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Abstract: This study examines the safe-haven and hedging roles of gold against thirteen Asian
stock markets during the COVID-19 outbreak. During the COVID-19 sub-period, gold is shown
to be a strong hedge (diversifier) for the majority (minority) of Asian stock markets; it exhibits the
property of a strong safe-haven in China, Indonesia, Singapore, and Vietnam, and a weak safe-haven
in Pakistan and Thailand. The optimal weights of all stock-gold portfolios are lower during the
COVID-19 sub-period than the pre COVID-19 sub-period, suggesting that portfolio investors should
increase their investment in gold during the COVID-19 sub-period. The hedging effectiveness for
most Asian stock markets is higher during the COVID-19 sub-period. Further analyses show that
the hedge portfolio returns in many cases are mostly driven by gold implied volatility and inflation
expectations in both sub-periods. Our findings have useful implications for market participants
holding investments in Asian stocks during stressful periods.

Keywords: gold; Asian stock indices; COVID-19 outbreak; hedge; safe-haven; hedging effectiveness

JEL Classification: G11; G15

1. Introduction

Gold, as an investment asset, attracts considerable attention in the financial com-
munity due to its ability for hedge inflation and to produce an appealing risk adjusted
return (Gorton and Rouwenhorst 2006). Gold prices are more stable than equities and their
returns are generally right-tailed (Ali et al. 2020). Notably, gold is appreciated by investors
and portfolio managers because it is (positively) weakly or negatively correlated with stock
market indices, which makes it able to offset stock market losses especially during stressful
periods. The academic literature is rich in studies dealing with the hedge and safe-haven
roles of gold for stock market indices (Baur and McDermott 2010; Gürgün and Ünalmış
2014; Beckmann et al. 2015; Arouri et al. 2015; Chkili 2016; Klein 2017; Klein et al. 2018;
Bekiros et al. 2017; Chen and Wang 2019; Ali et al. 2020; Shahzad et al. 2020; Ming et al.
2020). It extensively considers the role of gold during various financial crises and adverse
market conditions, and mostly applies methods based on conditional correlations and
portfolio analyses (e.g., Basher and Sadorsky 2016). This is particularly the case around
crisis episodes such as the Asian crisis of 1997, the global financial crisis (GFC) of 2007–2008,
and the European sovereign debt crisis (ESDC) of 2010–2013, during which stock market
indices declined and stock market volatility (risk) spiked.

With the abrupt emergence of the COVID-19 outbreak in early 2020, the global econ-
omy froze, unemployment rates climbed, and financial markets tumbled (Yousaf and Ali
2020a, 2020b, 2021; Shahzad et al. 2021). Such issues first affected China and other Asian
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stock markets and then the rest of the stock markets around the globe. For example, during
the first quarter of 2020, the stock market index in China and Japan tumbled by around 15%
and 25%, respectively, whereas international gold prices moved in the opposite direction,
increasing by almost 6%. As the coronavirus fear spread, stock investors panicked and
started to divest some of their stock investments. They looked for shelters in the gold
market given its longstanding ability to gain value during times of market stress (Baur and
McDermott 2010; Beckmann et al. 2015; Shahzad et al. 2020). In fact, during stress periods,
stock prices decline as risk-averse investors switch from risky investments such as stock
to less risky investments such as gold, which increases the demand for gold and leads to
price appreciation. However, the role of gold as a hedge and safe-haven for Asian stock
market indices during the catastrophic event of the COVID-19 outbreak remains largely
understudied, which makes investors largely uninformed about whether gold can equally
offset the downside risk in the Asian stock markets during an event that seems to be
different from other economic and financial crises. Furthermore, previous studies indicate
that the role of gold in stock markets is market specific and differs between emerging and
developed economies (e.g., Beckmann et al. 2015; Yousaf et al. 2020; Ali et al. 2020), which
suggests the need to consider a large set of Asian stock markets containing emerging and
developed economies.

In this paper, we examine the role of gold as a safe-haven, hedge, and/or diversifier for
thirteen Asian stock markets (China, Japan, India, Indonesia, Hong Kong, Pakistan, Taiwan,
South Korea, Singapore, Philippines, Thailand, Vietnam, and Malaysia) during the extreme
negative market conditions of the COVID-19 sub-period. The sample period is 5 January
2015 to 5 May 2020. We firstly calculate the time varying conditional correlations between
gold and each of the stock market indices under study and use them in a quantile-regression
to detect gold’s valuable properties against negative movements in stock markets. Then,
we compute the optimal weights, optimal hedge ratios, and hedging effectiveness of stock-
gold portfolios during the pre COVID-19 sub-period and the COVID-19 sub-period. Finally,
we determine the drivers of the returns of the hedged portfolio (Saeed et al. 2020).

We contribute to the related literature on several fronts. Firstly, we examine the role of
gold as a hedge and safe haven asset against Asian stock markets during the unprecedented
COVID-19 outbreak, adding to previous evidence on the ability of gold to shine during
stress periods related to global health crises. Secondly, we did not limit our analysis on
hedging effectiveness to a static one (Basher and Sadorsky 2016; Yousaf and Hassan 2019)
but conduct a time-varying analysis (Saeed et al. 2020), which allows us to uncover how
the hedging effectiveness of gold is shaped by the COVID-19 outbreak. Thirdly, unlike
previous studies, we determine the determinants of the hedge portfolio returns before and
after the COVID-19 outbreak, by considering several economic and financial variables.
This adds to previous studies (e.g., Dutta et al. 2020b) by revealing the importance of
gold implied volatility and inflation expectations for the hedge portfolio returns in the
stock-gold nexus that involve Asian stock markets.

Our main results are noteworthy. For the COVID-19 sub-period, we find that gold
plays a role as a strong hedge (diversifier) for the majority (minority) of the Asian stock
markets. Moreover, gold exhibits the property of a strong safe-haven for the equity markets
of China, Indonesia, Singapore, and Vietnam, whereas gold acts as a weak safe-haven for
the stock markets of Pakistan and Thailand during the COVID-19 sub-period. The results
based on the optimal weights of stock-gold portfolios indicate that portfolio investors
should increase their investment in gold during the COVID-19 sub-period. Further analysis
shows that the hedging effectiveness is higher for the majority of the Asian stock markets
during the COVID-19 sub-period than the pre COVID-19 sub-period, suggesting that
gold provides a higher hedging effectiveness for Asian stocks during the COVID-19 sub-
period. Results from regressions analyses highlight the roles of gold implied volatility and
inflation expectations in determining the hedge portfolio returns in many cases during
both sub-periods.
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Our main findings provide useful and practical insights for investors and portfolio
managers holding Asian stocks in regard to optimal asset allocation and risk management
during the unprecedented COVID-19 outbreak.

Section 2 reviews the related literature on gold, stock markets, and the COVID-19
outbreak. Section 3 provides the empirical methodology, which involves time-varying con-
ditional correlations, regressions with quantile and non-quantile dummies, and portfolio
analyses covering optimal weights, hedge ratios, and hedging effectiveness in a time-
varying setting. Section 4 describes the data and provides preliminary analysis. Section 5
reports the main findings. Section 6 concludes.

