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Abstract

Gold and silver have always occupied a special place in the Indian financial landscape, not only as investment
assets, but also as instruments shaped by culture, tradition, and long-standing behavioural preferences. Despite
this shared status as precious metals, their investment performance differs substantially over time, particularly
when examined through the lens of risk and stability. This study undertakes a comparative evaluation of gold
and silver in India using domestic price data and a dynamic risk-return framework, with the objective of
offering evidence-based insights that are directly relevant to Indian investors. The analysis is based on daily
price data from the Multi-Commodity Exchange (MCX) covering the period from June 2019 to September
2025. This timeframe is especially significant, as it captures multiple phases of economic stress and recovery,
including the COVID-19 pandemic, inflationary pressures, geopolitical uncertainty, and commodity market
volatility. Instead of relying on static full-period averages, the study employs 180-day rolling Sharpe, Sortino,
and Omega ratios to assess how the risk-adjusted performance of gold and silver evolves. This rolling approach
allows the analysis to reflect changing market conditions and shifting investor behaviour more realistically. To
place the performance of precious metals in a broader commodity context, copper and aluminium are included
as reference industrial metals. Their inclusion helps distinguish the relatively defensive nature of gold from
assets that are more closely tied to industrial demand and economic cycles. The findings reveal a clear
performance hierarchy among the four metals. Gold consistently demonstrates the most stable and resilient risk-
adjusted performance, with moderate volatility, controlled downside risk, and a persistent dominance of gains
over losses across most market phases. Its performance strengthens notably during periods of macroeconomic
uncertainty, reaffirming its role as a defensive and stabilising asset in the Indian context. Silver, by contrast,
exhibits significantly higher volatility and prolonged phases of weak risk-adjusted returns. While it experiences
occasional short-term improvements, these periods are infrequent and less sustained than those observed for
gold. The results reflect silver’s dual character as both a precious and an industrial metal, making it more
sensitive to cyclical fluctuations and speculative forces. Copper and aluminium display the strongest upside
potential during favourable economic phases, but this is accompanied by sharp downturns and deep risk-
adjusted troughs, highlighting their suitability primarily for tactical rather than stability-oriented investment
strategies. The study provides clear empirical support for gold’s position as India’s most reliable investment
metal, while suggesting that silver and industrial metals are better suited for selective, timing-based exposure.
The rolling risk-adjusted framework used in this research offers a robust foundation for understanding
commodity performance in a dynamic and uncertain economic environment.
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1. INTRODUCTION

Precious metals have occupied a distinctive and enduring
position in India’s economic life, extending far beyond their
role as tradable commodities. Among them, gold and silver
hold a special place as symbols of wealth, security, and
continuity, deeply embedded in cultural practices, household
savings behaviour, and long-term investment choices. For
generations, Indian households have relied on these metals not
only for adornment or ceremonial use, but also as trusted stores
of value capable of withstanding economic uncertainty. In a
country where financial decision-making is often shaped by a
combination of tradition, risk aversion, and lived experience of
inflation and market volatility, movements in the prices of gold
and silver carry consequences that extend well beyond financial
markets.

Despite being grouped as precious metals, gold and silver differ
markedly in their economic roles, price behaviour, and risk
characteristics. Gold is widely perceived as a safe-haven asset,
valued for its ability to preserve purchasing power during
periods of inflation, currency depreciation, financial crises, and
geopolitical stress. It is often viewed as a hedge against
macroeconomic instability, attracting investors during episodes
of uncertainty. Silver, on the other hand, occupies a more
complex position. While it shares certain characteristics with
gold as a precious metal, a substantial portion of its demand
arises from industrial applications such as electronics,
renewable energy technologies, medical equipment, and
manufacturing processes. This dual character exposes silver
prices not only to financial market sentiment but also to
fluctuations in industrial demand, making its return and
volatility patterns significantly different from those of gold.
Most of the existing academic literature on gold and silver has
been developed using international market data, particularly
global spot prices or futures traded on exchanges such as
COMEX. While these studies provide valuable insights into the
general behaviour of precious metals, their direct applicability
to the Indian context is limited. Domestic prices of gold and
silver in India are shaped by a unique set of factors that include
import duties, exchange-rate movements, Goods and Services
Tax (GST), local market premiums, seasonal demand linked to
festivals and weddings, and regulatory initiatives such as
Sovereign Gold Bonds and exchange-traded funds. These
structural features can cause domestic price movements to
diverge meaningfully from global trends, making it essential to
analyse gold and silver using Indian market data rather than
relying solely on international evidence.

The relevance of such an analysis has increased sharply in
recent years. The Indian investment landscape has undergone a
substantial transformation, with households increasingly
exposed to financial markets through digital platforms,
commodity exchanges, and investment products such as gold
ETFs, silver ETFs, and futures contracts. At the same time,
periods of heightened global uncertainty, most notably the
COVID-19 pandemic, inflationary pressures, tightening
monetary policy, and geopolitical disruptions, have reinforced
the appeal of commodities as portfolio diversifiers. During

these episodes, gold prices in India reached historic highs,
reflecting its perceived role as a safe store of value, while silver
experienced pronounced volatility driven by a combination of
speculative  activity and industrial disruptions. These
contrasting responses highlight the need for a systematic and
comparative evaluation of the two metals within the Indian
market setting.

Another limitation of existing studies lies in their reliance on
static performance measures, such as average returns or full-
sample volatility. Commodity markets are inherently cyclical,
and the risk—return characteristics of assets such as gold and
silver evolve in response to changing macroeconomic
conditions. Static measures often mask these shifts, offering
only a partial understanding of investment performance. A
dynamic, rolling-window approach allows for a more realistic
assessment by capturing how risk-adjusted returns vary across
different market regimes, including crisis periods, recoveries,
and expansionary phases.

Against this backdrop, the present study undertakes a
comparative assessment of gold and silver in India using
historical domestic price data and rolling risk-adjusted
performance metrics. By focusing on the Indian market and
employing time-varying analytical tools, the study seeks to
bridge the gap between global theoretical insights and domestic
investment realities. The objective is not merely to rank assets
based on returns, but to understand how stability, downside
risk, and gain—loss dynamics differ between gold and silver
over time.

In doing so, the study aims to provide evidence-based insights
that are directly relevant to Indian investors, portfolio
managers, and policymakers. It examines whether gold’s long-
standing reputation as a stable and reliable asset is empirically
supported in the Indian context, and whether silver can
meaningfully complement or substitute gold within investment
portfolios. By grounding the analysis in domestic data and
adopting a dynamic risk-return framework, this research
contributes to a clearer and more nuanced understanding of
precious metal investments in India.

Motivation for the study

The selection of the present dissertation topic is rooted in the
exposure gained during the post-graduation course in business
and the insights developed through direct interaction with some
individual investors. The interactions provided an opportunity
to observe how individual investors perceive financial products,
make investment decisions, and evaluate risk in real-life
settings rather than in purely theoretical terms. These
observations played a critical role in shaping the focus of the
study.

During interactions with investors, it became evident that a
large segment of retail investors continues to rely heavily on
traditional assets, particularly gold, as a preferred form of
investment. Gold was frequently described as safe, trustworthy,
and time-tested, often without reference to comparative
performance, volatility, or alternative investment options. In
contrast, silver was viewed with mixed perceptions—
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sometimes as a supplementary investment, sometimes as a
speculative  opportunity, and often without a clear
understanding of its risk—return characteristics. These attitudes
highlighted a strong dependence on inherited beliefs, cultural
familiarity, and anecdotal experience rather than data-driven
evaluation.

The interactions also revealed a noticeable gap between the
growing availability of modern financial instruments and the
level of informed decision-making among retail investors.
While products such as gold exchange-traded funds, sovereign
gold bonds, digital gold, and commodity futures are
increasingly accessible, many customers lack clarity about how
these instruments differ from physical holdings or how their
performance compares over time. Investment discussions were
frequently shaped by short-term price movements or memories
of favourable returns, rather than by systematic assessment of
risk, downside exposure, or long-term performance stability.
Another important insight emerged from observing the advisory
role of banks in wealth management. As banks expand their
focus on cross-selling investment products and increasing
customers’ share of wallet, the need for clear, evidence-based
guidance becomes critical. Advisors often face the challenge of
responding to customer preferences that are emotionally
anchored to gold, even when portfolio diversification or
alternative assets might be more suitable. This situation
underscored the importance of objective comparative analysis
that can support advisory decisions with empirical evidence
rather than intuition.

