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ABSTRACT

The sudden market crash around 20 February 2020 on the dawn of the COVID-19 pandemic
has accelerated the digitalization of all human communication and revived the interest for risk
mitigation during stress periods. Interestingly, FAANA (Facebook, Apple, Amazon, Netflix,
and Alphabet) stocks exhibited positive returns with remarkable resilience throughout the
pandemic period, suggesting a change in their investing risk. In this paper, we take a different
step from the existing literature and examine the hedging, diversifying, and safe haven
properties of FAANA stocks against four alternative assets, namely gold, U.S. Treasury bonds,
Bitcoin, and U.S. Dollar/CHF. Our analysis covers an extended sample period comprising the
heightened uncertainty during the recent pandemic period. It involves conditional correlations,
optimal weights, hedge ratios, and hedging effectiveness for the pairs of FAANA stock and
alternative asset during the full sample period and the COVID-19 pandemic period. The results
show that the majority of FAANA stocks serve as weak/strong safe havens against gold,
Treasury bonds, Bitcoin, and Dollar/CHF in the full sample period. Further, few FAANA
stocks serve as strong safe havens against the U.S. Treasury and Dollar/CHF during the
pandemic. Our findings suggest that FAANA, once thought as risky high growth tech stocks,
have gained maturity and became a safe blanket during the latest turbulent period.
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1. Introduction

A common feature across all stock markets during the COVID-19 pandemic and its
repetitive waves is the extreme market turbulence fueled by a consumer/enterprise spending
“abyss”. Amidst stormy periods, the majority of investors seek ‘“safe-shelters” while waiting
patiently for the financial markets to regain tranquility. This is because the correlations between
risky financial assets are likely to be very high during period of crises and recessions, besides
low levels of their liquidity (Chan et al., 2011). During such turbulent and crisis periods, the
typical assets that are considered uncorrelated or negatively correlated with stocks and
(corporate) bonds in case of a market crash (safe havens) reported in the literature are gold,
treasury bonds, and safe-haven currencies (see, Baur and Lucey, 2010; O’ Connor et al., 2015,
among others). Notably, the literature on safe-havens and market risk diversification is
voluminous and suggests that the hedging behavior of a security changes over time.! In fact,
the experience of stock markets during the COVID-19 pandemic has shown that the return
linkages across major assets classes has been altered, threatening investors’ portfolios and

fading the benefits of diversification (Bouri et al., 2021a).

Notably, almost all of the typically used hedges and safe havens failed to keep their valuable
role and they experienced unforeseen price fluctuations. While the most common hedging
instruments are low-risk (low-volatility) securities, the COVID-19 era has also highlighted the
role of high growth tech stocks (Facebook, Apple, Amazon, Netflix, and Alphabet, called
FAANA), previously considered as risky investments, as an investing vehicle that can secure
high yields with relative consistency. Interestingly, the shift to a “digital-world” during the
period of the pandemic’s lockdowns has shifted demand and interest to digital services and
thus increased the business activities and revenues of tech firms. This change in demand for
digital services has induced a virtuous cycle of revenues and thus superior market performance
for FAANA, with the selected big five stocks representing almost half of the S&P 500 annual
gains by September 2020.2 In this regard, we plot in Figure Al in the Appendix of this paper,
the evolution of the FAANA stocks and the S&P 500 Composite index, which strongly makes
our case of looking at the importance of these technology stocks during the COVID-19 period

as possible safe-haven, hedgers or diversifiers. The concentration of US stock market on a

! When the connectedness become much higher between risky assets during the recessions and crises, then
investors should diversify their portfolio by adding any safe haven asset in their portfolio. Moreover, with the
risky assets becoming less liquid during the extreme downturns, financial market agents should be adjusting their
portfolios by replacing few of the highly risky assets with safe haven assets.

2 The reader is referred to an interesting discussion in the popular media in this regard at:
https://www.globalbankingandfinance.com/faang-stocks-and-covid-19-how-these-powerhouses-are-still-on-top/.



handful of stocks with high capitalizations and high returns lured investors to FAANA,
boosting their returns further. While this phenomenon has pointed to FAANA as a low-risk
investment during the pandemic, their potential safe-haven properties remain largely
understudied. Accordingly, we aim to do address this research gap for the first time by
conducting the analysis over a long sample period associated with before and during the
outbreak of the COVID-19 period. The need to find an answer to our question over samples
that are in and out of the pandemic, would provide us with a better understanding as to whether
the FANAA stocks are safe-haven, hedges or diversifiers only during pandemics that lead to
lockdowns, or even when the global economy does not face such restrictions, since the
technology-based stocks have been growing quite steadily since 2016 at least.’ This is also
important for the future, in the event that a pandemic of such a major scale emerges again and

impacts the world economy and financial markets.

In this current study, we contribute to the hedging and safe-haven literature by taking a
different stance that consists of assessing the potential role of FAANA stocks against the
downside risk of other assets. Specifically, we examine the safe haven, hedge, and risk
diversification abilities of FAANA stocks against alternative assets proposed in the literature
as safe-havens (gold, US treasury, bitcoin, and US Dollar/CHF). Methodologically, our
analysis comprises four steps; first we estimate the time-varying correlations between each
stock alternative asset using the DCC-GARCH model proposed by Engle (2002); secondly, we
perform a regression analysis to evaluate the hedge and safe-haven abilities of FAANA stocks
for alternative assets following the approach of Ratner and Chiu (2013). Thirdly, we estimate
optimal portfolio weights, hedge ratios, and hedging effectiveness based on the time-varying
conditional covariances and variances emanated from the DCC-GARCH model. Fourthly, we

conduct an economic portfolio evaluation.