2. Literature Review
2.1. Gold and Stock Markets

There is a considerable amount of literature on the role of gold as a safe-haven, di-
versifier, and hedge against Asian stocks during extreme negative market movements
and financial crises. Baur and McDermott (2010) investigate the safe-haven and hedging
properties of gold for the equity markets of developed and developing economies (includ-
ing China and India) during the GFC. The findings reveal that gold exhibits a safe-haven
property against the Indian equity market, but not the stock market of China during global
financial crises. Gürgün and Ünalmış (2014) investigate the hedge and safe-haven property
of gold for developed and developing stock markets and find that gold is a weak hedge for
the stock markets of Thailand, Peru, Morocco, Jordan, Colombia, Israel, and Jordan. More-
over, gold exhibits a safe-haven quality for foreign investors in Vietnam, Egypt, Jordan,
Romania, Jordan, and Thailand during extreme market falls. Arouri et al. (2015) examine
the association of international gold prices and Chinese equity markets during the global
financial crisis. They find that risk-adjusted returns can be increased by adding gold to
the Chinese stock portfolio. Beckmann et al. (2015) explore whether gold is a safe-haven
or hedge against 18 equity markets. They report gold to be a strong hedge for Indonesia,
Russia, and Turkey, but not a hedge for Germany, China, or the World index. Gold exhibits
a safe-haven property for India and the UK. Their overall results indicate that the hedging
and safe-haven roles of gold for stock markets are not the same in emerging and developed
economies. Raza et al. (2016) estimate the effect of gold prices on stock prices and find a
positively significant effect of gold prices on BRICS stock prices. Moreover, gold prices
negatively and significantly affect the stock prices of Mexico, Chile, Indonesia, Malaysia,
and Thailand. Chkili (2016) finds that gold exhibits a significant safe-haven property for
BRICS stock markets in the subprime crisis. Nguyen et al. (2016) look at the safe-haven
and hedge characteristics of gold against the stock markets of the UK, the US, Indonesia,
Malaysia, Japan, Singapore, Philippines, and Thailand. They report that gold displays a
safe-haven property during market crashes for the equity markets of the US, UK, Thailand,
Malaysia, and Singapore but not the Japanese, Philippine, or Indonesian markets. Similar
to Chkili (2016), Bekiros et al. (2017) focus on BRICS equity markets and find that gold is a
diversifier in both bear and normal markets for BRICS stock market indices. Gold did not
act as a safe-haven or hedge during the GFC. Low et al. (2016) indicate that gold is a safe
haven for the Chinese stock market during the global financial crisis of 2007–2009 GFC and
2011 US credit downgrade. Wen and Cheng (2018) show empirically that gold serves as a
safe-haven for emerging markets, including China, Malaysia, India, and Thailand. Aftab
et al. (2019) investigate the safe-haven and hedge properties of gold for Asian equities and
report that gold is a diversifier for Asian equity markets, except in South Korea, Thailand,
and Singapore. In a related strand of literature, Aruga and Kannan (2020) use cointegration
methods and conclude that gold becomes more linked with crude oil after the GFC.

Ming et al. (2020) find that gold acted as a safe-haven for the Chinese equity market
during extreme negative market movements and two financial crises (the GFC of 2007–2008
and equity market crash of 2015). Shahzad et al. (2020) find that gold exhibits safe-haven
and hedge properties for the G7 stock indices (including that of Japan). It is clear from
the above discussion that the properties of gold as a safe-haven and hedge for the Asian
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emerging countries is still controversial, due to the mixed findings. Therefore, it is necessary
to explore the hedge and safe-haven properties of gold against Asian stock markets.

2.2. Gold and Financial Markets during the COVID-19 Outbreak

The COVID-19 outbreak has adversely affected firms’ solvency (Mirza et al. 2020),
US stock markets (Shahzad et al. 2021), and other financial markets (Bouri et al. 2020).
This can be true to the Asian stock markets that are globally and regionally integrated
(e.g., Mohti et al. (2019) and are closely linked with China due to the higher bilateral
trade volume and foreign direct investment of China in Asian markets. Furthermore,
Aslam et al. (2020) find evidence of a long-range dependence in emerging Asian stock
markets. The outbreak of COVID-19 has adversely affected the Chinese stock market, and
therefore almost all other Asian stock markets. The intensity of the COVID-19 crisis is
highlighted by the following statistics. The average daily returns from 1 January 2020
to 5 April 2020 are negative for all Asian markets (see Table A2). The MSCI Asia Apex
50 Index declined by more than 26% from 13 January 2020 to 19 March 2020 (Source:
https://www.bloomberg.com/quote/MXAPEXA:IND, accessed on 9 May 2020). The
China Manufacturing Purchasing Manager’s Index (PMI) declined by 33% in February
2020 (Source: https://news.un.org/en/story/2020/03/1058601, accessed on 9 May 2020).
The COVID-19 outbreak has adversely affected the non-Asian stock, commodity, and
energy markets around the globe (Baker et al. 2020).

The stock market capitalization of Asian economies is almost 30% of the world’s total
stock market capitalization, as of 2018 (Source: https://data.worldbank.org/indicator/CM.
MKT.LCAP.CD?locations=Z4-8S, accessed on 9 May 2020). The Chinese equity market is
the world’s second biggest, after the USA, in terms of market capitalization ($6.324 trillion)
(Source: World Federation of Exchanges database, accessed on 9 May 2020), as of 2018.
The world’s biggest gold users are China, India, and the USA, in that order (Source:
https://www.gold.org/about-gold/gold-demand/geographical-diversity, accessed on
9 May 2020), so the top two are Asian. Moreover, China accounts for 44% of global
demand and 36% of global production of major minerals and metals (Source: https://www.
chinadailyhk.com/articles/179/38/164/1529391299212.html, accessed on 9 May 2020).
Overall, these Asian economies have a significant global share of metal and stock markets.
Notably, Asia contains both emerging and developed economies that attract substantial
international investment due to their growth potential. This is an important element, with
previous studies (e.g., Beckmann et al. 2015) arguing that the hedging of gold for stock
markets differs in emerging and developed economies. According to the Morgan Stanley
MSCI ACWI & Frontier Markets Index 2019 (https://www.msci.com/market-classification,
accessed on 12 May 2020), Japan and Singapore are developed markets, while the other
eleven markets under study are emerging.

Fewer studies examine the role of gold and other assets, such as cryptocurrencies, as
hedges or safe-havens for various asset classes during the COVID-19 outbreak. Dutta et al.
(2020a) use conditional correlations models and consider a sample period that includes
the COVID-19 outbreak. The authors find that gold is a safe haven asset for the downside
risk of crude oil markets. Notably, the literature does not provide any evidence for the
properties of gold as a hedge or safe-haven against any Asian stock markets during the
COVID-19 outbreak. Importantly, it overlooks the drivers of the hedge portfolio returns
(Saeed et al. 2020). We address these literature gaps.

