the dependence result. The continuous wavelet trans-
form (CWT) analysis reveals that the United States equity market prices are extremely sensitive with
regard to spreading coronavirus (USCOVID-19) news and changes in the oil price. Green bonds,
gold, and bitcoin have minimal connectedness with the equity market, which might lead to the
hedge and safe haven role of these assets during the COVID-19 crisis period. Lastly, very strong
comovement was found between bitcoin and gold during the entire sample. The results of the pre-
sent study offer a number of fresh and noticeable policy implications for international investors and
asset managers.

Keywords: COVID-19 news; green bonds; bitcoin; wavelet approach

1. Introduction

Variation in financial assets prices is driven by number of macroeconomic variables
and investors’ psychology, as supported by a number of studies since the 1980s (Flammer
2020; Kumar and Anandarao 2019; Hayes 2017). Though the efficient market hypothesis
(EMH) asserts that prices of assets are entirely reflected by existing information, contrary
to the EMH theory, accurately predicting the prices of financial assets is not possible due
to the importance of investor sentiment (the news-based impact). Various studies (Ahmed
and Huo 2020; Reboredo 2018; Baur and Lucey 2010) highlighting the importance of be-
havioral finance have pointed out that the news-based event is one of the major ingredi-
ents of change in respect of financial assets prices. The worst impact of pandemic news
changes the pattern of investors thinking and enhances co-integration between different
financial assets (Tang and Zhang 2020; Huynh et al. 2020; Gharib et al. 2020). Therefore, it
is worth examining the co-movement between COVID-19 news and financial assets. We
have chosen financial assets from four different markets, including the traditional com-
modity market, green market instrument, digital asset, and stock market. One of the im-
portant objectives of this study is to explore which market has the capability to withstand
the volatility of USCOVID-19 news and also to explore connectedness with each other.

The public health department of each country and the WHO, performing the medi-
ating role to convey the amount of risk faced by investors due to COVID-19 news, obvi-
ously shape the sentiments of investors towards the epidemic (Ahinkorah et al. 2020;
Devpura and Narayan 2020; Shahzad et al. 2016a). Selling and buying decisions regarding
financial assets, especially commodities, are mainly dependent upon circulating news.
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The commodity market represents one of the oldest asset classes and a safe haven invest-
ment due to the low correlation with the equity market. Although a cyclical trend has been
observed in the commodity market, so too has the capability to readjust quickly (Hu et al.
2018; Raza et al. 2016). Gold is traditionally considered a safe haven asset due to its low
correlation with traditional equity and bonds (Devpura and Narayan 2020; Clapp and Pil-
lay 2017; Baur and Lucey 2010). According to (Igbal et al. 2021; Caporin et al. 2021), the
beauty of gold is that it loves negative news and retains value during the bullish and bear-
ish news periods. These unique properties coupled with inflation hedging properties
makes gold an attractive investment during bad news periods.

Oil is also considered an important investment commodity used in the production of
services and goods, so the primary rationale is that changes in the price directly affect the
earning or clash flow of firms, ultimately affecting the performance of the stock market. The
literature argues (Iyke 2020; Ahmed and Huo 2020; Kisswani and Elian 2017) that the vola-
tility in oil prices has been observed with changes in the macroeconomic and financial news.
In the current scenario, a notable slump in the oil prices has been observed during the pan-
demic period. Investors are interestingly searching for alternative investments which pro-
vide relatively stable returns during the health crisis.

Green bonds and cryptocurrency markets are two potential avenues for investment
other than the traditional commodity market. Green bonds act like ordinary bonds, fixed
debt instrument were first issued by the European Investment Bank (EIB) in 2007. How-
ever, green bonds offer additional benefits to provide funding for green/environment re-
lated projects. Investment in this niche market has been growing rapidly, from $3.4 billion
in 2012 to $156 billion in 2017, so green bonds represent an important investment alterna-
tive during COVID-19. The cryptocurrency market is also considered a better alternative
due to providing higher returns. The cryptocurrency market is an alternative digital cur-
rency and investment mode that is purely based upon the concept of a digital distributed
ledger and blockchain technology (Baur and Lucey 2010; Hu et al. 2018). There are two
benefits of investing in cryptocurrencies: (1) Cryptocurrencies give more returns as com-
pared to other assets; (2) Cryptocurrencies could act as strong hedge instrument for port-
folio against the risky portfolio as cryptocurrencies have zero or negative relationships
with most of the other traditional assets (bonds, stocks, and precious metals) (Zhu et al.
2019; Forbes and Rigobon 2002). The present study adopts bitcoin, covering almost 70%
of cryptocurrency market. The aim of the study is to establish links between health
(COVID-19) news and financial assets (cryptocurrency market and green bonds). Previous
research studies have provided inconclusive findings. A group of researches (Mensi et al.
2018; Tang and Zhang 2020) claims that the volatility of the cryptocurrency market in-
creased rapidly, however other studies (Flammer 2020; Reboredo 2018) conclude that the
cryptocurrency market casn be used as a hedging instrument during financial crises when
negative news spreads everywhere.

