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ation-states navigate an international arena brimming with global challenges that
transcend national boundaries. Issues like interstate conflicts, pandemics, mass
migration, biodiversity loss, cyber threats, and the rise of artificial intelligence as a

key factor in national agendas reflect unprecedented complexity and interdependence.
At the same time, geopolitical tensions, the securitization of science, and the increasing
role of non-state actors in global governance are reshaping the landscape of international
cooperation. No single state can address these challenges in isolation; instead, they
require collective, coordinated efforts to mitigate their impacts on local communities and
the global population.

Until now, states have relied on conventional diplomatic tools to confront significant
global challenges. Traditional diplomacy evolved to secure and maintain peace within the
international system. However, today’s global issues disrupt not only national foreign
policy strategies but also the very framework of traditional diplomacy. In addition, the
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geopolitical landscape has evolved, and new actors—including multinational
corporations, technology firms, and transnational research networks—now shape global
governance in ways that transcend state control.

Addressing these challenges requires a fundamental shift in approach—one driven by the
complexity and interconnectivity of the problems themselves. As said elsewhere, modern
science diplomacy must balance openness with strategic autonomy, ensuring that
scientific and technological collaboration does not become a vulnerability.

While scientific and technological resources are crucial, what is most needed is a new
methodological paradigm for understanding and addressing these multifaceted
phenomena. Existing frameworks have helped formalize science diplomacy as a field.
However, they struggle to address the adaptive, emergent, and nonlinear nature of
contemporary global challenges. As a result, diplomacy must evolve, expanding its toolkit
to tackle these challenges effectively. We propose this new paradigm as “Complex
Adaptive Science and Technology Diplomacy (CAST-D)".
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Traditional diplomacy, a sophisticated practice designed to navigate issues of war and
peace, falls short when addressing the scientific and technological dimensions of
contemporary global challenges. To meet these challenges, states must champion a new
form of diplomacy grounded in science and technology. This requires coordinated
research to uncover global issues' emergent properties and develop diplomatic strategies
that align diverse actors and perspectives to drive meaningful action. This also entails
recognizing the growing role of non-state actors—particularly technology corporations
and transnational research consortia—in shaping global science and technology
diplomacy strategies. Strengthening these collective capabilities within the international
arena is imperative. Without such decisive efforts, today’s challenges risk evolving into
tangible threats with profound consequences for the global community.
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A COMPLEXITY SCIENCE APPROACH

Emerging global challenges align closely with the principles of complexity science.

® Emergent Behavior: Macro-level outcomes, such as migration crises or ethical
dilemmas surrounding Al, often defy prediction, even when micro-level
interactions are well understood.

® Nonlinearity: Small input shifts—such as policy changes or technological adoption
—can lead to disproportionately large and often unforeseen outcomes,
complicating risk forecasting and mitigation.

® Networked Dynamics: The interconnected nature of global systems—economic,
ecological, and social—creates cascading effects, as demonstrated by the
multifaceted impacts of the COVID-19 pandemic.

® The expansion of Al-driven decision-making and cybersecurity threats adds layers
of uncertainty that require new governance models.

These characteristics demand a holistic and adaptive approach to problem-solving,
which traditional science diplomacy (SD) frameworks struggle to deliver. The newly
proposed "Complex Adaptive Science and Technology Diplomacy (CAST-D)" framework
builds on complexity science and integrates principles from adaptive governance,
anticipatory intelligence, and dynamic policy modeling.

We propose a unified model guided by key pillars inspired by complexity science:

® Adaptive Governance: Diplomatic frameworks must evolve iteratively, leveraging
real-time data and computational models to respond dynamically to shifting global
conditions. This aligns with recent efforts to incorporate Al-driven foresight into
diplomatic decision-making.

® Network Integration: Harnessing the interdependencies across scientific, political,
and societal networks to build practical, resilient, and effective solutions.



COMPLEX ADAPTIVE SCIENCE AND TECHNOLOGY DIPLOMACY

® |nterdisciplinary Synthesis: Fostering transdisciplinary collaborations integrating
insights from the natural sciences, social sciences, and humanities to address
complex systems' challenges comprehensively.

IMPACTS AND ACTIONS

The new approach to scientific and technological diplomacy, grounded in complexity
science, redefines the relationship between security, innovation, and diplomacy. This
paradigm shift has profound implications in an era when unpredictability,
interconnectedness, and systemic dynamics shape the international landscape.

Key recommendations include:

Institutional Innovation: Establishing interdisciplinary hubs, such as a "Global
Complexity Diplomacy Lab," to embed complexity science within diplomatic efforts.

® Capacity Building: Equipping diplomats with expertise in systems thinking and
complexity methodologies to better navigate and negotiate within evolving,
multifaceted contexts.

® Security & Risk Mitigation: Recognizing that emerging technologies —Al,
biotechnology, and quantum computing—are dual-use and require a diplomatic-
security nexus to manage risks responsibly.

® Equity and Inclusivity: Amplifying diverse voices across cultural, disciplinary, and
geopolitical spheres to co-develop systemic and inclusive solutions.

By embracing a complex systems perspective, science and technology diplomacy can
transcend its traditional scope, becoming a cornerstone of global resilience and
innovation. Incorporating anticipatory intelligence, security foresight, and adaptive policy
modeling, CAST-D provides a flexible, future-ready framework for diplomacy in an era of
systemic uncertainty.

This imperative for systemic engagement will foster collaborative, adaptive, and inclusive
diplomatic strategies, ensuring that solutions are innovative and sustainable. As global
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governance becomes increasingly complex, states, institutions, and researchers must
recognize that science diplomacy is no longer an auxiliary tool but a strategic necessity.

With decisive action, this transformation in diplomacy can build a more resilient global
community, equipped to tackle the complexities and uncertainties of the future.
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