ACCOUNTING, FINANCE AND COMPUTATIONAL INTELLIGENCE

Optimal Cryptocurrency Portfolio Management Model Based on
Futures Contracts Using the Markowitz Model and Data
Envelopment Analysis

Article history
1. Yahya Goli Tavani®: PhD Student, Department of Accounting, Fi.C., Islamic Azad e
University, Tehran, Iran
Received: 21 January 2026
Revised: 15 June 2026

2. Zahra Yousefi Amin*©: Department Accounting, Fi.C., Islamic Azad University, Tehran, eve une

Iran. Email: z.yousefi@iaufb.ac.ir (Corresponding Author) Accepted: 22 June 2026

Initial Publish: 15 July 2026

3. Marzieh Ebrahimi Shaghaghi: Department of Accounting, Shahr.C., Islamic Azad University, Tehran, ) A
Final Publish: 23 October 2027

—

Iran

Abstract:

The present study aimed to develop an integrated model for optimal cryptocurrency portfolio management based on futures
contracts using the Markowitz portfolio optimization model and Data Envelopment Analysis (DEA) to simultaneously optimize
return, risk, and investment efficiency. This applied quantitative study employed a mathematical modeling approach. The
statistical sample consisted of 20 selected cryptocurrencies from the global cryptocurrency market over the 2019-2024
period. Historical price and return data were collected from reputable financial databases. In the first stage, optimal asset
allocation was determined using an extended Markowitz optimization framework. Subsequently, the relative efficiency of
cryptocurrencies and generated portfolios was evaluated through network DEA. Expected return, portfolio risk, and efficiency
indicators were used to assess investment performance and compare alternative portfolio structures. The results revealed a
positive relationship between risk and expected return in cryptocurrency markets. Portfolio diversification significantly
improved the efficient frontier and enhanced risk-adjusted performance. The Markowitz optimization process allocated
higher weights to assets with superior risk—return characteristics, with Bitcoin and Ethereum emerging as core portfolio
components. Efficient frontier analysis demonstrated that the selected portfolio achieved a more favorable risk—return
tradeoff than competing alternatives. Furthermore, DEA results indicated that the combined use of portfolio optimization
and efficiency evaluation effectively identified superior cryptocurrency investment structures. The integration of spot
investments and futures contracts reduced portfolio risk and improved risk-adjusted returns, confirming the effectiveness of
the proposed framework. The integrated Markowitz—DEA framework provides an effective decision-support tool for
cryptocurrency portfolio management by improving asset allocation efficiency, reducing investment risk, and enhancing
overall portfolio performance. The proposed model offers practical implications for investors, portfolio managers, and
financial decision-makers operating in highly volatile digital asset markets.
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Extended Abstract

Introduction

The rapid expansion of cryptocurrency markets has transformed the landscape of global financial investment and
introduced a new asset class characterized by high returns, substantial volatility, and increasing institutional participation.
Since the emergence of Bitcoin and the subsequent development of thousands of digital assets, cryptocurrencies have
attracted considerable attention from investors seeking diversification opportunities and enhanced portfolio performance.
However, the extreme price fluctuations and uncertainty associated with these assets have simultaneously increased the
importance of effective portfolio management and risk control strategies (Brauneis & Mestel, 2019; Jiang & Liang, 2017).

Traditional portfolio theory emphasizes the importance of balancing expected returns and risk through diversification. The
Markowitz mean-variance framework remains one of the most influential approaches for determining optimal asset
allocation. Nevertheless, the unique characteristics of cryptocurrency markets—including non-normal return distributions,
high volatility, liquidity variations, and dynamic correlations—challenge the assumptions underlying conventional portfolio
optimization models (Holovatiuk, 2020; Platanakis & Urquhart, 2019). Consequently, researchers have sought to adapt and
extend classical portfolio management approaches to accommodate the distinctive features of digital assets.

