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CalCOFI survey 



Highly dimensional systems 



CalCOFI applications 

 

 



Empirical dynamic modeling 

 

https://www.youtube.com/watch?v=8DikuwwPWsY
&frags=pl%2Cwn 



Takens’ Theorem 

• https://www.youtube.com/watch?v=ctOseiJoRuI 



Shifts in system 



Simplex (Sugihara and May 1990) 
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S-maps (Sugihara 1994) 
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S-maps (Sugihara 1994) 

Weighting 
𝞠>0 

X(t) 

X(t-1) X(t-2) 



Composite libraries 

• Single-species 
• Larval abundance 

• Simplex and S-map 

 

• Compare to Gaussian 
process? 

 

 



Gaussian process (Munch et al. 
2016) 
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Gaussian process best 
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Smaller spatiotemporal scales 

• Anchovy and sardine 
• Composite libraries 
• Simplex and S-maps 

 

• 50, 100, 150, 200 km 

• Time windows 
• 1951-1990 
• 1951-1995 
• 1951-2000 
• … 
• 1951-2015 

 

 



50 km results - anchovy 
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Anchovy results 
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Anchovy and Sardine 
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S-maps (Sugihara 1994) 
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Change in significance? 
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Change in nonlinearity? 
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Change in dimensionality? 
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Next steps 

• More species 

• Population interactions 
• Zooplankton, eggs, larvae, oceanographic conditions 

• Different spatial data sets 
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