News based events shape equity market performance. According to Le et al. (2021),
news based uncertainty could affect the investor’s consumption and portfolio decisions,
which would lead to a change in the equity market prices. COVID-19 news badly affects
the united stock market. The DJIA index lost 35% of its value within a month (Gharib et al.
2020; Kang et al. 2019). Different studies (Devpura and Narayan 2020; Kisswani and Elian
2017) show that COVID-19 virus references decrease in economic and future earnings of
equity sectors and assets prices. From the above discussion, it is highly recommendable
to investigate the commodity market (oil, gold) and newly invented (green bonds, and
bitcoin) potential avenues for investment and their association with the equity market
during the COVID-19 period.

The present study considers a list of contributions in the field of financial economics.
Firstly, the COVID-19 soaring market risk, investigating the financial effect of coronavirus
news and changes in commodity prices (oil and gold), bitcoin, and green bonds on equity
market. In the present study, we explicitly choose the United States (US) equity market for
different reasons. First, the United States equity market represents the major source of a
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spillover effect across different regions and markets Ahmed and Huo (2020). Secondly, the
US is the top of the list in term of COVID-19 patients and causalities, so spreading COVID-
19 news largely impacts United States equity market investors. Thirdly, COVID-19 news is
not only the risk factor for the US equity market, as the oil price slump and reassessing the
role of gold (traditionally considered safe haven) in the US financial market are other im-
portant factors. Thus, the present study assesses the impact of COVID-19 news, as well as
oil and gold prices on the Dows Jones index (DJI), so we can provide useful insights for the
contagion and spillover effect studies in other countries and regions, contributing to this
large and important research area. Lastly, the study applied wavelet approaches in order to
get the results. The study specifically used wavelet coherence (WC) and continuous wavelet
transform (CWT). The present study also implement wavelet based causality test for robust-
ness check. There are many advantageous of wavelet approaches. First, continuous wavelet
transforms can help to understand the variability of each variable in the different timescales
and frequency bands. The wavelet coherency allow to find the lead-lag dependences corre-
lation (association) between desired variables within frequency bands and timescales. The
wavelet technique allows to find the correlation (association) between desired variables
within frequency bands and timescales. So, we can develop the hypothesis that United
States investors may behave/react differently due to differences in perceptions of systematic
risk, heterogeneous expectations, and risk profiles. Therefore, investment decisions may
vary across different investment horizons. Negative news might force short-term traders to
sell. On the other hand, long-run traders might perceive a buying opportunity, even during
turmoil periods (Kumar and Anandarao 2019; Kang et al. 2019). Moreover, wavelet ap-
proaches are well suited for the present study because they help to capture interactive non-
linear lead-lag association between desired variables. Most risk management and financial
economic data are non-linear, so the wavelet approach is best suited method.

The rest of the paper is organized as follows. Section 2 contains a literature review.
Section 3 contains the empirical methodology and explains the data sample. Section 4 dis-
cusses the results and Section 5 draws some conclusions.

2. Literature Review

Different studies have been conducted to find out the relationship between the im-
pact of news and financial assets prices. An initial study conducted by (Niederhoffert
2014) and concluded that news significantly influences the performance of the stock mar-
ket and investors’ investment decisions. Black (1976) pointed out that a negative associa-
tion exists between equity market prices and their volatility, a term known as leverage
theory. Epstein (2001) pointed out that investor’s distress creates and more volatility in
the financial market by showing panic behavior. Shahzad et al. (2016b) reveals that sig-
nificant and negative relationships between investor investors’ sentiments and equity
market performance by using the VIX index and found a positive relationship between
both variables. According to Hu et al. (2018), new based volatility (NVIX) creates much
higher volatility in the equity market as compared to financial uncertainty (FU). Wang
and Kutan (2013) reveal that good and bad news impact the equity returns inversely. Hu
et al. (2018)forecasted the vulnerability of any potential pandemics news, adverse impact
on consumer demand, foreign direct investment, employment productivity lost, and soar-
ing social distancing costs. Tang and Zhang (2020) depict that asymmetric dependences
persist between COVID-19 news and the underlying equity market. Iyke (2020) argues
that COVID-19 has transformed in to large scale economic crisis through different finan-
cial channels. Some researchers conclude that volatility is increased by incoming negative
news (Mensi et al. 2018; Tang and Zhang 2020). Meanwhile, other studies contradict the
relationship between volatility and investors’ fear through news, and so conclude no re-
lationship between investors’ fear and equity prices (Tang and Zhang 2020).

