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Vincent van G
ogh (1889) 

The Starry N
ight 

 What scales do you think 
of?.

 Physicist Jose Luis Aragon 
et. al (2006) note the 
mathematical structure of 
natural turbulence in relation 
to van Gogh’s works, e.g., 
like swirling skyline…

 Oceanographer/Mathematici
an Barry B. Cael relates 
biophysial interactions to 
Pollock’s small scales in 
Wild Beast.

Jackson Pollock (1912-
1956) W

ild Beast

Lets think about the ‘complexity 
of the biophysical interactions 
that drive plankton distributions’ 

https://www.us-ocb.org/new-satellites-paint-a-
portrait-of-plankton-spatial-variability/



Steward (2009) Introduction to Physical Oceanography, p. 156. 

Background

• Wind driven 
upwelling



Gangopadhyay, Avijit; Lermusiaux, Pierre F.J.; Rosenfeld, Leslie; Robinson, Allan R.; Calado, Leandro; Kim, Hyun 
Sook; Leslie, Wayne G. and Haley, Patrick J 2011: The California Current System: A Multiscale Overview and the 
Development of a FeatureOriented Regional Modeling System (FORMS).” Dynamics of Atmospheres and Oceans 
52, no. 1–2: 131–169 

Background

• Well known CalCalfi
in situ data

• Feature-Oriented 
Regional Modeling 
System (FORMS)



D. J. McGillicuddy Jr, A. R. Robinson, D. A. Siegel, H. W. Jannasch§, R. Johnsonk, T. D. Dickey, J. McNeil, A. F. 
Michaels, and A. H. Knapk, Influence of mesoscale eddies on new production in the Sargasso Sea, Nature, Vol
394, 1998.

Background

• The eddy upwelling 
mechanism for 
adjacent eddies of 
opposite sign 
(McGillcuddy et. al, 
1998) 



Baker-Yeboah, S., D. A. Byrne, and D. R. Watts. 
Observations of Mesoscale Eddies in the South 
Atlantic Cape Basin: Baroclinic and Deep 
Barotropic Eddy Variability, J. Geophys. Res., 
VOL. 115, C12069, doi:10.1029/2010JC006236, 
2010. 
http://www.agu.org/pubs/crossref/2010/2010JC0
06236.shtml

Background

• Eddy signatures 
from in situ data 
show both baroclinic
(steric) and mass 
load height 
components (Baker-
Yeboah et al 2010)

http://www.agu.org/pubs/crossref/2010/2010JC006236.shtml


Background

• Eddy signatures 
from in situ data 
show both baroclinic
(steric) and mass 
load height 
components (Baker-
Yeboah et al 2010)

Baker-Yeboah, S., D. A. Byrne, and D. R. Watts. 
Observations of Mesoscale Eddies in the South 
Atlantic Cape Basin: Baroclinic and Deep 
Barotropic Eddy Variability, J. Geophys. Res., 
VOL. 115, C12069, doi:10.1029/2010JC006236, 
2010. 
http://www.agu.org/pubs/crossref/2010/2010JC0
06236.shtml

http://www.agu.org/pubs/crossref/2010/2010JC006236.shtml


 Using the strong correlation between altimeter and in 
situ pressure sensor–equipped inverted echo sounder 
(PIES) data, an analysis is done using current altimeter 
data in conjunction with Visible Infrared Imaging 
Radiometer Suite (VIIRS; on board S-NPP and NOAA-
20) Ocean Color and Sea Surface Temperature data to 
gain further insight into the physical and biological 
implications of mesoscale eddies associated with 
Agulhas rings off of South Africa.

 A comparison is done with the California Current 
system, another major upwelling regime in the World 
Ocean, 

 to assess the the relationship of slope eddies in 
upwelling regions to open ocean eddy signatures. 

Background
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 750 m 
resolution
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Data Sets Used

 Daily 

 0.05°
(~5km) 
global 
resolution
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3

Data Sets Used

 Daily, 

 0.25°
resolution
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Chl-a Filaments and Eddies near deep slope



Chl-a Filaments and Eddies near deep slope
Chlorophyll-a 
filaments (upper left) 
and blobs along the 
shelf-slope region 
were also strongly 
associated with 
cyclones (lower right) 
and cold slope water 
filaments (lower left). 
(View Loop File)



Chl-a Filaments and Eddies near deep slope
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Chl-a Filaments and Eddies near deep slope
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Chl-a Filaments and Eddies near deep slope

In the California 
Current Eastern 
Boundary 
System, 

 chlorophyll-
a filaments 
and blobs 
along the 
shelf-slope 
region were 
also 
strongly 
associated 
with 
cyclones,

 especially 
during peak 
upwelling 
periods. 