3. Methods

Despite the existence of various techniques to model the dynamic relationship be-
tween asset returns (These include multivariate generalized autoregressive conditional
heteroskedasticity (GARCH) models and copula functions. Related techniques can include
the spillovers effect based on the variance decomposition methods, which can be used
to uncover the drivers of connectedness among volatility (Bouri et al. 2021)), we use a
combination of techniques that allows us to capture pairwise time-varying correlations

https://www.bloomberg.com/quote/MXAPEXA:IND
https://www.bloomberg.com/quote/MXAPEXA:IND
https://news.un.org/en/story/2020/03/1058601
https://data.worldbank.org/indicator/CM.MKT.LCAP.CD?locations=Z4-8S
https://data.worldbank.org/indicator/CM.MKT.LCAP.CD?locations=Z4-8S
https://www.gold.org/about-gold/gold-demand/geographical-diversity
https://www.gold.org/about-gold/gold-demand/geographical-diversity
https://www.chinadailyhk.com/articles/179/38/164/1529391299212.html
https://www.chinadailyhk.com/articles/179/38/164/1529391299212.html
https://www.msci.com/market-classification
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and uncover the safe-haven, hedge, and diversification properties of gold against Asian
stock indices along with the hedging effectiveness and the drivers of that hedge portfolio
returns. The methods applied are as follows. First, we compute the time-varying correla-
tions between pairs of gold and the Asian stock markets using the dynamic conditional
correlation (DCC)-GARCH model of Engle (2002). Second, we apply regression analyses by
regressing the dynamic conditional correlations on the dummy variables representing the
extreme negative quantiles of the stock returns. Accordingly, we uncover the safe-haven,
hedge, and diversification properties of gold against Asian stock indices, following Ratner
and Chiu (2013) and Bouri et al. (2017). Third, we apply portfolio analyses that consist
of calculating optimal weights, hedge ratios, and hedging effectiveness in a time-varying
setting.

3.1. Time-Varying Correlations Based on the DCC-GARCH Model

Following Engle (2002), the DCC-GARCH model is used to estimate time-varying
correlations. Its conditional mean has the following specifications:

rt|Ωt−1 ∼ N(0, Ht)
Ht = DtRtDt

et = D−1
t rt,

(1)

where rt is a vector of returns on gold and the stock market at time t. Ht represents
the conditional-covariance matrix, whereas et is a vector of residuals. Dt = diag {

√
ht}

represents the diagonal matrix of conditional standard deviations for the gold and stock
return series at time t, estimated using following univariate GARCH model:

ht = c + a e2
t−1 + b ht−1, (2)

where c is a constant and ht is the conditional variance. a and b are parameters that capture
ARCH and GARCH effects, respectively.

Rt = [ρij,t] denotes the time-varying conditional correlation matrix:

Rt = diag {Qt}−1Qtdiag {Qt}−1, (3)

where Qt =
[
qij,t
]

is the unconditional-correlation matrix of et and a symmetric positive
definite matrix. The dynamic correlation estimator is then extracted by:

Qt = (1− α− β)Q + αet−1ét−1 + βQt−1, (4)

ρij,t =
qij,t(√qii,t
√qjj,t

) , (5)

where the correlation matrix of residuals is denoted by Q. This model fullfils mean-
reverting if α + β < 1.

3.2. Diversification, Hedge, and Safe-Haven Properties of Gold Using Regression Analyses

Ratner and Chiu (2013) examined the safe-haven, hedge, and diversification properties
of an asset based on DCC-GARCH models and regressions augmented with quantile
dummies. Accordingly, we calculate the time-varying correlations (ρij,t) between the gold
and stock markets, then regress ρij,t on the dummy variables (D) indicating the extreme
negative movements in stocks at the 10% (q10), 5%(q5), and 1%(q1) quantiles:

DCCt = γ0 + γ1D(rstockq10) + γ2D(rstockq5) + γ3D(rstockq1), (6)

where rstock is the returns on the Asian stocks. Gold is a diversifier for stock if γ0 is positively
significant (not equal to 1). Gold is a weak hedge against stock if γ0 is insignificant, or a
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strong hedge if γ0 is negatively significant. Gold is a weak/strong safe-haven if γ1, γ2, or
γ3 are negatively insignificant/significant.

The following regression is estimated to examine the safe-haven and hedge properties
of gold asset against Asian stocks during the COVID-19 crisis:

DCCt = γ0 + γ1D(COVID-19), (7)

where D represents the dummy variable, which is equal to 1 during the crisis and zero
otherwise. Gold is a diversifier for stock if γ0 is positively significant (not equal to 1).
Gold is a weak hedge for stock if γ0 is insignificant, or a strong hedge if γ0 is negatively
significant. Gold is a weak/strong safe-haven if γ1 is insignificant/negatively significant.

3.3. Optimal Weights, Hedge Ratios and Hedging Effectiveness
3.3.1. Optimal Weights

The conditional variances and covariances of the DCC-GARCH model are used to
estimate the optimal portfolio weights. Then, portfolio weights of an equity-gold portfolio
are calculated as:

wSG,t =
hG,t − hSG,t

hS,t − 2hSG,t + hG,t
, (8)

wSG,t =


0, I f WSG,t < 0

wSG,t, I f 0 ≤ wSG,t ≤ 1
1, I f wSG,t > 1

,

where “wSG,t is the weight of equity in a one-dollar portfolio of equity and gold at time t.
hSG,t is the conditional covariance between equity and gold, whereas hS,t and hG,t represent
the conditional variance of the equities and gold, respectively”. Moreover, 1-wSG,t is the
weight of the metal in a one-dollar portfolio of equity and gold.

3.3.2. Optimal Hedge Ratios

It is essential to estimate the risk-minimizing optimal hedge ratios for the portfolio of
gold and equities. The conditional variances and covariances of the DCC-GARCH model
can also be used to estimate optimal hedge ratios as:

βSG,t =
hSG,t

hG,t
. (9)

A long position in equity can be hedged with a short position in gold.

3.3.3. Hedging Effectiveness

Hedging effectiveness is estimated in order to compare the performance of optimal
portfolios. A hedging effectiveness of 1 represents the perfect hedge, whereas a hedging
effectiveness of 0 indicates no risk reduction. Thus, a higher hedging effectiveness score
shows higher risk reduction. Following Pan et al. (2014), Saeed et al. (2020), and Dutta et al.
(2020b), this study estimates the hedging effectiveness (HE) as:

HE =
varianceUnhedged − variancehedged

varianceUnhedged
, (10)

where varianceUnhedged represents the variance of the unhedged portfolio (only stock based)
returns, and variancehedged indicates the variation in the returns for the portfolio of stock-
gold, specified as:

Variancehedged,t = (wSG,t)
2hS,t + (1− wSG,t)

2hG,t + 2 wSG,t(1− wSG,t)hSG,t, (11)

where wSG,t is the weight of equity in a one-dollar portfolio of equity and gold at time t.
hSG,t is the conditional covariance between equity and gold, whereas hS,t and hG,t represent
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the conditional variance of the equities and gold, respectively”, and 1-wSG,t is the weight
of the gold in a one-dollar portfolio of equity and gold.

3.3.4. Determinants of the Hedge Portfolio Returns

In line with Saeed et al. (2020), we explore potential determinants of the hedge
portfolio returns. Specifically, we estimate the following model:

Rh,t = c + γRh,t−1 +ψXt + et, (12)

where (Rh,t) is the hedge portfolio return described in Equation (13) as the difference
between the return of the stock index at time t (RS,t) and the return of gold at time t (RG,t)
multiplied by the time-varying optimal hedge ratio (βt) as previously given in Equation
(9):

Rh,t = RS,t − βtRG,t. (13)

In Equation (12), c is a constant term, Rh,t−1 is an autoregressive term accounting for
possible autocorrelation, ψ is a vector of five explanatory variables, and et is the error term.
If Rh,t takes a positive (negative) value, then the hedged portfolio provides gains (losses)
for the investor.

