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Background and Challenges Proposed framework What complexity does it measure?
DA-HASC p=28: HASC vs LLE (Wing/Bridge) Attractor (p=28.0)

Early Warning Signal (EWS)/Tipping analysis (High-dimensional Attractor’s Structural Complexity)
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 Spectral complexity=Graph complexity=Structural complexity Complexity is “how mixed the dynamics is”

Applying HASC to Tipping analysis Application to high-dimensional system Potential as a universal indicator

Calculating HASC on Running time-series windows * Analysis of data from van Westen et al. (2024)

\/ Earth-scale AMOC tipping simulation  amocipping anaiys TIPPING'

N-tipping: Noise-Induced Tipping (0=0.14 Sv)

For Noise-induced tipping

(a) Trajectories (125/250 tipped) (b) Aligned VNE (W=500yr)
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(b) HASC (W=300, k=15)
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Unstable regime=Confinement gets weaker Streamfunction field

=Structural complexity is getting complex (18k+dim)
SeaSurfaceTemperature |
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( im) : - N - have distinct HASC time-series
Transition regime=Very strong confinement to transition L I . - compared to non-tip ones

=Structural complexity is the simplest Streamfunction+ SST field(interpolated)(resampled)

For Rate-induced tipping

Conclusion
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