These experiences gradually directed attention toward precious
metals as an area deserving closer academic scrutiny. Given the
cultural and financial prominence of gold in India and the
growing, yet less understood, role of silver, a comparative
evaluation of the two metals appeared both relevant and timely.
The absence of easily accessible, India-focused studies that
compare gold and silver using robust risk—return measures
further strengthened the motivation to pursue this topic. Most
existing discussions encountered during the internship were
either anecdotal or based on global trends, with limited
relevance to domestic price behaviour and investor realities.
Accordingly, this study evolved as an extension of practical
observations into a structured academic inquiry. By analysing
the comparative performance of gold and silver using Indian
domestic price data and risk-adjusted metrics, the study seeks to
bridge the gap between investor perception and empirical
evidence. The topic is thus grounded not only in academic
relevance but also in real-world investment behaviour observed
during the internship experience, making it both practically
meaningful and analytically justified.

Survey of literature and identification of research gap

The comparative behaviour of gold and silver as investment
assets has attracted sustained academic attention due to the
metals’ long-standing monetary relevance, perceived safe-
haven qualities, and evolving roles in modern financial systems.
Over time, research has examined these metals across different
historical periods, economic regimes, and methodological

frameworks, producing a rich but fragmented body of evidence.
A review of this literature is essential for situating the present
study within existing knowledge and for identifying the
limitations of earlier research, particularly in relation to the
Indian market.

One of the early empirical contributions to understanding
precious metals markets was provided by Tully and Lucey
(2005), who investigated daily seasonality, risk, and return
patterns in COMEX gold and silver prices. Their analysis
revealed that while mean returns displayed weak seasonality,
volatility exhibited strong seasonal effects, indicating the
presence of volatility clustering. A notable finding was the
persistent negative Monday effect, suggesting behavioural or
microstructural influences on precious metals trading.
Importantly, the study found no strong evidence of an ARCH-
in-Mean relationship, implying that higher risk did not
consistently translate into proportionally higher returns. These
findings laid an early foundation for recognising that volatility
dynamics in gold and silver are complex and cannot be fully
explained by traditional risk—return assumptions.

Extending the volatility-focused approach, Batten et al. (2008)
examined the macroeconomic determinants of volatility across
precious metals markets. Their work demonstrated that gold
responds more predictably to monetary and macroeconomic
variables, whereas silver exhibits more idiosyncratic behaviour.
This distinction reinforced the idea that gold functions more as
a monetary asset, while silver is influenced by a broader set of
industrial and speculative factors. The study also observed that
the explanatory power of macroeconomic variables weakened
over time, highlighting the increasing complexity of metals
pricing in an era of globalisation and financialization.

The diversification role of gold has been examined from
broader portfolio perspectives. Baur and Oll (2019) introduced
the concept of carbon diversification, arguing that gold
contributes to both financial diversification and environmental
efficiency, since its carbon emissions are largely concentrated
at the extraction stage. Although environmental considerations
are not yet central to most retail investment decisions, this study
expanded the wunderstanding of gold’s value beyond
conventional financial metrics. The findings reinforce gold’s
appeal as a long-term holding that can enhance portfolio
characteristics across multiple dimensions.

Safe-haven properties have remained a central theme in
precious metals research. Kopf and Nouwens (2019) analysed
U.S. household portfolios and identified gold as one of the most
reliable assets for limiting losses during periods of market
stress. Their results showed that gold consistently outperformed
silver in this regard, suggesting that silver’s protective role is
comparatively weaker. While their study focused on U.S.
households, the findings resonate strongly with markets such as
India, where gold ownership is deeply embedded in household
wealth management and crisis preparedness.

Volatility dynamics were further explored by Muhammad et al.
(2019), who applied regime-switching GARCH models to
precious metals markets. Their results indicated that gold
predominantly operates within low-volatility regimes, while
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silver frequently transitions into high-volatility states with
greater persistence. This asymmetry in volatility behaviour
implies that silver carries a higher risk burden, particularly
during periods of market stress. The study also demonstrated
that regime-switching models produced more accurate Value-
at-Risk forecasts for gold than for silver, underscoring gold’s
relative predictability and suitability for risk management
applications.

The distinction between hedging and diversification roles was
explored by Farinha et al. (2020), who compared gold and
silver across multiple stock markets. Their findings showed that
gold consistently functioned as both a hedge and a haven,
whereas silver’s role was largely confined to diversification and
was highly conditional on market circumstances. Silver failed
to provide consistent protection during extreme market
downturns, reinforcing the view that it cannot be treated as a
direct substitute for gold in risk-averse portfolios.

The COVID-19 pandemic provided an unprecedented setting to
test the resilience of precious metals. Salisu et al. (2021)
examined gold’s safe-haven performance during the pandemic
and found that although its protective properties weakened
slightly compared to earlier crises, gold continued to
outperform silver and most other assets. Their forecasting
analysis further demonstrated that uncertainty-based models
improved predictive accuracy, highlighting the importance of
incorporating crisis-related variables into metals performance
analysis.

Complementing this work, Sikiru and Salisu (2021)
investigated the hedging effectiveness of precious metals ETFs
in the Asia—Pacific region. Their results confirmed that gold
ETFs offered superior hedging benefits compared to silver
ETFs, even though overall hedging effectiveness declined
during the pandemic due to heightened asset co-movements.
These findings are particularly relevant for emerging markets,
including India, where ETFs are increasingly used to gain
exposure to precious metals without the constraints of physical
ownership.

The industrial dimension of silver has received relatively
limited attention in the literature. Nevarez (2022) addressed this
gap by analysing the relationship between silver prices and the
financial performance of electronics manufacturing firms. The
study found that industrial fundamentals exerted only limited
influence on silver prices, especially during crisis periods such
as COVID-19, when investor sentiment and speculative activity
dominated price movements. This suggests that silver behaves
more like a financial asset than a pure industrial commodity
during periods of uncertainty, yet without exhibiting the
stability associated with gold.

Interactions between precious metals and emerging digital
assets have also been explored. Yaya et al. (2022) examined
volatility spillovers between Bitcoin, gold, and silver, finding
strong bidirectional volatility transmission but no significant
return  spillovers. Their results indicate that while
cryptocurrencies do not replace precious metals as return-
generating assets, they influence volatility dynamics. This
insight is increasingly relevant in markets such as India, where

younger investors often hold both digital assets and traditional
commodities.

Recent comparative portfolio studies further reinforce gold’s
dominance. Sair et al. (2025) analysed diversification assets for
STOXX 600 portfolios and concluded that gold consistently
delivered superior risk-adjusted returns, lower drawdowns, and
stronger downside protection compared to silver and Bitcoin.
Their findings emphasise gold’s continued relevance as a
stabilising asset even in modern, diversified portfolios.

A broader macro-financial perspective is offered by Tsuji
(2025), who examined the risk—return trade-off of Bitcoin using
regime-switching models. While the study focused on
cryptocurrencies, its implications are indirect but important:
assets such as Bitcoin exhibit high returns during volatile
regimes but lack stability and predictability. In contrast, gold
and, to a lesser extent, silver offer lower but more reliable
returns, making them better suited for long-term, risk-averse
investors.

Long-run inflation hedging remains a critical consideration in
precious metals research. Bampinas and Panagiotidis (2015),
using a two-century dataset, demonstrated that gold consistently
served as a full hedge against inflation, whereas silver failed to
do so reliably. This historical evidence underscores gold’s role
in preserving purchasing power over long horizons, a factor of
particular importance in economies that have experienced
persistent inflationary pressures.