A growing body of literature has examined the diversification benefits of cryptocurrencies and their role in investment
portfolios. Studies have demonstrated that incorporating cryptocurrencies into traditional portfolios may improve risk-
adjusted returns and create diversification advantages under specific market conditions (Adhami & Guegan, 2019; Aliu et al.,
2021). Furthermore, systematic reviews have highlighted the potential hedging and safe-haven characteristics of selected
cryptocurrencies, while also emphasizing the significant risks associated with these assets (Almeida & Gongalves, 2022). Other
investigations have shown that cryptocurrency portfolio performance is strongly influenced by volatility, liquidity, estimation
errors, and changing market structures (Malladi, 2022; Nguyen et al., 2020).

Recent developments in cryptocurrency markets have introduced increasingly sophisticated investment instruments,
including futures contracts, decentralized finance (DeFi) products, stablecoins, and other blockchain-based financial
innovations. These instruments offer investors additional opportunities for risk management and portfolio optimization.
Futures contracts, in particular, enable investors to hedge against adverse price movements and manage market exposure
more effectively (Chopra et al., 2023; Oben et al., 2025). At the same time, advances in machine learning and artificial
intelligence have provided new approaches for cryptocurrency forecasting and portfolio construction, demonstrating
superior performance in certain investment environments (Kim, 2024; Song, 2025).

Despite these advancements, significant gaps remain in the literature. Most previous studies have focused either on
portfolio optimization or on risk assessment separately, while relatively few have integrated futures contracts, portfolio
optimization models, and efficiency evaluation methods within a unified framework. Additionally, many studies emphasize
return and risk indicators without evaluating the relative efficiency of different investment alternatives. Therefore, there is a
need for comprehensive models capable of simultaneously addressing return maximization, risk reduction, and investment
efficiency assessment (Boiko et al., 2021; Ghanbari et al., 2024).

To address this gap, the present study develops an integrated cryptocurrency portfolio management model based on

futures contracts, the Markowitz optimization framework, and Data Envelopment Analysis (DEA). By combining portfolio
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optimization and efficiency evaluation techniques, the proposed model seeks to identify superior cryptocurrency portfolios
capable of achieving higher risk-adjusted returns while maintaining effective risk control.

Methods and Materials

This study employed an applied quantitative research design based on mathematical modeling and computational
simulation. The research population consisted of cryptocurrencies actively traded in global digital asset markets. A purposive
sampling approach was adopted to select representative cryptocurrencies according to criteria including market
capitalization, liquidity, historical data availability, trading volume, and accessibility through major cryptocurrency exchanges.

The dataset covered the period from 2019 to 2024 and included historical information related to cryptocurrency prices,
returns, volatility, and market characteristics. Twenty cryptocurrencies were selected as decision-making units for portfolio
construction and efficiency evaluation. Data were collected from recognized international financial databases and
cryptocurrency market platforms.

The research methodology was implemented in several stages. First, data extraction, cleaning, and standardization
procedures were conducted to ensure data consistency and reliability. Descriptive statistical analyses were subsequently
performed to evaluate return distributions, volatility characteristics, and market behavior.

Second, the Markowitz portfolio optimization model was applied to determine optimal asset allocation weights. The
optimization process aimed to minimize portfolio risk while satisfying expected return requirements. Covariance and
correlation matrices were calculated to evaluate relationships among cryptocurrencies and to identify diversification
opportunities.

Third, efficient frontier analysis was conducted to generate alternative portfolio combinations and identify portfolios
exhibiting the most favorable risk-return characteristics. The efficient frontier was used to evaluate the trade-off between
risk and expected return across different portfolio structures.

Finally, Data Envelopment Analysis was employed to assess the relative efficiency of the selected cryptocurrencies and
optimized portfolios. In the DEA framework, variables related to investment resources, volatility, and risk were considered as
inputs, while return measures and market value indicators were treated as outputs. This approach enabled the identification
of cryptocurrencies capable of generating superior outcomes with relatively lower resource consumption and risk exposure.

The integration of Markowitz optimization and DEA provided a comprehensive framework for evaluating both financial
performance and operational efficiency within cryptocurrency investment portfolios.

Findings

The descriptive analysis revealed substantial differences in return and volatility characteristics among the selected
cryptocurrencies. Major cryptocurrencies such as Bitcoin and Ethereum demonstrated relatively stable performance
compared with smaller digital assets while maintaining attractive expected returns. Conversely, several smaller
cryptocurrencies exhibited higher volatility levels and more unstable return patterns.

