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Sažetak
Hedžing rizika portfolija zasnovanog na S&P 500 indeksu predstavlja 
značajan doprinos u oblasti upravljanja finansijskim rizikom, kako za 
istraživače, tako i za finansijske menadžere i investicione stručnjake. Cilj ovog 
rada jeste identifikacija realnih aktiva koje efikasno doprinose smanjenju 
rizika bivarijantnog portfolija u kome je S&P 500 osnovni investicioni 
instrument, dok su nafta, zlato i srebro analizirani kao pomoćni hedžing 
instrumenti. Analiza je sprovedena na osnovu dnevnih cena zatvaranja 
u periodu od 1. januara 2019. do 28. maja 2024. godine, korišćenjem 
višestepenog kvantitativnog pristupa. Konstruisani su bivarijantni 
portfoliji sa minimalnom varijansom kako bi se identifikovala optimalna 
kombinacija koja obezbeđuje najmanji rizik za dati nivo očekivanih 
prinosa. Nakon toga, izračunat je Sharpeov odnos u cilju procene da li 
su ostvareni prinosi rezultat dodatnog rizika ili uspešnog investicionog 
izbora. Sprovedena je i analiza efikasnosti hedžinga primenom indeksa 
efikasnosti hedžinga (HEI). Dobijeni rezultati ukazuju da kombinacija 
S&P 500 indeksa i zlata pruža najsnažniji efekat smanjenja rizika, što 
potvrđuje i najviša vrednost Sharpeovog odnosa. Međutim, negativna 
vrednost HEI indeksa sugeriše da bi dodatno smanjenje rizika moglo 
biti ostvareno uključivanjem alternativnih instrumenata, poput platine 
ili drugih realnih aktiva.

Ključne reči: hedžing, S&P500 index, nafta, zlato, srebro

Abstract
Hedging a portfolio with the S&P 500 index as the primary instrument 
can provide valuable insights to researchers, financial managers, and 
investment professionals, helping them achieve better risk management, 
identify investment opportunities, and improve portfolio performance. 
In this context, the authors aimed to identify appropriate real assets 
that could help mitigate the risk of a bivariate portfolio, where the S&P 
500 index serves as the primary instrument, with oil, gold, and silver 
considered as potential secondary real assets. Using daily closing price 
data from January 1, 2019, to May 28, 2024, the authors apply a multi-
stage quantitative approach. The aim of the research is to determine 
the minimum variance portfolio, i.e., the optimal combination of the 
bivariate portfolios that minimize risk for a given level of expected 
return. Bivariate portfolios with minimal investment risk were initially 
constructed, followed by the Sharpe ratio calculation to assess whether 
the returns of the selected portfolio stem from additional risk or reflect 
a sound investment decision. An evaluation of the effectiveness of the 
implemented hedging strategy was also conducted. The authors conclude 
that the combination of the S&P 500 and gold resulted in a substantial 
reduction in risk, while the Sharpe ratio confirms that this combination 
is an optimal choice for minimizing risk. However, the negative value of 
the Hedging Efficiency Index (HEI) for this combination indicated that a 
better hedging effect could be achieved by selecting an alternative real 
asset, such as platinum metals or financial instruments, which could lead 
to greater risk reduction.

Keywords: hedging, S&P 500 index, oil, gold, silver

Ivana Putić
Novi Sad School of Business

Suzana Balaban
Alfa BK University 

Faculty of Finance, Banking and Auditing

Lidija Madžar
Alfa BK University 

Faculty of Finance, Banking and Auditing

HEDGING A BIVARIATE PORTFOLIO WITH THE S&P 500 
INDEX AS THE PRIMARY INSTRUMENT

Hedžing bivariјantnog portfolija u kome je primarni 
instrument S&P 500 indeks



ECONOMICS OF ENTERPRISEECONOMICS OF ENTERPRISE

268268

Introduction

The S&P 500 index serves as a key indicator of the overall 
performance of the global stock market. Fluctuations in 
its value significantly influence investment decisions and 
strategies, both for individual investors and professionals. 
Due to its broad diversification, the S&P 500 also 
reflects investor sentiment toward the U.S. economy 
and is considered a measure of investor confidence. The 
index functions not only as a benchmark for U.S.-based 
investors but also for global funds and investors who 
use it as a reference point for their investment activities. 
Furthermore, research indicates that market returns of the 
S&P 500 have a stronger impact on the stock prices of oil 
companies than factors such as their market capitalization 
or the book-to-market value ratio [13, p. 372]. On the 
other hand, oil, gold, and silver are key real assets in 
global markets and play an important role in the world 
economy. Each possesses specific characteristics that 
influence their value, market capitalization, and pivotal 
role within investment portfolios. Fundamentally, the 
primary purpose of constructing a financial portfolio is 
to achieve financial gains and diversify investment risk 
[10, p. 219], enabling potential investors to better assess 
the profitability of various investment. Each real asset 
class possesses distinct characteristics that influence 
its value, market capitalization, and pivotal role within 
investment portfolios. Fundamentally, the primary 
objective of constructing a financial portfolio is to generate 
returns and diversify investment risk [10, p. 219], thereby 
enabling potential investors to more effectively evaluate 
the profitability of various investment opportunities [18, 
p. 24]. Oil prices are mainly influenced by geopolitical 
events that cause fluctuations in supply and demand, 
whereas the prices of gold and silver are largely affected 
by macroeconomic factors and trends. Unlike gold and 
silver, oil prices respond directly to everyday economic 
activity, as oil remains the world’s most important 
energy source. Changes in oil prices have a direct effect 
on inflation, especially in developed economies reliant 
on energy imports. As the global economy gradually 
shifts toward greener alternatives, demand for fossil fuels 
is expected to decline, creating a long-term risk for oil 

producers and traders. Gold and silver play a crucial role 
in managing financial risk, particularly during periods of 
economic instability. Their distinct characteristics make 
them effective hedging instruments within investment 
portfolios. Gold is primarily regarded as an investment 
asset, while silver has a broader range of industrial 
applications. Gold is considered a safe-haven asset due to 
its low and often negative correlation with other market 
instruments. Historically, gold has delivered positive 
long-term returns both in times of economic growth and 
crisis, a duality that sets it apart from other assets. During 
crises, silver serves a similar function to gold, being used 
as a safe-haven asset. However, silver’s price tends to be 
more volatile due to its sensitivity to industrial demand. 
Historically, silver prices have moved with about 80% 
correlation to gold prices. Recently, global demand for 
silver has been rising, particularly in industries such as 
electronics, where silver’s greater availability compared 
to gold adds to its appeal.

