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Purpose: Southeast Asian equity markets face recurring crises in which cross-
asset correlations rise and diversification weakens. Evidence on the joint
defensive roles of gold, silver, platinum, and palladium for the equity markets of
Indonesia, Singapore, and Malaysia remains fragmented.

Research Design and Methodology: This study evaluates the hedge and safe-
haven properties of gold (XAU), silver (XAG), platinum (XPT), and palladium (XPD)
for the Jakarta Composite Index (JKSE), the Straits Times Index (STI), and the
Kuala Lumpur Composite Index (KLCI) using daily data from July 1st, 2005 to June
30th, 2025, divided into two sub-periods. Metals are priced in domestic currency,
trading days are synchronized, and returns are computed as log differences.
GARCH(1,1) models estimated under Gaussian, generalized error distribution, and
Student-t innovations are combined with quantile regression (t = 0.10-0.50) to
capture tail dependence.

reserved. Findings and Discussion: Results indicate that XAU is the only metal consistently

hedging the three indices, evidenced by negative average coefficients, while its
safe-haven role is state-dependent, strengthening during specific distress
episodes. XAG, XPT, and XPD exhibit positive co-movement even at low quantiles,
consistent with diversification or pro-cyclicality.

Implications: The findings reinforce safe-haven status as regime- and tail-
dependent and support gold as an adaptive crisis overlay in ASEAN equity risk
management.

Introduction

Market resilience was challenged by the 2008-2009 Global Financial Crisis (GFC), the Eurozone
sovereign debt crisis, the 2020 pandemic collapse, and the 2022-2024 inflationary and geopolitical
disruptions. Under uncertainty, investors shifted toward quality and liquidity (Caballero &
Krishnamurthy, 2008), reallocating into safer assets; in March 2020, the global "flight to quality” cut
the 10-year Treasury rate by over 100 basis points within 30 days (Hartmann et al., 2004), while a
"flight to liquidity” pushed investors out of risky assets and into Treasuries, lowering the 10-year yield
from 1.1% to 0.5% within days (Beber et al., 2009). Emerging-market outflows of about $100 billion
during the initial shock further depressed risk appetite (Beirne et al., 2021), indicating regime-
dependent shifts in correlations and premia and heterogeneous defensive roles for gold (Baur & Lucey,
2010; Baur & McDermott, 2010). In ASEAN, transmission differed: Indonesia slowed, Singapore
contracted, and Malaysia fell into recession (Chandra Athukorala & Chongvilaivan, 2010) Eurozone
stress amplified currency volatility (Aizenman et al., 2016; Febrian & Wahed, 2025; Shahrier, 2022),
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COVID-19 drove a synchronized downturn with persistent unemployment (Akhtaruzzaman et al., 2021;
Baker et al., 2020), and 2022-2024 supply and energy shocks lifted inflation and tightened policy (Diaz
et al., 2024), making 2008-2025 a useful setting to assess defensive assets.

In crises, Indonesia posted Gross Domestic Product (GDP) growth of +4.5 (2009), -2.07 (2020), and
+5.31 (2022); inflation was +10.2 in 2008 and unemployment 7.1 in 2020 (Badan Pusat Statistik
Indonesia, 2009, 2020, 2022). Singapore posted 0.1 (2009), -3.8 (2020), and +9.8 (2021); inflation was
+6.6 in 2008 and +6.1 in 2022, but muted in 2020; unemployment was 5.9 (2009) and 4.1 (2020) (World
Bank, 2024f, 2024d, 2024b). Malaysia recorded -1.5 (2009), -5.5 (2020), and +8.9 (2022); inflation
shifted from +5.4 (2008) to -1.1 (2020). (World Bank, 2024e) reports unemployment of 4.5% in 2020
and 4.6% in 2021 (World Bank, 2024c, 2024e, 2024a). Under stress, investors seek safe havens: U.S.
Treasuries drive yields lower (Baele et al., 2020; Beber et al., 2009), the yen and Swiss franc
appreciate (Habib & Stracca, 2012; Ranaldo & Soderlind, 2010), gold hedges uncertainty but is regime-
dependent (Baur & Lucey, 2010; Baur & McDermott, 2010; Cheema et al., 2022), while silver,
platinum, and palladium are pro-cyclical via industrial demand (Lucey & Li, 2015). Even among
financially interconnected systems, regional market structures and integration can affect safe-haven
relationships, but global patterns are important benchmarks for assessing protective assets in
emerging markets.

ASEAN equity markets are prone to contagion; global shocks intensify co-movement and volatility
in crises. In the Global Financial Crisis, indices fell as investors moved to safer assets, raising
correlations with global benchmarks and weakening diversification (Baur & Lucey, 2010; Celik, 2012).
High-frequency evidence shows correlations surge in acute stress, eroding diversification gains (Celik,
2012). The COVID-19 shock was abrupt: Malaysia’s KLCI dropped to 1,219.71 in March 2020 before
rebounding after regulatory adjustments; Indonesia’s JKSE and Singapore’s STI also fell sharply and
recovered (Kurniasari et al., 2023; Lee et al., 2020). High-frequency data indicate volatility clustering,
bidirectional causality, and positive co-movement among ASEAN indices during crises (Lim et al.,
2023). Volatility stayed elevated in 2022-2023, with co-movement and structural disturbances in the
JKSE (Permana et al., 2023). Accordingly, exposure to JKSE, STI, and KLCI entails downside risk when
diversification is most needed, supporting the case for "agents of protection” that preserve value or
decorrelate under stress (Baur & McDermott, 2010), consistent with rising correlations in systemic
episodes (Bekaert et al., 2014; Forbes & Rigobon, 2002).

Evidence indicates that Indonesian corporate bonds are the only domestic instruments that exhibit
negative co-movement with the index after market crashes, consistent with safe-haven behaviour. By
contrast, government bonds and all sukuk neither hedge nor protect the JKSE (Robiyanto, 2018b). In
Malaysia, Malaysian Government Securities (MGS) yields moved with declining equity prices during the
COVID-19 pandemic, supporting the conclusion that Malaysian government and corporate bonds "could
not act as safe-haven assets” for the KLCI (Izadin et al., 2024). Conversely, global safe assets remain
effective: U.S. Treasuries have historically appreciated in episodes of market turmoil, implying safe-
haven properties for the JKSE, STI, and KLCI (Beber et al., 2009; Ranaldo & Soderlind, 2010). Reserve
currencies such as USD, JPY, and CHF commonly strengthen in risk-off conditions, enabling tail-risk
diversification, with JPY and CHF particularly salient in crises (Sato et al., 2024). Overall, Indonesian
corporate bonds and core safe-haven currencies are the only instruments showing negative tail
correlation with JKSE/STI/KLCI, while other assets provide limited hedging evidence (Robiyanto,
2018b; Sato et al., 2024). This context motivates testing gold, silver, platinum, and palladium as
hedges and safe havens for JKSE, STI, and KLCI.

Evidence from the JKSE suggests that gold is protective under heightened volatility but less
effective in tranquil periods, while silver, platinum, and palladium provide weak or inconsistent
protection (Robiyanto, 2017; Wang et al., 2022; Yousaf et al., 2021). Although gold serves as a robust
safe-haven against the equity markets of Indonesia (Yousaf et al., 2021), findings also indicate that
gold often operates mainly as a diversification asset in normal conditions (Robiyanto, 2017). In
Singapore, gold is generally a reliable hedge and safe haven, whereas silver and platinum are more
crisis-contingent; this aligns with the claim that gold functions as a strong safe-haven in Singapore
(Dung et al., 2023; Robiyanto, 2017; Yousaf et al., 2021). For Malaysia (KLCI), gold is consistently a
crisis safe haven, silver and palladium deliver occasional gains, and platinum primarily diversifies
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(Robiyanto, 2017; Yousaf et al., 2021). Cross-country evidence shows heterogeneity: precious-metal
futures, especially gold, reduce equity portfolio variance in Indonesia and Malaysia, with stronger risk-
adjusted gains in Malaysia (Robiyanto et al., 2017); however, quantile results (June 2008-September
2016) show limited protection for Indonesia in extreme downturns. Regime effects matter: gold may
weaken under liquidity stress but recover as conditions normalize (Cheema et al., 2022), while non-
gold metals rarely deliver safe-haven benefits and may be pro-cyclical (Lucey & Li, 2015).