The analysis of return distributions indicated that cryptocurrency returns did not follow a normal distribution. Significant
skewness, kurtosis, and heavy-tail behavior were observed across the dataset. Extreme positive and negative price
movements occurred more frequently than predicted by conventional financial models, confirming the highly uncertain

nature of cryptocurrency markets.
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Correlation and covariance analyses showed varying levels of interdependence among cryptocurrencies. The strongest
relationship was observed between Bitcoin and Ethereum, suggesting limited diversification benefits when these assets are
combined exclusively. Lower correlation coefficients among several alternative cryptocurrencies indicated greater
opportunities for risk reduction through diversification.

The Markowitz optimization results demonstrated that asset weights were distributed unevenly across the portfolio.
Bitcoin and Ethereum received the largest portfolio allocations due to their favorable risk-return characteristics, high liquidity,
and substantial market capitalization. Other major cryptocurrencies also obtained meaningful allocations, while assets
characterized by excessive volatility, lower expected returns, or high correlations received smaller portfolio weights.

Efficient frontier analysis confirmed a positive relationship between risk and expected return. However, this relationship
was nonlinear, indicating diminishing marginal returns at higher risk levels. Portfolios located on the efficient frontier
outperformed alternative combinations by generating higher expected returns for equivalent levels of risk or lower risk for
comparable returns.

The findings further indicated that diversification shifted the efficient frontier upward and to the left, enabling investors
to achieve improved performance with reduced risk exposure. This result highlights the effectiveness of diversification
strategies in cryptocurrency portfolio management.

The DEA results revealed significant differences in efficiency levels among cryptocurrencies. Several digital assets
demonstrated superior efficiency scores by generating higher returns and market value relative to their risk and resource
requirements. Other cryptocurrencies exhibited lower efficiency scores, indicating weaker performance in transforming
investment inputs into desirable outputs.

Overall, the integrated model combining futures contracts, Markowitz optimization, and DEA achieved enhanced portfolio
efficiency, reduced investment risk, and improved risk-adjusted returns compared with conventional allocation approaches.

Discussion and Conclusion

The findings demonstrate that cryptocurrency portfolio management benefits substantially from an integrated framework
that simultaneously considers optimization, risk management, and efficiency evaluation. The observed positive relationship
between risk and return confirms fundamental principles of financial theory while highlighting the distinctive characteristics
of cryptocurrency markets.

The allocation results suggest that large and highly liquid cryptocurrencies continue to serve as core portfolio components
due to their relatively favorable risk-return profiles. At the same time, diversification across multiple digital assets remains
essential for reducing unsystematic risk and improving portfolio stability. The efficient frontier analysis confirms that investors
can achieve superior outcomes through systematic portfolio construction rather than relying solely on historical returns or
speculative expectations.

The effectiveness of futures contracts in enhancing portfolio performance represents another important contribution of
this study. By providing opportunities for hedging and risk transfer, futures instruments improve the resilience of
cryptocurrency portfolios under volatile market conditions. This finding underscores the growing importance of derivative
markets in the broader cryptocurrency ecosystem.

The DEA results provide additional insights beyond traditional financial metrics. While return and volatility remain

important considerations, efficiency evaluation reveals meaningful differences in how cryptocurrencies convert investment
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resources and risk exposure into financial outcomes. Consequently, portfolio decisions based solely on return maximization
may overlook important dimensions of investment quality.

The integrated Markowitz—DEA framework developed in this study offers a practical decision-support tool for investors,
portfolio managers, and financial institutions operating in cryptocurrency markets. The combination of optimization
techniques and efficiency analysis enables a more comprehensive assessment of investment alternatives and facilitates more
informed asset allocation decisions.

In conclusion, the proposed model successfully demonstrates that combining futures contracts, portfolio optimization,
and efficiency evaluation can improve cryptocurrency portfolio performance. The results indicate that effective
diversification, risk management, liquidity considerations, and efficiency assessment are critical determinants of successful
cryptocurrency investment strategies. As digital asset markets continue to evolve, integrated analytical frameworks such as
the one proposed in this study may play an increasingly important role in supporting investment decision-making and

enhancing portfolio outcomes.
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