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Highlights
e Thisstudy proposes a multi-objective portfolio optimization model (retum, risk, and liquidity) under

deep uncertainty in the Iranian capital market, using a scenario-based approach combined with
generalized goal programming (GGP with reference point method).

o Themodel employsatwo-stage stochastic framework that allows an initial portfolio decision followed by
scenario-specific adjustments, providing high flexibility and robustness in highly uncertain environments.

e Four main scenarios were defined (intensified sanctions & stagflation, improved relations & economic
boom, sanctions with balanced recession, relative stability with domestic growth) and their approximate
probabilities were estimated using Monte Carlo simulation based on historical data.

e Inout-of-sample testing, the proposed model achieved an average annual retum of 16.8% and a Sharpe
ratio of 1.46, significantly outperforming traditional models such as Markowitz mean-variance, CVaR,
and MAD, especially during recession and high-volatility periods.

o Explicitly incorporating liquidity as a third objective (often ignored in classic models) and addressing
Iran-specific market features (sanctions, high inflation, liquidity constraints) represent the main
innovations and practical strengths of the study.

Abstract

This study aims to present an optimization model for a multi-objective stock portfolio in the
Iranian capital market under conditions of deep uncertainty. The research adopts a descriptive-
analytical approach to optimize stock portfolio selection in the Iranian capital market under deep
uncertainty. This study employs a mixed-methods approach, combining both quantitative and
qualitative methods. In the quantitative section, mathematical modeling and simulation techniques
are used to optimize the portfolio based on three objectives: return, risk and liquidity. The two-stage
approach employed allows for initial decision-making followed by alignment with real market
scenarios. Data is analyzed using Monte Carlo simulation and a generalized goal programming
method is utilized for optimization. This model assists investors in selecting a portfolio that is
suitable under conditions of uncertainty. Overall, the findings of this study indicate that the scenario-
based multi-objective approach in stock portfolio selection, especially under deep uncertainty, can
be an effective tool for investors and portfolio managers. By providing a comprehensive and
flexible framework, this model facilitates improved risk management and portfolio performance
optimization. However, the effectiveness of this model is contingent on the accuracy of scenario
determination.
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Introduction

Portfolio selection is a complex issue in financial management,
particularly in volatile markets influenced by global economic interactions,
crises, and sanctions. In the Iranian capital market, characterized by high
inflation, economic instability, political risks, and sanctions, investors face
deep uncertainty—defined as conditions where decision-makers cannot
agree on models, probability distributions of external inputs, or even value
functions for ranking outcomes (Lempert, Popper, & Bankes 2003;
Marchau Walker, Bloemen, & Popper 2019). Traditional models, such as
Markowitz's mean-variance framework, often focus solely on return and
risk, overlooking liquidity—a critical factor in emerging markets like Iran.
This study addresses these gaps by proposing a multi-objective portfolio
optimization model that incorporates return, risk, and liquidity under deep
uncertainty. Using a scenario-based approach, the research develops a
robust framework for the Tehran Stock Exchange and Iran Fara Bourse,
aiming to assist investors and portfolio managers in achieving resilient
performance amid unpredictable conditions.

Methodology

The research employs a mixed-methods descriptive-analytical
approach, combining quantitative and qualitative techniques. Data were
collected from secondary sources, including TSETMC, Codal, and the
Central Bank of Iran, covering 50 selected companies from 1397 to 1402
(Persian calendar). Historical data were analyzed using ARIMA-GARCH
models for forecasting and Monte Carlo simulation (10,000+ iterations in
MATLAB) to generate probabilities for four scenarios: (1) intensified
sanctions and stagflation, (2) improved relations and economic boom, (3)
sanctions with balanced relations and recession, and (4) relative stability
with domestic growth.

A two-stage stochastic optimization model was developed, allowing
initial decisions followed by scenario-specific adjustments. Optimization
was performed using generalized goal programming with a reference point
approach in MATLAB (fmincon solver), minimizing deviations from
target levels for three objectives: maximizing expected return, minimizing
risk (measured via CVaR), and maximizing liquidity. Qualitative inputs
from expert interviews informed scenario definition, objective weights,
and reference levels. Constraints included diversification limits,
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minimum/maximum allocations per stock, and maximum adjustments
between stages.

Results

The model was tested across multiple runs with varying objective
weights, yielding Pareto-optimal portfolios. Expected returns ranged from
6% to 8%, risk from 12% to 14%, and liquidity from 6.5 to 7.5 across
scenarios. Descriptive statistics showed positive correlations between
return and risk (0.65) and return and liquidity (0.42), with a weak negative
correlation between risk and liquidity (-0.18). Out-of-sample tests using
rolling windows demonstrated superior performance: the proposed model
achieved an annual return of 16.8%, outperforming benchmarks like the
Markowitz mean-variance model, CVaR-based approaches, and the
Tehran Stock Exchange index in terms of risk-adjusted returns (higher
Sharpe ratio).

Scenario analysis revealed adaptability: growth stocks were favored in
boom scenarios, while defensive stocks dominated in recessionary ones.
Sensitivity analysis confirmed robustness, with changes in weights or
reference levels influencing trade-offs predictably (e.g; higher return
weight increased returns but also risk).

Discussion

The findings highlight the effectiveness of the scenario-based multi-
objective approach in handling deep uncertainty, outperforming
traditional single-objective models by incorporating liquidity and
allowing post-revelation adjustments. This aligns with prior studies
emphasizing multi-criteria decision-making in emerging markets but
extends them by explicitly modeling deep uncertainty without relying on
precise probabilities. In the Iranian context, the model's flexibility
addresses unique challenges like sanctions and liquidity constraints,
providing better risk management during volatile periods. Comparisons
with methods like genetic algorithms or hybrid mean-semivariance-
entropy models showed the proposed framework's computational
efficiency and superior real-world performance. Limitations include
dependency on accurate scenario specification and the need for ongoing
updates amid rapid market changes.
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Conclusions

This study demonstrates that a scenario-based multi-objective portfolio
selection model, integrating generalized goal programming in a two-stage
framework, serves as an effective tool for investors in the Iranian capital
market under deep uncertainty. By simultaneously optimizing return, risk,
and liquidity while accommodating diverse future scenarios, the model
enhances risk management and portfolio resilience. It offers practical value
for individual and institutional investors, financial analysts, and
policymakers. Future research could incorporate additional criteria (e.g;
ESG factors or behavioral preferences), machine learning for scenario
generation, or extensions to other asset classes. Overall, the approach
provides a comprehensive, flexible framework for navigating uncertain
environments, contingent on precise scenario calibration and periodic
refinement.
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2. Mean Absolute Deviation (MAD)
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