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Distribution of Plankton 

Where Are Phytoplankton?
The distribution of phytoplankton in the ocean have been measured since 1979 when the first ocean color scanner, the Coastal Zone Color
Scanner was launched on the Nimbus-7 satellite. It was followed many years later by SeaWiFS (Sea-viewing Wide Field-of-view Sensor) on the
Seastar satellite launched in 1997 and MODIS (Moderate Resolution Imaging Spectrometer) on the Terra spacecraft launched in 1999 and the
Aqua satellite launched in 2002. To understand how the instrument measures plankton, and why the measurements are important, see Studying
Ocean Color From Space Teacher's Guide with Activities.

If we look at the global image (below) of chlorophyll calculated from all MODIS data collected from 1 January 2002 to 28 February 2005, we can
see where in the ocean phytoplankton are found. A really big image with 9 km resolution is also available. The color scale ranges from 0.1
milligram per cubic meter of chlorophyll pigment (purple) to 60 milligrams per cubic meter (red). Monthly and seasonal global maps of chlorophyll
and other data are available from the MODIS. 

The ocean-color image shows that phytoplankton are mostly along coasts and in high latitude oceanic areas. Seasonal images show the
abundance peaks in spring and summer. These seasonal changes are best seen in a short film clip, the Pulse of the Planet (a 4 MB file), 
showing the seasonal change of phytoplankton in the ocean and vegetation on land, produced by Gene Feldman and the SeaWiFS team at
NASA's Goddard Space Flight Center. For more information and other film clips, see the Colors of Life.

Global distribution of chlorophyll averaged over the period from 1 January 2002 to 28 February 2005 using data collected from MODIS on the

Aqua satellite. Chlorophyll values range from 0.01 mg/m3 (purple) to 60 mg/m3 (red). From NASA Goddard Space Flight Center.

Why Such Large Concentrations Near Coasts? 
Walfrid Ekman showed in 1905 that winds blowing on the sea force water at the sea surface to move at an angle of 45° to the right of the wind in
the northern hemisphere and to the left of the wind in the southern hemisphere. Currents at deeper levels move at larger angles. Summing up all
the currents, he found that the transport is 90° to the  right of the wind in the northern hemisphere.

Global distribution of chlorophyll  
Our ocean planet, oceanography in the 
21st century, an online book, Robert 
Stewart
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Satellite data of California Current upwelling system.  
(a) SST (AVHRR) Aug 14, 2000, (b) surface chlorophyll 
(SeaWiFS) August 16, 2000; Ryan, Chavez, Bellingham 2005
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scale selective vs non scale-selective friction

Solve for the decay time in both cases.
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Ekman spiral 

Oceanography: An 
Invitation to Marine Science 
by Tom S. Garrison
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(1) Find a single equation for  
(2) Find all roots for 

u
b



notes 

6  Mass conservation/ continuity equation 

7  Ekman pumping



Marshall and Plumb 2008

Global wind stress and wind curl



The End