Gil-Alana et al. (2015) further examined long-run trends using
fractional integration techniques and found that gold exhibited
strong persistence and non-mean-reverting behaviour, while
silver tended to revert to its long-term mean. These findings
imply that gold is better suited for long-term holding strategies,
whereas silver’s cyclical nature makes it more appropriate for
tactical or short-term positioning.

One of the earliest studies exploring the relationship between
gold and silver prices was conducted by Escribano and Granger
(1998). Their cointegration analysis revealed periods of strong
long-run and short-run relationships between the two metals,
particularly during speculative episodes. However, the study
also documented increasing divergence over time, suggesting
that gold and silver should not be treated as perfect substitutes.
This insight remains relevant for contemporary portfolio
construction.

Taken together, the literature presents a consistent narrative.
Gold emerges as a stable, reliable, and predictable asset with
strong hedging and safe-haven properties across economic
regimes. Silver, while offering diversification benefits and
occasional high-return opportunities, exhibits higher volatility,
weaker inflation-hedging capacity, and less consistent
performance. Most importantly, the bulk of existing research is
based on global or developed-market data, with limited
attention to domestic price behaviour in emerging economies
such as India.

Existing academic literature has generated substantial insights
into the behaviour of gold and silver, particularly with respect
to volatility patterns, safe-haven characteristics, inflation-
hedging ability, and portfolio diversification benefits. However,
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a closer examination of this body of work reveals several
unresolved gaps when these findings are viewed through the
lens of the Indian investment environment, which is shaped by
distinctive economic structures, regulatory features, and deeply
embedded cultural preferences.

Most empirical studies on precious metals rely on global spot
prices or datasets drawn from developed markets such as the
United States and Europe. Such analyses implicitly assume
price homogeneity across markets and overlook the fact that
domestic prices in India are influenced by additional factors,
including import duties, exchange-rate movements, indirect
taxation, local market premia, and seasonal demand patterns.
As a result, conclusions derived from global datasets may not
fully reflect the investment experience of Indian investors,
thereby limiting their contextual relevance.

Further, while the literature consistently recognises gold as a
stronger hedge and safe-haven asset than silver, comparative
assessments are rarely conducted within a single, country-
specific analytical framework. In the Indian context, gold
occupies a unique position as both a financial asset and a
culturally significant store of value, while silver straddles the
domains of investment demand and industrial usage. Existing
studies do not adequately contrast these structural and
behavioural distinctions using Indian data, leaving an important
analytical gap.

Another notable omission relates to the use of dynamic, time-
varying performance measures. Much of the literature relies on
static, full-period averages that mask shifts in risk—return
behaviour across changing market regimes. This is particularly
limiting for commodities, where performance characteristics
evolve in response to macroeconomic shocks, crises, and
cyclical forces.

Finally, there is limited research that situates gold and silver
within a broader commodity framework using Indian price data,
which could help distinguish safe-haven behaviour from
cyclical industrial dynamics. Collectively, these gaps point to
the need for a focused, domestically grounded, and dynamically
structured analysis of gold and silver performance in India, an
objective this study seeks to address.

Considering the gaps identified in existing literature, there is a
clear need for a focused and contextually grounded
investigation that moves beyond global generalisations and
static analyses of precious metals. The absence of India-specific
studies using domestic price data, coupled with the limited use
of dynamic risk-return measures, restricts the practical
applicability of prior findings for Indian investors and
policymakers. Moreover, the lack of a unified analytical
framework that directly compares gold and silver, while
accounting for their differing economic roles, behavioural
perceptions, and market sensitivities, leaves an important void
in understanding their relative investment performance.
Addressing these shortcomings requires an approach that is
both empirically rigorous and sensitive to India’s unique
financial landscape. Accordingly, the present study is designed
to bridge this gap by systematically comparing the performance
of gold and silver in India using historical domestic price data

and robust risk—return metrics. By employing rolling measures
that capture time-varying behaviour across diverse market
conditions, the study aligns directly with the stated research
objectives of evaluating relative performance, identifying risk-
adjusted characteristics, and generating insights that are
relevant for portfolio decision-making in the Indian context. In
doing so, the research not only responds directly to the gaps
highlighted in prior studies but also establishes a coherent link
between theoretical limitations and empirically grounded
objectives.

2. OBJECTIVES OF THE STUDY

In response to the research gaps identified, the present study is

guided by the following objectives:

e To undertake a systematic comparison of the investment
performance of gold and silver in India by analysing
historical domestic price data using appropriate risk—return
measures.

e To examine the extent to which gold and silver function as
safe-haven assets, hedges, and diversification tools within
the Indian financial environment under varying market
conditions.

e To analyse the influence of key macroeconomic factors,
e.g. inflation trends, exchange rate movements, interest
rate changes, and equity market volatility, on the price
behaviour of gold and silver in India.

e To explore the role of behavioural and cultural factors in
shaping Indian investors’ preferences for gold relative to
silver as investment assets.

e To evaluate and compare the effectiveness of physical and
financial investment avenues for gold and silver, including
exchange-traded funds, sovereign gold bonds, and digital
investment platforms.

e To derive meaningful investment- and policy-oriented
insights based on the comparative analysis of gold and
silver in the Indian context.

The present study confines its empirical focus primarily to the

first objective, namely, the comparative evaluation of gold and

silver performance in India using historical domestic price data
and risk—return metrics.

3. METHODOLOGY OF THE STUDY

The present study adopts a structured, empirical methodology
to examine and compare the performance of gold and silver in
the Indian commodities market through a risk—return analytical
framework. The methodological design has been developed
with the objective of ensuring analytical rigour, contextual
relevance, and robustness of results, particularly considering the
volatile and cyclical nature of commodity markets. Emphasis is
placed on using domestic price data, time-varying performance
metrics, and comparative benchmarks to generate insights that
are meaningful for Indian investors, portfolio managers, and
researchers.

Data Source and Study Period
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The analysis is based on daily closing price data for four
metals—gold (GLD), silver (SLV), copper (CPR), and
aluminium (ALM), sourced from the official website of the
Multi-Commodity Exchange of India (MCX). MCX represents
the primary platform for organised commodity trading in India,
and its price series accurately reflects domestic market
conditions, investor participation, and regulatory influences.
The study period extends from 23 June 2019 to 30 September
2025, yielding a total of 2,292 daily observations for each
metal.

The selected timeframe is particularly suitable for empirical
investigation as it captures several major global and domestic
economic episodes that significantly influenced commodity
markets. These include the COVID-19 pandemic, post-
pandemic recovery phases, inflationary pressures, monetary
tightening cycles, geopolitical tensions, and disruptions in
global supply chains. Analysing metal prices across such an
event-rich period enhances the study’s ability to observe
performance across contrasting market regimes rather than
during a single, stable phase.

Rationale for Selection of Metals

Although the primary focus of the dissertation is on gold and
silver as precious metals, copper and aluminium have been
included as reference assets for comparative purposes. This
inclusion is methodologically justified on multiple grounds.
First, copper and aluminium are among the most actively traded
industrial metals on MCX and are closely linked to India’s
manufacturing, infrastructure, construction, and energy sectors.
Their prices are highly sensitive to economic cycles, industrial
demand, and supply-side constraints.

In contrast, gold and silver are driven more strongly by
macroeconomic uncertainty, inflation expectations, currency
movements, and investor sentiment. Including industrial metals
alongside precious metals, therefore, allows the study to
distinguish between safe-haven or monetary behaviour and
cyclical,  growth-linked commodity behaviour.  This
comparative framework enables a clearer interpretation of
whether observed performance patterns in gold and silver are
unique to precious metals or part of broader commodity-market
dynamics. Second, from a portfolio perspective, investors often
allocate funds across multiple commodities rather than holding
precious metals in isolation. Evaluating gold and silver relative
to industrial metals provides practical insights into
diversification benefits, volatility differences, and risk-adjusted
performance within a multi-metal portfolio context.

Third, silver possesses a dual identity, as both a precious metal
and an industrial input. By comparing silver’s behaviour with
copper and aluminium, the study is better positioned to assess
the extent to which silver’s price dynamics resemble those of
industrial metals during certain periods. This strengthens the
interpretive depth of the analysis.