The relationship between the S&P 500 index and 
the prices of oil, gold, and silver is highly complex. The 
price of oil is generally negatively correlated with the S&P 
500 index. When oil prices rise, the costs for companies 
included in the S&P 500 increase, which can negatively 
impact their profits and, consequently, the value of the 
Index. Accordingly, it can be said that during times of 
crisis, investors prefer gold over stocks. On the other hand, 
during periods of economic growth and overall stability, 
investors often favor stocks over gold. However, in some 
cases, a rise in oil prices may signal a strong global economy, 
which could positively affect the S&P 500 index trends. 
The price of silver behaves similarly to the price of gold, 
with the difference that it is also influenced by the fact 
that silver has a greater industrial usage. During the crises, 
the price of silver may rise along with the price of gold, 
but it also depends on industrial demand, which can be 
linked to the S&P 500 itself. In order to hedge a portfolio 
with the S&P 500 index as the primary instrument, the 
authors constructed bivariate portfolios using potential 
auxiliary instruments such as oil - as an energy real 
asset - and gold and silver - as precious metals. Based on 
the research objectives and theoretical framework, the 
following hypotheses were formulated:
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H0:	 It is possible to hedge a portfolio in which the primary 
instrument is the S&P 500 index by including real 
assets such as oil, gold, or silver.

H1:	 The portfolio with gold as the secondary instrument 
has the lowest variance.

H2:	 Portfolios consisting of the S&P 500 index and gold 
as the secondary instrument offer the best balance 
between risk reduction and potential returns during 
periods of economic instability.

H3:	 The portfolio that includes the S&P 500 index as 
the primary instrument and silver as the secondary 
instrument achieves the highest Sharpe ratio compared 
to other portfolios with the same base index.
Testing these hypotheses is crucial for understanding 

the role of real assets in reducing risk and optimizing 
investment portfolio returns. In the context of global 
crises, the findings of this research may contribute to the 
advancement of risk management theory and offer practical 
guidance to investors in selecting effective diversification 
and hedging strategies.

Literature review

Hedging portfolios is a highly relevant topic in practice and 
has been attracting growing attention from researchers, 
who have often reached somewhat differing conclusions, 
as seen in studies such as [7], [28], [29], [25], and [5]. One of 
the main challenges for investors is the close relationship 
between financial markets and real assets, as fluctuations 
in one market can significantly influence price dynamics 
in the other. For instance, fluctuations in oil prices often 
influence the stock prices of energy companies, which are 
subsequently reflected in broader indices such as the S&P 
500. In times of economic uncertainty, gold and silver 
prices tend to increase, as investors look for safer assets 
to protect their investments.

Using various GARCH models, Duran et al. [7] 
conclude that spillovers exist from the S&P 500 to precious 
metals, with market behavior notably differing during 
crisis periods, particularly in the case of silver. Echaust 
et al. [8] conclude that investors have little incentive to 
use gold or oil as a hedge against stock market risk when 
aiming to minimize risk. Analyzing data from 2007 to 

2018, Kuck [15] finds that although gold does not move 
in tandem with stocks, it exhibits significantly higher 
volatility in response to negative shocks in the equity 
market. The findings thus reinforce the perception of 
gold as a (weak) safe-haven asset. At the same time, they 
imply that gold’s increased volatility in reaction to adverse 
stock market shocks can elevate the risk level of a portfolio 
comprising both assets. Sheikh et al. [24], employing 
nonlinear autoregressive distributed lag models, emphasize 
the pronounced effect of macroeconomic factors on gold 
prices during the 2008 financial crisis. Specifically, gold 
is considered a safe-haven asset during periods of rising 
inflation, declining stock prices, and depreciation of the 
national currency. Kumar et al. [16] examine the impact 
of macroeconomic aggregates on the relationship between 
the S&P 500 index and the prices of gold, oil, and U.S. 
stocks over the period from 1981 to 2010. Using the VAR-
ADCC-BVGARCH model, Shrydeh et al. [25] find that 
gold’s effectiveness as a hedge against U.S. stocks tends 
to diminish as stock market capitalization increases, 
based on data from 2007 to 2017. Employing the FAVAR 
model, they further conclude that gold and silver prices 
are influenced primarily by macroeconomic factors, while 
financial market impacts are minimal. Analyzing data 
from 2004 to 2016, Al-Ameer et al. [1] identify a varying 
correlation between gold and the German stock market 
before, during, and after the financial crisis: strongly 
positive before the crisis, insignificant during, and strongly 
negative in the post-crisis period. 

By employing a system of simultaneous equations, 
Arfaoui and Bem [2] demonstrate that positive oil price 
shocks tended to depress stock prices in emerging 
markets during the period from 1995 to 2015. Using 
daily stock indices denominated in dollars, the authors 
found that stock markets are informationally efficient 
with respect to shocks and prices. Conversely, applying 
a dynamic correlation method, Baruník et al. [5] show 
that gold has been an effective instrument for diversifying 
stock portfolio risk over the period from 1987 to 2012. 
Smirnova [26] argues that investing in gold enhances 
portfolio diversification due to its low correlation with 
other asset classes and additionally helps reduce portfolio 
losses during crises. For example, the author notes that 
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portfolios with a 3–9% allocation to gold outperform 
those without gold during recessionary periods. Liu 
et al. [17] find a strong correlation between crude oil 
prices and the S&P 500, indicating that fluctuations in 
oil prices significantly influence the S&P 500’s behavior, 
making oil an important variable in financial models. 
Gokmenoglu and Fazlollahi [9] investigate the impact of 
gold and oil prices, along with their volatilities, on the 
S&P 500. Applying the ARDL co-integration approach, 
they conclude that gold prices exert the greatest influence 
on the S&P 500 in both the short and long term, for 
the period 2013–2014. Investors consider gold a viable 
alternative to stocks, as it is more accessible and can 
serve as a hedge against inflation. The authors also find 
that while oil and gold price volatilities do not affect 
the S&P 500 in the short term, the index reacts to their 
volatility in the long run. Through various GARCH 
models, Arouri et al. [3] highlight the significant effect 
of gold price volatility on Chinese stock market returns 
between 2004 and 2011. Their portfolio analysis suggests 
that adding gold to Chinese stock portfolios improves 
risk-adjusted returns and that gold-related risks can be 
effectively hedged over time. Finally, Hood and Malik [11] 
show that, unlike other precious metals, gold functions 
as both a hedge and a weak safe haven for the U.S. stock 
market from 1995 to 2010. Moreover, they reveal that 
gold does not display a negative correlation with the U.S. 
stock market even during periods of extreme volatility.