Our current study is different in two aspects from the conventional hedging and safe-haven
literature, which constitutes the core of our academic contributions. First, it differs in the scope
by considering the ability of specific tech stocks (FAANA) in hedging commonly recognized
safe-haven assets such as gold, US Treasuries, Bitcoin, and US Dollar/CHF, whereas most of
the existing studies do not give any particularity to FAANA stocks, tend to consider them as
part of the overall risky stock market, and mostly focus on the hedging and safe-haven ability

of alternative assets against stock market indices (see, Creti et al., 2013; Reboredo, 2013;

3 See: https://www.nasdaq.com/market-activity/index/ndxt.




Beckmann et al., 2015; Grisse and Nitschka, 2015; Bouri et al., 2017; Li and Lucey, 2017; Xia
et al., 2019; Bouri et al., 2020) and Shahzad et al., 2019, 2020; Yousaf et al., 2022b). Second,
it differs in its focus on the period before and during the pandemic, under the digitalization area
which seems to have led to a change in demand for digital services, inducing a virtuous cycle
of revenues and thus superior market performance for FAANA. The main results suggest that
several FAANA stocks exhibited a stable performance during the pandemic period, gaining a

role as safe-havens for U.S. Treasury bonds and U.S. Dollar/CHF markets.

The rest of the paper is structured as follows. Section 2 reviews the related literature.
Section 3 describes the methods and dataset. Section 4 presents the results. Section 5 concludes

the paper.
2. Related studies

Earlier studies in the hedging literature date back to the work of Markovitz and modern
portfolio theory based on simple quadratic optimization. Since then, the introduction of more
sophisticated models and methodologies have boosted the field, producing a voluminous
literature. Nevertheless, the securities used as low-risk hedging instruments are common across
previous studies. Traditionally, gold (Baur and Lucey, 2010; Baur and McDermott, 2010),
bitcoins (Bouri et al., 2017; Urquhart and Zhang, 2019; Bouri et al., 2020), and foreign
exchange currencies (Grisse and Nitschka, 2015) are all considered safe-haven investments
during times of financial turmoil. Unlike hedging, the lack of a theoretical model for safe
havens makes the definition of a safe-haven controversial. The consensus among researchers
is that a diversifier (hedge) is an asset that is positively but weakly (uncorrelated or negatively)
correlated with another asset during normal periods, whereas a safe-haven is an asset that is
uncorrelated or negatively correlated with another asset during crisis period and market
crashes. Thus, the concept of a safe-haven asset (Baur and McDermott, 2010) is clearly
different from that of a safe asset (Gorton et al., 2012), given that the need to hedge or diversify
a portfolio applies at all times, while a safe-haven asset mitigates extreme downside market

risk and thus is mainly relevant during times of market crash or stress (Baur and Lucey, 2010).

Under this strand of research, gold has typically been considered as a safe-haven (Bouri et al.,
2020; Shahzad et al., 2019, 2020) given its role throughout history as a commodity with high
intrinsic value. The role of gold as a diversifier and a hedge in the literature is also warranted,
with numerous applications. For example, Baur and McDermott (2010) provide empirical

evidence in favor of gold acting as a risk diversifier for the U.S. and major European stock



markets, but not for other markets. Reboredo (2013) and Beckmann et al. (2015) argue that
gold can act both as a hedge and an effective safe haven, while Hood and Malik (2013)
conclude that gold is a hedge for the U.S. stock market return. Li and Lucey (2017) find that
gold can be used effectively as a safe-haven in 11 stock markets, but its role changes over time.
Gustafsson et al. (2022) highlight the hedging abilities of gold and silver for clean energy
stocks. Yousaf et al. (2022b) provide evidence on the hedging effectiveness for the pair of

crude oil-gold during the pandemic.

Besides gold, various currencies and commodities have also been examined as potential
safe havens. Ranaldo and Sdderlind (2010) and Grisse and Nitschka (2015) suggest that the
Swiss franc and the Japanese yen can be used effectively as safe havens during turbulent
financial periods, while other currencies appear to be highly correlated with the stock market.
Other studies show that crude oil (Xia et al., 2019; Creti et al., 2013) and food commodities
(e.g., soybeans) are successful risk diversifiers only episodically and for limited time periods.

In fact, commodity indices are found to be weak risk diversifiers (Shahzad et al., 2019).

Recently, the emergence of the Bitcoin market and its decentralized features and
detachment from conventional government and authorities and thus the global financial system
have spurred a novel literature on the hedging ability of bitcoin against market risk. Bouri et
al. (2017) argue that bitcoin can be used to hedge market risk, but only for limited time periods
and with heterogeneous characteristics across markets, examining a variety of assets across
alternate markets. Quite similar results are reported in Bouri et al. (2020) and Shahzad et al.
(2019, 2020). Stensas et al. (2019) evaluate the hedging attributes of bitcoin on equity markets
in the U.S., the U.K., Japan, Italy, Germany, France, Canada, Brazil, Russia, India, China,
South Korea and Zimbabwe, concluding that the hedging behavior of bitcoin exists in most of
the developing economies, but is merely a risk diversifier for investors in the developed
markets. Similarly, Popper (2015) argue that bitcoin has many similarities to gold in terms of
its hedging capabilities and a potential to act as a risk diversifier, while Dyhrberg (2016) show
that bitcoin could hedge successfully downside risk in the FTSE 100 index and the U.S. dollar

in the short-term.