The literature (Pal and Mitra 2019; Bal et al. 2018; Ahmed and Huo 2020) related to
the impact of news on financial asset (commodity prices, green bonds and cryptocurrency
market) prices is quite limited. Even new health impacts on financial assets prices are
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more limited and unique. Tang and Zhang (2020) tried to find the relationship between
U.S. macroeconomic news and energy prices with insignificant results. While Forbes and
Rigobon (2002) observed that volatility increased in o0il prices on even days. Another study
conducted by (Peress 2014) takes two major classes in the commodity market (energy and
precious metals). The findings reveal that, during negative news periods, oil volatility in-
creased, while precious metals remained insensitive. Kisswani and Elian (2017) reports that
positive co-movement has been observed between macroeconomic news and gold prices.

Most of the studies investigated cointegration among stock prices and commaodities
due to their exceptional role in the whole economy. Gold and oil are the most liquid com-
modities and both are synchronized in their price movements. Similarly, (Reboredo 2018)
claimed that the co-movements among two different commodities like oil and gold prices
gained most importance in the last couple of years due to their importance for the stock
market as well as for the real economy. They used WTI weakly spot prices and gold prices
in dollar tray/ounce over the period of January 2000 to September 2011. The main purpose
of the study is to analyse the role of gold act as a hedge against oil price shocks. The result
of TGARCH and ARMA models explained that there are significant positive correlations
among oil and gold price movements while those that employ gold do not have the ability
to hedge oil shocks due to their positive dependence. They also claimed that gold acts as
a safe haven, especially in periods of adverse conditions in oil markets. However, (Shah-
zad et al. 2018) study the spillover from oil to precious metals through using quantile
approaches. They find that, due to changing nature, the safe-haven role of precious metal
is characterized as such because each precious metal could be a strong or weak safe-haven
against upward or downward oil shocks. Moreover, several crises are seen in the eco-
nomic history of the world, e.g., global financial crisis, Asian financial crisis 1998, Russian
crisis 1997, OPEC decisions in 1994, ERM crisis, economic crisis 1970, and multiple other
events which stimulated the interest of investors to investigate the possibility of other al-
ternative assets that provide the benefits of diversification during economic turmoil.

A few studies have also been conducted to find the relationship between new finan-
cial assets (cryptocurrency market) and green finance. (Peng 2020) wanted to assess
whether after the announcement of US monetary policy related to bitcoin, the prices of
cryptocurrencies changed. While (Clapp and Pillay 2017) study is boarder in nature be-
cause they investigated the impact of macroeconomics news on cryptocurrency returns
and concludes that bitcoin prices increased during bad news period. Kumar and Anan-
darao (2019) pointed out that black (conventional) and green bonds are quite sensitive and
display time varying behavior. Both classes of bonds are sensitive to even daily economic
activity, oil prices, economic policy uncertainty (EPU), changes in the magnitude of finan-
cial market volatility, and lastly sentiment related to good and bad news. (Devpura and
Narayan 2020) take the traditional currencies and bitcoin and aim to find the type of rela-
tionship with investor’s sentiments. The findings tells that bitcoin prices changes both the
period of negative and positive news. While traditional currencies prices slump during a
bad news period, they sharply increased during positive news periods. Despite literature
studies, we have found a lack of consensus regarding COVID-19 and financial news. Thus,
we have taken COVID-19 news data which is the health news data and tried to find a
relationship with different financial assets markets.

The large scale of lock down and confinement of global transportation and industries
lead to automatically reduced oil demands and equity market growth during the pan-
demic (Bal et al. 2018; Kisswani and Elian 2017). According to the WHO estimate, world
GDP might reduce 2% due to the pandemic. Iyke (2020) conduct an introductory to check
the nature of an association between oil and the pandemic. Cepoi (2020) explore the pat-
tern of energy (oil and gas) return during the pandemic. Some other studies claim that
gold still has hedging and safe properties against the equity market during natural disas-
ters like COVID-19 and SARS. Tang and Zhang (2020) conduct a cross correlation between
the equity market and oil before and after COVID-19 and found no correlation present
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during the COVID-19 period. Atsalakis et al. (2020) assess the nature of association be-
tween gold and oil during the COVID-19 pandemic and reveal a bilateral relationship
between these variables.

In light of the above discussed literature, we have found few studies investigating
the impact of commodity prices on the equity market. Moreover, not even a single study
investigates the importance of green bonds during the COVID-19 period. Moreover, the
present study, for the first time, takes new COVID-19 data and theoretically considers news
that can’t be ignored due to changes in the investment pattern and movement of finan-
cial/economic variables (Pal and Mitra 2019).Therefore, this study wanted to investigate the
association of COVID-19 news, green bonds, gold, oil, and bitcoin prices with the United
States equity market.

