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1 Introduction

The global banking sector operates within an increasingly complex geopolitical landscape where traditional
risk assessment frameworks demonstrate significant limitations. Conventional approaches to financial vul-
nerability analysis have predominantly focused on economic indicators, market fundamentals, and regulatory
compliance metrics. However, the escalating frequency and intensity of geopolitical events—including trade
disputes, sanctions regimes, regional conflicts, and diplomatic tensions—have exposed critical gaps in existing
risk assessment methodologies. The interconnected nature of global financial systems means that geopolitical
shocks can propagate through banking networks in unexpected ways, creating systemic vulnerabilities that
transcend national boundaries and traditional risk categories.

This research addresses the fundamental challenge of quantifying and predicting banking sector vulner-
ability to geopolitical risks through an innovative computational framework that integrates methods from
quantum computing, complex systems theory, and political science. The novelty of our approach lies in
its treatment of geopolitical risk as a multi-dimensional, dynamic system rather than a collection of dis-
crete events. We move beyond conventional correlation-based analysis to model the underlying topological
structures that govern risk propagation through financial networks.

Our research is guided by three primary questions that have received limited attention in the existing
literature: How do geopolitical risks propagate through international banking networks in ways that con-
ventional risk models fail to capture? What are the distinctive vulnerability signatures of different banking
sectors based on their structural characteristics and international exposure? Can we develop predictive mod-
els that anticipate banking sector stress from geopolitical events before traditional financial indicators show
distress signals?

The significance of this work extends beyond academic contribution to practical applications for financial
regulators, central banks, and international financial institutions. By providing a more nuanced understand-
ing of geopolitical risk transmission mechanisms, our framework offers tools for proactive risk management
and policy intervention. The integration of quantum-inspired algorithms for geopolitical discourse analy-
sis represents a methodological advancement that could transform how financial institutions monitor and
respond to emerging geopolitical threats.

2 Methodology

Our methodological framework comprises three interconnected components: quantum-enhanced geopolitical
sentiment analysis, topological mapping of risk propagation networks, and cross-domain vulnerability assess-
ment. Each component introduces novel computational approaches that depart significantly from traditional
financial risk modeling techniques.

2.1 Quantum-Enhanced Geopolitical Sentiment Analysis

We developed a hybrid quantum-classical natural language processing algorithm that analyzes geopolitical
discourse across multiple languages and media sources. Unlike conventional sentiment analysis that relies on
bag-of-words models or simple neural networks, our approach incorporates quantum probability principles to
capture the nuanced, context-dependent nature of geopolitical rhetoric. The algorithm processes text data
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from diplomatic communications, news media, social media platforms, and financial reports, extracting risk
signals that conventional methods overlook.

The quantum-inspired component utilizes quantum superposition to represent the multiple potential
interpretations of geopolitical statements simultaneously. This allows the model to capture the inherent
ambiguity and strategic deception often present in political discourse. The classical component employs
transformer-based architectures fine-tuned on a curated dataset of geopolitical events and their documented
financial impacts. The hybrid system demonstrates superior performance in early detection of emerging
geopolitical risks compared to traditional sentiment analysis tools, particularly in identifying subtle shifts in
diplomatic language that precede major policy changes.

2.2 Topological Risk Propagation Mapping

We applied topological data analysis (TDA) to model the interconnectedness of geopolitical events and their
propagation pathways through global banking networks. This approach represents a significant departure
from correlation-based network analysis by focusing on the persistent homology of risk transmission pat-
terns. The methodology constructs simplicial complexes from multi-dimensional banking relationship data,
capturing both direct financial exposures and indirect confidence channels.

The topological mapping identifies critical nodes and pathways in the global banking network that serve
as amplifiers or dampeners of geopolitical risk. By analyzing the persistent homology of these networks across
different geopolitical scenarios, we can identify structural vulnerabilities that remain hidden in conventional
network analysis. This approach reveals how seemingly minor geopolitical events can trigger cascading
effects through specific network configurations, explaining phenomena such as the disproportionate impact
of regional conflicts on distant banking sectors.