In this paper, we take a different step from the conventional literature on safe-haven assets
by examining the hedging, diversifying, and safe haven properties of FAANA (Facebook,
Apple, Amazon, Netflix, and Alphabet) stocks against four alternative assets (gold, U.S.
Treasury bonds, Bitcoin, and U.S. Dollar/CHF). To this end, we apply conditional correlation



models, regressions augmented with quantile dummies, and portfolio analysis, as described

below.

3. Methodology and Data
3.1. Time-varying correlations

We use the DCC-GARCH model to estimate dynamic conditional correlation (p;; ;)

between the pair of stock and alternative asset returns (Ratner and Chiu, 2013; Bouri et al.,
2017; Shahzad et al., 2019). The DCC-GARCH model is preferable to other competitive
models (i.e., BEKK-GARCH), and its advantages are well documented in the empirical finance
literature. They include (a) the positive definiteness of the conditional covariance matrices, (b)
the ability to account for heteroscedasticity directly, (¢) and the power to encounter less data
convergence issues (Celik, 2012; Ozkan and Erden, 2015; Yousaf and Ali, 2020). The
specifications of the DCC-GARCH model are as follows:

¢4 ~ N(0,Hy)
Hy = D¢R:D; (1)
et - Dt_lrt

where 7; is a vector of returns for a pair of stock and alternative assets at time t and e;

is a vector of residuals. (2;_; is the information set at time t-1, while H, denotes the conditional-
covariance matrix with D; = diag {,/h;} indicating the diagonal matrix of conditional standard

deviations for the return series at time t. We use the symmetric GARCH (1,1) model to estimate

the conditional standard deviation of the return series.

ht =c + a etz_l + b h’t—l (2)

where C is a constant, h; is the conditional variance, and parameters a and b capture

ARCH and GARCH effects, respectively.
Furthermore, we formulate the dynamic conditional correlation matrix R.= [p;; ] as:

R, = diag {Qt}_thdiag {Qt}_l (3)

where Q; = [q;j¢] is the unconditional-correlation matrix of e; being a symmetric

positive-definite matrix. The dynamic correlation estimator is obtained by:



Q=0-a- ﬁ)@ +ae_1€1 + BQi 4)

p.. = —qij't (5)
ut (aiieajje)

where the correlation matrix of residuals is denoted by Q. This model suggests that the

series are mean-reverting if a+f <1.

3.2. Assessing diversification, hedge and safe-haven properties

After the estimation and extraction of the pairwise conditional correlation, we follow
Ratner and Chiu (2013) and Bouri et al. (2017) to assess the diversifying, hedging, and safe-
haven properties of FAANA stocks (j) against alternative assets (i) as follows:

Pijt = Yot Y1D("44q10) + V2D (14aqs) + v3D(Taaq:1) (6)

where the dummy variable D(.) captures the extreme downturns of the alternative asset
returns 7,4, based on the 10% (qio), 5%(qs), or 1%(q1) quantiles. The signs and statistical
significance of y,, ¥1, V2, and y; are used as measures of diversification, hedging, and safe-
haven properties (Ratner and Chiu, 2013; Bouri et al., 2017; Shahzad et al., 2019; Ren and
Lucey, 2022; Yousaf et al, 2022a). Specifically, if y, is found to be positive (negative) and
significant then it reflects the role of stock as diversifier (strong hedge). However, insignificant
¥, indicates the role of stock as weak hedge against stocks. If y;, ¥,, or y5 are found to be
insignificant (negatively significant) the stock act as weak (strong) safe-haven against

downturns in stocks.

Furthermore, we consider the COVID-19 pandemic period (Albuquerque et al., 2020) and
assess diversifying, hedging, and safe-haven properties of stocks against the large market
fluctuations driven by the global health crisis. Accordingly, we estimate the following

regression:
Pijt = Yo + viD(Infectious diseases) (7)

where the dummy variable D indicates that the COVID-induced uncertainty of Baker et al.
(2020) lies in the upper 90% quantile of the empirical distribution and zero otherwise (Yousaf
et al., 2022a). The positively (negatively) significant y, indicates the role of stock as diversifier
(strong hedge), whereas insignificant negative y, show the weak hedge feature of the stock

against stocks (Bouri et al., 2017). Notably, insignificant (negatively significant) y; indicates



the weak (strong) safe-haven feature of stock against alternative asset during the COVID-19

pandemic.
3.3. Portfolio analysis

Here, we compute the optimal weights, hedge ratios, and hedging effectiveness for the
portfolios using the conditional covariances and variances from the DCC-GARCH model.
Following Kroner and Ng (1998), we estimate optimal weights for x (alternative asset) and y

(FAANA-alternative asset portfolios)* as:

Y_p X[y
x|y _ hy —he
Wt =

— 8

h¥—2n5"Y +nY ®)
0, if w<o

=3 W, i oswi <t

Wi
1, if w’’>1

where w;’ /Y describes the weight of alternative asset X in a one-dollar portfolio of the

hi‘/y

FAANA-alternative asset (x, y) portfolio at time t and is the conditional covariance

between the two assets. Clearly, the corresponding weight of the second asset Y in this portfolio

is1—w">

Kroner, and Sultan (1993) compute the hedge ratio for the y and x as:

X’y
= 9)

where (hf/ Y} is the conditional covariance between asset pairs (x,y) and hf is the conditional

variance for asset y (FAANA stock) at time ¢t.