Indonesia, Singapore, and Malaysia are assessed using Robiyanto's ASEAN findings. He finds
considerable co-movement and integration among Indonesia, Malaysia, Singapore, Thailand, and the
Philippines using an OGARCH framework for ASEAN-5 (2001-2016), implying that equity diversification
within ASEAN offers minimal long-term gains (Robiyanto, 2017) In addition, his 2017 cross-market
analysis of commaodities as safe havens shows that gold is reliable for Singapore and Malaysia but not
Indonesia, while West Texas Intermediate (WTI) crude is reliable for most ASEAN markets. These
findings support a tri-country approach that (i) preserves regional integration forces and (ii) explores
cross-market variances in precious-metal protection, where ASEAN data reveals the greatest disparity.

Despite repeated global shocks that have tightened co-movements across ASEAN equity markets
and concentrated flight-to-safety into a narrow set of assets, there remains no integrated account of
how gold, silver, platinum, and palladium jointly function as hedges and safe havens for Indonesia,
Singapore, and Malaysia across crisis and non-crisis regimes. Existing findings are fragmented by
sample period, market, and metal, and they often yield mixed inferences about whether these metals
preserve value when correlations surge and diversification deteriorate, or instead behave pro-
cyclically with regional risk sentiment. This gap is consequential given the region’s exposure to
heterogeneous macro-financial conditions from 2008 to 2025, including credit contractions, pandemic-
driven downturns, and inflationary upswings, each with distinct implications for tail risk and
dependence structures. Accordingly, this study systematically assesses gold, silver, platinum, and
palladium as hedging instruments and safe havens for the JKSE, STI, and KLCI under alternative market
states, identifying when, where, and to what extent precious metals can provide stability for South
East Asian equity investors during severe turbulence.

This study contributes to the literature in four linked ways. First, it provides a unified tri-national
view of how gold, silver, platinum, and palladium interact with the equity markets of Indonesia (JKSE),
Singapore (STI), and Malaysia (KLCI) over a long horizon spanning the 2008-2009 Global Financial Crisis,
the COVID-19 collapse, and recent inflationary and geopolitical shocks. Second, it distinguishes
hedging from safe-haven roles by conditioning metal equity relations on market states and tail
outcomes, clarifying whether and when metals decouple as correlations surge and diversification
weakens. Third, it embeds these assets in a contagion-prone setting with volatility clustering and
regime shifts, linking global flight-to-quality dynamics to the vulnerabilities of highly open ASEAN
economies. Finally, it delivers an integrated cross-metal, cross-market framework to support portfolio
construction and crisis risk management against extreme downside episodes in ASEAN equities.

Literature Review

Modern Portfolio Theory by Markowitz (1952) posits that combining assets with imperfect
correlations reduces portfolio variance for a given expected return. Later work by Tobin (1958) and
Sharpe (1964) strengthened risk return optimization in modern finance (Elbannan, 2014). Yet crises
constrain mean variance diversification because correlations rise precisely when protection is most
needed, violating the assumption of stable dependence. Evidence reports average correlations of 0.72
to 0.83 over 2020-2024, with crisis spikes that weakened portfolio insurance (Akhtaruzzaman et al.,
2021; Longin & Solnik, 2001). Static correlation models therefore understate risk in turmoil, as the
2008 Global Financial Crisis and the 2020 COVID-19 pandemic showed correlations converging toward
unity and diversified portfolios moving together. This motivates defensive assets with zero or negative
dependence in downturns (Baur & Lucey, 2010) classify protective roles as hedges, diversifiers, and
safe havens, while Baur & McDermott (2010) separate strong and weak safe havens. Quantile regression
is commonly used to detect protection in extreme tails. Flight-to-quality and flight-to-liquidity explain
these dynamics via shifting liquidity preferences and credit quality concerns (Vayanos, 2004).
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Tail and regime dependence capture how asset linkages change across market states. Using
multivariate regression quantile models, White et al. (2015) directly examine tail interdependence
and document significant dependence across return quantiles, which standard correlation measures
may miss when extreme downside protection is the object of interest. The quantile correlation
coefficient of Choi & Shin (2022) further refines inference on conditional quantile sensitivity,
improving identification of tail-dependent co-movement. The JKSE aggregates all firms listed on the
Indonesia Stock Exchange; the STI tracks the 30 largest firms by market capitalization on the Singapore
Exchange; and the KLCI measures the 30 largest firms by market capitalization on Bursa Malaysia.
Precious metals serve economic roles beyond investment: jewellery and investment constitute about
60% of gold demand, and gold is held in central bank reserves due to negligible counterparty risk (Baur
& Lucey, 2010; Baur & McDermott, 2010). Silver combines financial demand with industrial uses, while
platinum and palladium are mainly tied to catalytic and related industrial applications. Government
bonds and reserve assets are common safe havens, including Singapore Government Securities (SGS),
MGS, and Surat Utang Negara (SUN), alongside U.S. Treasuries (Beber et al., 2009) and reserve
currencies such as JPY and CHF (Ranaldo & Soderlind, 2010).

Empirical evidence on the protective roles of precious metals for Indonesian equities remains mixed
and appears sensitive to both metal type and market state. Robiyanto (2017) reports limited safe-
haven effectiveness of gold for the JKSE during severe downturns, casting doubt on its broader regional
protection. In contrast, Yousaf et al. (2021) find that gold acts as a strong safe haven for Indonesian
equities, with protection most evident in episodes of pronounced turmoil rather than routine
fluctuations. Wang et al. (2022) further shows that gold performs best under volatility and weakest in
stable regimes. Non-gold metals provide less consistent protection: silver, platinum, and palladium
mitigate JKSE risk only conditionally, depending on local conditions. Robiyanto et al. (2017) document
that precious-metal futures, particularly gold, reduce equity portfolio variance in Indonesia and
Malaysia, with larger gains in Malaysia. Domestic bonds yield atypical results: quantile regression
indicates that only Indonesian corporate bonds exhibit negative co-movement in crises, whereas SUN
and all sukuk do not hedge or provide a safe haven for the JKSE (Robiyanto, 2018a). For Singapore,
gold more consistently hedges and serves as a safe haven for the STI, while silver and platinum are
mainly crisis-contingent (Yousaf et al., 2021); variance-reduction evidence supports portfolio gains
when precious metals are included (Robiyanto et al., 2017), underscoring their relevance where
domestic safe havens are limited.

Relative to Malaysia, the other two markets exhibit weaker safe-haven linkages with precious
metals. Prior evidence indicates that the KLCI relies most on gold as a crisis safe haven. Robiyanto et
al. (2017) document material improvements in Malaysian equity portfolios when gold is included,
especially in risk-adjusted terms. Cross-country comparisons further suggest that gold protects
Malaysian equities in severe downturns but does not consistently shield Indonesian equities during
large drawdowns (Robiyanto, 2018a). For Malaysia, silver and palladium provide only limited benefits,
while platinum tends to act mainly as a diversification asset rather than a secure refuge. Conventional
domestic instruments also underperform as safe havens. Izadin et al. (2024) show that MGS, local
sukuk, and corporate debt did not serve as safe havens during COVID-19, as MGS yields were positively
correlated with falling stock prices rather than moving inversely. Overall, Robiyanto’s cross-national
evidence indicates that safe-haven effectiveness is country-contingent even within integrated markets
(Robiyanto, 2018a; Robiyanto et al., 2017). Market-specific features such as financial development,
currency regimes, institutional quality, and investor composition shape these relationships, and the
stronger performance of precious metals in Malaysia and Singapore relative to Indonesia plausibly
reflects differences in depth, liquidity, and global integration.

The synthesized literature suggests the following testable hypotheses. In severe equity market
downturns, when diversification fails and losses concentrate, safe-haven assets provide portfolio
insurance by appreciating or declining little. The dynamics of flight-to-quality and flight-to-liquidity
underpin the theory. In times of uncertainty, investors liquidate riskier assets and move to safe havens
with little counterparty risk (Caballero & Krishnamurthy, 2008; Vayanos, 2004). Gold's historical
significance as a monetary metal and a central bank reserve asset establishes it as the primary safe-
haven option. The analytical windows (GFC, COVID, and overall) examine the regime-dependent
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nature of safe-haven attributes, demonstrating their operational status under synchronized global
shocks (COVID) while being absent in regionally sequenced crises (GFC). Gold is anticipated to serve
as a strong safe haven for the KLCI and STI, consistent with previous studies, however it is regarded
as a conditional and weak safe haven for the JKSE, corroborated by contradictory historical data.
Silver, platinum, and palladium are anticipated to fail to satisfy safe-haven criteria due to their
industrial cyclicality. Based on these features, it is suggested that:

H1: Gold and other precious metal assets can act as safe havens in the trination stock markets.

