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Abstract
Our article offers insights on the role of operational research (OR) in understanding financial
and economic systems’ risks and dynamics. It presents the latest methods in OR to address
risks and uncertainties in these systems, covering topics such as options pricing, portfolio
optimization, banking resilience, and the analysis of financial and economic co-movements.
The included studies utilize advanced analytical tools, like stochastic programming, decision
analysis, and machine learning, to create robust models for complex systems. These contri-
butions aim to be valuable for academics, practitioners, policymakers, and regulators in the
field.

Keywords Options pricing · Portfolio optimization · Risk management · Behavioral
finance · Portfolio diversification · Risk spillover

1 Introduction

Over the last 20 years, several periods of turmoil (Such as the Internet bubble, financializa-
tion of commodities markets, subprime crisis, sovereign debt, and geopolitics crises) have
shaped the financial and economic systems. The economic and financial spheres are highly
complex, exhibiting multiple dimensions of uncertainty, nonlinear dynamics, and evidence
of chaos. The recent and exponential development of advanced operations research methods
provides new insights for understanding these behaviors. Specifically, the recent availabil-
ity of information technology, such as high-frequency, real-time, network, structured, and
unstructured data, offers huge challenges for analyzing, understanding, and forecasting the
complex dynamics of economic and financial phenomena.

The articles presented in this special issue showcase the latest research and advancements
in operational research methods aimed at mitigating the risks and uncertainty in financial and
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economic systems. Contributors have explored various aspects of risk and uncertaintymodel-
ing, including portfolio optimization, financial risk management, and economic forecasting.
They employed sophisticated analytical tools, such as stochastic programming, decision
analysis, and machine learning, to develop robust models for these complex systems. These
contributions are relevant to not only academics but also practitioners, policymakers, and
regulators.

2 Presentation of the contributions

In this section, we present the contributions to this special issue on four topics.

2.1 The role of operational research in options pricing and portfolio optimization

Operational research (OR) has significantly contributed to options pricing and portfolio opti-
mizationby leveraging advancedmethods to enhancedecision-makingprocesses and improve
risk management. By employing sophisticated mathematical models and quantitative tech-
niques, OR has facilitated the development of innovative options pricing frameworks that
account for market volatility and help investors make informed decisions under uncertain
conditions. In this context, the following studies contribute to the literature.

In the current low-interest-rate environment, Bertrand (2022) shows that the quality of the
approximation of a warrant by the Black–Scholes formula deteriorates, and the sensitivity
of this approximation to the volatility estimate increases. Gradojevic and Kukolj (2022)
helps improve our understanding of the dynamics of option prices and their underlying
risk factors, and enhances the efficacy of existing non-parametric approaches toward option
pricing. Schneider andTavin (2021) develop amultifactormodel inwhich stochastic volatility
dynamics incorporate a seasonal component that can be used for option pricing in the risk-
neutral measure and for filtering, smoothing, and predicting via the Kalman filter in the
physical measure. Djeutcha and Kamdem (2022) propose a new three-factor pricing model
for vulnerable bull-spread options using a mixed modified fractional Hull-White-Vasicek
stochastic volatility and stochastic interest rate model. Their results can be applied to realistic
credit-risk measurements.

In the context of machine learning approaches, Costola et al. (2022) propose an extension
of the portfolio optimization approach related toMarkowitz’smean–variance portfolio theory
using machine learning techniques. This study demonstrates that the weights of any Efficient
Portfolio are a linear combination of the weights of two special pivotal Efficient Portfolios,
which are nonlinear transforms of simple weight vectors. Jimenez and Salhi (2022) propose
a variance reduction methodology using a machine learning technique. This methodology
reduces the dimensionality of the underlying scenarios while keeping the variance closer to
the original setting. Furthermore, a more realistic experiment based on real-world datasets is
performed to investigate the practical aspects of the proposed methodology.

Rigamonti and Lučivjanská (2022) show that the minimum average partial significantly
improves the performance of mean-semivariance optimization, largely closing the gap in
out-of-sample performance with strategies based on the covariance matrix. The proposed
strategy is very competitive in a setting in which the investor sets a target return and performs
mean(semi)variance optimization. Casarin et al. (2022) consider the problem of designing
efficient algorithms for optimizing a nondifferentiable function subject to an integral con-
straint whose solution is not available in a closed form, which is an important problem in
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OR. This study proposes two algorithms based on stochastic optimization via simulations to
find faster solutions to integral functions that are not analytically reducible and to provide
accurate approximations of the true solutions in the case of classical portfolio optimization.
La Torre et al. (2021) propose two different extensions of the notion of portfolio efficiency
with incomplete information and partial uncertainty. They apply the obtained results to port-
folio theory and stochastic dominance. Semmler et al. (2022) analyze the consequences of
short-term investor portfolio strategies and their consequences on green investments. Their
results show that portfolio wealth declines faster with a higher discount rate, hyperbolic
discounting, and a shorter decision horizon.

2.2 Strengthening banking resilience and efficiency through operational research

OR has made significant contributions to the banking sector and regulations, proving to be
an indispensable tool for enhancing efficiency, risk management, and decision making. By
employing advanced quantitative methods and analytical models, OR has revolutionized the
way banks manage their resources, optimize their portfolios, and comply with regulatory
requirements. In this context, the following studies contribute to the literature.