Chl-a Filaments and Eddies near deep slope

In the California 
Current Eastern 
Boundary System, 

 chlorophyll-a 
filaments and 
blobs along the 
shelf-slope 
region were 
also strongly 
associated with 
cyclones,

 especially 
during peak 
upwelling 
periods. 



Mesoscale and submesoscale processes 
strongly drive the development and 
propagation of the Chl-a blobs of water from 
the shelf-slope region. 

The intensity and longevity of high Chl-a 
filaments associated with the Benguela 
upwelling system are strongly related to deep 
ARs and their remnant eddy parts.

Chl-a Filaments and Eddies near deep slope
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Chl-a Filaments and Eddies near deep slope
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Chl-a Filaments and Eddies near deep slope
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A
C*Overlay plots for SLA, SST, and OC

*Maps of combined event results
Mesoscale and submesoscale
counter-paired advection as a 
mechanism for enhanced upwelling, 
species abundance and redistribution.

A



Combined Plot of OC, SST, SLA Events
(Example 2016 BEN)



Fisheries Applications: 
Eddy Advection-and-Pumping Event Maps 
(Offshore/Coastal Transition Zone Events)

*Overlay plots for SLA, SST, and OC
*Maps of combined event results
Mesoscale and submesoscale counter-paired 
advection as a mechanism for enhanced 
species abundance and redistribution?



 The ocean dynamic signal of cyclonic and anticyclonic eddies are equally important in 
both the California and Benguela Eastern Boundary  Upwelling Systems at enhancing 
the seaward component of upwelling as observed over a 3-year period of 2014 to 2018. 

 In the California Upwelling regions, large filament extended 200 km to 500 km from the 
deep slope (1000 m isobar) with variable width: broader near the shelf slope (80 to 160 
km) and narrowing seaward (30 to 20 km), lasting on average up to 4 weeks in SST and 
OC, occurring off and on through out each year.

 Smaller filaments were just as ubiquitous but with scales near the shelf slope of 80 to 
100 km and narrowing seaward to 30 to 20 km.

 Most filaments terminated in cyclonic curl based on OC data, showing strong cyclonic 
tendency or a T shape bridge indicating positive and negative vorticity.

 Cyclones were the primary carriers of the rich Chlorophyll-a signals.  

 Cyclone-Anticyclone pairs (and pairing) are common and support cross slope filaments 
of rich Chla.

Summary Points



 Sea surface height variability in conjunction with ocean color imagery show 
ARs and their split eddy parts act as a driver of long cross-slope high Chl-a 
filament formations in the Benguela Upwelling System;  

 Benguela High Chl-a filaments and Agulhas eddy slope events occur more 
often than previously thought given the rich eddy field of the region and the 
consistent observation in satellite altimeter data that some ring parts follow the 
deep 3000 meter isobath away from the main (west-northwest) pathway of the 
ring corridor. 

 This shelf-slope branch of the ring corridor provides a connection between the 
biologically active upwelling region and the open ocean, as western boundary 
current eddies influence an eastern boundary upwelling regime at sub- and 
mesoscales. 

 in both Benguela and California upwelling systems Cyclone-Anticyclone pairs 
(and pairing) are common and support cross slope filaments of rich Chla, 
playing a role in the bio-diversity and enhancing upwelling at both sub and 
meso-scales.

Summary Points



Vincent van G
ogh (1889) 

The Starry N
ight 

Jackson Pollock (1912-
1956) W

ild Beat

The study of biophysical 
interactions
• that influence plankton 

distribution and that of 
other species 

• is multifaceted.
Organized eddy motions 
• occur at variable scales 

and 
• the energy cascade can 

be from either sub- to 
meso-scale or meso- to 
submeso-scale.

Thank You

Jose Luis Aragon et. al (2006)
Barry B. C

ael
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