Through zero or negative correlation throughout the study period, hedges provide protection in all
market scenarios, not just crises. Hedge funds limit stock risk regardless of volatility, unlike tail-
conditional safe havens. Gold can be an effective hedge due to its dual status as a monetary and
investment asset and its responsiveness to real interest rates, inflation forecasts, and risk emotion
(Baur & Lucey, 2010). Gold is expected to hedge the KLCI, which has the deepest gold market
integration, and the STl and JKSE, depending on regime activations. Silver, platinum, and palladium
are expected to have a positive beta, showing their potential as diversifiers or pro-cyclical assets
without hedging. Based on these considerations, the second hypothesis is:

H2: Gold and other precious metal assets can act as a hedge in the trination stock markets.

Research Design and Methodology

As reported in Table I, daily series were obtained from Stooq, a public data repository, on 24
October 2025. Stooq symbols include *JCI, “STI, "KLCI, XAUIDR, XAGIDR, XPTIDR, XPDIDR, XAUSGD,
XAGSGD, XPTSGD, XPDSGD, XAUMYR, XAGMYR, XPTMYR, and XPDMYR. The three locked samples are:
the GFC window (1 July 2005 to 30 June 2015), the COVID-19 window (1 July 2015 to 30 June 2025),
and the overall period (1 July 2005 to 30 June 2025); trading calendars are intersected across the
three markets.

This study prices precious metals in each market's domestic currency: gold, silver, platinum, and
palladium are expressed in Indonesian Rupiah (IDR) alongside the JKSE, in Singapore Dollar (SGD)
alongside the STI, and in Malaysian Ringgit (MYR) alongside the KLCI. This currency-matching design
serves two objectives. First, it isolates equity-metal co-movement from exchange-rate effects,
preventing spurious correlations driven by currency volatility rather than protective properties.
Second, it mirrors the investment setting of domestic retail and institutional investors whose mandates
commonly restrict unhedged foreign-exchange exposure (Sato et al., 2024). Returns are measured as
log differences because log returns are time-additive, scale-invariant, and tend to stabilise variance
(Cont, 2001). To reduce look-ahead bias and missing-data distortions, the return series are constructed
using the intersection of trading days across Indonesia, Singapore, and Malaysia. Non-overlapping dates
are removed so that each equity index is fully synchronised with its corresponding precious-metal
series. Daily log returns are defined in Equation (1):

_ Pr ) (1)
R, =1n <Pt—1
where, R, = daily log return of class asset on day t; P, = closing price of class asset on day t; P,_; =
closing price of class asset j on the previous day (t-7); In = natural logarithm transformation.

Initial diagnostics inform the subsequent modelling framework. The Augmented Dickey-Fuller
(ADF) test assesses unit roots; rejection indicates stationarity, enabling regression analysis without
differencing. The Jarque-Bera (JB) test evaluates distributional normality; significant results signify
heavy tails and skewness typical of financial returns. The Glejser (1969) heteroskedasticity test, an
auxiliary regression of absolute residuals |€;| on index returns, reveals pervasive conditional
heteroskedasticity across all index-metal pairs. Together, these diagnostics motivate three modelling
choices: (i) GARCH(1,1) to address volatility clustering; (ii) alternative error distributions (Gaussian,
GED, Student-t) for robustness against heavy tails; and (iii) quantile regression to identify tail-specific
dependence not observable in conditional-mean models (Bollerslev, 1986; Koenker & Bassett, 1978).

The mean equation regresses metal returns on contemporaneous equity-index returns and is
estimated jointly with the GARCH(1,1) variance equation, as presented in Equation (2):
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Rgnetal =a+p R]L;ndex + & (2)

where, R"tel = return of the metal asset; R*#¢* = log return of the corresponding equity index; a =
constant; B = coefficient measuring average co-movement (hedge indicator; g < 0= hedge); ¢, =
residual term.

The slope parameter g serves as the hedge indicator on average: g < 0 implies negative co-
movement, signalling hedge properties across all market conditions (Baur & Lucey, 2010). Conversely,
B > 0 indicates positive co-movement, consistent with diversifier or pro-cyclical behaviour. Because
the mean equation alone does not capture regime-specific dynamics, it is embedded within a
GARCH(1,1) framework (Bollerslev, 1986) to accommodate volatility clustering and time-varying risk.
The conditional variance evolves as presented in Equation (3):

he = w +agf; + Bhey (3)

where, h, = conditional variance of returns at time t; w = constant (long-run average variance); a =
ARCH term capturing the impact of last-period shocks (g2 ;); B = GARCH term capturing volatility
persistence (h._,); & = residual term

The sum a + f measures volatility persistence; values near unity, common in daily financial
data, imply that shocks decay slowly, sustaining elevated risk during crisis episodes. The mean
equation is estimated jointly with GARCH(1,1) under three distributional assumptions for ¢, :
Gaussian, Generalised Error Distribution (GED), and Student-t. These distributions provide robustness
against heavy-tailed errors while facilitating tractable maximum-Llikelihood estimation. The primary
inference employs the Student-t specification, whereas Gaussian and GED outcomes serve as
sensitivity checks. The mean-equation slope g from this GARCH framework offers a conditional-mean
hedge test that accounts for heteroskedasticity while still averaging across the return distribution,
hence justifying the inclusion of quantile regression as a complementary tool.

Quantile regression (Koenker & Bassett, 1978) estimates conditional quantile functions,
enabling direct measurement of tail-specific co-movement that mean regressions obscure. For each
quantile t € {0.10,0.20,0.30, ...,0.90}, the model is specified as Equation (4):

RPE( = a(r) + B(2) RO + £,(1)

where, a(7) = intercept estimated at quantile t; B(7) = slope coefficient at quantile t (safe-haven
indicator; negative values in lower T imply safe-haven behavior); ¢,(7) = residual term at quantile Tt;
T = quantile levels used to capture tail-specific relationships.

The slope B(r) measures metal-equity co-movement conditional on the equity-return distribution.

A negative B(t) at low quantiles (t = 0.10, 0.20) signals safe-haven behaviour, meaning the metal
appreciates, or declines less, when equity returns lie in the left tail, thereby providing downside
protection. We treat t = 0.50 as a robust central-tendency benchmark that is less sensitive to outliers
than the conditional mean. Mapping B(t) across quantiles indicates whether protection is tail-specific
(safe haven) or broadly present (hedge), a distinction central to portfolio risk management (Baur &
McDermott, 2010; White et al., 2015). Following Baur & Lucey (2010), a hedge satisfies g < 0 in the
whole-sample mean equation (GARCH mean); a safe haven satisfies (t) < 0 at low quantiles; and a
diversifier satisfies 0 < 8 < 1 on average. We compare g (average) and f(t) across three windows (GFC,
COVID-19, Overall) to assess regime dependence. All analyses were conducted using RStudio (version
2025.05.1+513 "Mariposa Orchid").

Findings and Discussion

Findings

Table Il reports descriptive statistics for the overall period and both sub-samples, documenting
a pronounced split in daily risk-return profiles between the equity indices (JKSE, STI, KLCI) and the
four precious metals (XAU, XAG, XPT, XPD) priced in domestic currency. In the First Window (GFC),
JKSE posts the highest equity mean (0.063%) and the greatest volatility (1.442%), while KLCI is the
least volatile (0.763%) with a mean of 0.029%, and STl is intermediate (0.015% mean; 1.166%
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volatility). Over the same window, gold (XAU) yields positive means in all markets (XAUIDR 0.057%,
XAUMYR 0.041%, XAUSGD 0.029%) with moderate volatility (approximately 1.2%-1.4%), generally
below silver (XAG) and palladium (XPD), with silver the most volatile (XAGIDR 2.230%, XAGMYR
2.171%, XAGSGD 2.175%). In the Second Window (COVID-19), equity volatility eases (JKSE 0.998%, STI
0.860%, KLCI 0.714%) and mean returns are 0.024% (JKSE), 0.007% (STI), and -0.004% (KLCl); gold
remains positive with lower volatility (XAUIDR 0.867%, XAUMYR 0.859%, XAUSGD 0.815%), whereas
palladium remains the highest-risk metal (approximately 2.15%-2.18%). In the overall sample, JKSE
again combines the highest mean (0.044%) and risk (1.241%), KLCI stays the most defensive (0.739%),
and gold remains the least volatile metal (approximately 1.0%-1.2%) relative to XAG and XPD
(approximately 1.9%-2.1%). Augmented Dickey-Fuller tests reject the unit-root null at 1% across all
series and periods, confirming stationarity and suitability for time-series analysis.