As for the effectiveness of the hedging strategy, it is measured by the percentage drop in
the variance of the optimal portfolio compared to the unhedged portfolio. Accordingly, we

compute the hedging effectiveness (HE) as follows:

Varianceunhedged—Variancehegded

HE = [ (10)

Varianceynhedged

* The main problems that could be present with portfolio optimisation under optimal weights are (i) the lower out-
of-sample performance than the naive 1/n rule, (ii) the resulting asset weights with extreme values, and (iii) the
high sensitivity of those asset weights to small changes in the data series. For the theoretical limitations of the
optimal weights formulation, please see Kroner and Ng (1998).



where Variance,npeqgeq 18 the variance of the unhedged portfolio containing the
alternative asset only and Variancepeqgeq 1s the variance of the optimal portfolio containing
a FAANA stock and the alternative asset according to the optimal weight. Specifically,
Variancepeqgeq = (a)f/y)zhl’f +(1- wf/y)zhf + Za)f/y(l — wf/y)hf/y. A higher HE
score reveals the bigger risk reduction enabled by the optimal portfolio, and vice versa (Dutta

et al., 2021; Gustafsson et al., 2022).

3.4. Economic portfolio evaluation

While the statistical evaluation of optimal weights, hedge ratios, and hedging effectiveness has
its own merit, an investor’s interest during turbulent periods lies with the ability of the safe
haven investments to hedge the downside risk of portfolios. In other words, a model of low
forecasting errors does not necessarily mean that its forecasts can be exploited in building
profitable trading strategies. So, in order to measure the economic performance of each
portfolio, we build a trading strategy where a mean-variance investor allocates her wealth in
every period to a portfolio consisting of a FAANA stock and the alternative asset (e.g., gold,
US treasury, Bitcoin, and Dollar/CHF), where th /Y describes the weight of alternative asset X
in a one-dollar portfolio of the two assets. In Figure 4, we depict the time-varying weights of
the portfolios formed with each FAANA stock and one of the four alternative assets (gold, US
treasury, Bitcoin, and Dollar/CHF) during the COVID pandemic period.

We observe that Apple stock dominates Bitcoin, but has a smaller part on the other three assets,
with the largest appearing on the portfolio with gold. The use of the time varying portfolios

leads to the portfolio returns in every period

rp't=Wf/y*7‘x,t+(1—wf/y)*ry,t (11)

where 7p ; are the portfolio returns at time t, 7 ; returns of the FAANA stock on time t, and
1y ¢ the returns of the alternative asset. To construct a measure of economic significance that is

independent of the forecasted period, we measure the Certainty Equivalent Return (CER),
which is the risk-free rate that the investor is willing to accept instead of investment in a

portfolio as in (11), depending on the mean return y, and the variance of the portfolio ¢;2.

CER =y =% g+ 07 (12)



The risk-averse parameter g is set to 3, as in Rapach et al. (2016) and Campbell & Thompson
(2008).

3.5. Data and preliminary analysis

Our data are daily, comprising of the closing levels of five major tech stocks (Facebook,
Apple, Amazon, Netflix, and Alphabet), gold bullion in US Dollar, US Benchmark 10 Year
Government Bond Index, Bitcoin exchange rate against the US Dollar’, and the exchange rate
of the US Dollar against the Swiss Franc (USD/CHF). All data are sourced from Refinitiv
DataStream for the period May 18, 2012 to December 13, 2021, yielding 2,497 daily
observations. Notably, the beginning of the sample period is dictated by the price data
availability of Meta Platforms A: Facebook. Interestingly, the sample period is long enough
and informative to cover a rich period of bullish (tranquil) and bearish (turbulent) states. The
sub-sample period of the COVID-19 starts from January 01, 2020 and ends on December 13,
2021. In Figure 1 we display the level series. Overall, the FAANA indices show a clear uptrend,
whereas for the price patterns of the rest of indices are mixed, in the sense that we do not

observe any clear positive or negative price patterns.

All indices are expressed in logarithmic returns, and Table 1 provides their summary
statistics. The highest average returns are observed for Bitcoin and Netflix, whereas the lowest
are for Dollar/CHF and US treasury markets. Bitcoin and Netflix returns have the highest
standard deviation, whereas the lowest is for the return of the US treasury and Dollar/CHF.
Except of four FAANA stocks, the skewness value is negative in all cases. The Kurtosis value
is substantially larger than 3, especially for Dollar/CHF. Jarque-Berra statistics are significant
for all return series, indicating the deviation from the normal distribution. ARCH test statistics
provide evidence of heteroscedasticity in all cases, which suggests the suitability of applying
GARCH-based models. The results of the ADF (Augmented Dicky-Fuller) and ZA (Zivot and
Andrews, 1992) tests reveal that all return series are stationary at conventional levels. The
structural breaks are estimated through ZA test and most of the markets experienced the
structural breaks during the month of March 2020, which coincides with the peak of the
COVID-19 outbreak. In the current study, we perform the safe-haven analysis separately for

the days of higher uncertainty due to the infectious diseases (including the peak of the COVID-

51t is traded on Bitstamp Exchange, one of the well-established and largest exchanges for cryptocurrencies.
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19 outbreak), see Table 4. Apart from this, we also perform the safe-haven analysis during the

extreme downturns (see Table 3), which includes the structural break days as well.

Figure 2 illustrates the return series over time. Return clustering can be noticed in almost
all series at various point of times, especially around Q1-2020 which coincides with the peak

of the COVID-19 outbreak.