Literature Review Table

Table 1 shows the summary of literature review.

Table 1. Literature review summary.

Research Studies .
tries

Sample Coun-

Data Aims/Objective Key Conclusions

Atsalakis et al.

100 countries 1979-2010

. The result reveals that some
The paper tries to explore the na-

. . time natural disasters have
ture of relationship between eco-

positive relationship with

(2020) nomic growth ?enrd natural disas- economic growth depending
) on quantile
. . We have found several mis-
) The study investigate fake new . .
Ahinkorah et al. Facebook January-Febru- (bandwagon) of corona virus be informations (fake news) ex-
(2020) ary, 2020 & ist between individual and

cause the today is information era. .
business as well.

Iyke (2020) United States

In the present study, the author  The study finding told us

21 January-5 wanted to examine the response of that 28 percent and 27 per-

May 2020 oil and gas producer by changing cent variation in oil and gas

the condition of pandemic and ap- return is explained by pan-
plied descriptive statistics. demic.

The paper results shows that

Th 1 he rol
e recent paper explores the role by increasing death and in-

July 2019-June

D - f 1 covid-19 f icti

evpura and Na Global database 2020 ornove ¢ ovid ,9 o predl.ctmg fected patient of covid-19 led

rayan (2020) the volatility of oil prices using de- . . .
(hourly data) . . sharp increase in the volatil-

scriptive statistics and graphs. . o
ity of oil price.

The underlying article examines The results depict that asym-

Italy, USA, Spain, the role of covid-19 news impact metric dependence persist

Cepoi (2020) Germany, UK

3 February-17 on equity market of different between covid-19 news and

April 202
and France pril 2020 countries by analysing panel  equity market of underlying
quantile regression. countries.
Th{s pape%‘ mve'stlgate the dy—’ The result shows that unidi-
Ahmed and Huo . namic relationship between Chi- . . .
China 2012-2017 . rectional spillover exist from
(2020) nese stock market, commodity

market and global oil prices. oil to stock market.

The main objective of this paper is The conclusion of the paper
to search out the role of fear while reveals that VIX contribute

Zhu et al. (2019)  United States  1990-April 2019 determining equity market volatil- more than emv index while

ity by using the Grach Midas  predicting about the U.S. fi-
model. nancial market volatility.
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Pal and Mitra United States and

The results confirm that oil

Th . . lation-
e study investigated relation price has both short and long

1996-2017 hi il
(2019) world index 996-20 ship between autor.n0b¥ e sector term movement with auto-
returns and oil prices . .
mobile equity sector returns.
The study tried to investigate the The results show that Bitcoin
Kang et al. (2019) Global database 2012-2015 degree of movemeth (a§50c1at1c?n) price has greater‘degree of
between gold and bitcoin by using co-movements with the tra-
wavelet coherency. ditional asset class (gold).
The results show that no evi-
Mensi et al The study analysed the comve-  dence of comovement be-
(2018) " BRICS countries 19972016  ment between oil, gold and equity tween equity market and
market of different currencies. gold while oil comovement is
found after the analysis.
There is asymmetric spillover
The study investigate the asym- from oil to agriculture com-
Shahzad et al. L . . . .
(2018) Global data 2000-2016  metric spillover among oil and ag- modities that intensify espe-
riculture commodities cially during financial tur-
moil period.
United Sates The study investigated rlaton: | L0COR L B
Reboredo (2018) ’ 2014-2017 ship between conventional bonds P .P .
and global between these two financial
and green bonds.
assets.
Th 1 icts th, -
The study examines the non-linear € rest tdepicts that asym
. . . . o metrically short term effects
Kisswani and . relationship between oil price and .
. Kuwait 2012-2015 . . between some sectors and oil
Elian (2017) Kuwait sectoral stocks by using .
dailv data by apolvine NARDL.  Price but there are no long
Y Y appying ) term effects.
. . . The estimates show that nat-
The study aims to investigate the ural events have no sienifi-
Hayes (2017) Australia 1980-2003 relationship between natural . g
cant impact on Australian eg-
events and stock market. )
uity market.
Th i i he dy-
e.stud.y lnvestlga’Fes t ¢ dy Oil and Gold price has a neg-
10 emerging mar- namic spillover relationship be- ative effect on the equit
Raza et al. (2016) Mg 2008-2015  tween oil, gold & their volatilities , quy
kets . . market in both the long and
on the equity market by using short run
NARDL. ]
The results show that insig-
. nificant prevail in case of eq-
The st the effect of
Wang and Kutan United States, Ja- ©s udy examines !e etect o uity market, while significant
1982-2002 natural disaster on equity market . . . .
(2013) pan ) .. relationship exist between in-
especially using insurance sector.
surance sector and natural
disaster.
The result of study proves
Forbes and The paper analyse the type of rela- that high frequency of natu-
78 countries 1960-1990 tionship between natural disaster ral disasters reduce the long