Further diagnostic checks are reported in Tables Ill and IV. Table Il presents the Jarque-Bera
normality test applied to residuals from a preliminary mean regression of metal returns on equity-
index returns for each period and asset pair. The results indicate non-normal error distributions in
every specification and window. Consistent with Robiyanto et al. (2025), this outcome is expected
given the highly volatile nature of daily return data. Table IV reports the Glejser heteroskedasticity
test and shows that all specifications across asset pairs and sub-periods violate the homoskedasticity
assumption. Taken together, these twin assumption breaches motivate the use of GARCH(1,1)
specifications with Student-t and GED innovations, in line with Robiyanto et al. (2025). Following
Robiyanto et al. (2025), because all series are stationary across sub-periods, differencing is not
required and g equals 1. Moreover, autocorrelation is significant at lag 1, implying p equals 1.

Table V summarises the GARCH estimates and shows a stable sign structure across windows and
error distributions. In the First Window, the Gaussian specification indicates significant negative
linkages for JKSE with XAUIDR (-0.034; 10%) and for KLCI with XAUMYR (-0.056; 10%), whereas JKSE
is positively and significantly associated with XAGIDR (0.120; 1%), XPTIDR (0.071; 1%), and XPDIDR
(0.168; 1%), and KLCI is positively and significantly associated with XAGMYR (0.228; 1%), XPTMYR
(0.138; 1%), and XPDMYR (0.252; 1%). For Singapore, STI is positively and significantly related to
XAGSGD (0.245; 1%), XPTSGD (0.162; 1%), and XPDSGD (0.308; 1%), while the STI-XAUSGD coefficient
is negative but not significant (-0.010). GED and Student-t specifications preserve these directions,
with JKSE-XAUIDR and KLCI-XAUMYR remaining significantly negative and STI-XAUSGD remaining
negative yet insignificant. In the Second Window, JKSE-XAUIDR stays significantly negative under the
Gaussian specification (-0.056; 1%) alongside positive, significant associations with XAGIDR, XPTIDR,
and XPDIDR; KLCI-XAUMYR is negative but not significant under Gaussian (-0.035), although it turns
significantly negative under GED and Student-t; and STI-XAUSGD becomes significantly negative. Over
the overall period, across Gaussian, GED, and Student-t specifications, JKSE-XAUIDR, KLCI-XAUMYR,
and STI-XAUSGD are consistently negative and significant, while all linkages of the three indices with
XAG, XPT, and XPD remain positive and significant.

Based on the GARCH model estimates, the following findings emerge for the hedge-property
analysis. In the First Window, consistency across distributional specifications indicates a clear cross-
metal differentiation. For Indonesia, XAUIDR is negative and statistically significant against JKSE
across Gaussian, GED, and Student-t distributions, classifying gold (XAU) as a hedge. In contrast,
XAGIDR, XPTIDR, and XPDIDR are uniformly positive and significant vis-a-vis JKSE across all GARCH
specifications, implying that they cannot serve as hedges owing to equity co-movement. For Malaysia,
XAUMYR is likewise negative and significant against KLCI, positioning XAU as a hedge, while XAGMYR,
XPTMYR, and XPDMYR remain positive and significant, hence not hedges. For Singapore, XAUSGD is
stably negative but not significant against STI across distributions, supporting a hedging role in a weak
(statistically unconfirmed) sense, whereas XAGSGD, XPTSGD, and XPDSGD are consistently positive
and significant.

In the Second Window, the same structure largely persists, with a clearer signal for Singapore
and a distribution-sensitive result for Malaysia. In Indonesia, XAUIDR remains a statistically significant
hedge against JKSE across all distributional specifications, while XAGIDR, XPTIDR, and XPDIDR
continue to exhibit significant positive co-movement. In Malaysia, XAUMYR stays negative and is most
consistently confirmed under GED and Student-t (while Gaussian is weaker), sustaining the hedge
classification. In Singapore, XAUSGD turns negative and significant, strengthening the hedge
inference. Over the overall period, XAU is consistently negative and significant against JKSE, KLCI,
and STI across all three distributional assumptions, while XAG, XPT, and XPD remain positive and
significant and therefore cannot function as hedges.

Evidence from the GARCH framework, consistent across Gaussian, GED, and Student-t
specifications, confirms that gold (XAU) is the only precious metal that operates as a hedge against
the tri-nation equity indices, although the strength of protection varies across windows and markets.
This pattern accords with flight-to-quality and flight-to-liquidity dynamics: investors shift from risky
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equities toward assets with higher perceived quality and lower counterparty risk, making XAU more
likely to retain a weak or inverse association with equities than more cyclical commodities (Baur &
Lucey, 2010; Caballero & Krishnamurthy, 2008). The persistence of XAU's hedging role in an ASEAN
environment prone to contagion and correlation spikes during stress reinforces that regional equity
diversification can fail precisely when protection is most needed, thereby elevating the relevance of
assets with zero or negative dependence for portfolio risk control (Akhtaruzzaman et al., 2021; Celik,
2012; Longin & Solnik, 2001). In contrast, silver (XAG), platinum (XPT), and palladium (XPD) exhibit
systematic equity co-movement across the JKSE, KLCI, and STI, implying that they do not function as
hedges in this setting. This is consistent with the view that non-gold metals are relatively pro-cyclical
because industrial-demand linkages tie them more closely to risk sentiment and real activity that are
simultaneously embedded in equity pricing (Lucey & Li, 2015).

To further assess safe-haven functionality, quantile regression (QREG) is employed. Table VI
reports the First Window estimates. For Indonesia, XAUIDR does not qualify as a safe haven under
extreme distress because its association with JKSE at the 0.10 quantile is positive and statistically
insignificant, but it behaves as a safe haven at the 0.20 quantile. Under more typical market
conditions, XAUIDR acts as a hedge, given its negative linkage with JKSE at the 0.50 and 0.40
quantiles. By contrast, XAGIDR, XPTIDR, and XPDIDR display persistent and statistically significant
positive co-movement with JKSE across all quantiles. For Malaysia, XAUMYR exhibits safe-haven
features at the 0.10-0.20 quantiles through an insignificantly negative relation with KLCI, while
providing hedging benefits at the 0.40-0.50 quantiles via a hegative association. Conversely, XAGMYR,
XPTMYR, and XPDMYR show strong co-movement with KLCI throughout. For Singapore, the XAUSGD-
STI relation is positive and insignificant at the 0.10-0.20 quantiles, so the safe-haven role is not
confirmed and XAUSGD functions only as a diversifier under distress; nevertheless, XAUSGD serves as
a hedge at the central quantiles for the Singapore equity market.

Table VIl reports the QREG estimates for the Second Window. For Indonesia (JKSE), the quantile
results indicate that XAUIDR functions as a safe haven under extreme distress and remains a
confirmed safe haven under moderate distress; under more normal market conditions, XAUIDR also
serves as a hedge through its negative linkage with JKSE. In contrast, XAGIDR, XPTIDR, and XPDIDR
consistently exhibit co-movement with JKSE across all quantiles, implying that they cannot be
classified as safe havens and likewise do not operate as hedges. For Malaysia (KLCI), XAUMYR displays
safe-haven characteristics in both extreme and moderate distress because the relationship is negative
yet statistically unconfirmed; however, at the 0.40-0.50 quantiles, XAUMYR acts as a hedge against
KLCI as the negative association becomes statistically supported. Meanwhile, XAGMYR, XPTMYR, and
XPDMYR show strong and persistent co-movement with KLCI throughout the quantile spectrum, so
they cannot be positioned as safe havens or hedges. For Singapore (STI), XAUSGD is identified as a
safe haven at the 0.10-0.20 quantiles and simultaneously operates as a hedge at the 0.40-0.50
quantiles, whereas XAGSGD, XPTSGD, and XPDSGD consistently co-move with STl even during distress,
precluding both safe-haven and hedging roles within the quantile-dependence framework.

Table VIII presents the QREG estimates for the overall period. For Indonesia (JKSE), XAUIDR
functions as a safe haven in extreme and moderate distress and remains a hedge in normal states,
consistent with a negative relationship with JKSE. Conversely, XAGIDR, XPTIDR, and XPDIDR show co-
movement with JKSE across all quantiles; their effects stay positive and significant even in the lower
tail, so they cannot be classified as safe havens or hedges. For Malaysia (KLCI), XAUMYR exhibits safe-
haven characteristics in extreme and moderate distress, implying that its protective role is most
persuasive when market pressure is severe yet not necessarily at the most extreme level; at quantiles
0.40-0.50, XAUMYR serves as a hedge through a negative and significant linkage with KLCI. Meanwhile,
XAGMYR, XPTMYR, and XPDMYR maintain strong co-movement with KLCI throughout the quantile
spectrum and therefore do not qualify as safe havens or hedges. For Singapore (STI), XAUSGD is not
confirmed as a safe haven in the distress tail because it behaves as a diversifier under extreme distress
at quantile 0.10, but it functions as a safe haven at quantile 0.20 and operates as a hedge at quantiles
0.40-0.50. In contrast, XAGSGD, XPTSGD, and XPDSGD consistently co-move with STI across all
quantiles.