Data

The data used in the analysis include of daily closing 
prices for the S&P 500 index, gold, oil, and silver, covering 
the period from January 1, 2019, to May 28, 2024. These 
data were collected from the financial platform Stooq. 
All variables are presented in U.S. dollars, except for the 
S&P 500 index. The real assets selected for analyzing risk 
hedging within the observed portfolios, with the S&P 500 
index as the primary instrument, were chosen based on 
empirical literature and their diverse but complementary 
characteristics.

While gold and silver are widely regarded as safe-
haven assets during periods of economic uncertainty, 

oil offers valuable insight into the dynamics of economic 
growth and potential sources of market volatility. Figure 1 
illustrates the empirical dynamics of the daily closing prices 
of selected real assets alongside the trend of the S&P 500 
index. As shown in Figure 1, the COVID-19 pandemic had 
a profound impact on the S&P 500, triggering significant 
market instability. The index closed 2019 at approximately 
3,230 points, buoyed by low interest rates and market 
optimism. However, in March 2020, the outbreak of the 
pandemic caused the index to plummet by over 30%. 
Thanks to strong fiscal and monetary stimulus, the S&P 
500 rebounded to above 3,700 points by the end of the 
year. In 2021, driven by robust corporate earnings and 
economic recovery, the index continued its upward trajectory, 
reaching around 4,766 points by year-end. Nevertheless, 
in 2022, the index experienced a downturn amid rising 
inflation, increasing interest rates, and the onset of the 
war in Ukraine, finishing the year near 3,800 points. The 
war, which began in February 2022, significantly affected 
global financial markets. The most pronounced losses for 
the S&P 500 occurred in late February and early March 
2022, as investor concerns grew regarding the war’s impact 
on the global economy. In 2023, the index resumed its 
recovery, posting further gains. By April 2024, the S&P 500 
stood at approximately 5,035 points, despite experiencing 
a sharp drop of about 4.08% during the month—a notable 
decline. However, compared to the previous month, the 
index value remained above 5,250 points.

In 2019, oil prices hovered mostly between $60 and $70 
per barrel, remaining relatively stable due to typical supply 
and demand dynamics. However, in 2020, the COVID-19 
pandemic caused a sharp but brief decline in prices. As the 
global economy began to recover, oil prices climbed above 
$70 per barrel in 2021, driven by increased demand and 
production cuts. The war in Ukraine further pushed oil 
prices beyond $100 per barrel, adding to market volatility 
amid concerns over supply disruptions and sanctions 
imposed on Russia, the world’s top exporter. Throughout 
2023 and into 2024, oil prices remained relatively stable, 
with only minor fluctuations. The average price of oil in 
2023 ranged between $80 and $90 per barrel, reflecting a 
balanced supply-demand environment, while Brent crude 
averaged around $80 per barrel in May 2024.
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It has been observed that shocks exerting downward 
pressure on stock prices often lead to increases in gold 
prices, as investors rush to buy gold as a safe-haven asset. 
Daily silver price movements have closely mirrored those 
of gold. For example, silver prices rose by $0.399 per ounce, 
or 1.30%, in line with gold. On the last trading day of 
September 2020, gold reached $2,621.59 per ounce, marking 
an increase of $34.38, or 1.33%, compared to the previous 
day. Throughout 2021, the average gold price hovered around 
$1,800 per ounce, reflecting a modest decline of about 4% 
compared to the previous year. Nevertheless, demand for 
gold increased alongside the post-pandemic economic 
recovery, particularly within the jewelry and technology 
sectors. Gold prices remained close to $1,824 per ounce but 
experienced notable volatility due to geopolitical tensions 
and the ongoing war in Ukraine. Between early 2023 
and April 2024, gold prices saw a marked rise, reflecting 
persistent global economic and geopolitical uncertainties. 
At the start of 2023, gold traded around $1,826 per ounce, 
reaching a peak of $2,121 in May and closing the year 
near $2,062. This nearly 13% increase was driven by 
inflationary pressures and economic instability worldwide. 
By April 2024, gold prices continued their upward trend, 
fluctuating between $2,249 and $2,390 per ounce, with 
a value of $2,322 recorded in early May. This sustained 
growth is attributable to global inflation and geopolitical 

tensions, positioning gold as a preferred investment for 
those seeking safety amid widespread uncertainty.

Methodology

The authors apply a quantitative approach to analyze 
portfolio performance and hedging effectiveness using 
various estimation procedures. The research methodology 
was designed and carried out in several stages to ensure 
a comprehensive data analysis and the accuracy of the 
obtained results. Each phase of the research involves specific 
analysis techniques tailored to the research objectives and 
the nature of the data used. 

The first step after data collection involved processing 
and standardizing the dataset to ensure consistency in the 
analysis. During this phase, key descriptive statistics were 
calculated to evaluate the volatility and return distributions 
of each individual instrument, offering valuable insights 
into their risk profiles and stability.

Subsequently, the construction of the minimum 
variance portfolio was undertaken with the objective of 
identifying the optimal combination of assets that yields 
the lowest possible risk for a given expected return. The 
minimum variance portfolio represents a strategy that 
determines the optimal allocation of a second asset in 
a portfolio consisting of two different assets, aiming to 

 

Figure 1: Empirical dynamics of daily closing prices of selected real assets and S&P 500 Index
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minimize overall portfolio risk. It is termed the minimum 
variance portfolio because no other combination can 
achieve a lower level of investment risk. According to 
Markowitz [20], efficient portfolio selection relies on 
the principle of diversification, which seeks not only 
to maximize expected returns but also to optimize the 
risk-return trade-off. This framework enables investors 
to strike an optimal balance between risk and return. 
Markowitz’s contribution to modern portfolio theory 
includes the distinction between systemic (systematic) 
and non-systemic (unsystematic) risk. Systemic risk affects 
the entire market and cannot be diversified away, whereas 
non-systemic risk can be mitigated or eliminated through 
proper diversification [19, pp. 99–100]. Medeiros Garcia and 
Liberal [21] further emphasize that the optimal portfolio 
is one that maximizes the investor’s utility function, 
highlighting the importance of balancing risk reduction 
and return optimization. In this context, the minimum 
variance portfolio is understood as a tool to reduce risk 
through diversification while striving to achieve the 
highest possible return for a specified level of variance. 
To accurately estimate the correlation among different 
asset classes and their contribution to risk reduction, the 
formula introduced by Kroner and Ng [14] is employed. 
This relationship is formalized in the following equations.