Rigobon (2002)

and long term growth. term growth of different

countries
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3. Data and Methodology

The present study want to investigate the level of connectedness between USCOVID-
19 news, US equity market (DJI index), Bloomberg Barclays Global Green Bond Index
USD — Average price, gold, and bitcoin price. The study used the daily price data from
the period of 22 January 2020 to 3 August 2021. Bitcoin data were collected from CoinDesk
(https://www.coindesk.com, accessed on 30 June 2021) and United States COVID-19 news
extracted from Google trend. All remaining variables data (oil prices, DJI index and green
bonds) has been extracted from DataStream. The current study used wavelet (employed
wavelet coherency and the continuous wavelet transform) techniques to obtain the con-
nectedness between the studied variables.

3.1. The Continuous Wavelet Transforms (CWT)

Wavelet consists of small waves showing upward and downward trends in a limited
time period developed in the mid-1980s. Due to the asymmetric nature of the wavelet, this
approach provides rich insights regarding the specific time series variables, their struc-
ture, and their correlation as compared to linear models (Pearson correlation). Moreover
importantly, wavelet transform model show a comprehensive view of time-frequency
based information. Fourier transforms do not have the capacity to automatically adjust
the window size and dealing with non-stationary behavior of the data, the wavelet models
have the advantage for automatically treating non-stationary signals without any adjust-
ment and capability to adjust the window at low frequencies (short term) and high fre-
quencies bands (long term) (Nguyen and Lambe 2021). Due to having a unique attribute,
the wavelet transform approach is the most suitable methodology to analyze the depend-
ence structure and safe haven status of commodities for equity sectors. The wavelet trans-
form approach has two sub forms (1) continuous wavelet transform (CWT) and (2) the
discrete wavelet transforms (DWT).

Small waves can be produced by employing the mother wavelet. The mother wavelet
is expressed by the following function:

1 t-—k
® = N )

where % and (k,1) denotes normalization factor scale and time position, respectively.

Two board techniques are used in order to perform wavelet analysis: (1) continuous wave-
let transform (CWT) and (2) the discrete wavelet transform (DWT). CWT is a more recom-
mendable approach because it provides many advantages compared to DWT. It provides
the opportunity to choose wavelets per the length of used dataset, and the redundancy in
CWT makes the interpretation and discovery of patterns or hidden information easier
(Wang and Kutan 2013). The CWT R, (k, 1) reveals the estimation of a wavelet ¢(.) by
comparing the different time sequence y(t) €EK2(R), i.e.,

«© 1 -k
R, ) = [ yOol ) e

An important and core element of continuous wavelet transform is its capability to
decompose series and then to recreate a time series y(t) €EK2(R):

oo oo dl
y(© == [T Ry (6 1) @y (Ddul, U0

In addition, CWT contain the power of the measurable (observable) time sequence,

dl
F/

Ly 15 =571 R, (o) |2 dk]

In current paper, CWT is used to consider the information concerning insider vola-
tility and connectedness is confirmed through the bivariate wavelet coherency model.
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3.2. The Wavelet Coherence (WC)

The main aim of study is to analyze the level of connectedness between USCOVID-
19 news, US equity market (D]I index), green bonds, gold, and bitcoin price, which can be
analyzed by using wavelet coherence techniques. However, it is mandatory to first define
the cross wavelet transform (CWT) and cross wavelet power. Torrence and Compo (1998)
pointed out that the CWT can be defined as having two different time sequence y(t) and
z(t) as:

Ry, (1) = R, (k1) Ry(k 1)

where Ry (k1) and R, (k1) represent two different continuous transforms (CW) of y(t)
and z(t). k depicts the location index, while 1 is the measure. Lastly, composite conju-
gate is represented by (*). Wavelet power | Ry (kD | can be estimated by employing cross
wavelet.