The unconditional correlation coefficients, reported in Table 2, indicate a strong correlation
between FAANA stocks. Moreover, gold, Bitcoin, and Dollar/CHF are comparatively weakly

associated with FAANA stocks, indicating potential diversification benefits.

Besides the above-mentioned wide array of dataset, we use infectious disease-based market
volatility index of Baker et al. (2020) to capture market uncertainty induced by the pandemic®
(e.g., Bouri et al., 2021b; Gupta et al., 2021).

4. Results

4.1. Results of time-varying correlations

Figure 3 shows the time varying DCCs for pairs of stock/alternative asset. They reveal that the
DCC between all pairs vary over time, and a large change in the correlation is experienced at
the start of the COVID-19 for almost all cases. Notably, we notice a transitory spike in the

correlation to positive values between US Treasury and most of FAANA stocks.
4.2. Results of diversifying, hedging, and safe-haven analysis

Next, we examine the diversifying, hedging, and safe-haven properties of the FAANA stocks
for alternative assets (gold, US treasury, Bitcoin, and Dollar/CHF) based on Equation (6) and
the results are reported in Table 3. We differentiate between weak/strong hedge, and diversifier
through the coefficient y,. Panels A-B of Table 3 indicate that the coefficient y, is negative
and significant in most of the FAANA stocks (except Apple and Netflix in Panel A), suggesting
that most of FAANA stocks are strong hedges against the gold and US Treasury markets. The
coefficient y is positive and significant for Apple and Netflix stock in Panel A, implying that

Apple and Netflix can serve as diversifiers against the gold market. Furthermore, the positive

6 More information on this index and its data are available at
https://www.policyuncertainty.com/infectious EMV.html.
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and significant coefficient y, in Panels C and D indicates that FAANA stocks play the role of

diversifiers against bitcoin and Dollar/CHF.

The results on the estimated coefficients y;, y,, and y; are used to make inferences on the safe-
haven properties of FAANA. Panels A and B of Table 3 reveal that all FAANA stocks are
weak safe havens for gold and US Treasury, as the coefficients of y4, ¥,, or y3 are found to be
insignificant in all cases. The results in Panel C suggest that the coefficient y5 is negative and
significant for Facebook and Amazon, indicating that these stocks are strong safe havens
against the extreme downturn in the Bitcoin market. However, Apple, Netflix, and Alphabet
play the role of weak safe-havens for Bitcoin. In panel D, the coefficient y; is negative and
significant for Apple, indicating the strong safe-haven role of Apple for the extreme downturn
in the Dollar/CHF exchange rate. Finally, Facebook, Amazon, Netflix, and Alphabet play the

role of weak safe-havens against the Dollar/CHF.

Focusing on the period of high uncertainty due to COVID-19 outbreak, the results are presented
in Table 4. Panels A and B show that the coefficient y, is negative and significant for most of
FAANA stocks (except Apple and Netflix), indicating their role as strong hedge against gold
and US Treasury markets. Furthermore, FAANA stocks serve as a diversifier for Bitcoin and
Dollar/CHF during the pandemic, as the coefficient y, is positive and significant for all
FAANA stocks in Panels C and D. In panel A, the coefficient y; is insignificant for Alphabet,
therefore this stock serve as weak safe-havens against the gold market. In panel B, Apple stock
is a strong safe-haven against the downturn in US treasury during the pandemic period, whereas
FAANA stocks do not serve as safe haven against Bitcoin. Finally, Facebook, Amazon, Netflix,
and Alphabet are strong safe-havens against the Dollar/CHF, whereas Apple serves as a weak

safe-haven against Dollar/CHF during the pandemic.

4.3. Results of portfolio analysis

Corroborating to our previous results, we present in Table 5 the optimal weights, hedge ratios,
and hedging effectiveness for the pairs of alternative asset/stock in the full sample period and
the COVID-19 period. For example, the optimal weight of Gold/Facebook is 0.83 in the full
sample period, showing that, for the $1 portfolio of Gold/Facebook, an investor should allocate
83 cents in gold and 17 cents in Facebook during the full sample period. Furthermore, the
optimal weights of Bitcoin/stock pairs are observed to be lower during COVID-19 pandemic,
suggesting that investors should increase the investment in FAANA stocks against Bitcoin. For

the pair of Gold/Netflix, the optimal weight is lower in the COVID-19, suggesting the increase

12



in investment in Netflix for the portfolio of Gold/Netflix. For all other pairs (US treasury/stock
and Dollar/CHF/stock), the optimal weights are mostly higher in the COVID-19 period,
indicating that investors should decrease the investment in FAANA stocks compared to their

investments in US Treasuries and Dollar/CHF.

The hedging effectiveness scores of the Bitcoin/stock and Gold/stock pairs are higher
compared to the score in other pairs during the full sample period. During the pandemic, the
highest hedging effectiveness is noticed for the pairs of Bitcoin/stock and US treasury/stock.
However, the hedging effectiveness of almost all pairs is above zero during the full sample and
COVID-19 periods, indicating that the addition of FAANA stocks in alternate assets can
helpful in reducing portfolio risk. This is especially the case for the pair of Bitcoin/stock, which
shows the highest HE score.