Ws =
σp2–COVp,s

(1)
σp²+σs²*2*COVp,s

Wp = 1 – Ws� (2)
Were:
Ws – is the weight of the secondary instrument (s) in the 
two-instrument portfolio,
Wp – is the weight of the primary instrument,
σp² – denotes the variance of the primary instrument,
σs² – denotes the variance of the secondary instrument, and
COVp,s – represents the covariance between the two 
instruments.

Equation (1) calculates the proportion of the secondary 
asset in a portfolio consisting of two assets, aiming to 
minimize the portfolio’s variance, that is, its risk, thereby 
creating a minimum variance portfolio (MVP). The key 
assumption behind this formula is that the primary asset 
carries more risk than the secondary one. 

Once the optimal portfolio composition was 
established, its performance was evaluated using the 
Sharpe ratio. Since returns and investment risk do not 
always move in perfect alignment, two instruments with 
similar returns can exhibit different risk levels. The Sharpe 
ratio accounts for both of these aspects and is calculated 
using the following formula:

Sharpe ratio =
r‒p–r‒f (3)

σp

Where
rr‒p – represents the average return of the portfolio,
r‒f – denotes the average risk-free rate, and
σp – stands for the standard deviation of the portfolio return.

The Sharpe ratio enables investors to assess whether 
portfolio returns are due to taking on additional risk or 
stem from a sound investment strategy. A higher Sharpe 
ratio indicates greater compensation for the risk undertaken 
by the investor. Chendurpandian and Pandey [6] applied 
the Sharpe ratio in their study to evaluate the effectiveness 
of volatile assets as hedging instruments during crisis 
periods. Similarly, Ye et al. [31] used it to analyze the 
performance of Madoff’s investment strategy.

Finally, the research included an assessment of 
hedging effectiveness by applying the Hedge Effectiveness 
Index (HEI), which measures the extent to which hedging 
reduces the risk of the portfolio, as expressed in Equation (4).

HEI =
σ²unhedged– σ²hedged

(4)
σ²unhedged

Where
σ²unhedged – is the variance of an unhedged investment, 
while
σ²hedged – is the variance of a hedged investment.

The HEI index evaluates hedging effectiveness by 
comparing the variance of an unhedged investment 
(investment solely in the primary instrument) with 
the variance of a hedged portfolio (investment in both 
observed instruments). A HEI value closer to 1 indicates 
a highly effective hedge, reflecting a significant reduction 
in risk. Conversely, a HEI near zero suggests minimal risk 
reduction, while a negative HEI implies that investing 
only in the primary instrument is preferable to holding 
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the entire portfolio. When determining the allocation of 
the secondary instrument, it is crucial to select the one 
with lower associated risk.

Results and discussion

The results of the descriptive statistics for the observed 
variables are presented in Table 1 below.

Table 1: Descriptive statistics of returns of S&P 
500 index, oil, gold and silver for the period from 

01/01/2019 to 28/05/2024

Portfolios’ 
combinations

Mean Variance Skewness Kurtosis

S&P 500 0.02392 0.32433 -0.84384 14.91760
Oil 0.01345 1.59025 -1.52875 21.47321
Gold 0.01902 0.15503 -0.36549 3.37693
Silver 0.01828 0.64976 -0.55761 8.06864

Source: Authors’ calculation based on data available at [27].

Based on the data presented in Table 1, it can be 
concluded that the S&P 500 index recorded the highest 
average returns, followed by gold and silver, while oil 
exhibited the lowest positive average returns. This indicates 
that the S&P 500 index experienced the greatest growth 
over the observed period. In contrast, oil’s time series 
showed lower returns due to persistent high price volatility 
compared to the other instruments. The calculated variances 
reveal that oil carried the highest investment risk during 
the period (1.59), followed by silver (0.65) and the S&P 500 
index (0.32), with gold exhibiting the lowest risk at 0.16. 
These findings suggest that gold is a suitable auxiliary 
instrument to combine with the S&P 500 index for portfolio 
diversification. The high kurtosis values shown in Table 1 
do not influence the formation of the bivariate portfolio, 
as only the risk measures of the primary and secondary 
instruments, along with their covariances, are considered. 
This means that the third and fourth moments, skewness 
and kurtosis, do not affect the proportion of the secondary 
instrument in the portfolio. Since all instruments exhibit 
negative skewness, it suggests that the observed time series 
experienced more negative returns, indicating a higher 
probability of losses when investing in these assets. On 
the other hand, kurtosis reflects the presence of extreme 
values in the distribution. The oil index shows the highest 
extreme daily deviations, with a kurtosis value of 21.47, 

followed by the S&P 500 (14.92) and silver (8.07). These 
figures suggest that these markets reacted more intensely 
to global crises, such as the COVID-19 pandemic and the 
conflict in Ukraine, compared to the gold market, which 
aligns logically with the characteristics of these assets. 
Overall, the descriptive statistics of returns offer valuable 
insights into the fundamental behavior of different market 
instruments.

Ozdemir and Ozdemir (2021) point out in their 
analysis that Bitcoin has the highest mean, median and 
standard deviation values ​​compared to gold, oil and G-7 
stock markets. These results confirm the basic principle 
of the risk-returns relationship, where higher risk brings 
potentially higher returns. Negative returns’ asymmetry 
indicates a higher probability of loss in these markets, 
while high kurtosis values indicate the presence of extreme 
returns. Comparing with our results, we also notice that 
all analyzed instruments have negative skewness, which 
further implies a concentration of negative returns to the 
left of the average, and high values ​​of kurtosis, especially 
for oil (21.47). This confirms Ozdemir and Ozdemir’s 
conclusion that markets have a high probability of extreme 
returns, but also points to an intense market response 
to global crises, such as the COVID-19 pandemic and 
the conflict in Ukraine. While Ozdemir and Ozdemir’s 
results highlighted Bitcoin’s high volatility relative to 
oil and gold, our data indicates that oil had the highest 
variance and extremes, while gold showed stability with 
the least risk. This suggests that gold remains a reliable 
hedging option in portfolios, which is consistent with 
the general principles of diversification and investment 
risk minimization.

Following the interpretation of the descriptive statistics 
indicators, a comparative analysis of the constructed 
bivariate portfolios was conducted to examine financial risk 
management using the example of the S&P 500 index. In 
this context, Table 2 presents the allocation of the primary 
and secondary instruments within the portfolios. The 
S&P 500 index is designated as the primary instrument 
in each of the analyzed portfolios, while oil, gold, and 
silver serve as secondary instruments.