The wavelet coherence approach (WCT) can be used to capture the sudden variation
and co-movement in the specific part in the time-frequency domain. According to Tor-
rence and Compo (1998) , the equation of wavelet coherence is given as follows:

| WWR,, (kD) |2

2(k D) =
MHdeD WW-1|Ry(k D) |2) . W(|W-1R, (kD) | 2)

where W depicts the smoothing mechanism. This 0 < M?(k, 1)1 represented the relevant

possible domain of wavelet coherence coefficient. When the coefficient of coherency is

close to zero, this means zero correlation, while close to one means prefect correlation or

strong co-movement. More importantly, the phase difference is described as:

_1 fiRyz (kD)
Y{Ryz (kDY

ek’] = tan ek'] €EA= [—T[, T[]

where Y and 1] real and imaginary parameters of wavelet power spectrum. The phase dif-
ference is used to explain the arrows presented in the wavelet coherency. Monte Carlo
simulation is used to analyze the hypothetical framework of wavelet coherence.

4. Results

The results of each methodology and robustness test are given in Sections 4.1-4.3.

4.1. Continuous Wavelet Transforms Results

Figure 1 captures the plots of continuous wavelet transforms (CWT) of each variable.
Large islands of volatility have been observed in (DJI index) during the months of March,
April, and May during all frequencies (medium, short and long run) bands. This insider
volatility in the US equity market is clearly depicted as the result of a cut in the oil price and
outbreak of infectious disease (COVID-19). Red colour has also been observed during April
and May in the short, medium, and long term frequencies bands (4-32 days), which also
clearly point out the sharp decline in the oil prices. The high volatility in gold and bitcoin
prices was monitored during May-June 2020 in all frequency bands. Commodity prices are
dramatically low during this period, but upsurges in the prices of gold and bitcoin confirm
the hedge and safe haven role of these financial products. Higher volatility in the prices
green bonds was observed during May—-October during long and very long term frequency
bands. The CWT plot of USCOVID-19 news showed high volatility in the entire sample due
to increased cases and death rates in the United States due to COVID-19.
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Figure 1. CWT Plots.

4.2. Wavelet Coherence

Figure 2 represents the plots for each couple of variables captured by employing the
wavelet coherency technique. The horizontal axis of figure depicts time domain, while
vertical axis represent the frequency domain in number of days. The colour pallet repre-
sents the strength of wavelet squared coherence, whereby the hotter the colour, the higher
the coherence, and thus the dependence between series. The directional arrows show the
lead-lag relationship as well as the sign of the dependence. If the arrow points to the right,
the two series are positively correlated, and if to the left, negatively correlated. If the arrow
points upwards, the first series leads the other, and the opposite for a downward-pointing
arrow. Let’s discuss each graph individually. Figure 2 contains the plot of DJI index and
US COVID-19 news data. Overall, minimal correlation was found between both variables
but some strong long term dependences are also present during the months of March,
April and May, both long term and very long term. The arrow directions are left, indicat-
ing that COVID-19 and DJI has negative correlation. The U.S. equity market seems to react
badly to the COVD-19 news. Figure 2 shows large islands of strong dependence (red col-
our) in the short, mid, and very long term at the beginning, the mid, and the end of the
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sample period over the 4-32 and 128 day frequency bands. Moreover, the right direction
and upward arrows prove the positive relationship between oil and U.S. equity market. It
can also be observed in the graph that oil prices lead the U.S. equity. On aggregate, the
slum in the prices of oil reduce cost of production and increase revenue of stock market
(reference). However, during COVID-19, production stopped due to lock down, so a
slump in oil price further reduces U.S. equity market prices. Our finding is matched with
(reference) the volatility of oil prices enhanced while increasing the searches for COVID-
19 (news), but the direction of volatility is negative. Figure 2 reveals that bitcoin, gold, and
green bonds have a minimal or no correlation with the U.S. Stock market, although small
islands of strong dependence exist in the plots. However, overall results indicate that these
financial assets can act as safe haven assets against U.S. equity market during the COVID-
19 period. Figure 2 presents a wavelet graph between oil and U.S. COVID-19 news. The
WC graphs identified different islands of strong coherency over the long term (32-64
days) frequency bands in the months of September and October. Arrows up-ward, right,
and left confirm that the relationships between oil and COVID-19 are cyclical. The out-
break of respiratory disease COVD_19 and fake news have severe implications. Investors
do not invest in oil stocks. In fact, they have withdrawn their investment due to fear that
the oil supply will increase due to war between OPEC countries, while on the other side,
a low demand for oil is due to the closing of production units during the COVID-19 pe-
riod. The disequilibrium in demand and supply further reduces the price of oil during
COVID-19. Figure 2 shows mostly covered with blue zone, it means that U.S. COVD_19
news has minimal level correlation with green bonds, gold and bitcoin. However, arrows
up-ward (during the period of October-December 2020) and right reveal that COVID-19
news in the United States affects the prices of gold positively in the very long term fre-
quency bands. Similarly, a few islands of dependence have also been observed in the cases
of Bitcoin with COVID-19 news. The results indicate that green bonds, bitcoin and gold
has proven safe haven even during bad news period (Covid-19). However, more im-
portantly, we have observed that green bonds present a better minimal correlation among
all three assets. Our results pointed out that bad news spread during COVID-19 but in-
vestors feel safe while investing in the niche market, i.e., green bonds rather than investing
in the conventional market. The plot of U.S. COVID-19 news and DJI index shows that
strong co-movement is observed during April-May 2020 in the long term frequency band,
but for later periods the correlation remains minimal. Our results are consistent with the
findings (reference) indicating that USD indices and the equity market are the main source
of shocks transmitters before the outbreak of COVID-19. However, during the COVID-19
period, equity performance is directly linked with COVID-19 news. Figure 3, specifically
an area of the graph covered with blue, point out that green bonds have no correlation
with the financial assets (Oil and bitcoin), confirming the previous literature (Atsalakis et
al. 2020; Peng 2020; Le Quéré et al. 2020; Clapp and Pillay 2017; Ahmed and Huo 2020;
Corbet et al. 2018) due to low correlation with traditional assets green bonds could be used
as safe haven assets. Notably, Gold has strong dependency with green bonds over the 4-
32 day frequency bands from the start of 2021 to the end of sample. The directions of
arrows are upward and right reveals that causality is going from Gold to green bonds. In
addition, gold also has no price relationship with oil, but Figure 3 shows areas covered
with large red zones. These results prove that strong dependency exists between bitcoin
and gold. Moreover, arrows up-ward, right, and left confirm that relationships between
oil and COVID-19 are cyclical, as confirmed by literature (Kang et al. 2019; Mensi et al.
2018).
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Figure 3. Wavelet coherence of all variables.

