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oceanographic application of
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T
is the derivation and charting of sea surface temperature.
Radiance values recorded over ocean areas in channel 4 (10.3
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to 11.3 micrometres) may be used to compute sea surface temperature to within 1°C (McClain, 1980). The visible AVHRR band
(channell, 580 to 680 nm), on the other hand, is generally
considered to be inappropriate for oceanographic applications
because of low radiometric sensitivity. Under most conditions,
ocean volume reflectance (light backscattered from the water
column and excluding water surface reflectance or sun glint)
within the 580 to 680-nm range is less than 3 percent even
though the concentration of phytoplankton and other suspended particles may change several orders of magnitude (Morel and Prieur, 1977). Within the AVHRR visible band, these waters
will appear quite dark and, apparently, homogeneous.
Exceptions to this rule are coccolithophore blooms, within
which the reflectance of the water column may increase to 25
percent or greater (Holligan et aI., 1983; Groom and Holligan,
1986). Coccolithophores are marine phytoplankton composed
of a nearly spherical central cell, the coccosphere, and surrounded
with one or more layers of calcium carbonate plates, coccoliths.
The most abundant coccolithophore appears to be Emiliania huxleyi, for which the coccosphere is between 5 and 8 micrometres
in diameter. The coccoliths are typically 2 micrometres in width,
4 micrometres in length, and 0.5 micrometres in thickness (W.M.
Balch, unpublished data). Under certain conditions, the coccoliths may be detached from the coccosphere and freely suspended within the water column. The process whereby
coccolithophores produce and shed coccoliths is poorly understood, although various theories concerning buoyancy regulation, light conditions for photosynthesis, and the maintenance
of internal CO 2 concentrations have been proposed (Klaveness
and Paasche, 1979; Westbroek et aI., 1983). High concentrations
of detached coccoliths, which at times exceed 78,000 ml-! (Holligan et aI., 1983), are believed to be responsible for the increased volume reflectance (Bricaud and Morel, 1986).
Figure 1 shows a NOAA-IO AVHRR image of an extensive coccolithophore bloom which occurred within the Gulf of Maine
between mid-June and mid-July 1988. The scene was acquired
at 2011 GMT (1611 local time) on 28 June 1988 and is one of a
sequence collected to monitor the development and dynamics
of the bloom. The image was received by the University of
Miami, where it was sub-sampled from the full AVHRR scene
and geometrically corrected to form a 1.1-km resolution image
of the Gulf of Maine and adjacent North Atlantic. A simple
atmospheric correction has been applied -- channel 2 (725 to
1000 nm) has been subtracted from channell with the assumption that ocean volume reflectance within channel 2 is zero.
Hence, any radiance recorded over water within channel 2 is
due totally to the atmosphere. As a result of this operation,
land and clouds appear black. Cape Cod is shown along the
lower left margin, Novia Scotia within the upper right portion
of the image, and clouds occupy the lower right margin. The
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FIG. 1. NOAA-10 AVHRR visible image of the Gulf of Maine, collected 28
June 1988 at 2011 GMT (1211 local time), showing an intense bloom of
coccolithophores (White areas). Black areas represent either land (upper
and left margins) or clouds (lower right).

resulting image has been linearly contrast stretched to enhance
water features.
The coccolithophore bloom (light grey and white areas) appears to occupy most of the southwestern portion of the gulf,
centered over Wilkinson Basin (bathymetric features are shown
in Figure 2), and covers an area of approximately 25,000 km 2 •
Analyses of surface water samples collected within the bloom
between 9 and 12 July indicate a nearly monospecific E. huxleyi
population and coccolith concentrations in excess of 20,000 ml-!.
The boundary of the bloom is characterized by complex filament
and eddy structures. The eastern boundary of the bloom follows
closely the 100-m depth contour outlining Georges Bank, an
area of shallow, well mixed water located approximately 150
km east of Cape Cod. Along the northern tip of Georges Bank,
a portion of the bloom appears to be exiting the Gulf of Maine
through the Northeast Channel and flowing into the North Atlantic. This feature is indicative of surface water flow out of the
gulf and south west along the shelf break and is consistent with
the general circulation of surface water within the Gulf of Maine
(Brooks, 1985).
Hydrographic surveys and historical satellite imagery of the
Gulf of Maine indicate that coccolithophore blooms of the magnitude discussed here are episodic (they do not occur every
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ever, is the daily AVHRR coverage. By tracking small-scale eddies and other structures highlighted by coccolithophores from
one image to the next, it is possible to chart surface water movements.
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FIG. 2. Map of the Gulf of Maine showing relevant coastal and bathymetric

features.

year), spatially variable (when they do occur, it is not necessarily in the same region of the Gulf), and temporally dynamic
(the shape of the bloom changes as a result of surface currents).
AVHRR visible imagery constitutes an important tool in studying
these aspects of coccolithophore blooms. As illustrated here,
large-scale blooms are easily detected. Equally important, how-
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