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Introduction

Financial services, insurance, and risk modeling rely on large-scale computation to support,
inter alia, pricing, risk management, portfolio construction, fraud detection, and long-horizon
strategic planning. These workflows increasingly depend on high-dimensional stochastic
modeling, optimization under uncertainty, and inference over massive datasets [1][2][3]. As
markets, regulations, and data sources grow more complex, a widening gap has emerged
between the problems practitioners want to solve and the computational tools available to solve
them reliably at scale [1][4].

Quantum computing introduces a fundamentally different computational paradigm that may offer
advantages for specific classes of problems central to finance, insurance, and other industries.
Rather than replacing classical high-performance computing or modern machine learning,
quantum approaches are best viewed as complementary tools that could address selected
bottlenecks where classical methods face steep scaling limits. This Industry Brief examines
where quantum advantage is plausibly aligned with the hardest computational challenges in
financial services, insurance, and risk modeling, and why early engagement is strategically
important—even amid technical uncertainty.

Why Certain Problems in Finance & Insurance Push the Limits of Classical
Computing

Many core financial and actuarial workflows strain classical computing not because they are
poorly designed, but because they involve inherently difficult computational structures: high-
dimensional probability distributions, non-convex optimization landscapes, and rare-event
phenomena [1][5]. As problem size and realism increase, computational costs rise sharply,
forcing practitioners to rely on approximations, heuristics, or aggressive sampling shortcuts [1].
Several examples illustrate these limits:

* Rare-event and tail-risk modeling requires extremely large Monte Carlo sample sizes to
estimate low-probability, high-impact outcomes with statistical confidence [6][7].

» Portfolio optimization under real-world constraints becomes intractable as asset
universes expand and practical constraints (e.g., transaction costs, liquidity, regulatory
limits) render problems non-convex [1].

* Fraud and anomaly detection involves identifying sparse signals embedded in massive,
high-dimensional or graph-structured datasets, often under tight latency constraints [2].

* Economic scenario generation demands realistic sampling from complex, multi-factor
distributions over long time horizons, stretching classical generative and simulation tools

[1](6].
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These challenges do not arise from a single source, but they share a common feature: the need
to explore, sample, or optimize over spaces whose size and structure scale poorly on classical
architectures.

Quantum Advantage in Finance & Insurance

Quantum computing is not universally faster than classical computing, nor is it well suited to
every computational problem in these industries. Its potential relevance lies in its ability to
encode and manipulate high-dimensional states, probability amplitudes, and optimization
landscapes in ways that differ fundamentally from classical representations [2][3].

For certain problem classes, quantum algorithms may offer advantages such as reduced
sampling complexity and richer representations for high-dimensional inference tasks, with more
tentative potential benefits for certain optimization landscapes [1][3][5]. Importantly, most near-
and medium-term applications are expected to rely on hybrid quantum—classical workflows,
where quantum subroutines complement classical simulation, optimization, or machine learning
pipelines rather than replacing them outright [2][8]. While theoretical results suggest that certain
quantum algorithms scale more favorably than classical approaches for sampling and related
tasks, translating these advantages into practical financial workflows depends on hardware
quality, error rates, and problem-specific structure.

High-Impact Examples Where Advantage May Emerge

While broad claims of quantum speedup should be treated cautiously, several high-value areas
in financial services, insurance, and risk modeling stand out as plausible candidates for early
advantage.

* Rare-event and tail-risk modeling: Quantum sampling and amplitude-estimation-based
methods may improve the efficiency of estimating extreme-tail probabilities, one of the
most computationally demanding tasks in risk management and insurance modeling [3][6].
Even modest improvements in tail coverage could materially reduce the cost of high-
confidence risk estimation.

» Portfolio optimization under complex constraints: Quantum optimization algorithms
may serve as complementary tools to classical methods for certain constraint-heavy, non-
convex portfolio optimization tasks, where classical solvers rely heavily on heuristics,
though broad quantum advantage in this domain remains an open research question [1].
While large-scale advantage remains uncertain, hybrid approaches could prove valuable
for constrained subproblems or scenario-specific optimization tasks.

* Fraud and anomaly detection: Quantum machine learning methods have been proposed
for detecting sparse or anomalous patterns in high-dimensional data and graph-structured
systems [1][2]. These approaches may complement classical machine learning in settings
where signal-to-noise ratios are low and feature spaces are difficult to explore
exhaustively.

+ Economic scenario generation and forecasting: Quantum generative models may
eventually support more efficient representation and sampling of complex, multi-factor
economic distributions, enabling richer scenario design for regulatory stress testing and
long-term strategic analysis [1][6][9].

Across these areas, the strongest near-term cases emphasize hybridization and targeted
subroutines, rather than wholesale replacement of existing platforms. As a result, any early
advantages in these areas are most likely to emerge through hybrid quantum—classical
workflows that augment existing simulation, optimization, and analytics pipelines rather than
replace them outright.
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A Grand Challenge for Quantum Computing in Finance & Insurance

As part of this Industry Brief Series, we have identified Grand Challenges relevant for different industries.
By articulating these challenges, we hope to set a long-term direction for exploring quantum approaches
and a clearer understanding of where future breakthroughs would translate into meaningful impact for
various industries.

Quantum-Enhanced Rare Event Sampling for Tail-Risk Modeling

Achieving reliable, high-fidelity modeling of rare, high-impact financial events represents a unifying
challenge at the heart of quantum computing’s potential in financial services, insurance, and risk
modeling. The computational limitations outlined earlier all converge on this central problem: accurately
sampling extreme tails of high-dimensional financial distributions, including systemic stress scenarios,
correlated defaults, and long-horizon risk outcomes—phenomena that classical Monte Carlo methods can
only approximate at substantial computational cost. Solving this could enable more confident stress
testing, capital allocation, and risk management decisions, particularly in settings where low-probability
events drive outsized consequences. Importantly, improving tail-risk modeling fidelity could strengthen
regulatory confidence, reduce hidden exposures, and improve institutional resilience to systemic shocks.

Why Executives Should Act Now

The organizations that engage early in quantum computing will secure advantages in access to
key resources such as talent, hardware, and know-how that fast followers cannot easily
replicate [8][10]. Access to these key resources is already limited and is concentrating around
first movers [3][4][10]. Industry leaders across financial services, insurance, and risk modeling
and adjacent sectors are piloting quantum collaborations, signaling that the competitive
landscape is shifting [3][4]. Executives who invest now in partnerships, internal capability, and
focused exploratory use cases will be better positioned for the inflection point where quantum
advantage begins to materialize [3][4].

How Executives Can Get Started

« Identify discovery, modeling, or optimization processes that are currently constrained by
computational limits

» Form cross-functional teams to assess quantum-relevant pain points and potential pilot
opportunities

» Partner with the lllinois Quantum & Microelectronics Park to connect with quantum
vendors, researchers, and technical advisors

* Launch small, well-scoped proof-of-concept projects to build internal familiarity and
technical readiness

» Promote awareness across R&D and strategy teams about how quantum workflows may
integrate with existing Al and HPC pipelines
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