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Abstract

This study addresses the valuation of a two-asset European rainbow option within the framework of Merton’s jump-diffusion
model. Rainbow options are among multi-asset derivatives whose value depends on the joint behavior of two underlying
assets; therefore, in complex and uncertain financial environments, they are regarded as appropriate instruments for measuring
and managing risk. Given that classical models based on continuous fluctuations do not adequately reflect sudden jumps and
structural price shocks, Merton’s model was employed in this study to incorporate price jumps. On this basis, quasi-closed-
form formulas were derived for options written on the minimum and maximum of two correlated assets. In addition, the finite
difference method and Monte Carlo simulation were used for numerical analysis, evaluation of the formulas’ accuracy, and
computation of sensitivities (the Greeks). The numerical results showed that the proposed formulas possess desirable
convergence and high accuracy, and exhibit suitable consistency with more complex numerical methods. Moreover, volatility,
the correlation between the assets, and the intensity of jump occurrence have a significant and decisive effect on option value.
Overall, the research findings indicate that Merton’s jump-diffusion model can provide an efficient and realistic framework for
pricing multi-asset derivatives and analyzing risk in unstable financial environments. This framework is especially highly
applicable to data-driven decision-making and risk management in complex, multi-source projects.

Keywords: Rainbow Option, Merton Jump-Diffusion Model, Smart City Governance, Finite Difference Method, Risk

Management, Multi-Asset Derivatives.
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Valuation of European Two-Asset Rainbow Options under the Merton Jump-Diffusion Model «

Extended Abstract

Introduction

This study investigates the valuation of European two-asset rainbow options under the Merton jump-diffusion model, with
particular emphasis on the relevance of such pricing frameworks for complex urban and financial systems. Rainbow options
are a class of multi-asset derivatives whose payoff depends on the minimum or maximum of two underlying assets. Because
their value is linked to the joint behavior of correlated assets, they are more difficult to price than standard single-asset
European options. In modern financial environments, especially those associated with smart-city investments and
interconnected urban infrastructures, risk is shaped not only by continuous market fluctuations but also by abrupt shocks,
structural uncertainty, and nonlinear interdependence among asset values. The paper addresses this challenge by proposing a
valuation framework that incorporates both diffusion risk and jump risk, thereby offering a more realistic representation of
asset-price dynamics in uncertain environments.

Literature Review and Theoretical Framework

The theoretical foundation of the study is based on the evolution of option pricing theory from classical continuous-time
models toward more flexible jump-based models. Traditional approaches such as the Black-Scholes framework assume that
asset prices evolve continuously and that sudden discontinuities do not occur. Although these assumptions simplify valuation,
they often fail to capture real market behavior, especially during crises, policy shifts, technological disruptions, or sharp
macroeconomic adjustments. Prior studies in financial mathematics have shown that exotic options, particularly rainbow
options, require more advanced pricing structures because their payoffs depend on several underlying risk factors
simultaneously. The Merton jump-diffusion model extends the standard diffusion setting by allowing random jumps in asset
prices through a Poisson process combined with normally distributed jump sizes. This framework is especially appropriate for
modeling markets exposed to rare but influential shocks. Within the context of urban and infrastructure-related financial
decision-making, the paper positions rainbow options as useful analytical instruments for measuring multidimensional
exposure and designing more adaptive risk-management strategies.

Mathematical Modeling for Urban Assets

The paper develops a mathematical valuation model for European call and put options written on the minimum and maximum
of two correlated assets under the Merton jump-diffusion process. Each asset is modeled through a stochastic differential
equation that includes both a continuous diffusion component and a discontinuous jump component. Correlation between the
two assets is explicitly incorporated because the joint dependence structure plays a central role in determining the payoff of
rainbow options. Based on this framework, the authors derive semi-closed-form pricing formulas for the four principal
contracts: call on the minimum, put on the minimum, call on the maximum, and put on the maximum.

A key feature of the resulting formulas is the presence of an infinite series generated by the jump structure of the Merton
model. Since this series cannot be evaluated directly in practical implementations, a truncation parameter is introduced to
approximate the option value with finite computation. The paper carefully studies the role of this truncation level and shows
that its adequacy depends on the product of jump intensity and time to maturity. To support numerical implementation and
model verification, the theoretical formulas are complemented by finite difference methods and Monte Carlo simulation. The
model is therefore both analytically grounded and computationally testable, which increases its usefulness for applications

involving complex urban financial assets and correlated investment structures.
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Numerical Results and Sensitivity Analysis

»The numerical analysis demonstrates that the proposed pricing formulas perform well across different market parameter
settings. Using benchmark parameter sets drawn from previous studies, the paper evaluates the option values for the minimum-
and maximum-based contracts and compares the outcomes with numerical approximations. The results show that convergence
of the truncated infinite series is highly sensitive to the value of the parameter product AT. For smaller values, a relatively low
truncation level is sufficient to achieve accurate estimates. However, for larger values of jump intensity or maturity, a
substantially higher number of terms is required. This finding is important because it shows that the accuracy of rainbow
option pricing under jump-diffusion dynamics cannot rely on a fixed computational cutoff.
The sensitivity analysis further reveals that option values are strongly affected by volatility, asset correlation, and jump
intensity. Volatility plays a major role because it influences the dispersion of possible future asset values. Correlation is
especially important for rainbow options, since the payoff depends on the relative joint movement of the two underlying assets.
A higher or lower correlation can significantly alter the likelihood that the minimum or maximum asset reaches favorable
payoff regions. Jump intensity is another decisive variable, as more frequent jumps increase the probability of extreme
outcomes and reshape the distribution of future prices. The paper also examines the Greeks, including first- and second-order
sensitivities, in order to quantify the response of option values to changes in underlying market inputs. These results confirm
that the jump-diffusion framework captures dimensions of risk that continuous models may underestimate or ignore.
Discussion and Conclusion
The findings of the study indicate that the valuation of European two-asset rainbow options under the Merton jump-diffusion
model provides a robust and realistic framework for pricing multi-asset derivatives in environments characterized by
uncertainty and sudden shocks. From a mathematical perspective, the paper contributes by deriving semi-closed-form solutions
and clarifying the convergence behavior of the associated infinite series. From an applied perspective, it shows that advanced
pricing techniques can support better risk measurement and decision-making in complex systems such as urban infrastructure
portfolios, smart-city financial planning, and interconnected investment environments.
The discussion emphasizes that modern cities and their financial structures are increasingly exposed to multiple layers of
uncertainty, including market volatility, technological disruption, and systemic shocks. In such settings, relying solely on
continuous pricing models may lead to incomplete valuation and weak risk assessment. By incorporating jumps, the Merton
model offers a richer and more realistic description of financial dynamics. The combination of analytical formulas, finite
difference implementation, Monte Carlo validation, and Greek-based sensitivity analysis makes the proposed framework
valuable for both researchers and practitioners. Overall, the study concludes that nonlinear and shock-sensitive pricing models
are essential for understanding multidimensional financial exposure and for improving resilience in data-driven and
economically complex urban systems.
Keywords: Rainbow Option, Merton Jump-Diffusion Model, Smart City Governance, Finite Difference Method, Risk
Management, Multi-Asset Derivatives.
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