Analytical Framework and Performance Metrics
To evaluate and compare performance, the study employs three
widely recognised risk-adjusted performance measures: the

Sharpe ratio, the Sortino ratio, and the Omega ratio. Rather than
relying on static, full-period estimates, all three metrics are
computed using a 180-day rolling window. This rolling
approach allows performance to be analysed dynamically,
capturing changes over time and across different market
conditions.

Commodity markets are known for frequent regime shifts
driven by macroeconomic shocks, policy changes, geopolitical
events, and demand-supply imbalances. Static measures often
conceal such transitions by averaging performance across long
periods. Rolling metrics, by contrast, reveal how risk and return
evolve, making them particularly appropriate for commodities.

180-Day Rolling Sharpe Ratio

The rolling Sharpe ratio is used to measure overall risk-adjusted
performance by relating excess returns to total volatility. For
each trading day, a backwards-looking window of 180 daily
returns is selected. Within this window, the average return is
computed and annualised, after which the risk-free rate is
subtracted to obtain excess return. The standard deviation of
returns over the same window is also annualised. The Sharpe
ratio is then calculated as the ratio of excess return to volatility.

Repeating this process for each trading day generates a
continuous time series of Sharpe ratios, reflecting how risk-
adjusted performance changes over time. The 180-day horizon,
approximately half a trading year, offers a balance between
statistical reliability and responsiveness. Shorter windows may
produce unstable estimates due to daily noise, while longer
windows may smooth out important regime shifts. The Sharpe
ratio is particularly useful for comparing gold and silver, as it
provides a broad measure of reward per unit of total risk, which
is central to evaluating safe-haven assets.

180-Day Rolling Sortino Ratio

While the Sharpe ratio treats all volatility symmetrically, the
Sortino ratio focuses exclusively on downside risk. This
distinction is especially relevant for investors who are more
concerned with losses than with variability arising from positive
returns. The rolling Sortino ratio is computed using the same
180-day window framework, but instead of total volatility, the
denominator captures downside deviation, measured as the
standard deviation of negative returns relative to a minimum
acceptable return.

Within each rolling window, average returns above the
threshold are annualised, and downside deviation is calculated
and annualised. The resulting Sortino ratio reflects how well an
asset compensates investors for downside risk. This measure is
particularly suitable for comparing gold and silver because their
return distributions are often asymmetric. Gold tends to
experience relatively controlled drawdowns, whereas silver
frequently exhibits sharp negative movements linked to
industrial demand shocks or speculative activity. The rolling
Sortino ratio, therefore, adds an important layer of insight by
highlighting periods when downside risk disproportionately
affects performance.
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180-Day Rolling Omega Ratio

The Omega ratio offers a more comprehensive assessment of
performance by incorporating the entire return distribution
rather than relying solely on moments such as mean and
variance. For each 180-day window, returns are divided into
gains above a specified threshold and losses below it. The
probability-weighted sum of gains is then divided by the
probability-weighted sum of losses.

An Omega value greater than one indicates that gains dominate
losses, while a value below one suggests the opposite. Because
the Omega ratio accounts for skewness, kurtosis, and tail
behaviour, it is particularly valuable for analysing assets with
non-normal return distributions, which is common in
commodity markets. Silver, copper, and aluminium often
exhibit fat tails and sudden price jumps, making Omega
especially informative. Rolling computation allows the study to
observe how gain—loss asymmetry changes across time and
market regimes.

Justification for the 180-Day Rolling Window

The choice of a 180-day rolling window is central to the
methodological design. This window length strikes an optimal
balance between sensitivity and stability. Short windows, such
as 30 or 60 days, tend to be overly reactive to short-term
fluctuations, regulatory announcements, or speculative trading,
which may obscure underlying trends. Conversely, very long
windows may dampen the visibility of medium-term structural
changes.

Gold and silver respond differently to macroeconomic forces,
and their relative performance can shift within sub-annual
horizons. A 180-day window captures these medium-term
dynamics effectively, allowing the study to observe
performance during crisis phases, recovery periods, inflationary
episodes, and tightening cycles. The chosen window also aligns
with common analytical horizons used by institutional traders
and portfolio managers, enhancing the practical relevance of the
findings.

Moreover, the three selected metrics, i.e. Sharpe, Sortino, and
Omega, benefit from a sufficiently large sample within each
window to ensure statistical robustness. Very short windows
can produce exaggerated ratios due to unstable denominators,
while overly long windows reduce discriminatory power. The
180-day horizon mitigates both issues.

Visualisation and Comparative Interpretation

To enhance interpretability, the rolling metrics are presented
using multiple visual tools, including line plots, heatmaps,
smoothed heatmaps, and Z-score transformations. Heatmaps
allow quick identification of high-performance and low-
performance regimes across assets and time. Colour intensity
reflects relative strength or weakness, enabling intuitive
comparison.

A smoothing filter is applied to reduce short-term noise and
emphasise persistent patterns. Additionally, volatility-adjusted
colour coding ensures that highly volatile assets do not
dominate visual interpretation. Z-score standardisation further

enables comparison across metrics by expressing performance
relative to each asset’s historical distribution.

These visual techniques collectively support regime
identification, cross-asset comparison, and detection of
structural shifts that may not be apparent from numerical tables
alone.

Generalisability and Methodological Strength

By combining domestic price data, multiple metals, rolling risk-
adjusted metrics, and advanced visualisation, the methodology
offers a comprehensive and flexible framework. While the
empirical focus remains on gold and silver, the approach is
generalisable and can be extended to other commodities or asset
classes. The inclusion of reference metals strengthens inference,
and the rolling framework ensures that conclusions are
grounded in dynamic market behaviour rather than static
averages.

The methodological design ensures that the study captures the
evolving nature of commodity markets in India, aligns closely
with real-world investment practices, and provides a robust
basis for evaluating the comparative performance of gold and
silver.

4. FINDINGS OF THE STUDY

The analysis identifies distinct performance regimes across the
four assets—gold (GLD), silver (SLV), copper (CPR), and
aluminium (ALM), using rolling Sharpe, Sortino, and Omega
ratios. These regimes highlight meaningful differences in
stability, upside potential, and downside risk that are consistent
across numerical results, tables, and graphical visualisations.
Gold (GLD): Gold demonstrates relatively resilient long-term
behaviour, characterised by several strong recovery phases
interspersed with moderate drawdowns. Notable peak
performance occurs during late 2020 to early 2021, when
rolling Sharpe and Sortino ratios rise sharply, supported by
stable returns and contained volatility, while Omega ratios
remain comfortably above unity, indicating gain dominance. A
renewed improvement is observed around mid-2022, coinciding
with heightened global uncertainty, and again in mid-2025,
when all three metrics signal strong relative performance.
However, gold also experiences extended troughs, particularly
during mid-2021 to early 2022 and again in mid-2024, when
Sharpe and Sortino ratios turn negative, reflecting consolidation
phases and elevated downside risk. Despite these periods,
gold’s overall performance remains comparatively stable, with
narrower fluctuations than the other assets.

Silver (SLV): Silver exhibits the most volatile and least stable
risk-adjusted profile among the four assets. Its strongest
performance is observed during the second and third quarters of
2020, when post-pandemic demand supports Sharpe and
Sortino ratios above unity, and Omega values around 1.2-1.3.
A brief improvement is again visible in mid-2022. However,
these positive phases are short-lived and overshadowed by
prolonged periods of underperformance. Most of 2021 to early
2022, as well as late 2023 to early 2024, are marked by persistently
negative Sharpe and Sortino ratios, and Omega values well below
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one, indicating loss-dominant behaviour. These patterns confirm
silver’s heightened volatility and limited stability as an investment
asset.

