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Highlights

« Adding Bitcoin generally increases portfolio returns and often improves risk-adjusted performance.
« Bitcoin has very low correlation with Iranian assets, so it can act as a useful diversifier.

« The study employs a time-varying parameter OLS (TVP-OLS) approach.

« Under Mean-Variance, Bitcoin looks more attractive.

» Under CVaR, tail-risk is captured better, showing Bitcoin can increase downside risk significantly.
« In the Iranian portfolio context, even a small Bitcoin allocation can boost performance, especially
during high-return periods.

Abstract

This research evaluates the impact of Bitcoin allocation on investment portfolios using both
Mean-Variance and Conditional Value-at-Risk (CVaR) optimization frameworks. In this
study, by imposing a no-short selling constraint, the role of Bitcoin within a diversified
portfolio of the Iranian capital market is analyzed. To rigorously assess performance, the
Sortino and Omega ratios are compared across two scenarios: with and without Bitcoin
inclusion. Empirical findings indicate that Bitcoin allocation significantly enhances portfolio
performance, as the benefits derived from improved risk-adjusted returns outweigh the risks
associated with the increased volatility. The results corroborate the strategic position of Bitcoin
as an effective tool for the portfolio diversification. This study provides practical insights for
the investors who are seeking to optimize their risk-return profile in emerging markets,
demonstrating that despite its inherent volatility, Bitcoin serves as a robust asset class for
enhancing overall portfolio efficiency and achieving superior performance under constrained
market conditions.
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Introduction

Markowitz’s (1952) mean-variance framework remains a cornerstone
of financial theory, providing the foundational mechanism for achieving
an “efficient frontier” by optimizing the return-volatility trade-off. While
historically developed for traditional assets, the maturation of modern
markets has expanded this scope to include a diverse array of physical and
emerging digital assets—a paradigm shift requiring a nuanced
understanding of risk, liquidity, and returns (Hamao & Masulis, 1990;
Pyun et al., 2000).

Nakamoto (2008) introduced Bitcoin as a decentralized, anti-
inflationary store of value designed to address the inefficiencies and high
transaction costs of traditional banking systems. As the most established
cryptocurrency, Bitcoin serves as an ideal representative for this study. A
critical question arises: can Bitcoin be effectively integrated into a
traditional asset portfolio as a long-term store of value?

Existing literature validates Bitcoin as a legitimate financial asset, with
value driven by supply-demand dynamics similar to commodities like gold
(Corbet et al., 2018; Dyhrberg, 2016). Research consistently identifies
Bitcoin’s low correlation with traditional assets as a key characteristic,
positioning it as an effective tool for diversification (Baumohl, 2018).
While studies have explored various aspects of digital currencies—
including volatility (Katsiampa, 2017), liquidity (Dyhrberg et al., 2018),
and price formation (Brauneis & Mestel, 2018)—most remain anchored in
U.S. or global market perspectives.

Given that market adoption and regulatory environments significantly
influence asset behavior, there is a clear research gap regarding the impact
of “portfolio localization.” This study addresses this need by investigating
the inclusion of Bitcoin within the context of the Iranian stock market,
where specific transaction restrictions and unique economic conditions
offer a distinct empirical environment.

Methodology

This study investigates the impact of Bitcoin on portfolio
diversification using historical data from the Iranian market. We construct
efficient frontiers—both with and without Bitcoin—adopting the
optimization approach of Eisl et al. (2015) to evaluate shifts in asset
allocation and risk-adjusted performance.

The portfolio comprises the top 50 companies index, Etemad-Afarin
Parsian fixed-income fund, and the Lotus Gold Fund. Aligning with Briére
etal. (2015), we apply a “long-only” constraint to reflect Iranian regulatory
standards, while introducing a “semi-constrained” model that specifically
prohibits short-selling for Bitcoin. Portfolio weights are determined via
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Mean-Variance and Conditional Value at Risk (CVaR) optimization in
MATLAB.

While Markowitz’s (1952) Mean-Variance framework relies on
symmetric variance, it fails to distinguish between upside potential and
downside risk. To better protect against extreme losses, we employ CVaR
at a 5% significance level. As a coherent risk measure (Artzner et al.,
1999), CVaR quantifies expected losses beyond the VaR threshold. To
address the non-normal distribution of Bitcoin returns, we use an empirical
historical approach, applying 6-month rolling windows (120 observations)
to derive CVaR without parametric assumptions.

To account for non-normal return distributions (Smetters & Zhang,
2014), we evaluate portfolio performance using:

e Sortino Ratio: Focuses exclusively on downside deviation to
assess risk-adjusted returns.

¢ Omega Ratio: Measures the probability-weighted ratio of gains
to losses relative to a zero-return threshold (Keating &
Shadwick, 2002), providing a robust, distribution-independent
metric for performance.

Results and Discussion

Our analysis demonstrates that incorporating Bitcoin consistently
improves portfolio performance. However, the evaluation reveals a critical
divergence between traditional and risk-focused frameworks.

Bitcoin’s performance is primarily driven by its high price appreciation
and low correlation (< 0.1) with Iranian assets. While rational investors
would only allocate a small fraction to Bitcoin—prioritizing Gold and
ETFs—the portfolio optimization models suggest aggressive positioning.
In both Mean-Variance and CVaR frameworks, the RiskyFraction exceeds
1, indicating that the portfolio is fully invested with additional leverage
utilized to maximize exposure to the risky asset bundle.

The most significant finding is the stark contrast in Sortino ratios when
accounting for Bitcoin’s non-normal, “fat-tailed” distribution:

e Mean-Variance Framework: Bitcoin artificially inflates the
Sortino ratio (increasing it from 2.64 to 3.92). By relying on
standard deviation, this model fails to account for extreme
negative fluctuations, leading to an overestimation of risk-
adjusted performance.

¢ CVaR Framework: By explicitly modeling tail risk, the CVaR
approach provides a more realistic, albeit cautious, assessment.
In this model, the Sortino ratio drops (from 12.94 to 6.69),
exposing the significant potential for extreme losses that
traditional metrics overlook.
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Ultimately, while the Mean-Variance model suggests Bitcoin is an
unqualified success, the CVaR framework reveals that Bitcoin’s superior
returns must be weighed against substantial downside risk. These results
underscore that portfolio efficiency is highly sensitive to the chosen risk-
modeling methodology when incorporating volatile digital assets.

Conclusions

This study evaluates the role of Bitcoin in portfolio diversification
through a dual-optimization approach utilizing Mean-Variance and
Conditional Value-at-Risk (CVaR) frameworks. Under strict ‘long-only’
constraints, we assessed portfolio performance via Sortino and Omega
ratios. Our empirical results demonstrate that Bitcoin systematically
enhances risk-adjusted returns, primarily by capturing significant price
appreciation rather than through volatility reduction. Ultimately, this
research validates Bitcoin’s efficacy as a robust diversification instrument,
even within the constrained regulatory environment of the Iranian market.
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