The hedge ratio of Bitcoin/Facebook pair is 0.08 during the full sample period, indicating the
$1 long position in Bitcoin can be hedged with short position of 0.08 cents in Facebook. The
hedging ratios of US treasury/Facebook, US treasury/Apple, Dollar/CHF/Apple,
Dollar/CHF/Amazon, US treasury/Alphabet, and Dollar/CHF/Alphabet are negative during the
COVID-19, indicating that hedging US Treasury with Facebook, Apple, and Alphabet during
the COVID-19 pandemic does not requires taking any short position in either asset. Moreover,
the hedge ratio of the Dollar/CHF/stocks pairs are low during the COVID-19 pandemic
compared to the full sample period, suggesting that the hedging of FAANA with Dollar/CHF
is cheap during the COVID-19 pandemic compared to the full sample period. However, the
hedge ratio is higher during the COVID-19 for Bitcoin/stock in particular, showing the hedging
of Bitcoin is expensive through FAANA stocks during the COVID-19 outbreak.

4.4, Results of economic portfolio evaluation

Finally, we evaluate the aforementioned weight strategy in economic terms and present the
results in Table 6. Notably, we compute the annualized Sharpe ratios (SR) and the annualized
CER for the FAANA and alternative assets portfolios for the full sample period and the COVID
period. Overall, the SRs are marginally higher in the full sample than the COVID period; but
mostly, the SRs are small and close to zero. The CER is zero in all cases, suggesting that there
is no motive to switch to a risk-free asset. The same results apply for a naive (Random Walk)
buy-and-hold strategy, which implies not to use a dynamic strategy in shaping the portfolio and
prefer a less complicated, equally weighted portfolio of the 2 assets (FANAA and alternative

asset), without altering the composition ratio with each observation. The positive returns of the
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naive strategy are statistically similar to zero as CER is zero everywhere. Overall, all portfolios
behave closely to the risk-free rate, suggesting that FANAA can be used to hedge risk of

alternative assets — a first of its kind finding in relation to the existing literature.
5. Conclusions

In this paper we examine the role of FAANA stocks as diversifiers, hedge, and safe-havens,
while considering the pandemic period. Using a dataset comprising the five most important
tech stocks and the usual safe havens reported in the literature (gold, Bitcoin, the 10-year U.S.
Treasury bond, Bitcoin and the USD/CHF exchange rate) over the period May 18, 2012 to
December 13, 202. Our empirical findings suggest that the majority of FAANA stocks serve
as weak/strong safe havens against gold, U.S. treasury bonds, Bitcoin, and Dollar/CHF in the
full sample period. Further, few FAANA stocks are strong safe haven against the US Treasury
and Dollar/CHF during the COVID-19 pandemic. Examining both the statistical properties and
the economic aspect in shaping a trading strategy, we show a heterogeneous behavior of
FANAA stocks over various alternative assets in portfolio allocation. Overall, FAANA stocks
seem to be effective hedges for the U.S. Treasury bonds and gold, while all portfolios have
very small Sharpe ratios and CER, suggesting a low-risk trading policy for investors and
policymakers. But whether this finding will continue to hold in the future needs to be closely
monitored, as these stocks seemed to have been hit hard recently by a slew of macroeconomic
headwinds -- the war in Ukraine, snarled supply chains, sky-high inflation, and slowing
economic growth’. Our presumption is that this will be less likely, due to the nature of the
global turmoil being more geopolitical in nature, which might tilt the scale in favor of

commodities®.
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Table 1. Summary Statistics of return series.

Mean Maximum Minimum Std. Dev. Skewness Kurtosis Jarque-Bera ARCH ADF ZA test
Facebook 0.00087  0.259 -0.210 0.023 0.327 18.328 24479.0° 8.426* -51.721% -51.743% (03/19/2020)
Apple 0.00089 0.113 -0.138 0.018 -0.417 10.276 5578.3*% 114.166* -53.510" -53.610* (03/24/2020)
Amazon 0.00111  0.132 -0.117 0.018 0.152 9.866 4912.4° 31.724*  -50.731* -30.671* (03/17/2020)
Netflix 0.00164 0.352 -0.288 0.028 0.764 23.625 44484.0° 21.424®  -49.355% -23.052% (02/26/2014)
Alphabet 0.00091  0.151 -0.124 0.016 0.312 13.467 11434.0° 49.940*  -53.375% -53.488% (03/24/2020)
Gold 0.00005  0.054 -0.102 0.009 -0.721 12.395 9396.0° 39.072*  -50.117* -50.187?* (03/20/2020)
US Treasury 0.00003  0.021 -0.025 0.004 -0.173 6.235 1101.0° 490.827* -51.077% -51.161* (03/04/2020)
Bitcoin 0.00366  0.485 -0.664 0.053 -1.076 23.531 44318.6° 283.399% -51.623% -22.941°% (12/02/2013)
Dollar/CHF  -0.00001 0.025 -0.114 0.005 -4.297 87.096 743191.7° 312.038% -45.557* -35.021% (01/22/2015)

Note: The ARCH test refers to the LM-ARCH test of Engle (1982). ADF denotes the augmented Dickey-Fuller test. ZA test denotes the Zivot and Andrews unit root test to consider the structural
breaks. The last column is representing the structural break of series that is estimated through ZA test. "¢ indicate statistical significance at 1%, 5% and 10% respectively. Full sample period
(May 18, 2012 to December 13, 2021).
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Table 2. Unconditional Correlations.

