
Class 24: Upwelling 

Slide 1  Non- steady state dynamics: 
Upwelling, Coastal hypoxia, Red Tides, 
ENSO & PDO 

NOTES: 

Slide 2  Final exam & upcoming classes 

NOTES: 

Slide 3  Upwelling, El Niño & Red Tides 

NOTES: 
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Class 24: Upwelling 

Slide 4  Upwelling topics 

NOTES: 

Slide 5  Upwelling Web Resources 

NOTES: 

Slide 6  Upwelling and whales 

NOTES: 
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Class 24: Upwelling 

Slide 7  SeaWiFS image of Chl a 

NOTES: 

Slide 8  Upwelling & diatoms 

NOTES: 

Slide 9  Why is production so high & the 
phytoplankton cells so large? 

NOTES: 
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Class 24: Upwelling 

Slide 10  Why are fisheries yields high? 

NOTES: 

Slide 11  Upwelling & Fish production 

NOTES: 

Slide 12  Efficiencies 

NOTES: 
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Class 24: Upwelling 

Slide 13  California Current System 

NOTES: 

Slide 14  Ekman mass transport 

NOTES: 

Slide 15  The Ekman Spiral 

NOTES: 
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Class 24: Upwelling 

Slide 16  The Ekman Spiral 

NOTES: 

Slide 17  Depth of the Ekman Layer 

NOTES: 

Slide 18  Ekman’s Equations 

NOTES: 
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Class 24: Upwelling 

Slide 19  Causes of coastal upwelling 

NOTES: 

Slide 20  Coastal Upwelling (off CA, 
looking North) 

NOTES: 

Slide 21  Causes of coastal upwelling 

NOTES: 
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Class 24: Upwelling 

Slide 22  Coastal Upwelling (e.g., off CA, 
looking North), Northerly winds 

NOTES: 

Slide 23  Benguela upwelling off Africa 

NOTES: 

Slide 24  Upwelling & Coastal Hypoxia 

NOTES: 
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Class 24: Upwelling 

Slide 25  Upwelling & Coastal Hypoxia 

NOTES: 

Slide 26  Upwelling & Coastal Hypoxia 

NOTES: 

Slide 27  Red Tides in Gulf of Maine 

NOTES: 
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Class 24: Upwelling 

Slide 28  Red Tides in MA Bay 

NOTES: 

Slide 29  Conclusions: NJ & New England 

NOTES: 

Slide 30  The Equatorial Divergence 

NOTES: 
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Class 24: Upwelling 

Slide 31  Easterly equatorial winds 

NOTES: 

Slide 32  The Ekman Spiral 

NOTES: 

Slide 33  Ryther et al.  (1971) 

NOTES: 
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Class 24: Upwelling 

Slide 34  Ryther’s sampling protocol 

NOTES: 

Slide 35  Coastal Upwelling off Peru 

NOTES: 

Slide 36  Ryther et al.  (1971) methods 

NOTES: 
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Class 24: Upwelling 

Slide 37  Ryther et al.  (1971) productivity 

NOTES: 

Slide 38  Ryther et al. (1971) results 

NOTES: 

Slide 39  Production very high 

NOTES: 
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Class 24: Upwelling 

Slide 40  Was production N-limited, 
grazer-limited, both or neither? 

NOTES: 

Slide 41  Hulburt’s diatom succession 

NOTES: 

Slide 42  Diatom Succession during Ryther 
et al.’s Peruvian upwelling 

NOTES: 
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Class 24: Upwelling 

Slide 43  

NOTES: 

Slide 44  

NOTES: 

Slide 45  Fine structure of the SSCM 

NOTES: 
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Class 24: Upwelling 

Slide 46   How do diatoms maintain 
themselves in upwelling systems? 

NOTES: 

Slide 47  Conclusions: Ryther et al.  (1971) 

NOTES: 

Slide 48  Production at upwelling centers 

NOTES: 
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Class 24: Upwelling 

Slide 49  Critical depth and upwelling: 

NOTES: 

Slide 50  NW African Upwelling 

NOTES: 

Slide 51  NW African Upwelling 

NOTES: 
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Class 24: Upwelling 

Slide 52  Lasker’s stable-ocean hypothesis 

NOTES: 
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