The five explanatory variables include: (1) (DVIX) changes in the CBOE US equity
market volatility index (VIX), (2) (DGVZ) changes in the CBOE gold implied volatility
index, (3) (DEPU) changes in the US Economic Policy Uncertainty (US EPU data are
downloaded from https://www.policyuncertainty.com, accessed on 25 July 2020) (EPU),
(4) (DInflation) changes in US inflation expectations, and (5) (DGRA) changes in the global
risk aversion (GRA) index.

(1) The VIX is the US stock market’s expectation of 30-day volatility. Higher levels of
the VIX have larger impacts on the stock index than on gold prices, which leads to a
reduction in the hedge portfolio return. Therefore, we expect a negative sign for the
DVIX.

(2) The GVZ is the gold market’s expectation of 30-day volatility. Higher levels of the
GVZ have larger positive impacts on gold prices than on stock prices, due to the safe
haven property of gold. This in turn leads to a reduction in the hedge portfolio return.
Therefore, we expect a negative sign for the DGVZ.

(3) Constructed by Baker et al. (2016), the US EPU is widely used in empirical studies
that indicate a negative relationship between EPU and stock markets (Brogaard and
Detzel 2015). Conversely, a positive relationship exists between EPU and gold prices
(Gao and Zhang 2016). Therefore, we expect a negative sign for the DEPU.

(4) We use inflation expectation which is measured by the difference between 10-year
Treasuries and 10-year Treasury Inflation-Protected Security (TIPS) yields. Higher
levels of inflation can lead to an increase in the interest rates which in turn can
reduces stock prices. Conversely, higher inflation rates and thus higher interest rates
make gold more appealing to investors which in turn leads to increase in its prices.
Therefore, a positive sign is expected for the DInflation.

(5) The GRA index is recently constructed by Bekaert et al. (2019). It is a time-varying
daily index that reflects the risk appetite computed from observable financial infor-
mation at high frequencies. Generally, risk aversion is inversely related with stock
prices. However, it is positively related with gold prices given that gold is seen as a
hedge and safe have asset (Beckmann et al. 2015; Shahzad et al. 2020). Therefore, a
neutral sign is expected for the DGRA.

4. Data and Preliminary Analysis
4.1. Data

This study uses the daily data of stock market indices of thirteen Asian countries,
China (Shanghai SE Composite-Index), Japan (NIKKEI 225), India (S&P BSE SENSEX
Index), Indonesia (JSE Composite Index), Hong Kong (Hang Seng Index), Pakistan (KSE-

https://www.policyuncertainty.com
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100 Index), Taiwan (TSEC weighted index), South Korea (KOSPI Index), Singapore (STI
Index), Philippines (PSEi Index), Thailand (SET Index), Vietnam (VN-Index), and Malaysia
(FTSE Bursa Malaysia KLCI Index). The data of stock indices are taken from Thomson
Reuters DataStream International. The data on VIX, GVZ, 10-year Treasuries, and 10-year
Treasury Inflation-Protected Security (TIPS) yields indices are extracted from the Thomson
Reuters DataStream International. Data on the EPU index is obtained from the website of
https://www.policyuncertainty.com. Whereas data on the GRA index are collected from
the website of https://www.nancyxu.net. (Daily data on the GRA index are available at
https://www.nancyxu.net/risk-aversion-index, accessed on 25 July 2020) Gold prices are
obtained from Bloomberg and represent the London gold spot prices (in US dollars per troy
ounce). The full sample period is 5 January 2015 to 5 May 2020. We take two sub-periods,
the pre COVID-19 sub-period (5 January 2015 to 31 December 2019) and the COVID-19
sub-period (1 January 2020 to 5 May 2020).

4.2. Preliminary Analysis

Table A1 in the Appendix A presents the summary statistics of the daily returns of
Asian stock indices and gold prices during the pre COVID-19 sub-period and the COVID-19
sub-period. The average returns are positive in all Asian stock markets (except Malaysia)
during the pre COVID-19 sub-period. However, they all become negative during the
COVID-19 period. In contrast, the average returns of gold are positive during both the pre
COVID-19 sub-period and the COVID-19 sub-period. The standard deviation of gold and
stock market returns are higher during the COVID-19 sub-period then the pre COVID-19
sub-period.

Table A2 in the Appendix A provides summary statistics of stock and gold markets
during the full sample period. Equity returns are skewed to the left, whereas gold returns
are skewed to the right. The returns of all stock indices and gold prices have a kurtosis value
higher than 3, and the Jarque-Bera statistics reject the normality hypothesis. Autocorrelation
and ARCH effects are present in the returns of both gold and stock markets. The results of
the ADF and PP tests show that all return series are stationary.

Daily prices of gold and Asian stock market indices are given in Figure A1. The prices
of gold, on average, show an increasing trend during the full sample period, including the
COVID-19 sub-period. Conversely, a large decline in the stock indices of Asian markets
is observed during the COVID-19 outbreak sub-period. Daily returns of gold and Asian
stock market indices are shown in Figure A2, and volatility clustering seems to appear in
the returns of gold and stock markets in different years, especially during the COVID-19
sub-period.

5. Empirical Findings
5.1. Dynamic Conditional Correlations

The average dynamic conditional correlations between gold and each of the stock
market indices (Table 1) are negative for China, Japan, India, Pakistan, Taiwan, South
Korea, and Singapore during the pre COVID-19 sub-period, suggesting that investors can
reduce their risk by adding gold to the equity portfolio of the majority of Asian equities
during non-crisis periods. During the COVID-19 sub-period, the correlations are negative
between gold and the stock markets of China, Japan, India, Indonesia, Hong Kong, Pakistan,
Singapore, and Malaysia, suggesting the ability of gold to reduce the risk of Asian equity
portfolios during the COVID-19 outbreak. Figure 1 presents the time-variation in the
dynamic conditional correlations between gold and each of the stock market indices. Our
main results are not very sensitive to the choice of dynamic conditional correlation model,
i.e., the asymmetric DCC-GARCH model (Cappiello et al. 2006).

https://www.policyuncertainty.com
https://www.policyuncertainty.com
https://www.nancyxu.net
https://www.nancyxu.net/risk-aversion-index
https://www.nancyxu.net/risk-aversion-index
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Figure 1. Dynamic conditional correlations (DCC).

Table 1. Average dynamic conditional correlations.

CHN JAP IND INDO HK PAK TAIW KOR SING PHIL THAI VIET MYS

Pre COVID
sub-period −0.003 −0.086 −0.033 0.003 0.003 −0.015 −0.027 −0.020 −0.016 0.050 0.010 0.005 0.000

COVID-19
sub-period −0.010 −0.048 −0.029 −0.014 −0.014 −0.013 0.022 0.027 −0.037 0.069 0.009 0.018 −0.001

Notes: CHN—China, JAP—Japan, IND—India, Indo—Indonesia, HK—Hong Kong, PAK—Pakistan, TAIW—Taiwan, KOR—South Korea,
SING—Singapore, PHIL—Philippines, THAI—Thailand, VIET—Vietnam, MYS—Malaysia.