Facebook  Apple Amazon  Netflix Alphabet Gold US Treasury Bitcoin Dollar/CHF
Facebook 1.000
Apple 0.406 1.000
Amazon 0.461 0.461 1.000
Netflix 0.304 0.280 0.445 1.000
Alphabet 0.512 0.525 0.601 0.400 1.000
Gold 0.013 0.063 0.005 0.010 0.002 1.000
US Treasury  -0.145 -0.210 -0.160 -0.115 -0.200 0.224 1.000
Bitcoin 0.035 0.076 0.046 0.041 0.085 0.070 -0.006 1.000
Dollar/CHF 0.053 0.028 0.026 0.021 0.045 -0.386 -0.160 -0.025 1.000

Note: The table presents the unconditional correlations among the stocks and alternate markets during the full sample period (May 18, 2012 - December 13, 2021).
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Table 3. Estimation results for the diversifier, hedging, and safe-haven properties of the FAANA against the gold, US treasury, Bitcoin, and
Dollar/CHF.

Panel A. Gold Panel B. US Treasury
(Yo) 10% (y1) 5% (¥2) 1% (v3) (Yo) 10% (1) 5% (¥2) 1% (v3)
Facebook -0.023? 0.001 0.004 0.021° -0.126° 0.001 -0.012 -0.006
(0.000) (0.876) (0.522) (0.055) (0.000) (0.888) (0.166) (0.668)
Apple 0.018° 0.001 0.010 0.013 -0.167° 0.001 -0.008 0.002
(0.000) (0.842) (0.197) (0.308) (0.000) (0.874) (0.398) (0.882)
Amazon -0.021° 0.001 0.003 0.004 -0.139° 0.004 -0.013 0.008
(0.000) (0.877) (0.674) (0.748) (0.000) (0.592) (0.204) 0.611)
Netflix 0.005° 0.001 -0.004 0.008 -0.107° -0.006 -0.003 -0.013
(0.000) (0.862) (0.550) (0.485) (0.000) (0.217) (0.712) (0.289)
Alphabet -0.030° -0.004 -0.001 0.004 -0.167° 0.001 -0.009 -0.009
(0.000) (0.392) (0.872) (0.689) (0.000) (0.905) (0.314) (0.534)
Panel C. Bitcoin Panel D. Dollar/CHF
(Yo) 10% (y1) 5% (¥2) 1% (v3) (Yo) 10% (y4) 5% (¥2) 1% (v3)
Facebook 0.036° 0.003 -0.008 -0.028? 0.073? -0.005 0.011 0.011
(0.000) (0.562) (0.255) (0.018) (0.000) (0.219) (0.062) (0.290)
Apple 0.049° -0.002 -0.001 -0.012 0.024% -0.007¢ 0.013 0.002
(0.000) (0.660) (0.920) (0.301) (0.000) (0.094) (0.050) (0.833)
Amazon 0.037° 0.000 0.001 -0.024° 0.028? -0.003 0.004 0.004
(0.000) (0.974) (0.851) (0.027) (0.000) (0.480) (0.572) (0.747)
Netflix 0.043° 0.000 0.002 -0.015 0.026° 0.004 -0.006 0.007
(0.000) (0.935) (0.753) (0.181) (0.000) (0.221) (0.265) (0.447)
Alphabet 0.054° 0.002 0.004 -0.011 0.051° 0.001 0.001 -0.001
(0.000) (0.701) (0.572) (0.298) (0.000) (0.891) (0.921) (0.956)

Note: This table presents the estimated coefficients from Equation (6). Extreme market downturns in gold, US treasury, Bitcoin, and Dollar/CHF are captured by the 10% (q10), 5%(q5), or
1%(q1) quantiles. ¢, ®, and ¢ denote statistical significance at 1%, 5% and 10% respectively.



Table 4. Estimation results for the hedging and safe-haven properties of the FAANA against the gold, US treasury, bitcoin, and Dollar/CHF during
the days of high uncertainty in markets due to infectious diseases.

Facebook
Apple
Amazon
Netflix

Alphabet

Facebook
Apple
Amazon
Netflix

Alphabet

Panel A. Gold

Panel B. US Treasury

(v0) Infectious diseases ( y7)
-0.024° 0.004°
(0.000) (0.029)
0.015° 0.007°
(0.000) (0.001)
-0.027° 0.011°
(0.000) (0.000)
0.000 0.011°
(0.917) (0.000)
-0.031° 0.002
(0.000) (0.344)

Panel C. Bitcoin

(v0) Infectious diseases ( y7)
-0.123% -0.007*
(0.000) (0.004)
-0.173% 0.011°
(0.000) (0.000)
-0.150° 0.023?
(0.000) (0.000)
-0.1117 0.007°
(0.000) (0.002)
-0.172° 0.010°
(0.000) (0.000)

Panel D. Dollar/CHF

(vq) Infectious diseases ( y1)
0.021° 0.031°
(0.000) (0.000)
0.036° 0.025°
(0.000) (0.000)
0.023* 0.027
(0.000) (0.000)
0.030° 0.026"
(0.000) (0.000)
0.041° 0.026"
(0.000) (0.000)

(v9) Infectious diseases ( y4)
0.076* -0.005°
(0.000) (0.005)
0.025° -0.003
(0.000) (0.159)
0.033° -0.011°
(0.000) (0.000)
0.027° -0.001°
(0.000) (0.656)
0.053° -0.006°
(0.000) (0.003)

Note: **¢ denote statistical significance at 1%, 5% and 10% levels, respectively. The sub-sample period of the COVID-19 starts from January 01, 2020, and ends on December 13, 2021.
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Table 5. Portfolio analysis for the full sample and COVID-19 sample periods.