To confront the unprecedented challenges posed by the COVID-19 pandemic, Saâdaoui
and Khalfi (2022) consider a data mining approach to estimate the governance-based effi-
ciency of Islamic banks in developed and emerging countries. The main result shows that
governance is the main factor influencing Islamic banks in both regions. Mirzaei et al. (2022)
evaluate the stock performance of Islamic banks during the initial phase of the COVID-
19 crisis using data envelopment analysis—a linear programming-based methodology for
benchmarking a set of decision-making units.

The important issue of liquidity was addressed by Louhichi et al. (2022), who investi-
gate the effect of high liquidity creation on systemic risk, which became one of the most
important topics in economic and financial regulatory debates after the 2008 financial crisis.
Ben Lahouel et al. (2022) examine the nonlinear effects of liquidity risk on financial stability
under different levels of income diversification among European banks. The results show that
diversification strategies do not destroy the primary function of commercial banks—liquidity
creation. Fukuyama and Tan (2021) use advanced operational methods that incorporated risk
indicators to evaluate bank efficiency. They focus on employing the "real" risk indicator,
namely non-performing loans, and try to propose the dual role played by the LLRs in the
banking production process.

Within the regulatory framework, researchers have been striving to develop innovative
solutions to address complex challenges. Seera et al. (2021) identify a feature optimiza-
tion aggregation method for processing payment transaction records and develop a machine
learning model to predict fraudulent activity in the payment card industry. Regarding envi-
ronmental regulations and tax evasion, Goldberg et al. (2022) develop methods to evaluate
and compare explicit solutions under given monitoring costs and income distributions. The
results show that dynamic monitoring is superior, even when all firms are constrained at rates
below the optimal static rate.

2.3 Demystifying interdependencies: operational research contributions
to financial and economic co-movements

Understanding the co-movement and spillover effects among different asset classes is impor-
tant for asset allocation, portfolio diversification, and cross-market hedging. In the context
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of operations research, this knowledge enables the optimization of decision-making pro-
cesses and improves risk management. The value of this information is increasingly relevant
for portfolio managers because growing interconnectedness, spillovers, and high contagion
effects between financial markets diminish portfolio diversification benefits. In this context,
the following studies introduce new insights into existing literature.

In the context of the link with alternative assets, Faye et al. (2022) investigate the dynamic
process of convergence among a set of real alternative and financial assets using a proce-
dure that endogenously determines multiple structural breaks and a rolling co-integration
framework.

Huynh et al. (2021) explore the nexus between theBitcoin andUSoil returns by employing
various quantitative techniques, both non-parametric (Kendallplots) and parametric (three
kinds of copulas and stationary bootstrap for the partial cross-quantilogram), to test the tail-
dependence structure. Bouri et al. (2022) examine the impact of microstructure noise on
idiosyncratic volatility anomalies in the framework of the cryptocurrency market.

In the context of the link with energy assets, Foglia et al. (2022) examine the spillover and
connectedness effects between clean energy and oil firms. The relationships among energy
firms tend to be intersectoral. Zaghdoudi et al. (2023) explore the link between oil and coal
prices and renewable energy consumption in China using a machine learning approach. The
results show that an increase in coal price has a higher ability to predict renewable energy
consumption. Baba et al. (2022) examine the direction of causality between the futures and
spot prices of the US and European natural gas markets using multiscale linear and nonlinear
Granger causality and tests the random-walk hypothesis. Jabeur et al. (2021) propose an
innovative approach to accurately forecast gold price movements and interpret forecasts.
The results show significant correlations between gold prices and all the predictor variables
considered: crude oil, iron, and silver prices; USD/EUR and USD/CNY exchange rates; S&P
500; and the US inflation rate.

On the methodological level, Naeem et al. (2021) propose a new approach to investi-
gate the spillover for the short and long terms and while considering the heterogeneous
agents/investors as highlighted in behavioral finance.

2.4 Decoding financial dynamics: the role of operational research in addressing
news impact, uncertainty, andmarket sentiment

OR has made significant strides in addressing the challenges posed by news impact, uncer-
tainty, and market sentiment in financial and economic systems. OR allows researchers and
practitioners to develop sophisticated models that accurately capture the complex relation-
ships amongvarious financial and economic variables, ultimately improving decision-making
processes while facing uncertainty.Within this framework, subsequent studies have provided
novel perspectives to enrich the current body of knowledge.

Mili et al. (2023) present a novel empirical technique based on investor sentiment and
Bayesian vector autoregressive (BVAR) models to estimate stock returns. Shuwaikh et al.
(2022) focus on investment decisions based on two types of investors: corporate and inde-
pendent venture capital. Yao et al. (2022) explore the double-edged sword effect of investor
attention on cryptocurrency market liquidity and construct an abnormal investor attention
index. Kim et al. (2021) assess the effects of financial- and news-driven uncertainty shocks
in growing Asian economies using bond market data. They show that bond volatility is more
closely associated with interest rate uncertainty than with other measures of uncertainty in
equity markets and economic policies. Mefteh-Wali et al. (2022) elucidate the CSR–firm
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risk relationship and the role of uncertainty by applying a broad class of copula functions
for modeling the dependence structure of CSR fulfillment and idiosyncratic risk dimensions.
Using an unsupervised machine learning algorithm, Xia et al. (2022) explore the mechanism
of the information and risk effects on short- and long-term IPO markets from the perspective
of semantics and content. This study explores how the information and risk effects of risk
disclosure play different roles. Alexander et al. (2022) propose new metrics for discriminat-
ing between correctly specified and mis-specified models using a proper multivariate scoring
rule. The main practical contribution of this study is the application of these metrics to an
extensive investigation of the discrimination ability of the most common multivariate proper
scoring rules.
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