5.2. Results of Diversification, Hedge, and Safe-Haven Analysis
5.2.1. Full Sample Period

We run regression (6) to find out whether gold is a diversifier, hedge, or a safe-haven for
Asian stock market indices during extreme negative market movements of the full sample
period. Table 2 presents the estimated results, considering extreme stock market movements
(quantile columns (10%, 5%, or 1%)) in the Asian equity markets. We first concentrate on
the coefficient γ0, through which we detect the hedge and diversification properties of
gold during the full sample period. The coefficient γ0 is negatively significant for China,
Japan, India, Hong Kong, Pakistan, Taiwan, South Korea, and Singapore, suggesting that
gold provides a strong hedging property against these Asian equity markets. In contrast,
the coefficient γ0 is positively significant for the equity markets of Indonesia, Philippines,
Thailand, Vietnam, and Malaysia, implying that gold is only a diversifier against these five
Asian equity markets.
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Second, we discuss the safe-haven properties of gold during the full sample period,
which is reflected by the coefficients γ1, γ2, and γ3. If any of these coefficients are negatively
significant (insignificant), then the strong (weak) safe-haven property of gold is confirmed.
The estimated results show that gold is a strong safe-haven against the equity markets of
Indonesia, Singapore, and Thailand. Moreover, gold is a weak safe-haven for the equity
markets of China, Japan, India, Hong Kong, Pakistan, Taiwan, South Korea, Thailand, and
Vietnam. These results are comparable to previous findings. Arouri et al. (2015) find that
gold acted as a safe-haven for Chinese stocks during the global financial crisis. Low et al.
(2016) indicate that gold is a safe haven for the Chinese stock market during the global
financial crisis of 2007–2009 GFC and 2011 US credit downgrade, whereas Shahzad et al.
(2020) show that gold can act as a safe-haven for the Japanese stock market.

Table 2. Estimation results for the hedge and safe-haven properties of gold against Asian equities in
extreme market conditions (quantile columns (10%, 5%, or 1%)).

Hedge (γ0) 10% (γ1) 5% (γ2) 1% (γ3)

China −0.003 a −0.002 0.006 −0.005
Japan −0.083 a −0.000 0.005 0.015
India −0.032 a −0.000 0.000 −0.003

Indonesia 0.002 a 0.009 b −0.009 c −0.046 a

Hong Kong −0.025 a −0.011 0.026 c 0.040c

Pakistan −0.015 a −0.002 −0.000 −0.052 a

Taiwan −0.024 a −0.003 0.004 0.076 a

South Korea −0.018 a −0.000 0.005 0.090 a

Singapore −0.016 a −0.000 −0.004 −0.053 a

Philippine 0.050 a 0.000 0.002 0.023 a

Thailand 0.011 a −0.000 −0.021 a 0.021 b

Vietnam 0.006 a −0.008 −0.004 0.028
Malaysia 0.013 a 0.001 0.013 0.049 a

Notes: a, b, and c denote statistical significance at 1%, 5%, and 10%, respectively.

5.2.2. The COVID-19 Period

In this section, we first run the regression (7) to find out whether gold is a safe-haven,
hedge, and diversifier for the Asian equity markets during the COVID-19 sub-period. The
estimated results are presented in Table 3. For the hedge and diversification characteristics
of gold, the estimated results reveal that the coefficient γ0 is negatively significant for the
equity markets of China, Japan, India, Hong Kong, Pakistan, Taiwan, South Korea, and
Singapore, suggesting that gold is a strong hedge for the majority of Asian equity markets
during the COVID-19 sub-period. In contrast, the coefficient γ0 is positively significant for
the equity markets of Indonesia, Philippines, Thailand, Vietnam, and Malaysia, implying
that gold is only a diversifier against these five Asian equity markets. Accordingly, the
overall results indicate that the hedge and diversification roles of gold against Asian
equities do not vary between the full sample period and the COVID-19 sub-period.
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Table 3. Estimation results for the hedge and safe-haven properties of gold against Asian equities in
the COVID-19 sub-period.

Hedge (γ0) COVID-19 (γ1)

China −0.003 a −0.006 b

Japan −0.085 a 0.037 a

India −0.032 a 0.003
Indonesia 0.003 a −0.017 a

Hong Kong −0.030 a 0.093 a

Pakistan −0.015 a −0.002
Taiwan −0.026 a 0.049 a

South Korea −0.019 a 0.047 a

Singapore −0.016 a −0.020 a

Philippine 0.049 a 0.019 a

Thailand 0.010 a −0.001
Vietnam 0.005 a −0.012 c

Malaysia 0.014 a 0.021 a

Notes: a, b, and c denote statistical significance at 1%, 5%, and 10%, respectively.

Second, we focus on the weak/strong safe-haven characteristics of gold during the
COVID-19 sub-period. The results show that γ1 is negative and significant for China,
Indonesia, Singapore, and Vietnam, indicating that gold is a strong safe-haven against
price movements in these four Asian stock market indices during the COVID-19 outbreak.
This finding implies that investors holding gold during the COVID-19 sub-period receive
compensation for losses in the stock markets of China, Indonesia, Singapore, and Vietnam
through positive returns in the gold market. Arouri et al. (2015) also find that gold
acted as a safe-haven in China during the GFC. Our result indicates that gold serves
as a strong safe-haven against Chinese stocks during the COVID-19 outbreak. Against
Pakistani and Thai stocks, gold serves as a weak safe-haven, as shown by its insignificant
and negative coefficients of γ1. These results suggest that the portfolio performance can
be improved by adding gold to equity portfolios in Pakistan, and Thailand during the
COVID-19 sub-period.

5.3. Results of Optimal Weights, Hedge Ratios, and Hedging Effectiveness
5.3.1. Results of Optimal Weights

Table 4 presents the average optimal weights, and Figure 2 gives the time varying
optimal weights during the pre COVID-19 sub-period and the COVID-19 sub-period.
Table 4 shows that the optimal weights in gold amount to at least 40% and 55% for the
majority of Asian stock markets during the pre COVID-19 and COVID-19 sub-periods,
respectively. Specifically, the optimal weights of all stock-gold portfolios are higher during
the pre COVID-19 sub-period than the COVID-19 sub-period, suggesting that portfolio
investors should increase their investment in gold during the COVID-19 sub-period to
reduce the downside risk of equity investments. The increase in gold investment can be
explained by its valuable property as a safe-haven during crisis periods (Ming et al. 2020).
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Figure 2. Optimal weights.

Table 4. Optimal weights and hedge ratios.

CHN/
GOLD

JAP/
GOLD

IND/
GOLD

INDO/
GOLD

HK/
GOLD

PAK/
GOLD

TAIW/
GOLD

KOR/
GOLD

SING/
GOLD

PHIL/
GOLD

THAI/
GOLD

VIET/
GOLD

MYS/
GOLD

Panel A. Pre COVID-19 sub-period
WSG 0.440 0.441 0.563 0.562 0.468 0.500 0.575 0.590 0.624 0.480 0.627 0.541 0.750
βSG −0.005 −0.102 −0.029 0.003 −0.029 −0.016 −0.024 −0.017 −0.013 0.053 0.009 0.006 0.007

Panel B. COVID-19 sub-period
WSG 0.400 0.323 0.363 0.431 0.441 0.324 0.484 0.393 0.499 0.339 0.352 0.428 0.562
βSG −0.014 −0.071 −0.047 −0.026 0.036 −0.021 0.029 0.047 −0.043 0.110 0.013 0.030 0.030

Notes: CHN—China, JAP—Japan, IND—India, Indo—Indonesia, HK—Hong Kong, PAK—Pakistan, TAIW—Taiwan, KOR—South Korea,
SING—Singapore, PHIL—Philippines, THAI—Thailand, VIET—Vietnam, MYS—Malaysia. wSG is the weight of equity in a one-dollar
portfolio of equity and gold. βSG is the risk-minimizing optimal hedge ratio for a portfolio of gold and equities.