Copper (CPR): Copper records the strongest upside bursts across
the entire dataset. Its most pronounced positive regime occurs
between late 2022 and early 2023, when rolling Sharpe and Sortino
ratios exceed three and Omega values approach 1.8-1.9, signalling
exceptionally favourable risk-adjusted returns with limited
downside. Another strong phase is evident from late 2020 to mid-
2021, aligned with global economic recovery. These impressive
peaks are counterbalanced by sharp downturns, particularly in mid-
2021 and mid-2024, when Sharpe and Sortino ratios fall below 2,
reflecting rapid corrections and cyclical vulnerability. Copper,
therefore, combines high return potential with substantial volatility.
Aluminium (ALM): Aluminium displays the most extreme
behaviour among all assets. It reaches some of the highest positive
spikes, particularly in early 2023, when Sharpe and Sortino ratios
exceed three and Omega approaches 1.7, indicating exceptionally
strong performance. Secondary peaks appear in late 2020 and late
2022. At the same time, aluminium records the deepest troughs in
the dataset, especially during mid-2021 to early 2022, when Sharpe
and Sortino ratios fall below 3, and Omega drop to around 0.6,
signalling severe loss dominance. Another deterioration is visible
in mid-2024. These patterns confirm aluminium’s highly cyclical
and volatile nature. Cross-Asset Comparative Insights:
Comparative tables and charts clearly establish gold as the most
stable risk-adjusted performer, silver as the most persistently
underperforming asset, and copper and aluminium as high-risk,
high-reward commodities. The year 2023 emerges as a major
positive regime for copper and aluminium, while 2021-2022
represents a broadly adverse phase for most assets, with gold
offering relative resilience at selective points. Heatmaps, smoothed
visualisations, and Z-score transformations reinforce these

conclusions by highlighting regime shifts, volatility cycles, and
relative deviations from long-term performance benchmarks.
Table 1

Cross-Asset Comparative Summary

Metric | Best Assetin Peaks | Weakest Asset in Troughs sl\é (;)slte
Sharpe CPR & ALM (2023 SLV and ALM (deep GLD
surge) negatives)
Sortino CPR & ALM SLV and ALM GLD
Omega CPR & GLD SLV & ALM (various GLD
windows)

Source: Author’s own computations

The analysis highlights several clear and consistent patterns across
the assets examined. Gold (GLD) emerges as the most dependable
performer on a risk-adjusted basis, showing comparatively steady
behaviour even as market conditions fluctuate. Silver (SLV), in
contrast, displays sustained weakness, with long phases of
underperformance that set it apart as the least reliable asset in the
group. Copper (CPR) and aluminium (ALM) stand out for their
ability to generate exceptionally strong upward movements;
however, these gains are accompanied by substantially higher
volatility and much deeper downturns, underscoring their cyclical
and high-risk nature. The results also indicate that the year 2023
marks a distinctly favourable performance phase for both copper
and aluminium, during which their risk-adjusted metrics improve
sharply. Conversely, the period from 2021 to 2022 proves to be
broadly unfavourable for most of the assets under study, with gold
offering relative resilience only at certain points within this
challenging phase.

Chart 1: Combined visualisation of 180 Days Rolling Sharpe, Sortino and Omega Ratios

180-day Rolling Sharpe Ratio (Annualized)
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The three-panel visual brings together a comprehensive
snapshot of performance by presenting the annualised Sharpe
ratio, which captures overall risk-adjusted returns, the
annualised Sortino ratio, which focuses specifically on
downside risk, and the Omega ratio, which reflects the balance
between probability-weighted gains and losses. Viewed
collectively, these measures offer a unified perspective on how
returns and risks evolve across different dimensions.

Each panel plots gold (GLD), silver (SLV), copper (CPR), and
aluminium (ALM) side by side, allowing for direct and intuitive
comparison across assets. This integrated presentation makes it
easier to identify phases of strong or weak performance,
recognise shifts between different market regimes, and observe
asset-specific volatility patterns. At the same time, it clearly
highlights instances where downside risk behaviour, as captured
by the Sortino ratio, diverges from overall volatility reflected in
the Sharpe ratio, thereby offering deeper insight into the nature
of risk across the assets.

Table 2: Rolling Sharpe Ratio with Max/Min Values & Dates

Asset Max Date Max Sharpe Min Date Min Sharpe
GLD 2022-09-15 2.6417 2020-04-28 —2.4977
SLV 2022-01-21 1.7700 2020-11-05 —2.2365
CPR 2023-02-04 3.5895 2022-06-18 —2.8537
ALM 2023-07-20 3.0030 2022-04-01 —3.4231

Source: Author’s own computations

Table 3: Rolling Sortino Ratio with Max/Min Values & Dates

Asset Max Date Max Sortino Min Date Min Sortino
GLD 2022-09-15 2.6156 2020-04-28 -2.1630
SLV 2022-01-21 1.8880 2020-11-05 —2.1238
CPR 2023-02-04 3.3715 2022-06-18 —2.5330
ALM 2023-03-26 3.1277 2022-04-01 -3.0597

Source: Author’s own computations

Table 4: Rolling Omega Ratio with

Max/Min Values & Dates

Asset Max Date Max Omega Min Date Min Omega
GLD 2022-09-15 1.5533 2020-04-28 0.6654
SLV 2022-09-15 1.3781 2020-11-05 0.6893
CPR 2023-02-04 1.8476 2022-06-18 0.5880
ALM 2023-07-20 1.6206 2022-04-01 0.5658

Source: Author’s own computations

A close reading of the three summary tables reveals several
important patterns across the assets. Copper (CPR) and
aluminium (ALM) clearly stand out in terms of upside
potential, recording the highest performance peaks in the
dataset. Both assets achieve Sharpe and Sortino ratios
exceeding 3, along with Omega values above 1.6, most notably
during the early to mid-2023 period, signalling exceptionally
strong risk-adjusted returns during this phase.

At the same time, aluminium also exhibits the most severe
downside behaviour. Around April 2022, ALM records a
Sharpe ratio of —3.42, a Sortino ratio of —3.06, and an Omega
value of 0.566, reflecting extremely unfavourable risk-adjusted
performance and pronounced loss dominance during that
interval. This combination of very high peaks and very deep
troughs highlights aluminium’s highly volatile and extreme
nature.

Gold (GLD), in contrast, emerges as the most stable asset
across the tables. Its performance range is considerably
narrower, with smaller gaps between maximum and minimum
values. Notably, gold’s lowest Omega ratio never falls below
0.66, which is substantially higher than the worst outcomes
observed for copper and aluminium, underscoring its relatively
resilient risk profile.

Silver (SLV) shows consistent underperformance throughout
the period. It rarely reaches high values on the Sharpe, Sortino,
or Omega measures, indicating limited upside potential.
Although its minimum values are broadly comparable to those
of gold, its performance peaks are noticeably weaker,
reinforcing silver’s position as the least robust asset among
those examined.
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Chart 2: Heat Maps — The Three Risk-Return Metrices
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Source: Author’s own computations

The heatmaps provide a clear visual summary of performance
behaviour over time by distinguishing periods of strength and
weakness across the assets. High-performance phases appear as
bright or yellow regions, indicating favourable risk-adjusted
outcomes, while low-performance or trough periods are shown
in darker purple shades, signalling stress or underperformance.
Viewed across the full timeline, these visuals make it easier to
compare how different assets behave relative to one another as
market conditions change.

In the rolling Sharpe ratio heatmap, bright yellow bands mark
windows of exceptionally strong risk-adjusted returns. Copper
(CPR) and aluminium (ALM) display particularly intense peaks
during late 2022 and early 2023, highlighting a powerful
positive regime for these metals. In contrast, deep purple zones
emerge for both assets during the first half of 2022, reflecting
periods of pronounced underperformance. The rolling Sortino
ratio heatmap sharpens this picture by placing greater emphasis
on downside risk. While the same positive spikes for copper
and gold (GLD) remain visible, they appear more defined, and
aluminium stands out with the darkest troughs, confirming
episodes of substantial downside deviation.

Heatmap of Rolling Omega Ratios

w

N

The rolling Omega ratio heatmap shifts the focus to the balance
between gains and losses. Here, copper again dominates with
the highest Omega values, approaching 1.8 in early 2023,
indicating strong gain-dominant behaviour. Silver (SLV),
however, is characterised by extended dark regions, pointing to
long stretches in which losses outweigh gains and overall
performance remains weak.

