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Reality gap in Coastal twins

Coastal zones: High productivity vs. high 
anthropogenic stress.

Limitations of Deterministic Models: 
Computational cost & stochastic uncertainty.

The Goal: A "Generative Mirror" that looks, 
behaves, and connects.



GANs & Lévy Flights

GANs: Likelihood-free calibration of complex processes.

Lévy-flight Hypothesis: Capturing emergent biological foraging patterns.



Background Literature - Why Generative AI?

Proactive vs. Reactive: Managing 'trigger levels' before they occur.

Data Scarcity: Leveraging 'data-rich' regions to mirror 'data-poor' ones.

Uncertainty: Moving from single points to probabilistic distributions.
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Proposed Framework (Methodology)



Case Study I: Jiaodong Peninsula

Fig 1: Habitat Quality: 2000 (Baseline); Fig 
2: Habitat Quality: 2020 (Historical Ground 
Truth); Fig 3: Habitat Quality: 2050 (GAN-

projected, SSP5-8.5)

Fig 4: Habitat Quality Projections for 2050 (GAN-
Projected, SSP5-8.5)

Fig 5: Habitat Quality Projections for 2050 (GAN-
Projected, SSP5-8.5)



Case Study II: Southern Ocean Interactions

Bahlburg, D., Menze, S., Krafft, B. A., Lowther, A. D., & Meyer, B. (2025). Mapping encounters 
between Antarctic krill fishing vessels and air-breathing krill predators using acoustic data from 
the fishery. Proceedings of the National Academy of Sciences of the United States of America, 
122(25), e2417203122. https://doi.org/10.1073/pnas.2417203122

The continuous probability cloud (purple heat-map) defines the overall foraging zone probability, 
replacing individual rate circles for a smoother representation of spatial use. The vessel tracks (red lines) 
are overlaid to show intersection with foraging areas.



Limitations & Next Steps

Mode Collapse: Risks in GAN training.

Physics Gap: Ensuring mass conservation and 
hydrodynamics (PINNs).

XAI: Making the 'Black Box' explainable for 
policy makers. (CITL; Community in the loop)



Q+A
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