Discussion

The quantile regression results suggest that the role of precious metals in ASEAN equity markets
is state-dependent and varies across countries, consistent with the view that cross-asset correlations
rise as stress intensifies and conventional diversification weakens (Longin & Solnik, 2001). In the First
Window, gold (XAU) displays an uneven protective profile across markets. In Indonesia, XAUIDR
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primarily acts as a hedge under more typical conditions; during distress, XAU tends to provide only
diversification in extreme downturns yet moves closer to safe-haven behaviour in moderate distress,
implying regime-contingent protection (Baur & Lucey, 2010; Cheema et al., 2022). In Malaysia,
XAUMYR is more stable as a hedge in the central quantiles, whereas at distress quantiles it resembles
a weak safe haven, consistent with evidence that gold's defensive role is heterogeneous across markets
(Baur & McDermott, 2010). In Singapore, XAUSGD is most evident as a hedge in non-distressed states,
while under distress it behaves more like a diversifier than a confirmed safe haven, indicating that
even for the benchmark monetary metal, effectiveness remains conditional on local market structure
and investor behaviour (Robiyanto, 2017; Yousaf et al., 2021).

Across the Second Window and the overall period, the protective signal of gold strengthens,
particularly under distress, consistent with flight-to-quality and flight-to-liquidity dynamics whereby
investors rebalance away from risky assets toward instruments perceived as higher quality and lower
downside exposure (Caballero & Krishnamurthy, 2008; Vayanos, 2004). Indonesia shows XAU becoming
more relevant as a safe haven in distress while preserving its hedge function in more normal market
states, whereas Malaysia continues to position XAU primarily as a hedge with more credible protection
in severe but not extreme distress. Singapore exhibits a more mixed pattern over the overall period:
XAU tends to operate as a hedge in general conditions, yet under extreme distress it aligns more
closely with a diversifier, reinforcing that safe-haven status does not arise uniformly across shock
episodes (Baur & Lucey, 2010; Cheema et al., 2022). By contrast, silver (XAG), platinum (XPT), and
palladium (XPD) display persistent co-movement with the equity indices (JKSE, KLCI, STI) across
quantiles, thereby offering neither safe-haven nor hedge properties; this configuration accords with
evidence that non-gold metals are comparatively pro-cyclical because their pricing is more tightly
linked to industrial demand (Lucey & Li, 2015).

Cross-window comparisons suggest that precious-metal effectiveness in the tri-nation setting is
driven by shock-regime shifts and domestic market structure. In the First Window, reflecting the 2008-
2009 GFC, global liquidity stress and regional contagion likely tightened cross-asset dependence and
reduced diversification space; hence gold is more plausibly interpreted as a hedge in relatively normal
states than as a consistently tail-protective asset, consistent with regime-dependent safe-asset
performance under liquidity strain (Cheema et al., 2022) and crisis-time correlation surges
(Akhtaruzzaman et al., 2021). In the Second Window, aligned with the COVID-19 episode, synchronized
shocks, emerging-market outflows, and global risk repricing strengthened flight-to-quality incentives,
making gold's defensive role more salient in distress, while non-gold metals remain tied to risk
sentiment and real-activity channels and therefore more often display co-movement than protection
(Beirne et al., 2021; Diaz et al., 2024). Country heterogeneity also matters: Singapore's greater
openness and global integration can yield more mixed protection via stronger external transmission,
whereas Malaysia's protection is more credible in non-extreme distress and Indonesia is more sensitive
to risk-off repricing, consistent with evidence of volatility clustering and structural disturbances in the
post-pandemic region (Lim et al., 2023; Permana et al., 2023).

The Theil coefficient serves as an appropriate robustness device because it offers a scale-free
gauge of predictive closeness that remains comparable across heterogeneous specifications, GARCH
under alternative error distributions and quantile regression across quantiles. Crucially, it is
benchmarked against a naive reference where U = 1, and values below 1 indicate superior predictive
performance, thereby reducing the risk that the inferred asset role whether hedge, diversifier, or co-
mover is merely an artefact of a particular estimator (Davidovic, 2021; Li et al., 2023; Tosunoglu et
al., 2023). Based on Table IX, most Theil coefficients fall below 1 in the First Window, Second Window,
and overall period, implying generally satisfactory and, more importantly, specification-consistent
performance, even though several values remain close to unity. This stability strengthens the internal
coherence of the empirical narrative from GARCH and quantile regression: gold proxied by XAUIDR,
XAUMYR, and XAUSGD exhibits regime-contingent defensive capacity, whereas non-gold metals (XAG,
XPT, XPD) more frequently aligh with equity conditions, consistent with persistent co-movement
rather than robust hedging or protection across market states (Robiyanto, 2018a).
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Conclusion

Using GARCH and quantile regressions across three crisis windows (GFC, COVID-19, and the full
sample), the findings are consistent: domestically priced gold (XAU) is the only metal that robustly
hedges the JKSE, STI, and KLCI, evidenced by a negative average coefficient, while its safe-haven role
is state-dependent, strengthening in several distress episodes—especially during COVID-19 and in the
full period—but not uniformly at the most extreme tail across countries. In contrast, silver, platinum,
and palladium (XAG, XPT, XPD) display positive betas even at low quantiles, indicating persistent co-
movement and a profile closer to diversification or pro-cyclicality in the ASEAN tri-nation setting.
Theoretically, this pattern confirms that "safe haven” is not an immutable attribute; it is contingent
on regime, horizon, and shock transmission that reshape correlations and tail dependence. Practically,
portfolio managers should treat gold as a state-contingent crisis overlay, monitor tail risk with
quantile-based Value at Risk and Expected Shortfall (VaR/ES), and adjust weights adaptively, while
limiting reliance on XAG, XPT, and XPD as equity protectors because they tend to amplify cyclical
exposure precisely in left-tail market states.

This study has several limitations that motivate a focused research agenda. First, the daily-return
design may understate intraday flight-to-liquidity effects, especially during crash episodes;
subsequent studies should revisit safe-haven mechanics with intraday series and high-frequency
spillover or connectedness measures to capture rapid volatility transmission (Farid et al., 2021).
Second, while the bivariate equity-metal specification is suitable for identifying hedge and safe-haven
behaviour, it can be extended to time-varying multivariate frameworks such as Time-Varying
Parameter Vector Autoregression (TVP-VAR), time-frequency or quantile connectedness, and Extreme
Value Theory (EVT) tail diagnostics to disentangle common shocks from genuinely protective tail
dependence and to test stability across investment horizons (Echaust & Just, 2022; Wen et al., 2022).
Third, the analysis does not internalise microstructure frictions such as market efficiency, liquidity
constraints, and rebalancing costs that may condition realised protection; future work should
incorporate liquidity or efficiency proxies and evaluate out-of-sample hedging effectiveness using
utility-relevant criteria, including downside-risk and ES reduction (Okoroafor & Leirvik, 2023). Fourth,
the narrow scope (three indices and domestic spot metals) warrants broader testing with futures or
Exchange-Traded Fund (ETF) implementations, local bonds versus U.S. Treasury (UST) proxies, and
foreign-exchange (FX)-hedged instruments, while explicitly accounting for basis risk, margin
requirements, and currency conversion.
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APPENDIX
Table 1. Series Inventory
Series Country Asset/Index Local Currency Symbol
Equity index Indonesia JKSE IDR ANICI
Equity index Singapore STI SGD ASTI
Equity index Malaysia KLCI MYR AKLCI
Gold Indonesia XAU IDR XAUIDR
Silver Indonesia XAG IDR XAGIDR
Platinum Indonesia XPT IDR XPTIDR
Palladium Indonesia XPD IDR XPDIDR
Gold Singapore XAU SGD XAUSGD
Silver Singapore XAG SGD XAGSGD
Platinum Singapore XPT SGD XPTSGD
Palladium Singapore XPD SGD XPDSGD
Gold Malaysia XAU MYR XAUMYR
Silver Malaysia XAG MYR XAGMYR
Platinum Malaysia XPT MYR XPTMYR
Palladium Malaysia XPD MYR XPDMYR

Source: Stooq.com (2025)