5.3.2. Results of Optimal Hedge Ratios

Table 4 also provides a summary of the optimal hedge ratios, and Figure 3 shows the
time-varying hedge ratios during the pre COVID-19 and COVID-19 sub-periods. Figure 3
indicates that the hedge ratios are highly volatile during the COVID-19 sub-period com-
pared to the pre COVID-19 sub-period. The summary of hedge ratios (Table 4) shows
that the optimal hedge ratio ranges from 0.053 for PHIL/GOLD to −0.102 for JAP/GOLD
during the pre COVID-19 sub-period, which implies that a $1 long position in the Philip-
pine equity market can be hedged with a short position of 5.3 cents in the gold market
during the pre COVID-19 sub-period. During the COVID-19 sub-period, the optimal hedge
ratio varies from 0.110 for PHIL/GOLD to −0.071 for JAP/GOLD, suggesting that a $1
long position in the Philippine equity market can be hedged with a short position of 11
cents in the gold market during the COVID-19 sub-period. Notably, the hedging is more
expensive for Philippine stocks during the COVID-19 sub-period than the pre COVID-19
sub-period. For the pairs INDO/GOLD, TAIW/GOLD, and KOR/GOLD, the hedge ratios
are positive during the pre COVID-19 sub-period and negative during the COVID-19 sub-
period, suggesting that gold is a good hedging asset for Indonesian, Taiwanese, and South
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Korean stocks during the COVID-19 sub-period. Lastly, the hedge ratios increase for the
pairs TAIW/GOLD, PHIL/GOLD, THAI/GOLD, VIET/GOLD, and MYS/GOLD during
the COVID-19 sub-period, indicating that the cost of hedging is higher for the Taiwanese,
Philippine, Thai, Vietnamese, and Malaysian stocks during the COVID-19 sub-period.

5.3.3. Results of Hedging Effectiveness

Figure 4 shows time-variation in hedging effectiveness. Notably, during the COVID-19
sub-period, the hedging effectiveness of gold for Asian stock markets increases significantly
in most cases, reaching levels not seen before the COVID-19 outbreak. This is especially the
case for India, Indonesia, Pakistan, Taiwan, Singapore, Philippines, Thailand, Vietnam, and
Malaysia. These results are quite similar to the time-variation in the hedging effectiveness
of gold for stock indices reported in previous studies (e.g., Shahzad et al. 2020).
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Figure 3. Optimal hedge ratios.
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Figure 4. Time-varying hedging effectiveness.

Table 5 gives a summary of average hedging effectiveness during the pre COVID-
19 and COVID-19 sub-periods. Overall, the results indicate that the risk of Asian stock
markets is substantially reduced by constructing a gold-stock portfolio during both sub-
periods. In fact, gold offers a higher hedging effectiveness for the Japanese stock market
than other Asian stocks during the pre COVID-19 sub-period and the COVID-19 sub-
period. Overall, the hedging effectiveness is higher for almost all the Asian stock markets
during the COVID-19 sub-period than the pre COVID-19 period, which highlights the
stronger ability of gold to hedge Asian stock markets during stressful periods such as the
COVID-19 outbreak.

Table 5. Average values of hedging effectiveness.

CHN JAP IND INDO HK PAK TAIW KOR SING PHIL THAI VIET MYS

Pre COVID
sub-period 0.562 0.599 0.453 0.437 0.545 0.507 0.438 0.562 0.384 0.495 0.368 0.457 0.245

During COVID
sub-period 0.605 0.693 0.650 0.575 0.543 0.679 0.504 0.605 0.518 0.630 0.644 0.561 0.422

Notes: CHN—China, JAP—Japan, IND—India, Indo—Indonesia, HK—Hong Kong, PAK—Pakistan, TAIW—Taiwan, KOR—South Korea,
SING—Singapore, PHIL—Philippines, THAI—Thailand, VIET—Vietnam, MYS—Malaysia.

Overall, the main results add to the rising volume of literature dealing with safe-haven
assets around the COVID-19 outbreak (Dutta et al. 2020a), by showing, for the first time,
not only evidence that gold can reduce the downside risk of some Asian stock markets
during the catastrophic COVID-19 pandemic but also that it can act as an effective hedge
in several cases. We examine the robustness of our above-mentioned main findings to the
choice of the multivariate GARCH model. Using the DCC-DECO model (Engle and Kelly
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2012), our main results remain qualitatively the same. The results are not reported here but
are available upon request from the authors.

5.4. Determinants of the Hedge Portfolio Returns

Here, we provide the determinants of the hedge portfolio returns during pre COVID-
19 sub-period (Table 6) and the COVID-19 sub-period (Table 7). The F-statistics are sta-
tistically significant for all cases during both sub-periods. The current hedge portfolio
returns are significantly influenced by their lagged hedge portfolio returns in many Asian
stock markets, especially during the pre COVID-19 sub-period. The coefficient of DVIX
is negative for China, Hong Kong, Korea, and Singapore during the pre COVID-19 pe-
riod. In contrast, the coefficient of DVIX is insignificant during the COVID-19 sub-period.
The coefficient of DGVZ is negative in most of the cases. Specifically, it is negative and
significant in Japan, Hong Kong, Taiwan, Korea, and Malaysia during pre COVID-19
sub-period. However, it is negative and significant in China, Japan, India, Hong Kong,
Taiwan, Singapore, Korea, Thailand, and Malaysia during the COVID-19 sub-period. The
changes in EPU do not influence the hedge portfolio returns in the majority of the cases
during the pre COVID-19 sub-period and the COVID-19 sub-period, except in Japan where
the effect is negative during the COVID-19 sub-period. The changes in inflation expectation
significantly and positively affect the hedge portfolio returns in almost all cases during both
sub-periods. DGRA has a negative and significant effect on the hedge portfolio returns in
India, Indonesia, Taiwan, Philippines, Thailand, Vietnam, and Malaysia stocks during pre
COVID-19 sub-period. Contrarily, the effect of DGRA is negative in Pakistan and Thailand
during the COVID-19 sub-period.

Overall, our analyses show that the lagged hedge portfolio returns, DGVZ, DInflation,
and DGRA are the main determinants of the hedge portfolio returns in most of the cases
during pre COVID-19 sub-period. However, the lagged hedge portfolio returns, DGVZ and
Dinflation are the key determinants of the hedge portfolio returns in many cases during
the COVID-19 sub-period.
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Table 6. Determinants of the hedge portfolio returns in the pre COVID-19 sub-period.

