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Introduction

One of the major challenges in finance is the optimal portfolio
selection problem, which entails constructing a portfolio of assets
based on optimality criteria such as maximizing returns and
minimizing risks. Traditional models, such as the mean-variance
approach, optimize asset allocation by evaluating risk through
standard deviation and return via the weighted average.
However, these models are limited by their reliance on single
historical return distributions and their subsequent vulnerability
to overfitting, which negatively impacts out-of-sample
performance.

Literature Review

In response to uncertainty in the empirical distribution of returns,
several advanced portfolio optimization frameworks have
emerged. These include robust and distributionally robust models
utilizing various distance metrics (e.g. Wasserstein, KL-
divergence, spectral risk measures) and optimization algorithms.
Notably, the Kelly criterion, which maximizes the expected
logarithmic growth rate of portfolio value, has received attention
due to its superior long-term growth properties. However, using
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empirical return distributions in the Kelly model may lead to
overfitting. Distributionally robust optimization, particularly
based on Kullback-Leibler (KL) divergence, seeks to address this
shortcoming by considering a family of possible distributions
surrounding the empirical one.

Methodology

This study develops a distributionally robust Kelly portfolio
optimization model based on the KL-divergence. The robust
model constructs a so-called “ambiguity set”—a neighborhood
of distributions within a specified KL-divergence from the
empirical distribution. The model adopts a max-min approach:
for each candidate set of portfolio weights, the lowest expected
logarithmic return among all distributions within this
neighborhood is considered as the objective function. The model
is solved using a particle swarm optimization (PSO) algorithm
due to the complexity and non-analytic nature of the simulation
process.

The empirical study is conducted on the Tehran Stock Exchange.
A dataset covering weekly returns of ten selected industry indices
over a period of about 15 years is used. From these, all possible
combinations of five-asset portfolios (252 portfolios) are
constructed. Historical data are split into training (85%) and test
(15%) sets. The ambiguity sets are constructed around the
empirical distributions using KL-divergence, and optimization is
performed with PSO for each portfolio.

Findings

The empirical findings indicate that the distributionally robust
Kelly portfolio significantly outperforms both the standard Kelly
portfolio and the equally-weighted portfolio in terms of risk-
adjusted returns, measured by the Sharpe ratio. Specifically, the
robust portfolio achieved a Sharpe ratio more than 2.5 times
higher than the standard Kelly and 5 times higher than the
equally-weighted portfolio based on out-of-sample test data. This
demonstrates the substantial improvement in risk-adjusted
cumulative returns attributable to the proposed robust
optimization approach. The findings are consistent with recent
studies in the field, confirming the effectiveness of distributional
robustness in managing model risk and uncertainty.

Conclusion
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The study shows that optimizing portfolios using a
distributionally robust Kelly model with KL-divergence not only
mitigates the adverse effects of overfitting to historical data, but
also enhances risk management and improves long-term
performance—particularly in dynamic and uncertain markets
such as the Tehran Stock Exchange. Practically, this approach is
highly recommended for risk-averse investors aiming to
maximize growth while maintaining robust performance. Further
research may extend this methodology to other markets or
incorporate additional sources of uncertainty.
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