To enhance interpretability, a 20-day rolling mean is applied to
each of the three metrics—Sharpe, Sortino, and Omega. This
smoothing process reduces short-term noise and filters out
transient spikes, allowing underlying trends to emerge more
clearly. As a result, regime shifts become easier to identify,
peaks and troughs are more clearly defined, and comparisons
across assets become more reliable. Moreover, volatility-
adjusted colour coding is employed by normalising each metric
using its standard deviation. This adjustment prevents assets
with inherently higher variability from dominating the visual
scale, ensuring that the heatmaps represent relative performance
strength rather than differences driven purely by volatility
levels.
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Chart 3: Volatility-Adjusted & Smoothed Sharpe Ratio Heatmap, Volatility-Adjusted & Smoothed Sortino Ratio Heatmap, Volatility-Adjusted & Smoothed Omega
Ratio Heatmap
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Source: Author’s own computations

Once the visual smoothing and adjustments are applied, several
patterns stand out more distinctly across the assets. Gold (GLD)
exhibits a generally stable, mid-range performance over time,
punctuated by occasional bright peaks that signal periods of
improved strength. At the same time, its darker trough regions
during early 2021 to 2022 become more clearly defined,
making the timing and depth of these weaker phases easier to
identify.

Silver (SLV) continues to display pronounced clusters of
underperformance, shown by repeated dark purple regions
spread across multiple periods. The few bright upward
movements that do appear are brief and isolated, underlining
how rare sustained positive regimes are for silver. Copper
(CPR), in contrast, stands out for its exceptional performance
during late 2022 and early 2023, which emerges as the brightest
region across all the heatmaps. In the smoothed visualisation,
this phase appears as a long, uninterrupted band of positive
performance, highlighting a sustained and powerful upswing
rather than a short-lived spike. Aluminium (ALM) shows
similarly extreme behaviour. It records a very strong peak.
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around mid-2023, clearly visible as bright yellow streaks,
indicating periods of outstanding

performance. At the same time, the heatmaps also reveal
aluminium’s deepest downturns around 2022, depicted as dark
purple valleys, confirming that its strongest gains are matched
by equally severe troughs.

Z-Score Heatmaps (standardised across full sample)
These heatmaps are standardised across the full sample,
meaning:
e Each asset’s metric values are transformed into Z-scores
X—HU
7 =
o
A Z-score of +2 means the asset is performing two standard
deviations above its long-term average for that metric.

e A Z-score of -2 means the asset is performing two
standard deviations below its long-term average.

This allows fair comparisons because Sharpe, Sortino, and

Omega are on different numeric scales.

They show relative highs and lows, not absolute values, which

are ideal for identifying regimes, comparing assets with
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different volatilities and detecting abnormal performance
periods.

Chart 4: Heat Maps — Z-Score

Source: Author’s own computations

In the Z-score heatmaps, the bright yellow regions represent
strongly positive Z-scores, signalling periods of exceptional
performance when an asset is performing well above its own
historical average. In contrast, the deep purple areas correspond
to strongly negative Z-scores, highlighting phases of stress or
sustained underperformance relative to the asset’s typical
behaviour.

Several clear patterns emerge from these visualisations. Gold
(GLD) displays clusters of positive Z-scores in late 2022 and
again around mid-2025, indicating phases of notable
outperformance, while negative Z-score regions are
concentrated mainly during the 2020-2021 period. Silver
(SLV), by comparison, shows predominantly negative Z-scores
across much of the timeline, reflecting persistent weakness.
Although occasional upward spikes do appear, they are
infrequent and less pronounced than those observed for the
other assets.

Copper (CPR) exhibits the strongest and most prominent
positive Z-score regions, particularly in early 2023. These
periods align closely with its largest rolling Sharpe and Omega
peaks, confirming phases of exceptional risk-adjusted
performance. Aluminium (ALM) also records very high
positive Z-scores around mid-2023, signalling significant
outperformance. At the same time, aluminium experiences
some of the deepest negative deviations in 2022, with Z-scores
falling well below 2, underscoring the severity of its downturn
during that phase.

Z-Score Heatmap of Rolling Sharpe Ratios
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5. DISCUSSIONS

The central objective of this dissertation was to evaluate and
compare the risk-adjusted performance of gold and silver in the
Indian commodity market over a period characterised by
heightened economic uncertainty, structural disruptions, and
pronounced market cycles. Using daily data from June 2019 to
September 2025 and applying 180-day rolling Sharpe, Sortino,
and Omega ratios, the study provides a dynamic assessment of
how these metals behave across different market regimes.
Although gold and silver remain the core focus, the inclusion of
copper and aluminium serves an important comparative purpose
by anchoring the analysis against industrial metals whose
behaviour is more closely tied to economic expansion and
contraction. The discussion synthesises insights derived from
rolling metrics, heatmaps, smoothed visualisations, and Z-score
transformations to offer a nuanced understanding of commodity
performance in the Indian context.

Gold emerges from the analysis as the most stable and resilient
asset among the four metals examined. Across the entire study
period, gold’s rolling Sharpe and Sortino ratios fluctuate within
a relatively narrow band, indicating moderate but consistent
risk-adjusted returns. Periods of heightened performance,
particularly during late 2020 to early 2021, mid-2022, and mid-
2025, coincide with episodes of global uncertainty, inflationary
concerns, and risk-off investor sentiment. These patterns are
consistent with gold’s widely recognised role as a safe-haven
asset. Importantly, even during adverse phases such as 2021-
2022 and mid-2024, gold’s downside deviations remain
contained relative to the other metals. This is clearly reflected
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in the Sortino ratio, which shows that negative volatility does
not escalate disproportionately during drawdowns.

The Omega ratio further reinforces gold’s defensive
characteristics. Gold’s Omega values remain predominantly
above unity during favourable periods and, crucially, do not fall
to extreme lows during market stress. This implies that, even in
weaker phases, the balance between gains and losses remains
relatively stable. Heatmap visualisations corroborate this
observation, showing gold as occupying persistent mid-range
colour bands with intermittent bright patches rather than abrupt
transitions between extremes. Z-score transformations confirm
that gold rarely deviates drastically from its historical
performance distribution, underscoring its role as an anchor
asset within commodity portfolios.

Silver, by contrast, exhibits a markedly different performance
profile. The rolling Sharpe and Sortino ratios for silver reveal
prolonged stretches of negative values, particularly during 2021
to early 2022 and again from late 2023 to early 2024. These
extended periods of underperformance are not merely short-
term anomalies but reflect deeper structural volatility. Silver’s
dual nature, as both a precious metal and an industrial input,
exposes it to fluctuations in manufacturing demand, speculative
trading, and supply-chain disruptions. As a result, its downside
risk tends to be more severe and persistent than that of gold.
The disparity between silver’s Sharpe and Sortino ratios is
especially revealing. In many periods, the Sortino ratio
deteriorates more sharply than the Sharpe ratio, indicating that
losses contribute disproportionately to volatility. This
asymmetry suggests that silver’s risk profile is skewed towards
negative outcomes, a feature that is further highlighted by the
Omega ratio. Silver frequently records Omega values below
one, signifying that probability-weighted losses exceed gains
across many rolling windows. Heatmaps depict silver as
dominated by dark regions with only sporadic bright intervals,
and the smoothed versions confirm that positive regimes are
both infrequent and short-lived. Z-score visualisations reinforce
this narrative by showing silver clustered in negative deviation
zones relative to its own historical average.

Copper presents a contrasting case marked by extreme
cyclicality. Among all assets studied, copper generates the
highest peaks in rolling Sharpe, Sortino, and Omega ratios,
particularly during late 2022 and early 2023. These exceptional
performance windows reflect strong global economic recovery,
renewed industrial demand, and optimism surrounding
infrastructure and energy transitions. During these phases,
copper’s risk-adjusted returns exceed even those of gold, as
indicated by Sharpe and Sortino ratios surpassing three and
Omega ratios approaching two. Such performance is visually
striking in the heatmaps, where copper dominates the brightest
regions.