Table 2 indicates that the average share of the S&P 
500 index, as the primary instrument, ranges between 
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46% and 56%, with its lowest allocation observed in the 
portfolio combined with gold. The share of secondary 
instruments - oil, gold, and silver - ranges from 44% to 
54%. Gold accounts for the highest proportion in the 
second portfolio, at 53.97%, while silver represents the 
lowest proportion in the third portfolio, at 44.39%. These 
findings suggest that the weightings of the secondary 
instruments are relatively balanced across the portfolios. 

Following the construction of three competitive 
bivariate portfolios, their performance was assessed 
by analyzing the first four moments of their return 
distributions. Table 3 presents the descriptive statistics 
for each portfolio alongside the S&P 500 index, allowing 
for a comprehensive comparison. The results in Table 3 
show that all three portfolios exhibit substantially lower 
variance relative to both the standalone S&P 500 index and 
the empirical return series of the secondary instruments.

These results confirm the effectiveness of the 
diversification process, as the inclusion of real assets 
successfully reduces the risk associated with the primary 
instrument, thereby supporting the assumption stated in 
hypothesis H0. 

Among the three constructed portfolios, the 
combination with gold yields the most favorable outcome, 
evidenced by the lowest variance of 0.11. In comparison, 
the standalone variance of the S&P 500 index is 0.32, 
indicating that the S&P 500–gold portfolio achieves a 
threefold reduction in risk. The portfolio combining the 
S&P 500 with silver ranks second, with a variance of 0.19, 
which still represents a substantial decrease, nearly 50%, 
in the overall portfolio risk.

The third combination, with oil as the secondary 
instrument, proved to be the least effective, with a portfolio 
variance of 0.22. Although this combination reduces the 
risk by approximately 1.5 times compared to the standalone 
S&P 500 index, the overall risk level remains higher than 

in the other portfolios. Nevertheless, it still contributes 
to overall risk reduction. These findings demonstrate 
that all three portfolios reduce the risk of the U.S. S&P 
500 index, while the efficiency of the applied portfolio 
construction formula further supports this conclusion. 
The results clearly confirm that the portfolio with gold 
as the secondary instrument has the lowest variance, 
thereby confirming hypothesis H1. This example also 
confirms that the combination of the S&P 500 index and 
gold reduces investment risk, indicating a better balance 
between risk and expected returns. This finding supports 
hypothesis H2, which states that a portfolio consisting of 
the S&P 500 as the primary instrument and gold as the 
secondary instrument achieves the optimal balance between 
risk reduction and potential returns, particularly during 
periods of economic instability. The results of the analysis 
highlight the significance of gold as a safe haven during 
times of crisis, reinforcing its role in portfolio diversification 
and risk management. Regarding portfolio asymmetry, it 
is evident that two of the three observed portfolios (S&P 
500–oil and S&P 500–gold) exhibit negative skewness. 
This characteristic is unfavorable, as it suggests a higher 
likelihood of negative returns compared to positive ones. 
However, the kurtosis values of all three portfolios are 
considerably lower than the kurtosis of the standalone 
S&P 500 index, indicating the absence of extreme return 
values. From an investor’s perspective, this can be seen as 
a favorable aspect of these investment options.

In their equation, Kroner and Ng [14] do not take into 
account the third and fourth moments when determining 
the share of the secondary instrument, but focus exclusively 
on the variance as the second moment, ignoring these 
time series parameters. It is necessary to emphasize that 
the portfolios are tailored to investors whose goal is to 
reduce investment risk, i.e. the variance. Including the 

Table 3: Descriptive statistics  
of constructed portfolios and the S&P 500 index

Portfolios’ 
combinations

Mean Variance Skewness Kurtosis

 S&P 500 index 0.02392 0.32433 -0.84384 14.91760
 S&P 500_oil 0.05612 0.21689 -0.13451 6.50729
 S&P 500_gold 0.02825 0.11495 -0.19704 2.36446
S&P 500_silver 0.05772 0.19487 0.36246 1.79789

Source: Authors’ calculation based on data available at [27].

Table 2: Shares of instruments in the portfolios – 
comparative overview (in %)

Shares S&P 500_oil S&P 500_
gold

S&P 500_
silver

S&P 500 index 48.36 46.03 55.61
Secondary instruments 51.64 53.97 44.39
Total 100.00 100.00 100.00

Source: Authors’ calculation based on data available at [27].
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third and fourth moments in the calculation would be 
more complex and is not the primary task of this research. 
Along with Table 3, which shows the characteristics of 
the constructed portfolios, Figure 2 shows a combined 
overview of the time series of the constructed portfolios 
and the S&P 500 index itself. This figure visually shows 
the movement of daily returns, where it is clearly seen that 
all portfolios have significantly larger and more frequent 
oscillations of daily returns compared to the empirical 
series. This displayed visualization confirms that the 
risk of all portfolios has not been successfully mitigated 
in relation to the risk of the S&P 500 index. We note 
that the maximum positive values ​​of the S&P 500 index 
are around +4, while its maximum negative values ​​are 
hovering around -6, especially during COVID-19, while 
the maximum portfolio returns’ values ​​barely exceed 
±2. Also, the portfolio of the S&P 500 index and oil has 
the same performance as the empirical time series of the 
S&P 500 index. Its maximum positive values ​​are around 
+4, while its maximum negative values ​​are in the ±2 
range, with the exception of COVID-19 outbreak. Figure 
2 provides valuable insight into the behavior of the S&P 
500 index’s daily returns, showing that after the COVID-
19 pandemic, there were no significant oscillations, even 
during the onset of the war in Ukraine. This suggests that 
following the initial shocks triggered by the pandemic and 

the beginning of the conflict, markets gradually stabilized. 
Investors adapted to the new conditions, and overall market 
uncertainty diminished, resulting in reduced volatility in 
share prices. In response to the crises, central banks and 
governments around the world implemented significant 
measures, including interest rate cuts, bond purchasing 
programs, and expansive fiscal stimuli. These actions helped 
to alleviate investor fears and supported capital markets, 
thereby contributing to the reduced fluctuations in the 
S&P 500 index. While markets initially faced considerable 
uncertainty, as the crises unfolded, market participants 
gained a clearer understanding of potential outcomes and 
adjusted their investment strategies accordingly. As a result, 
market shocks became less pronounced. Furthermore, 
many companies within the S&P 500 index adapted to 
the challenges posed by the pandemic and shifting global 
economic conditions, which led to increased operational 
stability and reduced volatility in their stock prices.