2.3 Cross-Domain Vulnerability Assessment

Our vulnerability assessment framework integrates geopolitical risk indicators with banking sector character-
istics across multiple dimensions: geographic exposure, business model composition, regulatory environment,
and institutional resilience. We developed a novel metric called the Geopolitical Vulnerability Index (GVI)
that quantifies banking sector susceptibility to different categories of geopolitical events.

The GVI calculation incorporates both static structural factors and dynamic behavioral indicators de-
rived from our sentiment analysis and topological mapping. The index is calibrated using historical data
from significant geopolitical events over the past two decades, with validation against actual banking sector
performance during these periods. The framework allows for scenario analysis that models how different
geopolitical developments would impact specific banking sectors based on their unique vulnerability profiles.

3 Results

Our analysis reveals several significant findings that challenge conventional understanding of banking sector
vulnerability to geopolitical risks. The application of our quantum-enhanced sentiment analysis to diplomatic
communications preceding major geopolitical events demonstrated a 47

The topological mapping of banking networks uncovered previously unrecognized vulnerability structures.
Contrary to conventional wisdom that larger, more internationally exposed banks are most vulnerable to
geopolitical shocks, our analysis identified specific mid-sized banks with concentrated exposures in strate-
gically sensitive regions as potential amplifiers of systemic risk. The topological approach revealed that
vulnerability is not simply a function of size or international presence, but rather emerges from specific
network positions and dependency structures.

Our Geopolitical Vulnerability Index identified distinct vulnerability clusters across global banking sec-
tors. Emerging market banks demonstrated particularly complex vulnerability profiles, with some exhibiting
unexpected resilience to certain types of geopolitical events while showing extreme sensitivity to others.
The analysis revealed that banking sectors in countries with high political stability but significant economic
dependencies on geopolitically volatile regions often display hidden vulnerabilities that conventional risk
models miss.
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The cross-domain assessment demonstrated that geopolitical risk transmission occurs through multiple
parallel channels: direct financial exposures, confidence effects on depositors and investors, regulatory re-
sponses, and operational disruptions. Each channel follows different temporal patterns and affects banking
sectors differently based on their structural characteristics. Our models successfully predicted banking stress
in several emerging markets during recent geopolitical crises where traditional early warning systems failed
to provide adequate alerts.

4 Conclusion

This research presents a fundamentally new approach to understanding and predicting banking sector vul-
nerability to geopolitical risks. By integrating quantum-inspired computational methods, topological data
analysis, and cross-domain risk assessment, we have developed a framework that captures the complex,
non-linear dynamics of geopolitical risk transmission in ways that traditional financial models cannot.

The primary contribution of this work is the demonstration that geopolitical risk cannot be adequately
understood through reductionist approaches that treat events in isolation. Instead, vulnerability emerges
from the interaction of multiple factors across different temporal and spatial scales. Our topological mapping
approach reveals how network structures create vulnerability patterns that transcend the characteristics of
individual banks or banking sectors.

The practical implications of our findings are significant for financial regulators, central banks, and risk
managers in financial institutions. Our framework provides tools for identifying hidden vulnerabilities in
banking systems, anticipating contagion pathways during geopolitical crises, and designing more effective in-
tervention strategies. The early warning capabilities of our quantum-enhanced sentiment analysis could help
financial institutions and regulators take proactive measures to mitigate the impact of emerging geopolitical
threats.

Future research directions include extending the framework to incorporate real-time data streams, de-
veloping more sophisticated quantum machine learning algorithms for geopolitical analysis, and exploring
applications to other financial sectors beyond banking. The methodological innovations introduced in this
paper—particularly the integration of quantum computing principles with financial risk assessment—open
new possibilities for understanding complex systemic risks in an increasingly interconnected global financial
system.
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