Table I1. Descriptive Statistics and Stationarity Test

Period Asset N Descriptive Stationary
Minimum  Maximum Mean Std. Dev. ADF-Statistics
First Window JKSE 2377 -0.10954 0.07623 0.00063 0.01442 -7.944™
XAUIDR 2377 -0.08421 0.11330 0.00057 0.01406 -9.391™
XAGIDR 2377 -0.16308 0.14117 0.00050 0.02230 -8.869™
XPTIDR 2377 -0.10189 0.09633 0.00021 0.01527 -7.885™
XPDIDR 2377 -0.12856 0.18140 0.00065 0.02068 -8.315™
KLCI 2418 -0.09979 0.04259 0.00029 0.00763 -7.894™
XAUMYR 2418 -0.08104 0.10300 0.00041 0.01233 -10.330™
XAGMYR 2418 -0.20176 0.13084 0.00035 0.02171 -9.005™
XPTMYR 2418 -0.10142 0.08105 - 0.01384 -7.712"™
0.00003
XPDMYR 2418 -0.13199 0.12635 0.00039 0.01949 -7.934™
STI 2470 -0.08696 0.07531 0.00015 0.01166 -8.289™
XAUSGD 2470 -0.09048 0.10337 0.00029 0.01220 -10.429™
XAGSGD 2470 -0.19845 0.13124 0.00020 0.02175 -8.916™
XPTSGD 2470 -0.10299 0.08166 - 0.01399 -7.133™
0.00008
XPDSGD 2470 -0.12925 0.12267 0.00038 0.01963 -8.189™
Second Window  JKSE 2348 -0.08232 0.09704 0.00024 0.00998 -8.214™
XAUIDR 2348 -0.04657 0.05890 0.00055 0.00867 -8.224™
XAGIDR 2348 -0.14590 0.10285 0.00043 0.01607 -8.074™
XPTIDR 2348 -0.10817 0.08586 0.00019 0.01479 -8.401™
XPDIDR 2348 -0.13536 0.20280 0.00036 0.02176 -8.398™
KLCI 2433 -0.05405 0.06626 - 0.00714 -8.749™
0.00004
XAUMYR 2433 -0.04027 0.05878 0.00046 0.00859 -9.257™
XAGMYR 2433 -0.11946  0.10191 0.00038 0.01593 -8.950™
XPTMYR 2433 -0.20192 0.09092 0.00014 0.01547 -8.839™
XPDMYR 2433 -0.13893 0.18442 0.00023 0.02164 -8.759™
STI 2504 -0.07752 0.05895 0.00007 0.00860 -10.173™
XAUSGD 2504 -0.05897 0.05939 0.00039 0.00815 -8.627"
XAGSGD 2504 -0.16109 0.08149 0.00030 0.01585 -8.859™
XPTSGD 2504 -0.12882 0.09146  0.00008 0.01483 -9.230™
XPDSGD 2504 -0.20910 0.19693 0.00018 0.02150 -8.934™
Overall period JKSE 4725 -0.10954 0.09704 0.00044 0.01241 -11.293™

XAUIDR 4725 -0.08421 0.11330 0.00056 0.01169 -12.579™
XAGIDR 4725 -0.16308 0.14117 0.00046 0.01945 -12.076™
XPTIDR 4725 -0.10817 0.09633 0.00020 0.01503 -11.481™
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Period Asset N Descriptive Stationary

Minimum  Maximum Mean Std. Dev. ADF-Statistics

XPDIDR 4725 -0.13536 0.20280 0.00050 0.02123 -11.868"
KLCI 4851 -0.09979 0.06626 0.00012 0.00739 -11.602™
XAUMYR 4851 -0.08104 0.10300 0.00044 0.01062 -13.938™
XAGMYR 4851 -0.20176 0.13084 0.00036 0.01903 -12.726™
XPTMYR 4851 -0.20192 0.09092 0.00006 0.01468 -11.773™
XPDMYR 4851 -0.13893 0.18442 0.00031 0.02059 -11.924™
STI 4974 -0.08696 0.07531 0.00011 0.01023 -12.605™
XAUSGD 4974 -0.09048 0.10337 0.00034 0.01036 -13.653™
XAGSGD 4974 -0.19845 0.13124 0.00025 0.01901 -12.493™
XPTSGD 4974 -0.12882 0.09146 0.00000 0.01442 -11.395™
XPDSGD 4974 -0.20910 0.19693 0.00028 0.02059 -12.139™

*E%k k* ¥ denote significance at 1%, 5%, and 10% levels.
Source: Authors’ work (2025).

Table I11. Jarque-Bera Normality Test.

Variable First Window Second Window Overall Window
JKSE XAUIDR 2210.024™ 1247.631™ 7379.399™
JKSE XAGIDR 3504.573™ 3576.426™ 9276.936™
JKSE XPTIDR 2011.651™ 682.582"™ 2694.876™
JKSE XPDIDR 3667.776™ 5907.333™ 9818.924™
KLCI XAUMYR 2452.264™ 984.080™ 6089.838"™
KLCI XAGMYR 6332.959™ 2028.041™ 13106.086™
KLCI XPTMYR 2896.187" 16399.156™ 20405.812"™
KLCI XPDMYR 2420.546™ 3788.722™ 6608.285™
STI XAUSGD 3234.956™ 2276.298™ 9345.663™
STI XAGSGD 6473.752"™ 9114.110™ 18009.845™
STI XPTSGD 3037.599™ 1581.602"" 4333.785™
STI XPDSGD 1882.712" 5866.349™ 8227.921™

*xk k% ¥ denote significance at 1%, 5%, and 10% levels (two-sided).
Source: Authors” work (2025)

Table IV. Heteroscedasticity Test.

Variable First Window Second Window Overall Window

Coef. t-Stat Coef. t-Stat Coef. t-Stat
JKSE XAUIDR 0.134 7.119™ 0.131 7.725™ 0.162 12.425™
JKSE XAGIDR 0.200 6.617" 0.266 8.260™ 0.257 11.806™
JKSE XPTIDR 0.182 8.933™ 0.192 7.001™ 0.183 11.474™
JKSE XPDIDR 0.159 5.759™ 0.306 6.918™ 0.197 8.334™
KLCI XAUMYR 0.241 7.859™ 0.216 9.471™ 0.235 11.950™
KLCI XAGMYR 0.423 7.695™ 0.403 9.432™ 0.419 11.781™
KLCI XPTMYR 0.280 8.166™ 0.360 8.873™ 0.315 11.917™
KLCI XPDMYR 0.277 5.702™ 0.324 5.496™ 0.296 7.811™
STI XAUSGD 0.223 11.229™ 0.201 11.288™ 0.234 17.224™
STI XAGSGD 0.361 10.054™ 0.310 8.488™ 0.368 14.415™
STI XPTSGD 0.231 10.476™ 0.278 8.887" 0.233 12.915™
STI XPDSGD 0.246 7.943™ 0.444 9.557™ 0.295 11.293™

wEkxxk Ok denote significance at 1%, 5%, and 10% levels (two-sided).
Source: Authors’ work (2025).
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Table V. GAR(C'H madel estimates.

Period Variable Gau GED Student-t
Coef Coef z-Stat Coef z-Stat
First XAUIDR JKSE -0.034 -1.663" -0.043 -2.156™ -0.044 -2.281"
Window XAGIDR JKSE 0.120 3.478™ 0.072 2.473" 0.079 2.636™

XPTIDR JKSE 0.071 3.333™ 0.064 3.028™ 0.058 2.824™
XPDIDR JKSE 0.168 5.915™ 0.164 5.810™ 0.166 6.147
XAUMYR KLCI  -0.056 -1.721 -0.065 -2.171" -0.070 -2.282"
XAGMYR KLCI  0.228 4.443™ 0.137 3.613™ 0.140 2,792
XPTMYR KLCI  0.138 4.101™ 0.110 3.459™ 0.101 3.090™
XPDMYR KLCI  0.252 5.946™ 0.242 6.108™ 0.247 5.998™
XAUSGD STI -0.010 -0.438 -0.011 -0.428 -0.016 -0.748
XAGSGD STI 0.245 6.563™ 0.167 4.501™ 0.168 4.882™
XPTSGD STI 0.162 6.805™ 0.137 6.087" 0.144 6.968™
XPDSGD STI 0.308 9.671™ 0.272 9.231™ 0.276 9.146™
Second XAUIDR JKSE -0.056 -3.079™ -0.048 -2.425" -0.055 -3.178™
Window XAGIDR JKSE  0.200 6.457™ 0.125 4.428™ 0.096 3.426™
XPTIDR JKSE 0.161 5.487" 0.161 5.252™ 0.150 5.028™
XPDIDR JKSE 0.164 4.188™ 0.146 4.176™ 0.148 3.995™
XAUMYR KLCI  -0.035 -1.449 -0.055  -2.208"  -0.045 -1.852"
XAGMYR KLCI  0.180 4.195™ 0.112 2.502" 0.128 3.122™
XPTMYR KLCI  0.189 4547 0.199 4722 0.212 4.871™
XPDMYR KLCI  0.215 3.798™ 0.174 3.352™ 0.184 3.551™
XAUSGD STI -0.0565  -2.988™ -0.040 -2.901™ -0.035 -1.900
XAGSGD STI 0.103 3.077 0.095 4.732™ 0.083 2.642™
XPTSGD STI 0.150 4.602"" 0.144 4.272™ 0.139 4.319™