CHN JAP IND INDO HK PAK TAIW KOR SING PHIL THAI VIET MYS

C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 ** 0.000
0.952 0.508 0.193 0.720 0.442 0.539 0.320 0.271 0.96 0.854 0.618 0.013 0.937

AR (1) 0.048 * −0.055 * 0.071 *** 0.106 *** −0.008 0.207 *** −0.034 0.018 0.015 0.034 −0.218 *** 0.047 * 0.095 ***
0.087 0.073 0.010 0.000 0.791 0.000 0.248 0.540 0.610 0.231 0.000 0.092 0.001

DVIX −0.020 ** −0.008 −0.007 0.001 −0.022 ** 0.002 −0.002 −0.008 * −0.009 * 0.018 *** −0.006 0.012 ** 0.003
0.036 0.225 0.185 0.892 0.002 0.736 0.673 0.089 0.052 0.004 0.318 0.039 0.413

DGVZ −0.009 −0.012 * −0.007 −0.006 −0.014 ** −0.002 −0.011 ** −0.012 ** −0.001 −0.003 −0.014 ** 0.004 −0.006 **
0.344 0.065 0.184 0.297 0.028 0.741 0.026 0.012 0.779 0.657 0.019 0.501 0.085

DEPU −0.001 0.000 0.000 0.000 −0.001 0.000 0.000 −0.001 * 0.000 −0.001 0.000 0.000 0.000
0.121 0.929 0.588 0.517 0.128 0.793 0.728 0.082 0.665 0.207 0.904 0.674 0.762

DINFLATION 0.077 *** 0.044 ** 0.078 *** 0.041 ** 0.111 *** 0.044 ** 0.080 ** 0.068 ** 0.063 ** 0.038 ** 0.084 ** 0.041 ** 0.044 **
0.009 0.040 0.000 0.017 0.000 0.030 0.000 0.000 0.000 0.048 0.000 0.016 0.000

DGRA 0.009 −0.015 −0.027 ** −0.027 ** 0.010 −0.012 −0.027 ** −0.008 −0.017 −0.060 *** −0.032 ** −0.069 *** −0.014 *
0.660 0.327 0.020 0.030 0.515 0.411 0.016 0.465 0.118 0.000 0.020 0.000 0.072

Adj. R-squared 0.024 0.019 0.076 0.035 0.065 0.046 0.057 0.058 0.055 0.021 0.096 0.045 0.037
F-statistic 6.221 *** 5.113 *** 18.859 *** 8.807 *** 16.109 *** 11.472 *** 14.055 *** 14.259 *** 13.554 *** 5.583 *** 23.882 *** 11.146 *** 9.248 ***

Prob(F-statistic) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Notes: Figures in bold are Newey–West standard errors that are corrected for autocorrelation and heteroscedasticity. AR (1) is the first-order autocorrelation; DVIX: changes in the 30-day volatility of the S&P 500
index; DGVZ: changes in the 30-day volatility of gold prices; DEPU: changes in the US Economic Policy Uncertainty; DInflation: changes in US inflation expectations; DGRA: Changes in the global risk aversion
(GRA) index. ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively.
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Table 7. Determinants of the hedge portfolio returns during the COVID-19 sub-period.

CHN JAP IND INDO HK PAK TAIW KOR SING PHIL THAI VIET MYS

C −0.002 −0.001 −0.004 −0.002 −0.001 −0.001 0.000 0.000 −0.002 −0.005 −0.002 0.000 −0.001
0.385 0.472 0.272 0.370 0.499 0.696 0.893 0.910 0.444 0.103 0.545 0.743 0.480

AR (1) 0.171 −0.098 −0.145 0.112 −0.199 ** 0.145 0.018 −0.043 −0.033 0.121 −0.176 * 0.129 −0.042
0.121 0.335 0.194 0.276 0.046 0.191 0.848 0.647 0.733 0.224 0.075 0.210 0.661

DVIX 0.024 −0.041 0.055 0.014 0.011 −0.022 0.017 −0.019 0.038 0.007 0.022 −0.039 0.019
0.426 0.133 0.345 0.730 0.657 0.610 0.483 0.549 0.304 0.881 0.598 0.104 0.306

DGVZ −0.050 ** −0.040 * −0.112 ** −0.054 −0.073 ** −0.030 −0.051 ** −0.061 ** −0.098 *** 0.000 −0.105 *** −0.004 −0.058 ***
0.043 0.090 0.029 0.129 0.002 0.460 0.022 0.034 0.004 0.912 0.007 0.866 0.001

DEPU −0.006 −0.016 *** −0.004 0.005 −0.006 −0.014 −0.005 −0.008 −0.009 −0.002 0.000 −0.003 −0.004
0.250 0.005 0.748 0.556 0.216 0.107 0.274 0.214 0.235 0.855 0.953 0.472 0.245

DINFLATION 0.058 *** 0.049 ** 0.071 0.098 *** 0.068 *** −0.036 0.118 *** 0.136 *** 0.144 *** 0.174 *** 0.102 *** 0.050 *** 0.083 ***
0.010 0.021 0.116 0.002 0.001 0.285 0.000 0.000 0.000 0.000 0.004 0.009 0.000

DGRA −0.009 0.014 −0.030 −0.013 −0.008 −0.028 * 0.001 0.011 −0.004 −0.010 −0.033 ** 0.014 * 0.002
0.343 0.131 0.124 0.326 0.349 0.058 0.871 0.285 0.716 0.517 0.024 0.082 0.685

Adj.
R-squared 0.124 0.200 0.098 0.158 0.277 0.133 0.344 0.319 0.289 0.246 0.323 0.112 0.353

F-statistic 3.080 *** 4.674 *** 2.585 *** 3.747 *** 6.611 *** 3.258 *** 8.685 *** 7.870 *** 6.970 *** 5.791 *** 7.983 *** 2.851 ** 9.003 ***
Prob(F-

statistic) 0.009 0.000 0.024 0.002 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.014 0.000

Notes: Figures in bold are Newey–West standard errors that are corrected for autocorrelation and heteroscedasticity. AR (1) is the first-order autocorrelation; DVIX: changes in the 30-day volatility of the S&P 500
index; DGVZ: changes in the 30-day volatility of gold prices; DEPU: changes in the US Economic Policy Uncertainty; DInflation: changes in US inflation expectations; DGRA: Changes in the global risk aversion
(GRA) index. ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively.
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6. Conclusions

Previous studies provide strong evidence for the hedge and safe-haven properties of
gold against stock market indices during stress periods. The unprecedented COVID-19
outbreak has adversely affected the health of human beings and led to an economic lock-
down and uncertainty in financial markets worldwide. Motivated by recent evidence for
the stronger impact of the COVID-19 pandemic on stock markets than previous infectious
disease outbreaks (Baker et al. 2020) and the lack of related empirical studies dealing
with the gold-stock nexus in Asian stock markets, we extend the existing literature by
examining the hedge and safe-haven properties of gold for thirteen Asian stock markets
during the COVID-19 outbreak. Specifically, we employ dynamic correlation models
augmented with regressions analyses and compute the time-varying optimal weights,
hedge ratios, and hedging effectiveness, considering the pre COVID-19 sub-period and the
COVID-19 sub-period.