However, copper’s exceptional upside is counterbalanced by
equally pronounced downturns. During mid-2021 and mid-
2024, copper’s rolling metrics fall sharply into negative
territory, highlighting its vulnerability to economic slowdowns,
tightening financial conditions, and demand shocks. These deep
troughs underscore copper’s sensitivity to macroeconomic

cycles and its unsuitability as a stabilising asset. The smoothed
and Z-score heatmaps make clear that copper operates in
distinct regimes, alternating between prolonged strength and
abrupt weakness. This behaviour underscores copper’s role as a
high-beta, growth-linked commodity rather than a defensive
investment.

Aluminium exhibits the most extreme behaviour among the
four metals. Its performance is characterised by dramatic
swings between exceptional peaks and severe troughs. During
early and mid-2023, aluminium records some of the highest
rolling Sharpe and Sortino ratios in the dataset, reflecting strong
price appreciation combined with temporarily subdued
downside risk. At the same time, aluminium experiences the
deepest drawdowns, particularly during 2022, when its Sharpe
and Sortino ratios plunge well below those of other assets, and
its Omega ratio reaches the lowest observed values. This pattern
reflects aluminium’s heavy dependence on energy costs, supply
disruptions, and industrial demand, making it highly sensitive to
both global and domestic shocks.

Visual analysis plays a crucial role in synthesising these
findings. Rolling line plots illustrate the timing and persistence
of performance regimes, while heatmaps provide a compact
representation of cross-asset behaviour over time. The
application of smoothing filters removes short-term noise and
highlights structural patterns, such as copper’s sustained
strength  during 2022-2023 and silver’s  prolonged
underperformance. Volatility-adjusted colour coding ensures
that assets with inherently higher variability do not dominate
interpretation, while Z-score transformations allow performance
to be evaluated relative to each asset’s own historical
distribution. Together, these tools reveal that risk-adjusted
performance in commodities is highly time-dependent and
regime-specific.

Implications for Investors and Portfolio Strategy

The findings of this study carry important implications for
investors and portfolio construction in the Indian context.
Gold’s consistent and comparatively stable performance
supports its continued role as a core allocation for risk-averse
and long-term investors. Its ability to deliver moderate risk-
adjusted returns while limiting downside exposure makes it
particularly valuable during periods of macroeconomic stress,
inflationary uncertainty, and financial market volatility. Gold’s
behaviour across multiple regimes indicates that it can function
both as a hedge and as a stabilising component within
diversified portfolios.

Silver’s performance suggests a more limited and conditional
role. Given its prolonged periods of negative risk-adjusted
returns and pronounced downside risk, silver appears unsuitable
as a primary long-term holding for conservative investors.
Instead, its inclusion may be justified only in small allocations
or during anticipated industrial upcycles when rolling metrics
indicate a transition into positive regimes. Investors seeking
exposure to silver must therefore rely on active monitoring and
tactical positioning rather than static allocation strategies.
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Copper and aluminium offer opportunities for investors with
higher risk tolerance and the capacity to time economic cycles.
Their exceptional upside potential during expansionary phases
can significantly enhance portfolio returns, but this comes at the
cost of heightened volatility and deep drawdowns during
downturns. As such, these metals are better suited for tactical
allocation strategies, where exposure is increased during
favourable regimes and reduced or hedged during periods of
stress. The study highlights the importance of dynamic risk
assessment and rolling metrics in guiding such decisions.
Overall, the results underscore the limitations of relying on
static, full-period averages when allocating across commodities.
Rolling risk-adjusted measures provide early signals of regime
shifts, enabling investors to adjust exposures proactively.
Incorporating metrics such as the Omega ratio, which captures
gain-loss asymmetry, further enhances decision-making by
revealing whether returns are driven by favourable probability
structures or by volatile extremes.

Synthesis of Key Observations

Synthesising the evidence across all metrics and visualisations,
several consistent themes emerge. Gold stands out as the most
reliable and resilient asset, characterised by moderate peaks,
shallow troughs, and a stable balance between gains and losses.
Silver, despite its classification as a precious metal, exhibits
persistent underperformance and heightened downside risk,
limiting its effectiveness as a safe-haven asset in the Indian
market. Copper and aluminium dominate in terms of upside
potential, delivering extraordinary returns during favourable
regimes, but they also suffer the most severe collapses,
reflecting their strong linkage to industrial cycles and
macroeconomic conditions.

The temporal dimension of performance is critical. The analysis
reveals that 2021-2022 was a challenging phase for most
metals, particularly industrial ones, while 2022—-2023 marked a
pronounced bullish regime for copper and aluminium. Gold’s
renewed strength in 2025 further demonstrates its sensitivity to
shifting macroeconomic narratives. These regime shifts
highlight that commodity performance cannot be understood
through static classification alone; instead, it evolves in
response to complex interactions between global shocks,
domestic factors, and investor behaviour.

The combined use of rolling Sharpe, Sortino, and Omega ratios,
supported by smoothed and standardised visualisations, proves
effective in capturing these dynamics. Each metric contributes a
distinct perspective: Sharpe reflects overall risk-adjusted
returns, Sortino isolates downside risk, and Omega captures
distributional asymmetry. Together, they provide a
comprehensive  framework for evaluating commodity
performance over time. The findings reaffirm that gold
functions as a strategic stabiliser, silver as a volatile and
cyclical asset with limited defensive value, and copper and
aluminium as high-risk, high-reward instruments best deployed
tactically. This synthesis reinforces the central conclusion that
dynamic, context-specific  analysis is  essential for
understanding and navigating commodity markets in India.

Implications and Recommendations

Implications for Investors and Portfolio Allocation

The findings of this study have direct relevance for investors
seeking exposure to commodity assets within the Indian
financial landscape. The comparative analysis clearly indicates
that gold continues to occupy a central position as a relatively
stable and dependable asset. Its consistent risk-adjusted
performance and comparatively mild downside deviations make
it particularly suitable for long-term investors who prioritise
capital preservation and portfolio stability. Gold’s behaviour
across multiple market regimes suggests that it can function
both as a hedge during periods of macroeconomic stress and as
a steady return contributor during more stable conditions.
Silver, on the other hand, demonstrates a far more uneven
performance profile. Extended periods of negative risk-adjusted
returns and pronounced downside volatility imply that silver
may not be appropriate as a core portfolio holding for
conservative investors. Its role appears more conditional, with
potential usefulness arising primarily during specific phases of
industrial expansion or speculative momentum. Consequently,
silver exposure should be approached with caution and framed
within a tactical rather than strategic allocation mindset.
Industrial metals such as copper and aluminium offer
substantial upside potential but introduce significantly higher
risk. Their sharp performance swings highlight the importance
of timing and active allocation decisions. While these metals
can enhance returns during favourable economic cycles, their
deep drawdowns underscore the need for careful sizing and
diversification within portfolios.

Implications for Risk Management

From a risk management perspective, the study reinforces the
importance of adopting dynamic and forward-looking
assessment tools when dealing with commodity assets. The
rolling nature of the Sharpe, Sortino, and Omega ratios reveals
that risk characteristics are not static but evolve continuously in
response to changing market conditions. Reliance on single-
period or long-term average measures may therefore obscure
emerging vulnerabilities or opportunities.

The divergence observed between total volatility and downside
risk, particularly in the case of silver and industrial metals,
highlights the need for downside-focused metrics in risk
monitoring frameworks. Metrics such as the Sortino and Omega
ratios provide more nuanced insight into loss-dominant regimes
and should be incorporated alongside traditional volatility
measures. The results suggest that gold requires comparatively
less frequent risk intervention, whereas industrial metals
demand closer and more proactive oversight due to their
susceptibility to abrupt regime shifts.

Implications for Hedgers and Commodity Traders

For hedgers and commodity traders, especially those with
operational exposure to metals such as copper, aluminium, or
silver, the findings underscore the necessity of regime-aware
hedging strategies. The deep troughs observed in industrial
metals demonstrate that hedging requirements intensify during
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downturns, when price volatility and downside risk escalate
rapidly. Rolling risk-adjusted metrics and Z-score signals can
serve as early warning indicators, allowing hedgers to adjust
coverage levels before losses become severe.

