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Introduction
● Not only chlorophyll a (Chl_a) but also other phytoplankton pigments play an important 
role in primary production.
● The pigment constituents, including chlorophyll group (Chl_a, Chl_b, Chl_c), 
photosynthetic carotenoids (PSC) like fucoxanthin (Fuco), peridin (Perid), and a-carotene 
(Caro), and photoprective carotenoids (PPC) like alloxanthin (Allo), diadinoxanthin and 
diatoxanthin (Dia), and zeaxanthin (Zea), vary significantly with season and region in 
coastal waters due to shifts in abundance of phytoplankton species and light levels.
● In coastal waters, the complicated atmospheric and water conditions such as strong 
riverine discharge and sedimentary resuspension make it more difficult to develop 
pigment algorithms from ocean color remote sensing reflectance (Rrs).
●Objectives: 1)  to develop regional algorithms for phytoplankton pigments;

2)  to validate with SeaWiFS and MODIS-Aqua observations;
3)  to study seasonal and regional variation of pigment distributions that can be related to 

phytoplankton biodiversity. 

Study region and field expeditions
● U. S. northeast coast from Gulf of Maine (GoM) to the Chesapeake Bay Estuary:

Bio-physical Interactions in Ocean Margin Ecosystems (BIOME 1-4; 2005 - 2006);
Chesapeake Bay Plume Experiments (CBP 2 - 4; 2005 - 2006); 
Chesapeake Bay Hydrological Survey (CBH; 2004 - 2006);
Gulf of Maine cruises (GoM 1-4; 2007);
Ocean Color Validation experiments in Hudson River Estuary (OCV 1-3; 2007-2008).

Empirical algorithms 

Here X = log[Rrs(λ1)/ Rrs(λ2)], and Ai were derived coefficients for each pigment. The 
selected λ1 and λ2 were 490, 5110, 555, or 670 nm for SeaWiFS, and 488, 532, 551, 
or 667 nm for MODIS-Aqua. 

Results and Discussion
● Since diatoms are generally the dominant species in this coastal region, algorithms 
developed for pigments rich in diatoms (e.g. Chl_a, Chl_c, and Fuco) are typically more 
robust than other pigments (Fig. 1 and Table 1).
● Complex circulation, such as ebb recirculation in the Hudson River Estuary, may 
generate relatively low CDOM but high pigment condition (LCHP) as observed in OCV2 
(November 2007) cruise (Fig. 1 and Table 1). 
● As the biomarker pigment for cyanobacteria, which seldom bloom in relatively cold 
water (e.g. Tw<15oC),algorithms for Zea are very different for relatively warm (Tw>20oC) 
and cold (Tw<15oC) water mass (Fig. 1 and Table 1).
●The match-up validations to satellite observations showed reasonable agreement for 
our pigment algorithms (Fig. 2 and Table 2). Higher deviations were found for MODIS 
match-ups due to limited data points (N=10 for +/- 3 hour overpass window) and higher 
portion of data (N=5) from the bay mouth region.
● The application of our algorithms showed reasonable seasonal and regional distribution 
of pigments from satellite observations (Fig. 3). For example, winter-spring bloom of 
diatoms as indicated by Chl_a and Fuco distribution is obvious. The significant 
disappearance of dinoflagellate bloom as indicated by Perid distribution in GoM from May 
to August, and significant increase of cyanobacteria as indicated by Zea distribution in the 
summer, are also clearly shown.  
● The knowledge of phytoplankton pigment distribution may improve our understanding 
of algal community composition, water quality, and carbon flux. 

Acknowledge
This research was supported by an appointment to the NASA Postdoctoral Program at the 
Goddard Space Flight Center, administered by Oak Ridge Associated Universities through a 
contract with NASA. This work is supported by the NASA Ocean Biology and 
Biogeochemistry Program with grants from the NASA NIP, IDS, Biodiversity and EOS 
programs. Ship time for July 2005, May and July 2006 was funded by a NOAA grant in 
support of the Coastal Observatories program.

Figure 3.  Examples of the distribution of phytoplankton pigments derived from MODIS-Aqua images. 
Each image represents an 8-day average for  Julian days of 133-140 (May 2005), 213-220 (Aug 2005), 
302-309 (Nov 2005), and 041-048 (Feb 2006). Latitude: 35 to 45 oN; Longitude: -77 to -65 oW.

Figure 1. Examples of phytoplankton pigment algorithms derived from field measurements of 
Rrs band ratios. The data sampled in New York Bight (NYB) during November 2007 was 
separated from other data set for pigments like Chl_a and Fuco.

Figure 2. Examples of the comparisons between satellite-derived pigments 
and field measurements. The match-up procedure is limited to +/- 3 hours 
between satellite overpass and field measurements.