The main results are summarized as follows: Firstly, that for the full sample period
(5 January 2015 to 5 May 2020), gold is a diversifier in Indonesia, Philippines, Thailand,
Vietnam, and Malaysia and a strong hedge in China, Japan, India, Hong Kong, Pakistan,
Taiwan, South Korea, and Singapore. Gold is a strong safe-haven in Indonesia, Singapore,
and Thailand, but a weak safe-haven in China, Japan, Hong Kong, India, Pakistan, Taiwan,
South Korea, Thailand, and Vietnam. These results regarding weak/strong safe-haven
properties suggest that gold protects against losses in the majority of Asian stock markets
during extreme negative market movements. Secondly, during the COVID-19 sub-period,
the time-varying correlation between gold and the stock markets of China, Japan, India,
Indonesia, Hong Kong, Pakistan, Singapore, and Malaysia is mostly negative, suggesting
the risk reduction ability of gold even during this catastrophic event. Further analyses
show that gold is a diversifier in Indonesia, Philippines, Thailand, Vietnam, and Malaysia
and a strong hedge in China, Japan, India, Hong Kong, Pakistan, Taiwan, South Korea,
and Singapore. The results show that gold acts as a weak safe-haven in Pakistan and
Thailand and a strong safe-haven in China, Indonesia, Singapore, and Vietnam during the
COVID-19 sub-period. These results regarding weak/strong safe-haven assets suggest that
gold offers protection for investors and portfolio managers against losses in a few of the
Asian stock markets during the COVID-19 outbreak. Thirdly, the optimal weights of all
stock-gold portfolios are higher during the pre COVID-19 sub-period than the COVID-19
sub-period, suggesting that portfolio investors should increase their investment in gold
during the COVID-19 sub-period. The optimal hedge ratios indicate that gold is a suitable
hedge in Indonesia, Taiwan, and South Korea during the COVID-19 sub-period. The
hedging effectiveness is higher for the majority of Asian stock markets (except China and
Hong Kong) during the COVID-19 sub-period than the pre COVID-19 sub-period, which
further supports the valuable addition of gold to Asian stocks during this catastrophic
event. Fourthly, results from regression analyses show that the hedge portfolio returns
in many cases are mostly driven by gold implied volatility and inflation expectations in
both sub-periods.

Based on our findings, investors are now more informed about the hedging role of
gold against the risk of specific Asian stock markets, not only during normal periods but
also during the catastrophic event of the COVID-19 outbreak. The findings are helpful for
portfolio diversification and risk management. For example, investors in China, Indonesia,
Singapore, Vietnam, Pakistan, and Thailand can consider combining stock and gold invest-
ments to maximize returns and reduce the downside stock market risk associated with
the COVID-19 outbreak, since gold prices are likely to increase during the outbreak while
stock markets lose some of their value. The findings on the determinants of the hedge
portfolio returns would help portfolio managers in adjusting their hedging strategies,
which would ultimately boost the profitability of hedging, by considering the role of gold
implied volatility and inflation expectations.

This paper has some limitations. Firstly, the analysis is limited by the sample of Asian
countries, although the sample covers both emerging and developed economies. Future
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studies could consider a larger sample covering Europe and North America. Secondly,
the aggregated level of stock market indices used could mask potential heterogeneity in
the hedging ability of gold across stock sector indices. Future studies could extend our
analysis by considering the sectoral level of stock indices.
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Figure A1. Prices of gold and Asian stock market indices.
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Figure A2. Returns of gold and Asian stock market indices.

Table A1. Summary statistics of daily returns.

Pre COVID-19 Sub-Period COVID-19 Sub-Period

Mean Maximum Minimum Std. Dev. Mean Maximum Minimum Std. Dev.

Gold 0.00016 0.0759 −0.0453 0.0098 0.00130 0.0440 −0.0396 0.0144
China 0.00003 0.0560 −0.0887 0.0148 −0.00216 0.0310 −0.0804 0.0168
Japan 0.00006 0.0743 −0.0825 0.0122 −0.00316 0.0773 −0.0627 0.0225
India 0.00033 0.0519 −0.0612 0.0085 −0.00375 0.0859 −0.1410 0.0317

Indonesia 0.00010 0.0445 −0.0409 0.0089 −0.00321 0.0970 −0.0681 0.0231
Hong Kong 0.00022 0.0413 −0.0602 0.0110 −0.00150 0.0493 −0.0498 0.0182

Pakistan 0.00023 0.0442 −0.0477 0.0103 −0.00123 0.0468 −0.0710 0.0230
Taiwan 0.00018 0.0352 −0.0652 0.0082 −0.00108 0.0617 −0.0601 0.0187

South Korea 0.00021 0.0347 −0.0454 0.0078 −0.00184 0.0825 −0.0877 0.0247
Singapore 0.00000 0.0266 −0.0439 0.0075 −0.00256 0.0589 −0.0764 0.0228

Philippines 0.00005 0.0358 −0.0694 0.0098 −0.00618 0.0717 −0.1432 0.0318
Thailand 0.00012 0.1324 −0.1209 0.0099 −0.00201 0.0765 −0.1143 0.0271
Vietnam 0.00061 0.0378 −0.0542 0.0097 −0.00196 0.0486 −0.0648 0.0184
Malaysia −0.00003 0.0222 −0.0324 0.0058 −0.00147 0.0663 −0.0540 0.0156
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Table A2. Additional tests on full sample period.

Mean Max Min S. Dev. Skewness Kurtosis Jarque-Bera Q-Stat (6) ARCH ADF PP

Gold 0.00023 0.076 −0.045 0.010 0.444 6.920 937.17 *** 25.025 *** 28.621 *** −42.470 *** −42.832 ***
China −0.00011 0.056 −0.089 0.015 −1.288 10.101 3310.3 *** 34.874 *** 72.189 *** −34.241 *** −34.390 ***
Japan −0.00014 0.077 −0.083 0.013 −0.207 8.878 2014.9 *** 18.546 *** 159.90 *** −35.678 *** −35.706 ***
India 0.00006 0.086 −0.141 0.012 −1.728 28.470 38319 *** 53.685 *** 69.913 *** −30.617 *** −36.582 ***

Indonesia −0.00011 0.097 −0.068 0.010 −0.120 12.537 5278.4 *** 27.945 *** 127.16 *** −32.464 *** −32.555 ***
Hong Kong 0.00011 0.049 −0.060 0.012 −0.392 5.491 396.39 *** 20.086 *** 76.200 *** −36.232 *** −36.262 ***

Pakistan 0.00014 0.047 −0.071 0.012 −0.564 7.368 1180.9 *** 70.800 *** 76.524 *** −30.306 *** −30.494 ***
Taiwan 0.00010 0.062 −0.065 0.009 −0.857 11.231 4100.1 *** 22.984 *** 212.79 *** −33.815 *** −36.003 ***

South Korea 0.00008 0.083 −0.088 0.010 −0.378 16.054 9917.3 *** 44.356 *** 964.64 *** −27.592 *** −36.129 ***
Singapore −0.00017 0.059 −0.076 0.009 −0.990 14.981 8553.8 *** 40.431 *** 487.75 *** −23.668 *** −36.364 ***

Philippines −0.00035 0.072 −0.143 0.013 −2.146 24.258 27280 *** 41.612 *** 92.320 *** −32.925 *** −32.915 ***
Thailand −0.00002 0.132 −0.121 0.012 −0.990 41.010 8402.4 *** 72.470 *** 148.59 *** −44.702 *** −44.098 ***
Vietnam 0.00045 0.049 −0.065 0.010 −0.869 8.426 1883.4 *** 45.085 *** 28.554 *** −22.885 *** −33.773 ***
Malaysia −0.00011 0.066 −0.054 0.007 −0.391 16.044 9904.3 *** 25.197 *** 208.73 *** −34.230 *** −34.377 ***

Notes. Q-stat denotes the Ljung–Box Q-statistics. ARCH test refers to the LM-ARCH test. ADF and PP denote the augmented Dickey Fuller test and Phillip Perron test, respectively. ***, **, and * indicate
statistical significance at 1%, 5% and 10% respectively.
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