4.3. Robustness Test, the Wavelet-Based Granger Causality

The present study apply the wavelet-based Granger Causality tests as a robustness
check the results of WC and CWT. The study showed the results for original data and six
sub frequency domains (D1-D6) presented in Table 2. The result indicates that the oil price
causes volatility in the United States (DJI index) stock price during entire sample period
(short, medium, and long term frequency bands). Our finding is consistent with the argu-
ment that the United States equity market demonstrates substantially sensitivity to the oil
price positive and negative shocks (Ahinkorah et al. 2020; Bal et al. 2018; Pal and Mitra
2019; Huynh et al. 2020). The impact COVID-19 news on the D]l index is evidenced over short
and medium investment horizons (D4 to D6). Furthermore, the gold price was slightly
affected by COVID-19 but this did not much affect the prices of bitcoin and Green bonds.
Throughout the wavelet-based causality results, we observe no significant effect of gold
prices upon any asset price except bitcoin.

Table 2. The results for six sub frequency domains (D1-D6).

Dependent Varia-

Frequency Domains bles Independent Variables
US-Stock  USCOVID-19 Oil Gold Bitcoin Green Bond

US-stock 0.4304 0.0296 0.2771 0.003 0.6729
USCOVID-19 0.4722 0.5671 0.3001 0.0048 0.1806
D1 Oil 0.4108 0.9915 0.037 0.6005
Gold 0.7005 0.8305 0.0651 0.0061 0.0822
Bitcoin 0.4303 0.0000 0.7843 0.8988 0.5779

Green bond 0.4943 0.5517 0.4741 0.4875 0.3819
US-stock 0.3549 0.0492 0.5003 0.4139 0.7453
USCOVID-19 0.578 0.8974 0.3612 0.4884 0.9751
D2 Oil 0.7605 0.8442 0.9206 0.6042
Gold 0.8536 0.2776 0.9428 0.4469 0.5731
Bitcoin 0.6893 0.000483 0.8562  0.003182 0.9939