XPDSGD STI 0.258 5.321™ 0.182 3.645™ 0.196 4.320™
Overall XAUIDR JKSE -0.043 -3.1177 -0.045 -3.427" -0.050 -3.897™
Period XAGIDR JKSE 0.160 7.240™ 0.103 3.906™ 0.088 4.285™

XPTIDR JKSE  0.099 5.790™ 0.093 5.528™ 0.084 4.933™
XPDIDR JKSE 0.166 7.214™ 0.157 8.166™ 0.160 7.340™
XAUMYR KLCI -0.040 -2.055" -0.058 -3.213™" -0.054 -2.862""
XAGMYR KLCI  0.202 6.007™ 0.118 3.387™ 0.130 4.077
XPTMYR KLCI  0.162 6.096™" 0.143 5.912™ 0.145 5.520™
XPDMYR KLCI  0.242 7.024™ 0.216 7.195™ 0.225 6.935™
XAUSGD STI -0.036  -2.502"  -0.028 -1.871"  -0.026 -1.864"
XAGSGD STI 0.166 6.480™ 0.124 6.889™ 0.121 5.204™
XPTSGD STI 0.158 8.255™ 0.141 7.612™ 0.145 7.750™
XPDSGD STI 0.293  10.764™  0.246 9.183™ 0.253  10.035™

wHk k* ¥ denote significance at 1%, 5%, and 10% levels (two-sided).
Source: Authors’ work (2025).

Table VI. QREG estimates for First Window

Variable 50% 40% 30% 20% 10%

Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat

XAUIDR C 0.001 4.668™ - - - - - - - -
0.002 5.539™ 0.005 13.888™ 0.009 24.624™ 0.016 23.870™
JKS - - - -2.548™ -1.493 -1.571 0.010 0.210
E 0.046 2.724™ 0.055

XAGIDR C 0.001 3.195™

0.036 0.039

0.003 6.645™ 0.008 15.152™ 0.014 21.201™ 0.025 26.730™
JKS 0.062 2.030" 0.067 2.235" 0.077 2.282" 0.133 3.407 0.196 3.200™
E

XPTIDR C 0.000 1.606 - - - - - - - -

0.002 7.797 0.006 15.384™ 0.010 23.927" 0.017 26.308™
JKS 0.091 4.539™ 0.083 4.129™ 0.079 3.428"™ 0.106 3.635" 0.156 3.443™
E

XPDIDR C 0.001 2.792™ - - - - - - - -

0.003 6.495™ 0.007 15.855™ 0.013 23.152™ 0.022 23.972™

JKS 0.182 7.153™ 0.168 6.048™ 0.239 7.851™ 0.292 7.483"  0.331 5.498™

E
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Variable 50% 40% 30% 20% 10%

Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat

XAUMY © 0.001 2.815™ - = = - - N N N
R 0.001 5.830™ 0.004 15.910™ 0.008 21.351™ 0.013 25.717"

KLCI - -2.543™ - -1.323 - -1.917° - -1.238 - -1.574
0.073 0.045 0.064 0.059 0.107
XAGMY ] 0.001 2.155" = = 5 - - - - -
R 0.003 7.316™ 0.007 15.123™ 0.013 22.235™ 0.024 23.493™

KLCI 0.144 2707 0.193 3.649™ 0.201 3.280™ 0.217 3.127" 0274 2173"

XPTMY C 0.000 0.396 - - - - - - - -
R 0.002 8.927 0.005 17.630™ 0.009 22.853™ 0.015 27.309™
KLCI 0.138 4.381™ 0.148 4.093™ 0.207 9.118™ 0.297 7.013™ 0.447 8.400™

XPDMY © 0.001 1.877 - - - - - - - -
R 0.003 7.519™ 0.006 16.207™ 0.012 21.527" 0.021 29.474™
KLCI 0.299 6.580™ 0.310 6.640™ 0.408 7.665™ 0.496 7.080™  0.530 5.807"

XAUSG C 0.001 2.689™ - - - - - - - -
D 0.001 7.132™ 0.004 14.728™ 0.007 19.559™ 0.014 23.556™

STI - -0.907 - -0.566 0.008 0.340 0.018 0.762 0.061 1.255

0.015 0.010
XAGSG © 0.001 2.771™ - - - - - - - -
D 0.002 6.487" 0.006 14.381™ 0.012 19.151™ 0.024 24.924™
STI 0.175 5.907™ 0.149 4.887" 0.200 6.627" 0.257 4.730™  0.361 5.331™
XPTSGD C 0.000 1.884 - - - - - - - -
0.002 8.007" 0.005 16.184™ 0.009 26.016™ 0.015 28.423™
STI 0.148 6.880™ 0.184 7.805" 0.189 8.535™ 0.282 12.111™ 0.354 8.406™
XPDSGD © 0.001 2.513" = = = = = = = =
0.003 7.172™ 0.007 15.703™ 0.012 22.691™ 0.021 29.082™
STI 0.291 10.053" 0.311 12.474” 0.330 9.965™ 0.398 10.628™ 0.454 7.349™

*Ek k¥ ¥ denote significance at 1%, 5%, and 10% levels (two-sided).
Source: Authors’ work (2025).

Table VII. QREG estimates for Second Window

Variable 50% 40% 30% 20% 10%

Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat

XAUIDR © 0.000 2.708™ = = = = = = = =

0.001 6.656™ 0.003 15.890™ 0.006 23.585™ 0.009 27.228™
- - - - - -2.413" - -2.853™ - -3.658™
E 0.045 2.646™ 0.051 29137 0.046 0.048 0.067
XAGIDR C 0.000 1.543 - - - - - - - -
0.002 8.256™ 0.006 17.210™ 0.010 23.886™ 0.017 25.925™

JKS 0.150 5730 0.120 4.033" 0.145 4.803" 0.184 4.288" 0.315 5737

XPTIDR C 0.000 0.139 - - - - - - - -
0.003 9.544™ 0.007 18.080™ 0.011 27.931™ 0.017 29.428™
JKS 0201 7.374" 0.153 4.953" 0.161 4350 0.171 5530" 0.169 3.087"

XPDIDR C 0.000 0.742 - - - - - - - -
0.003 8.171" 0.008 15.724™ 0.014 23.132" 0.022 23.843™
JKS 0.137 3596 0.121 34127 0.152 3.080" 0.166 2.808" 0.186 1.971"

E
XAUMY © 0.000 2.142" - - - - = = = =
R 0.001 7.388™ 0.003 15.423™ 0.005 26.297" 0.009 26.574™
KLCI -1.784" -0.949 -0.302

0.087 3.606™ 0.083 3.902™ 0.047 0.026 0.013
XAGMY C 0.000 1.590 - - - - - - - -
R 0.003 8.265" 0.006 17.272™ 0.010 23.484™ 0.017 30.972™
KLCI 0.092 2.162" 0.139 3.314™ 0.176 3.882™ 0.241 3.982™ 0.437 6.325™
XPTMYR C 0.000 0.295 - - - - - - - -
0.003 9.109™ 0.007 19.386™ 0.011 26.852™ 0.017 29.331™
KLClI 0.220 5.202™ 0.254 5761 0.326 6.619™ 0295 6.418" 0.347 4.344™
XPDMY C 0.000 -0.155 - - - - - - - -
R 0.004 9.685" 0.008 19.633™ 0.014 22.656™ 0.023 32.641™
KLCI 0.215 4.306™ 0.175 3.043™ 0.162 3.229™ 0.264 3.109™ 0.472 8.143™
XAUSG (o3 0.000 2.157" - - - - - - - -
D 0.001 7.736™ 0.003 16.941™ 0.005 24.685™ 0.009 25.599™
STI - -2.315" - - - -1.918" - -2.136" - -1.761°
0.041 0.044 2.523™ 0.036 0.050 0.071
XAGSG C 0.000 0.767