By analyzing the Sharpe ratio and its application 
in the portfolio selection process in financial markets, 
the authors calculate the Sharpe ratio for each portfolio 
individually and compare it with the Sharpe ratio of the 
unhedged instrument, represented by the S&P 500 index. 
The results are presented in Table 4. Specifically, for each 
portfolio that calculates the minimum variance, the Sharpe 
ratio is also computed, although the aim is not to identify 

Figure 2: Comparative overview of created portfolios’ time series and S&P 500 index
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index for short bias (-0.176), indicate poor performance 
and high risk. These findings confirm that risk adjustment 
is necessary for a meaningful comparison of different 
investment strategies. In our research, Sharpe ratio analysis 
also plays a crucial role in portfolio selection in financial 
markets, with a particular focus on the S&P 500 index 
and its combinations with gold, silver, and oil. Moreover, 
the results show that combining different instruments 
significantly contributes to reducing risk and increasing 
returns. According to the data in Table 4, all portfolios 
exhibit a significantly higher Sharpe ratio compared to 
the S&P 500 index alone, confirming the effectiveness 
of combining instruments for portfolio optimization. 
For instance, the highest Sharpe ratio was recorded for 
the combination of the S&P 500 and silver (0.30), while 
the lowest, though still significant, was observed for the 
combination of the S&P 500 and gold (0.25). Both studies 
highlight the importance of using the Sharpe ratio to 
evaluate investment portfolios. The aforementioned authors 
demonstrated that hedge fund indices with high Sharpe 
ratios are the most efficient, while our research suggests 
that combining the S&P 500 with gold and silver provides 
the optimal balance between risk and expected returns.

In the context of our research, we also refer to the study 
by Van Horn and Perez [30], who examined the relationship 
between liquidity risk and hedge fund performance. Their 
findings indicate that funds with higher liquidity risk 
tend to exhibit higher Sharpe ratios and alpha values. 
While these metrics may suggest superior performance, 
they actually reflect compensation for increased liquidity 
risk rather than genuine outperformance. This conclusion 
is crucial for our analysis, as it implies that the elevated 
Sharpe ratios observed in our study, particularly for 
portfolios combining the S&P 500 with gold and silver, 
may not necessarily indicate better performance but 
could instead result from higher underlying risks. Our 
use of the Sharpe ratio to assess risk and returns across 
different instrument combinations thus underscores 
the need for careful consideration of liquidity risk when 
making investment decisions, consistent with Van Horn 
and Perez’s conclusions.

Similarly, Atilgan et al. [4] employed the Sharpe ratio 
to analyze the performance of various hedge fund indices. 

the portfolio with the highest Sharpe ratio. According to the 
data in Table 4, all portfolios exhibit significantly higher 
Sharpe ratios than the S&P 500 index, suggesting that the 
Kroner and Ng [14] equation is effective in analyzing the 
return-risk relationship. The Sharpe ratio for the S&P 500 
index is only 0.07, whereas all other constructed portfolios 
show much higher ratios, indicating that these portfolios 
not only reduce investment risk but also contribute to 
increased returns. The highest Sharpe ratio is recorded 
for the S&P 500_silver combination at approximately 
0.30, while the S&P 500_oil combination yields a Sharpe 
ratio of 0.26. The lowest Sharpe ratio is observed in the 
S&P 500_gold combination at 0.25, though this is not 
significantly lower and is close to the values of the other 
two portfolios. These results clearly demonstrate that the 
combination of the S&P 500 index and silver achieves the 
highest Sharpe ratio (0.30), confirming its effectiveness 
in achieving the most favorable risk-return ratio and 
supporting the final hypothesis (H3).

Table 4: Comparative overview of Sharpe ratio values

Portfolios’ 
combinations

Sharpe ratio  
of S&P 500

Sharpe ratio 
of portfolios

S&P 500_oil 0.07375 0.25874
S&P 500_gold 0.07375 0.24582
S&P 500_silver 0.07375 0.29620

Source: Authors’ calculation based on data available at [27].

The obtained results suggest that the combination 
of the S&P 500 with gold is the most favorable when 
focusing on minimizing risk, while the combination of 
the S&P 500 with silver is particularly significant in the 
context of balancing expected returns and risk. Therefore, 
the recommendation for market participants investing 
in the S&P 500 index is to consider combining it with 
gold and silver as low-risk assets, as these combinations 
provide the best outcomes in terms of minimizing risk 
and maximizing returns.

Kapil and Gupta [12] point out in their article that 
a higher Sharpe ratio indicates a higher excess return per 
unit of volatility. Their analysis showed that indices with 
a high Sharpe ratio, such as the distressed hedge fund 
index (0.345), provide an optimal balance between returns 
and risk, generating significant excess returns per unit of 
standard deviation. On the other hand, indices with a low 
or negative Sharpe ratio, such as the dedicated hedge fund 
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Their study found that although hedge fund indices often 
outperform the market during stable periods, their Sharpe 
ratios decline during market downturns. The Sharpe 
ratio allowed them to quantify the risk-return trade-off 
of these indices and evaluate the effectiveness of different 
hedging strategies in generating returns above the risk 
level (volatility). They concluded that, despite occasional 
outperformance, hedge fund indices do not consistently 
offer optimal risk-adjusted returns, especially during crisis 
periods, since higher returns alone do not compensate 
for the elevated risks associated with these investments.

Metzer and Shenai [22] analyzed ten hedge fund 
strategies based on their Sharpe ratios during volatile 
crisis periods from 2007 to 2017, reaching comparable 
conclusions. They observed that strategies such as Global 
Macro and Multi-Strategy outperformed the S&P 500 
throughout the period, including during crises, while 
Convertible Arbitrage and Fixed Income Arbitrage strategies 
were particularly effective during crisis times. Their 
findings suggest that investing in alternative strategies, 
specifically hedge funds in their case, can significantly 
reduce risk and provide superior risk-adjusted returns 
relative to the benchmark S&P 500 index. The authors 
highlight diversification as a key factor for achieving 
improved returns amid heightened market volatility, with 
the Sharpe ratio remaining a valuable evaluative metric.

The final section of our research presents the results 
of hedging efficiency, specifically focusing on risk reduction 
for the S&P 500 across the three examined portfolios. 
Table 5 displays the calculated Hedging Efficiency Index 
(HEI) results. Notably, the negative HEI values for the 
combinations of oil, silver, and gold with the S&P 500 
indicate that risk management was insufficiently effective, 
meaning that hedging did not successfully reduce risk 
during the observed period. In other words, the HEI results 
suggest that all three hedging strategies were ineffective 
in mitigating risk.

