XUERBIF - EFRFEARIRIE - £ 04% - F09H - 2025 £ 09 A DOT: https://doi.org/10.12345/cai.v4i9.32379

Critical coupling for system survival: Coupling Threshold
Theory (CTT)—A unified framework for analyzing phase
transitions in ubiquitous systems

Jun Niu

Taiyuan Municipal Bureau of Landscape Architecture, Taiyuan, Shanxi, 030000, China

Abstract

This paper proposes and elaborates a novel systematic scientific theoretical framework-Coupling Threshold Theory (CTT), aiming
to provide a unified analytical paradigm for the persistence and phase transition patterns of systems spanning physics, biology,
society, and technology. The core proposition of this theory is that any system’s sustainability depends on maintaining the coupling
strength between its key sub-dimensions or subsystems within a specific dynamic threshold range. Once the coupling strength
deviates from this range, the system will inevitably undergo phase transitions manifested as collapse, disintegration, or transition to
new steady states. The paper systematically discusses the three core pillars of CTT theory (sustainability period, coupling thresholds,
and phase transition processes) and elucidates its integrated methodology rooted in dialectics and systems theory. Through carefully
selected cross-domain case studies (ranging from ecosystems to financial crises), the research validates the explanatory power of this
framework. Furthermore, this paper thoroughly analyzes the relationships and fundamental differences between CTT and existing
theories such as classical systems theory, complexity science, and catastrophe theory. It demonstrates CTT’s unique value as a
“middle-level theory” in providing a unified systematic analysis tool and risk warning framework, while objectively examining its
current limitations (such as quantification challenges). The paper concludes that CTT theory holds significant potential for advancing
the integration of fundamental systems science theories and their application in risk society.
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