D 0.002 9.210" 0.005 16.822"" 0.009 24.561™ 0.016 25.346™
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Variable 50% 40% 30% 20% 10%
Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat
STI 0.118 3.732™ 0.105 3.989™ 0.106 29777 0.107 2.4797 0.255 3.624™
XPTSGD C 0.000 0.389 - - - - - - - -
0.003 9.694™ 0.006 17.900™ 0.011 25.013™ 0.017 30.485™
STI 0.149 4.266™ 0.143 4.479™ 0.138 3.443" 0174 11.6417 0.238 3.801™
XPDSGD C 0.001  1.950° - - - - - - - -
0.004 8.699™ 0.008 17.673" 0.014 23.568™ 0.024 34.392™
STI 0.132 2.524" 0.201 5.351" 0.231 4,227 0.303 4.316™ 0.316 4.071™
wak % * denote significance at 1%, 5%, and 10% levels (two-sided).
Source: Authors’ work (2025).
Table VIII. QREG estimates for Overall period
Variable 50% 40% 30% 20% 10%
Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat Coef t-Stat
XAUIDR ] 0.001 5.153™ - -8.407™ - - - - - -
0.001 0.004 20.406™ 0.007 31.763™ 0.012 33.789™
JKS - - - -4.212™ - -3.064™ - -2.543" - -4.641™
E 0.049 4.292 0.055 0.045 0.039 0.036
XAGIDR ] 0.001 3.483™ - - - - - - - -
0.003 10.501™ 0.007 23.237™ 0.012 30.967" 0.021 35.742™
JKS 0.101 5.394™ 0.097 4.751™ 0.106 4.668" 0.148 58377 0.214 4811
E
XPTIDR C 0.000 1.138 - - - - - - - -
0.003 12,557 0.006 23.716™ 0.010 35.749™ 0.017 37.528™
JKS 0.120 6.613™ 0.112 7.119™ 0.110 5.379" 0.132 7529 0.166 4.596™
E
XPDIDR C 0.001 2.397" - - - - - - - -
0.003 10.534™ 0.008 22.027™ 0.013 32.632™ 0.022 36.092™
JKS 0.161 7.494™ 0.157 6.863™ 0.222 8.352" 0254 7.7317 0.273 5651
E
XAUMY C 0.001 3.757™ - -9.553™ - - - - - -
R 0.001 0.004 21.135™ 0.006 33.057™ 0.011 34.357™
KLCI - - - -2.888™ - -1.945° - -2.285" - -0.780
0.083 4.557 0.057 0.045 0.054 0.034
XAGMY C 0.001 2.549” - - - - - - - -
R 0.003 11.257™ 0.006 23.365™ 0.011 33.100™ 0.020 37.784™
KLCI 0.122 3.496™ 0.165 7.555™ 0.194 5234™ 0.245 5464™ 0.345 5.702™
XPTMY C 0.000 0.443 - - - - - - - -
R 0.003 13.145™ 0.006 25.052™ 0.010 36.908™ 0.016 38.775™
KLCI 0.167 6.552™ 0.180 6.734™ 0.253 23.703™ 0.306 8.451™ 0403 7.277"
XPDMY C 0.000 1.347™ - - - - - - - -
R 0.003 12.091™ 0.007 24.864™ 0.013 31.756™ 0.022 40.866™"
KLCI 0.270 8.414™ 0233 6.455" 0.287 7.485" 0.366 9.081™ 0516 7.163™
XAUSG C 0.000 3.304™ - - - - - - - -
D 0.001 11.028™ 0.003 21.158™ 0.006 32.059™ 0.011 31.771"
STI - -1.943" - -1.738" - -1.817 - -0.267 0.040 1.186
0.023 0.021 0.026 0.004
XAGSG C 0.001 2.601™ - - - - - - - -
D 0.002 11.549™ 0.006 21.590™ 0.011 30.133™ 0.020 35.228™
STI 0.151 7.393™ 0.136 7.230" 0.148 7.075" 0222 6.835" 0.311 7.237™
XPTSGD C 0.000 1.685 - - - - - - - -
0.003 12.336™ 0.006 24.494™ 0.010 35.416™ 0.016 42.678™
STI 0.143 7.170™ 0.176 8.600™ 0.183 26.075™ 0.258 10.367" 0.321 8.835™
XPDSGD C 0.001 3.340™ - - - - - - - -
0.003 11.513™ 0.007 23.253™ 0.013 33.078™ 0.022 41.041™
STI 0.242 9.033™ 0.271 11.396™ 0.305 10.100™ 0.366 12.053™ 0.431 8.099™
wkxxk Ok denote significance at 1%, 5%, and 10% levels (two-sided).
Source: Authors’ work (2025).
Table IX. Theil Coefficient
Period Variable GARCH QREG
Gaussian GED Student 10% 20% 30% 40% 50%
First XAUIDR  JKSE 0.953 0929 0934 0.722 0.737 0.795 0.890 0.913
Window | XAGIDR  JKSE 0.923 0.936 0.934 0.712 0.728 0.789 0.887 0.927
XPDIDR  JKSE 0.931 0.933 0.939 0.708 0.721 0.776 0.860 0.911
XPTIDR  JKSE 0.881 0.880 0.879 0.707 0.716 0.762 0.853 0.868
XAUMYR  KLCI 0.956 0945 0945 0.718 0.736 0.789 0.899 0.936
XAGMYR KLCI 0.920 0.943 0.940 0.710 0.730 0.792 0.875 0.935
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Period Variable GARCH QREG
Gaussian GED Student 10% 20% 30% 40% 50%

XPDMYR  KLCI 0.921 0935 0939 0.696 0.708 0.759 0.845 0.921
XPTMYR  KLCI 0.897 0.899 0.897 0.704 0.713 0.766 0.845 0.880
XAUSGD STI 0.978 0963 0.962 0.717 0.739 0.802 0.900 0.955
XAGSGD  STI 0.873 0.904 0.903 0.701 0.723 0.786 0.881 0.897
XPTSGD STI 0.865 0.882 0.877 0.687 0.694 0.745 0.810 0.871
XPDSGD STI 0.823 0.837 0.835 0.695 0.701 0.747 0.804 0.827
Second | XAUIDR  JKSE 0.924 0930 0922 0.727 0.741 0.793 0.883 0.928
Window | XAGIDR  JKSE 0.882 0920 0936 0.709 0.726 0.778 0.863 0.904
XPDIDR  JKSE 0.895 0.895 0.900 0.708 0.713 0.749 0.822 0.873
XPTIDR  JKSE 0.918 0927 0923 0.710 0.726 0.780 0.870 0.935
XAUMYR  KLCI 0.957 0943 0947 0.726 0.742 0.792 0.876 0.920
XAGMYR  KLCI 0.918 0945 0.938 0.708 0.723 0.774 0.861 0.947
XPDMYR  KLCI 0.912 0.908 0.902 0.705 0.711 0.742 0.826 0.899
XPTMYR  KLCI 0.923 0.937 0932 0.705 0.721 0.770 0.848 0.927
XAUSGD STI 0.938 0948 0.950 0.723 0.742 0.799 0.882 0.942
XAGSGD  STI 0.944 0947 0952 0.710 0.733 0.793 0.872 0.935
XPTSGD STI 0.913 0916 0919 0.705 0.712 0.759 0.836 0.913
XPDSGD STI 0.896 0918 0914 0.705 0.714 0.763 0.844 0.932
Overall XAUIDR  JKSE 0.944 0936 0.933 0.723 0.744 0.802 0.893 0.923
Period XAGIDR  JKSE 0.902 0930 0937 0.711 0.730 0.789 0.878 0.923
XPDIDR  JKSE 0.919 0922 0929 0.708 0.717 0.762 0.841 0.902
XPTIDR  JKSE 0.898 0.902 0.900 0.709 0.722 0.770 0.861 0.902
XAUMYR  KLCI 0.961 0948 0949 0.721 0.741 0.796 0.891 0.929
XAGMYR  KLCI 0.921 0948 0943 0.709 0.728 0.786 0.872 0.940
XPDMYR  KLCI 0.917 0926 0924 0.701 0.709 0.752 0.839 0.914
XPTMYR  KLCI 0.909 0917 0913 0.704 0.718 0.770 0.855 0.901
XAUSGD STI 0.960 0961 0960 0.719 0.743 0.808 0.893 0.956
XAGSGD  STI 0.911 0929 0929 0.704 0.729 0.795 0.876 0.913
XPTSGD STI 0.888 0.898 0.896 0.696 0.703 0.750 0.824 0.895
XPDSGD STI 0.857 0.873 0.870 0.700 0.708 0.757 0.827 0.873
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