These negative outcomes can be attributed to high 
price volatility and increased correlations between assets 
during global crises such as the COVID-19 pandemic and 
the conflict in Ukraine. Oil demonstrated the highest risk 
and most extreme price fluctuations, while silver and 
gold exhibited elevated kurtosis and negative skewness, 

increasing the likelihood of losses. This analysis highlights 
the necessity for more careful selection of hedging strategies 
and instruments and underscores the importance of 
further research into alternative approaches to enhance 
risk management effectiveness.

Table 5: HEI index values

Portfolios’ combinations HEI index
S&P 500_oil -56.12
S&P 500_gold -28.25
S&P 500_silver -57.72

Source: Authors’ calculation based on data available at [27].

The values of -56.12 for oil, -57.72 for silver, and 
-28.25 for gold clearly indicate that portfolios including 
these instruments increased risk relative to the S&P 500 
index, rather than reducing it. These findings confirm that 
incorporating oil, silver, or gold as hedging assets alongside 
the S&P 500 index was ineffective in mitigating risk during 
the observed period. Negative Hedging Efficiency Index 
(HEI) values imply that the variance of the combined 
portfolio exceeds that of the S&P 500 index alone. This 
suggests that these portfolios were less stable and more 
prone to larger fluctuations compared to the underlying 
index, signaling unsuccessful hedging. In other words, 
the addition of oil, silver, and gold did not reduce risk, but 
instead contributed to heightened volatility. This outcome 
emphasizes the necessity for more rigorous analysis and 
selection of hedging instruments, taking into account 
their unique characteristics and correlations with the 
underlying index. Moreover, the results underscore the 
importance of exploring alternative hedging strategies 
and diversifying instruments to achieve more effective 
risk management.

For investors, these findings suggest that combinations 
of the S&P 500 with oil, silver, and gold are not optimal 
choices for risk reduction. Instead, investors should 
consider other hedging strategies and instruments that 
may more efficiently reduce portfolio volatility, enhance 
stability, and generate adequate risk-adjusted returns.

Negative HEI values might at first suggest that 
hedging was ineffective, but their interpretation requires a 
more careful look, especially given the nature of the assets 
involved. These results likely stem from increased price 
volatility and changing correlations between assets during 
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crisis periods, such as the COVID-19 pandemic and the 
war in Ukraine. In such turbulent times, so-called “safe 
haven” assets like gold and silver often lose their usual 
stable connection with the market index, which reduces 
their ability to effectively hedge risk.

Meanwhile, oil showed particularly high volatility and 
systemic risk over the observed period, which contributed 
to even more negative HEI values. Both gold and silver 
returns also showed a tendency toward negative extremes, 
with pronounced skewness and kurtosis, meaning there 
was a higher chance of larger losses.

Taken together, these findings highlight that the HEI, 
as a dynamic measure of hedging efficiency, especially 
reveals the limits of hedging during crisis conditions. It 
shows why it’s important to choose hedging instruments 
carefully based on how they behave in stressed markets. In 
this respect, the HEI results fit well alongside the Sharpe 
ratio and variance analyses, underscoring the need for a 
diversified and flexible approach when building portfolios.

Robustness test: Palladium as an alternative 
hedging instrument

To verify the robustness of our results and explore the 
potential of other precious metals as hedging instruments, 
we conducted an additional analysis including palladium 
as a secondary asset in combination with the S&P 500 
index. Palladium was selected due to its dual nature, it is 
a precious metal with significant industrial application, 
making it an intriguing asset for comparison with gold 
and silver. As in previous analyses, a bivariate portfolio 
was constructed with the S&P 500 index as the primary 
asset and palladium as the secondary component. Using 
available daily closing price data for the observed period 
sourced from [27], we applied the same methodological 
framework: descriptive statistics were calculated for each 
individual asset and the combined portfolio, followed by 
the estimation of the minimum-variance portfolio weights, 
the Sharpe ratio, and the Hedge Effectiveness Index (HEI).

To evaluate the structure of the portfolio and the 
contribution of each asset to diversification, Table 6 
presents the percentage allocations of the S&P 500 index 
and palladium within the joint portfolio. According to the 

results of the variance-minimization optimization, the 
S&P 500 index accounts for 56.54% of the total portfolio, 
while palladium holds a 43.46% share. This distribution 
indicates a relatively greater contribution of palladium 
compared to other analyzed metals but also highlights 
the need for careful evaluation of its effectiveness in 
reducing overall risk.

Table 6: Shares of instruments in the portfolio (in %)

Shares S&P 500_palladium

S&P 500 index 56.54
Secondary instrument 43.46
Total 100.00

Source: Authors’ calculation based on data available at [27].

Descriptive statistics for the S&P 500, palladium, 
and the combined portfolio are presented in Table 7.

Table 7: Descriptive statistics for the S&P 500, 
palladium, and the constructed portfolio

Portfolios’ 
combinations

Mean Variance Skewness Kurtosis

 S&P 500 index 0.02392 0.32433 -0.84384 14.91760
 Palladium -0.00913 1.29752 -0.50246  7.70754
 S&P 500_palladium 0.07587 0.34565  0.07097  7.90550

Source: Authors’ calculation based on data available at [27].

The S&P 500 index exhibits a moderately positive 
average return of 0.02392 with a variance of 0.32433, 
negative skewness -0.84384, and high kurtosis 14.91760, 
suggesting the presence of extreme negative returns. In 
contrast, palladium recorded a negative average return 
-0.00913 and significantly higher variance 1.29752, along 
with a slightly less pronounced but still negative skewness 
-0.50246 and lower kurtosis 7.70754. The combined S&P 
500-palladium portfolio achieved a higher average return 
of 0.07587 than either of the individual assets, with a 
variance of 0.34565 only slightly greater than that of the 
S&P 500 alone. Moreover, the portfolio’s skewness was 
near zero 0.07097, suggesting a nearly symmetric return 
distribution, while its kurtosis of 7.90550 was substantially 
lower than that of the S&P 500, indicating a reduced risk 
of extreme values.

Compared to previously analyzed portfolios involving 
oil, gold, and silver, palladium displayed behavior similar 
to that of oil and silver, which also yielded negative 
HEI values and higher volatility. Gold remains the only 
precious metal that consistently provides diversification 
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benefits, as evidenced by lower portfolio variance and 
positive HEI scores.