J. Risk Financial Manag. 2021, 14, 463

13 of 16

Green bond 0.7194 0.9408 0.0415 0.9066 0.9415
US-stock 0.2011 0.3709 0.7042 0.4205 0.62377
USCOVID-19 0.1263 0.7069 0.001236 0.5408 0.6917
D3 Oil 0.4219 0.8177 0.9494 0.6652 0.7142
Gold 0.7635 0.19081 0.8005 0.0001 0.5300
Bitcoin 0.4258 0.0066 0.9055 0.0000 0.9091
Green bond 0.09077 0.3214 0.0149 0.2463 0.5761
US-stock 0.0917 0.5281 026938 0.71903 0.4872
USCOVID-19 0.0009 0.0232 0.0035 0.0000 0.0365
D4 Oil 0.0000 0.0035 0.7524 0.7546 0.6708
Gold 0.6285 0.0097 0.7533 0.0000 0.7627
Bitcoin 0.6193 0.0134 0.9536 0.0080 0.7322
Green bond 0.1921 0.0010 0.0968 0.8955 0.7378
US-stock 0.0000 0.0000 0.0000 0.000 0.000
USCOVID-19 0.0000 0.0000 0.6938 0.0000 0.000
D5 Oil 0.0000 0.0000 0.06072 0.0623 0.000
Gold 0.04434 0.6156 0.1962 0.0764 0.1879
Bitcoin 0.7579 0.6284 0.9495 0.000 0.9998
Green bond 0.0000 0.0000 0.000 0.0007 0.0363
US-stock 0.9208 0.2016 0.003 0.029 0.7872
USCOVID-19 0.0000 0.000 0.0000 0.0000 0.0006
D6 Oil 0.4189 0.000 0.0000 0.000
Gold 0.0000 0.007951 0.04875 0.0000 0.000346
Bitcoin 0.1040 0.02219 0.1337 0.0000 0.01189
Green bond 0.0000 0.01585 0.000 0.0000 0.0000
US-stock 0.0497 0.6002 0.0000 0.0000 0.3944
US COVID-19 0.0000 0.0495 0.3887 0.5840 0.7563
.. QOil 0.0000 0.0065 0.8930 0.3819 0.0403
Original
Gold 0.5139 0.7230 0.2754 0.0093 0.5937
Bitcoin 0.4702 0.0760 0.1859 0.0493 0.4062
Green bond 0.7364 0.0805 0.0021 0.7931 0.3825

These results support our above wavelet coherency findings and literature argument
that gold has zero correlation with the traditional equity market and financial assets. In
other words, the finding of the study has confirmed the safe haven role of Gold even dur-
ing the COVID-19 period. Similarly, regarding green bonds, low and zero causality were
found with assets except Oil and COVID-19 news. During the COVID-19 period, the con-
sumption of oil decreased due to the shutdown of production units. The literature sup-
ported the arguments that volatility in oil prices cause changes in the prices of and de-
mand for green bonds (Tang and Zhang 2020; Clapp and Pillay 2017; Le et al. 2021)

5. Conclusions and Policy Implications

The most recent and uncertain health crisis (COVID-19) has affected the entire world,
so investors, policy makers, and the society should be concerned about the social and eco-
nomic costs of the pandemic. We examine the most important research question concern-
ing whether United States COVID-19 (USCOVID-19) affects financial assets prices or not.
We have taken different financial asset variables, including United States equity mark (D]I
index), oil, gold, bitcoin, and green index price. Then, we have applied two time-fre-
quency based approaches, namely the wavelet coherency and the continuous wavelet
transform, and also applied wavelet-based Granger causality tests for robustness. The
wavelet based techniques are well suited for the present study because they help to cap-
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ture interactive non-linear lead-lag association between desired variables in different fre-
quency bands. In this study, we have used the daily data from 22 January 2020 to 3 August
2021.

Heterogeneity in United States COVID-19 news affects the financial assets prices, but
the intensity is different from one asset to another. The main findings of this study are
summarized as follows. The wavelet analysis reveals that the United States equity market
prices are extremely sensitive to spreading coronavirus (USCOVID-19) news and changes
in the oil prices. The associations between the variables vary across time-scales and in-
vestment horizons, where both cyclical and anti-cyclical patterns of connectedness have
been identified. DJI index and US COVID-19 news has on average minimal impact, but
some islands of strong long term dependences are also present during the month of
March, April, and May, long term and very long term. Low or no connectedness of gold,
green bonds index, and bitcoin has been found with the most of other variables (except
green bonds relation with oil and bitcoin relation with gold), which might lead to the
hedge and safe haven role of these assets during the COVID-19 crisis period. Some islands
of strong dependence between oil and green bonds over the 4-16 day frequency bands
from the start of May to the end of sample. Moreover, very strong co-movement waasa
found between bitcoin and gold in the entire sample, which is supported by the study
(Atsalakis et al. 2020) that claims that bitcoin is considered new gold, because bitcoin sat-
isfies many properties of gold, including scarcity, medium of exchange, etc.

The results of present study have a number of fresh and noticeable policy implica-
tions for decision-makers, international investors, and researchers. The findings clearly
indicate that pandemic news in the United States disturbs the returns of the US equity
market. The investors who want to maximize their investment returns by minimizing
their risk should also consider health risk before investing in the financial market. Oil
price sensitivity and slump would be the result of a US-COVID-19 plus OPEC deal. Our
results are important for oil production, the hospitality industry, and transportation sec-
tor. Gold and bitcoin have low connectedness with the U.S. equity market, so these assets
might acts as safe haven during covid-19 period in the United States. Green bonds also
have low connectedness with the U.S. equity market. Indeed, green bonds might perform
the role of safe haven, but also help to achieve low carbon investment objectives, and
thereby help to achieve sustainable development goals set by Paris agreement (2015).
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