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Results

Abstract
Coastal communities are intimately connected to coastal water quality. The occurrence of
harmful algal blooms has increased worldwide in recent years and is primarily attributed
to coastal and estuarine eutrophication. Bloom detection and monitoring is vital to
effective management of coastal waters. The ability of remote sensing to identify and
track algal blooms has been intensively studied in recent years. Remote estimation of
chlorophyll a is increasing globally, yet turbid, Case 2 waters present challenges. We are
focusing on optical measures in diverse estuarine and nearshore waters. In 2011, we
collected a set of water quality measurements and phytoplankton samples from 17 coastal
and estuarine sites between Texas and Virginia, while simultaneously obtaining
hyperspectral reflectance measurements. Chlorophyll a concentration varied from 2.0 441.3 µg/L, total suspended solid (TSS) concentration from 0.9 - 105.0 mg/L, and colored
dissolved organic matter (CDOM) absorbance at 440 nm from 0.08 - 4.71 m-1. HPLC and
light microscopy are being used to quantify the pigments and their composite absorption
and identify the taxonomic composition of each sample. The pigment and taxonomic
composition of diverse phytoplankton populations, including lower diversity blooms
(dinoflagellates, cyanobacteria, and diatoms), are being compared to reflectance spectra
using optical models. We are assessing the ability of remote sensing to taxonomically
discriminate these coastal phytoplankton communities and to better parameterize our
algorithms for Case 2 chlorophyll a estimation.
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Figure 1. Reflectance spectra for four stations on a
longitudinal transect along the St. John’s River on June 2829, 2011. Several features that relate to the relative
concentration of optically active constituents can be
identified.
• Higher chlorophyll a concentration causes an increase in
the depth of the absorption trough near 675 nm (STJ 6 &
12)
• An increase in total suspended solids causes an overall
increase in reflectance due to increased scattering (STJ 3
& 6)
• An increase in CDOM causes lower reflectance from 400500 nm (STJ 9 & 12)

Figure 2. Reflectance spectra and light
photomicrographs of samples dominated by Microcystis
(upper) and Gymnodinium (lower). Distinct spectral
features unique to each sample can be identified:
• A distinct absorption trough at 625 nm in the upper
spectra (A) is due to the presence of phycocyanin c in
cyanobacteria
• In the lower curve, a small inflexion on the right side
of the green peak (B) may be caused by
phycoerythrin, which absorbs strongly at 590 nm

Figure 5. Map of chlorophyll a concentration in the Duplin River and tributary
streams in southeast Georgia. The image was acquired on a falling tide by the
AISA sensor aboard the CALMIT Piper Saratoga on June 10, 2006. Non-water
features are masked and the semi-empirical algorithm developed by our lab is
re-parameterized to match the AISA bands and applied to the image to map
chlorophyll a concentration. Several patterns can be identified that have been
confirmed by our lab to persist each summer:
• Region of lower productivity near Lumber landing
• Region of higher productivity on the lower reach connected to Doboy Sound
• Increasing chlorophyll concentration as you move further up tributaries
during the falling tide (ex: see inset on lower left of Post Office Creek)

2
1

© Google Earth

Methods

• In-situ field measurements: depth, secchi depth, temperature, salinity, pH, dissolved
O2, turbidity, and chlorophyll fluorescence
• Laboratory analysis of water samples: concentrations of chlorophyll a, TSS, and
CDOM
• Hyperspectral Reflectance Measurements: 2 USB 2000 Hyperspectral Radiometers
• 180⁰ cosine corrected irradiance sensor to measure downwelling
hemispherical irradiance above the surface
• 25⁰ FOV sensor to measure upwelling water leaving radiance just
below the surface
• CDAP (CALMIT-UNL) uses data from these two sensors to compute Rrs
from 400-900 nm
• Reverse Phase High Performance Liquid Chromatography
• 30% 1M Ammonium Acetate/70% methanol (aqueous solvent)
• 30% ethylacetate/70% methanol (organic solvent)
• detailed description: Yacobi et al. (1996)
• Light Microscopy
• a portion of each sample is fixed with 1% Lugol’s solution
• filtered and embedded in HDMA resin to produce permanent mounts
• transported back to Creighton University for microscopic analysis
• detailed description: Crumpton et al. (1987)

Figure 3. Box plots comparing the concentration of
chlorophyll a from sites sampled by our lab since
2002. Note that chlorophyll a concentration is on a
logarithmic scale.
• Mid-Atlantic sites (VA, MD, DE) exhibited much
higher chlorophyll a concentrations
• Chlorophyll a concentration was generally lower at
other sites
• The exception was higher productivity stations in
the freshwater reaches of several sites (NFL, SC-2,
NC)

Table 1. Range and median concentrations of chlorophyll
a, TSS, and CDOM from my study (Summer 2011) and
our composite data set (2002-2011). Overall our lab has
sampled a wide range of optical conditions since 2002.
• My study was concerned with sampling higher
chlorophyll bloom conditions, the result is a higher
median value of chlorophyll a concentration
• Other projects in my lab have focused on the effect of
CDOM on light absorption in Case 2 waters, producing
a large dynamic range of CDOM concentration

Figure 4. Three semi-empirical models
developed to predict chlorophyll a concentration
in Case 2 waters are listed in the table. The three
band models by Gitelson et al. (2007) and
Gilerson et al. (2009) were developed from 50
stations in Chesapeake Bay and parameterized to
match the band centers of the MERIS sensor
respectively. The five band model was developed
by our lab from coastal, estuarine, and inland
sites. This model exploits the depth of the
chlorophyll absorption trough at 675 nm
normalized by the average of reflectance at 440
nm and 550 nm to account for CDOM dampening
and tripton amplification. My data as well as our
composite data set is run through each model to
compare their performance, r2 values for each
can be found in the table.

Figure 6. Continuous recordings of chl. a concentration in mid-summer of 2011
using a Yellow Springs Instruments 6600 multi-instrument sonde with a
chlorophyll fluorometer. These examples illustrate typical patterns observed
on a falling tide in (A) Post Office Creek – see Area #1 in Figure 5 and (B) NE
branch of the Upper Duplin – see Area #2 above. Chl. a doubled, from about
10 to 20 μg/L in Post Office Creek, consistent with patterns seen in Figure 5.
Much larger variations were found in the Upper Duplin, with the highest
values being 5 to 6 times larger than “baseline”. These peaks are closely
associated with sub-tributaries that drain extensive tidal mudflat/benthic algal
communities and are connected to the main tributary branch (note flowpaths
and arrow pointers).

Conclusions

• Spectral reflectance features respond to changes in the concentration of
optically active constituents
• Specific absorption features indicate the presence of different pigments
• Chlorophyll a concentration can be accurately estimated using semiempirical algorithms in Case 2 waters
• These algorithms can be applied to imagery from sensors employing the
necessary bands to show the abundance and distribution of chlorophyll a
in Case 2 waters
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