Table 8 presents the Sharpe ratio and HEI for the 
S&P 500–palladium portfolio. The Sharpe ratio of 0.21950 
reflects moderate risk-adjusted returns, while the negative 
HEI value of -75.87 indicates that palladium does not 
contribute effectively to risk reduction within the portfolio.

Table 8: Sharpe Ratio and Hedge Effectiveness Index 
(HEI) for portfolios

Portfolios’ combinations Sharpe ratio HEI index
S&P 500_palladium 0.21950 -75,87

Source: Authors’ calculation based on data available at [27].

The results suggest that while palladium has some 
potential to enhance portfolio returns, it fails to outperform 
the performance of the S&P 500-gold combination. The 
Sharpe ratio is lower than that observed for the gold 
portfolio, and the HEI remains in negative territory, 
showing no meaningful improvement in hedging efficiency. 
Overall, the findings indicate that, although palladium may 
increase returns, it does not offer significant diversification 
or hedging benefits compared to gold, silver, or oil. This 
underscores the importance of careful asset selection when 
constructing hedging portfolios, as palladium provides 
only limited advantages in mitigating risk under conditions 
of market instability.

These findings confirm that while palladium may 
have a role as an alternative hedging instrument, gold 
remains the most effective asset among the bivariate 
portfolios analyzed. Thus, the robustness test strengthens 
the reliability of the study’s conclusions and affirms the 
consistency of the results.

Conclusion

The real economy is deeply influenced by financial markets, 
with significant implications for investors, policymakers, 
and portfolio managers. The key findings of this study 
play a crucial role in the development of effective hedging 
strategies. This research highlights the critical importance 
of portfolio diversification during periods of global crises, 
such as the COVID-19 pandemic and the conflict in Ukraine, 
which have intensified market volatility and investment 
uncertainty. In such turbulent times, markets exhibit 

heightened volatility, posing substantial challenges for risk 
prediction and management. While real assets such as oil, 
gold, and silver are commonly regarded as safe-haven assets, 
the findings of this study indicate that the effectiveness 
of hedging depends on the appropriate combination of 
selected instruments. Oil, generally considered a high-
risk real asset, exhibited the highest volatility during 
crisis periods, whereas the combination of gold with the 
S&P 500 index resulted in a significant risk reduction. 
These findings emphasize the importance of careful real 
asset selection to mitigate investment risk, especially amid 
global economic and political shocks. Moreover, this study 
aimed to demonstrate how diversification through real 
asset selection can either increase or decrease portfolio 
risk when combining the S&P 500 index with oil, gold, and 
silver as secondary assets. Given that the S&P 500 is widely 
recognized as a key indicator of the U.S. economy, it serves 
as a particularly relevant benchmark for this analysis.

Based on the calculations performed, several key 
findings deserve special attention. First, oil exhibits the 
highest risk, as measured by variance, compared to all 
other instruments. This indicates that combining the 
S&P 500 with less risky assets may be more effective for 
risk reduction. Specifically, oil’s risk level is nearly five 
times greater than that of the S&P 500, while silver is 
approximately twice as risky, and gold is the least risky, 
with a risk level roughly one-fifth that of silver. After 
constructing the portfolios using the Kroner and Ng 
[14] equation, the weights of the secondary instruments 
in the bivariate portfolios were determined. The results 
show that secondary instruments maintain a roughly 
proportional share relative to the primary instrument, 
largely because the risk associated with the S&P 500 is 
significantly lower than that of secondary assets such 
as oil and silver. Notably, gold holds the largest average 
portfolio weight, approximately 54%. Upon comparing 
the three portfolio combinations, the pairing of the S&P 
500 index with gold yielded the best performance, as it 
achieved the lowest variance of 0.11, in contrast to the 
empirical variance of the S&P 500 index alone, which 
stands at 0.32. The portfolio consisting of the S&P 500 
and silver ranked second in terms of risk reduction, while 
the combination with oil ranked third.
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The analysis also included the calculation of the 
Sharpe ratio to evaluate the risk-adjusted returns of each 
portfolio. The results show that the portfolio combining 
the S&P 500 index and silver achieved the highest Sharpe 
ratio, with a value of 0.30, indicating the most favorable 
balance between returns and risk. Meanwhile, regarding 
risk reduction specifically, the portfolio consisting of the 
S&P 500 index and gold proved to be the most effective, 
demonstrating superior risk mitigation capabilities.

Finally, to assess the extent to which the risk of the 
S&P 500 index was mitigated, the Hedge Efficiency Index 
(HEI) was calculated for portfolios combining oil, silver, 
and gold with the S&P 500. Negative HEI values indicate 
ineffective risk management. The obtained results, HEI 
values of -56.12 for oil, -57.72 for silver, and -28.25 for 
gold, suggest that these combinations increased risk 
rather than reducing it relative to the S&P 500 alone. The 
inclusion of oil and silver proved particularly unsuitable 
due to sector overlap, as the energy sector is already 
represented within the S&P 500, limiting diversification 
benefits. Moreover, silver’s insufficient correlation and 
high volatility contributed to increased portfolio risk, 
undermining its hedging effectiveness. In contrast, gold 
demonstrated a comparatively better hedging effect, 
attributed to its consistent negative correlation with the 
S&P 500 during market crises and its established potential 
for risk reduction.

Additional analyses through robustness testing, 
including palladium as an alternative hedging instrument, 
confirmed the primary findings regarding gold’s superiority 
in portfolio risk reduction. Although palladium demonstrated 
some potential for diversification, its effect was not 
significant compared to gold and silver. These results 
further illuminate the complexity of selecting appropriate 
hedging instruments and strengthen the reliability of the 
conclusions drawn.

For more effective hedging, it is advisable to consider 
instruments with lower volatility and stronger negative 
correlations with the S&P 500, such as platinum group 
metals or financial assets like bonds and short-term 
government securities. These alternatives typically offer 
greater price stability and diversification potential. Notably, 
the analysis highlights that significant negative yield 

coefficients coincide with periods of heightened market 
stress, particularly during the COVID-19 pandemic and 
the onset of the conflict in Ukraine.

The findings of this study provide empirical evidence 
supporting gold’s continued role as a reliable safe haven 
asset in the perception of investors. Moreover, the results 
offer valuable insights into market dynamics, which are 
essential for both the academic community and practitioners 
when developing optimal diversification strategies. In 
this regard, hedging portfolio risk using the S&P 500 
index as the primary asset offers important implications 
for researchers, financial managers, and investment 
professionals, aiding them in enhancing risk management 
practices, identifying investment opportunities, and 
improving overall portfolio performance.
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