Full Sample Period
Optimal weights Hedge ratio  Hedging effectiveness

GOLD/FACEBOOK 0.83 -0.01 0.13
US Treasury/FACEBOOK  0.94 -0.02 0.13
Bitcoin/FACEBOOK 0.21 0.08 0.86
Dollar/CHF/FACEBOOK  0.94 0.02 0.10
GOLD/APPLE 0.76 0.01 0.21
US Treasury/APPLE 0.91 -0.04 0.18
Bitcoin/APPLE 0.13 0.14 0.90
Dollar/CHF/APPLE 0.90 0.01 0.10
GOLD/AMAZON 0.78 -0.01 0.22
US Treasury/AMAZON 0.93 -0.03 0.15
Bitcoin/AMAZON 0.15 0.09 0.89
Dollar/CHF/AMAZON 0.91 0.01 0.04
GOLD/NETFLIX 0.90 0.00 0.07
US Treasury/NETFLIX 0.97 -0.02 0.07
Bitcoin/NETFLIX 0.28 0.08 0.80
Dollar/CHF/NETFLIX 0.96 0.00 0.00
GOLD/ALPHABET 0.71 -0.02 0.29
US Treasury/ALPHABET  0.90 -0.04 0.19
Bitcoin/ALPHABET 0.10 0.18 0.92
Dollar/CHF/ALPHABET 0.89 0.02 0.15

COVID-19
Optimal weights Hedge ratio = Hedging effectiveness
0.84 0.04 0.08
0.95 -0.02 0.17
0.14 0.42 0.77
0.96 0.00 0.02
0.80 0.06 0.09
0.95 -0.01 0.18
0.12 0.50 0.76
0.95 -0.01 0.04
0.80 0.07 0.11
0.96 0.00 0.18
0.10 0.49 0.84
0.94 -0.02 0.05
0.87 0.06 0.05
0.97 0.00 0.12
0.16 0.39 0.78
0.97 0.00 0.01
0.74 0.04 0.16
0.93 -0.01 0.19
0.07 0.62 0.82
0.94 -0.01 0.05

Note: We consider two investment approaches, i.e. the optimal weight and hedge portfolio strategy of Kroner and Ng (1998) and Kroner and Sultan (1993), respectively. HE is the hedge effectiveness value
computed as the percentage reduction in return volatility compared to the undiversified strategy. All values are percentages of risk reduction. Zero HE suggests zero risk reduction. The full sample period is
May 18, 2012 to December 13, 2021. The COVID-19 period is January 01, 2020 - December 13, 2021.
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Table 6. Economic portfolio evaluation for the full sample and COVID-19 sample periods.

Full Sample COVID period

Dynamic Buy and hold Dynamic Buy and Hold
SR CER SR CER SR CER SR CER

GOLD/FACEBOOK 0.02 0.00 0.04 0.00 -0.04 0.00 0.05 0.00
US.Treasury/FACEBOOK 0.01 0.00 0.04 0.00 -0.06 0.00 0.05 0.00
Bitcoin/FACEBOOK -0.12 0.00 0.08 0.00 -0.05 0.00 0.08 0.00
Dollar/CHF/FACEBOOK 0.01 0.00 0.04 0.00 0.00 0.00 0.04 0.00
GOLD/APPLE 0.03 0.00 0.05 0.00 -0.07 0.00 0.07 0.00
US.Treasury/APPLE 0.03 0.00 0.05 0.00 -0.06 0.00 0.08 0.00
Bitcoin//APPLE -0.15 0.01 0.08 0.00 -0.12 0.00 0.09 0.00
Dollar/CHF//APPLE 0.02 0.00 0.05 0.00 -0.01 0.00 0.07 0.00
GOLD/AMAZON 0.03 0.00 0.06 0.00 -0.05 0.00 0.06 0.00
US.Treasury/AMAZON 0.03 0.00 0.06 0.00 -0.06 0.00 0.07 0.00
Bitcoin/AMAZON -0.13 0.01 0.08 0.00 -0.10 0.00 0.08 0.00
Dollar/CHF/AMAZON 0.03 0.00 0.06 0.00 0.00 0.00 0.05 0.00
GOLD/NETFLIX 0.02 0.00 0.06 0.00 -0.04 0.00 0.05 0.00
US.Treasury/NETFLIX 0.01 0.00 0.06 0.00 -0.05 0.00 0.06 0.00
Bitcoin/NETFLIX -0.06 0.00 0.09 0.00 0.02 0.00 0.08 0.00
Dollar/CHF/NETFLIX 0.02 0.00 0.06 0.00 0.01 0.00 0.05 0.00
GOLD/FACEBOOK 0.04 0.00 0.05 0.00 -0.04 0.00 0.08 0.00
US.Treasury/FACEBOOK 0.03 0.00 0.06 0.00 -0.06 0.00 0.09 0.00
Bitcoin/FACEBOOK -0.16 0.01 0.08 0.00 -0.13 0.00 0.09 0.00
Dollar/CHF/FACEBOOK 0.02 0.00 0.05 0.00 0.00 0.00 0.07 0.00

Note: SR (Sharpe ratio). CER (Certainty Equivalent Return). Full sample period (May 18, 2012 to December 13, 2021). COVID-19 sub-sample period (January 01, 2020 and ends on
December 13, 2021). The buy-and-hold strategy assumes an equal diversification between assets that keeps steady throughout the examined period.
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APPENDIX
Figure Al. Plot of S&P 500 and the FAANA Stock Indexes
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Figure Al. Log levels of FANNA stocks vs the S&P 500 (left subplot) and alternative assets vs S&P500 (right subplot)
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