Traders can also benefit from the study’s emphasis on gain—loss
asymmetry captured by the Omega ratio. Periods where Omega
values rise substantially above unity signal favourable reward
conditions, while values below one indicate environments
dominated by losses. Such insights can support more
disciplined entry and exit decisions, particularly in highly
cyclical metals. Gold’s comparatively smoother profile suggests
that it may require less aggressive trading strategies, while
silver and industrial metals demand more active positioning.

Implications for Policymakers and Market Analysts

At a broader level, the study offers useful insights for
policymakers and market analysts concerned with the stability
and efficiency of India’s commodity markets. The differentiated
responses of precious and industrial metals to global shocks,
inflationary pressures, and economic cycles highlight the
heterogeneous nature of commodity risk transmission. Gold’s
resilience during stress periods contrasts sharply with the
vulnerability of silver and industrial metals, underscoring the
importance of asset-specific monitoring rather than uniform
regulatory assumptions.

The findings also demonstrate how global macroeconomic
developments are reflected in domestic commodity prices,
reinforcing the relevance of domestic exchanges such as MCX
in transmitting international signals. For analysts, the study
illustrates the value of dynamic visualisation and rolling metrics
in identifying regime changes, which can improve forecasting
accuracy and policy interpretation.

Recommendations

For investors, the evidence supports maintaining gold as a
foundational component of diversified portfolios, particularly
for those with long-term horizons or lower risk tolerance. Silver
exposure should be limited and aligned with clear expectations
of industrial recovery or favourable momentum, rather than
treated as a substitute for gold. Industrial metals such as copper
and aluminium should be approached selectively, with
allocations adjusted in line with evolving macroeconomic
conditions and supported by robust risk controls.

Portfolio managers are encouraged to move beyond static
evaluation techniques and adopt rolling performance measures
as part of their regular monitoring processes. Incorporating
downside-focused and distribution-sensitive metrics such as the
Sortino and Omega ratios can enhance portfolio construction
and rebalancing decisions. Dynamic allocation strategies that
respond to regime shifts are likely to outperform rigid, buy-and-
hold approaches in commodity markets.

For hedgers and corporate treasury managers, the study
highlights the importance of active hedging policies,
particularly for industrial metals. Exposure should be reviewed
frequently, and hedging intensity adjusted based on rolling risk
indicators rather than fixed thresholds. Gold may serve as a

strategic hedge against broader macroeconomic uncertainty,
while silver and industrial metals require more granular and
responsive management.

Finally, future researchers may build upon this work by
extending the analysis to additional commodities, exploring
alternative rolling windows, or integrating macroeconomic and
behavioural variables into performance modelling. The
application of machine-learning techniques for regime detection
and forecasting represents another promising avenue. Such
extensions would further enrich understanding of commodity
dynamics in the Indian context and support more informed
decision-making across stakeholder groups.

Future Scope of Research

While the present study offers a detailed and contextually
grounded assessment of the comparative performance of gold
and silver in India using rolling risk—return metrics, it also
opens several promising avenues for further academic inquiry.
The scope for future research emerges from methodological
possibilities, data expansion, and the evolving structure of
commodity and financial markets. Building on the analytical
framework established here, subsequent studies can deepen and
broaden the understanding of commodity behaviour in the
Indian setting.

One important direction for future research lies in expanding
the range of assets examined. Although this study incorporates
copper and aluminium as reference metals, including a wider
set of precious and industrial commodities, e.g. platinum,
palladium, nickel, zinc, or even energy commodities like crude
oil, could offer richer insights into inter-commodity linkages.
Such an expanded universe would enable researchers to
investigate cross-sector diversification benefits and examine
how shocks transmit across different segments of the
commodity market.

Another meaningful extension involves experimenting with
alternative rolling window lengths and multi-horizon analyses.
The 180-day rolling window used in this study balances
responsiveness and stability, but shorter windows may be better
suited for identifying short-term trading signals, while longer
windows may capture long-run structural trends. Comparative
analyses across multiple window lengths could reveal how risk-
adjusted performance evolves across different investment
horizons, particularly during periods of financial stress or
macroeconomic transition.

There is also considerable scope for integrating macroeconomic
and global wvariables more explicitly into performance
modelling. Commodity prices are influenced by a complex
interplay of inflation dynamics, monetary policy actions,
exchange rate movements, industrial output, and geopolitical
developments. Future research could employ multivariate or
econometric models that link rolling performance metrics with
such explanatory variables, thereby offering a more causal or
predictive interpretation of observed regimes. Advances in data
availability and computational techniques further widen the
research frontier. The use of high-frequency or intraday data
could facilitate short-term volatility and microstructure
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analyses, particularly for actively traded metals. In addition,
machine-learning approaches, e.g. long short-term memory
networks, random forests, or regime-detection algorithms,
could be applied to identify turning points and performance
regimes more precisely than traditional rolling methods. These
techniques may prove especially useful for forecasting and
algorithmic trading applications.

Another promising avenue relates to portfolio construction and
optimisation. Future studies could evaluate dynamic asset
allocation strategies guided by rolling Sharpe, Sortino, or
Omega signals and compare their performance against static
allocation benchmarks. Such work would directly test the
practical value of dynamic risk-adjusted metrics in improving
portfolio efficiency and downside protection.

Finally, behavioural finance perspectives remain underexplored
in the context of commodity markets. Investor sentiment,
speculative behaviour, and information flows can play a
significant role in shaping short-term price movements,
particularly in assets such as silver. Incorporating sentiment
indicators derived from news analytics or social media could
add a behavioural dimension to performance analysis.

The future scope of research is broad and multidisciplinary. By
extending asset coverage, refining methodologies, incorporating
macroeconomic and behavioural factors, and adopting
advanced analytical tools, future studies can build upon this
work to further enhance understanding of commodity
performance in India and support more informed decision-
making across investor, policy, and academic communities.

6. CONCLUSION

This dissertation set out to examine the comparative investment
performance of gold and silver in the Indian context during a
period marked by significant economic disruption and market
volatility. By employing 180-day rolling Sharpe, Sortino, and
Omega ratios, the study moved beyond static performance
evaluation and captured the evolving risk—return characteristics
of these metals across different market regimes. The analysis
clearly demonstrates that gold and silver exhibit fundamentally
different behavioural patterns in India, shaped by their distinct
economic roles and market sensitivities.

The findings consistently identify gold as the most stable and
resilient asset among those examined. Across multiple phases
of uncertainty, ranging from the COVID-19 pandemic to
inflationary  pressures and geopolitical tensions, gold
maintained comparatively favourable risk-adjusted performance
and displayed limited downside vulnerability. Its performance
confirms gold’s long-standing role as a reliable hedge and a
stabilising element within investment portfolios, particularly in
an environment characterised by macroeconomic uncertainty.
Silver, in contrast, shows a far less consistent performance
profile. Its higher volatility, prolonged periods of negative risk-
adjusted returns, and weaker gain—loss balance reflect its dual
identity as both a precious and an industrial metal. While silver
does experience intermittent phases of improved performance,
these episodes are typically short-lived and insufficient to offset
extended periods of underperformance. As a result, silver

appears more suited to tactical or cyclical investment strategies
rather than long-term wealth preservation.

The inclusion of copper and aluminium as reference metals
strengthens these conclusions by highlighting the extremes of
industrial commodity behaviour. Their strong upside potential
during economic expansions is matched by deep drawdowns
during downturns, underscoring the contrast between stability-
oriented precious metals and growth-sensitive industrial metals.
The study demonstrates the value of dynamic, rolling risk-
adjusted metrics in understanding commodity performance. It
provides clear empirical support for gold’s position as India’s
most dependable investment metal, while emphasising the
conditional and riskier nature of silver. By combining robust
methodology with domestically relevant data, the research
offers meaningful insights for investors, analysts, and
policymakers, and establishes a solid foundation for future
research into India’s commodity markets.
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