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Impacts and Outcomes
Agency Problem Research Goals Results p

The primary impact of incorporating aircraft and space-based remote sensing into the routine monitoring of surface
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- : : : e * Goal 1: Determine chlorophyll a concentrations using multi- and hyper-spectral remote sensing of the color waters in estuarine, coastal ocean, and lacustrine environments is that EMAP, the EPA Office of Water , and
Intense Ig (tjrl: strial, a_gzn(;:ultu(rja(lj,_ rfg{)ea;ponalf, antd _urtt)ar_l dﬁ,\ll elopn:eln It é}CtIVItIeSthi\\le from approximately 30 southern New England estuaries and bays and coastal waters over seasonal cycles. . University of NewvHampshire/EP'A Region 1 Lakes Program will be able to z;ccurately characterize the ;acological
increased the magnitude and distribution of nutrients in the coastal environment. o . . . oore i : : - : - )
e . . . . - i . . « Goal 1: Using aircraft multispectral remote sensing, aerial condition of entire aquatic systems, making synoptic comparisons among coastal or lake systems possible.
frequent response of coastal systems to the addition of nutrients is an increase in « Goal 2: Reduce the variability of spectrally derived chlorophyll a concentrations (and other water quality SUverve ofthg southern Newan 1and coast were c%nducted & ) ) . Y R s . Y P
P indicators) for New England estuarine and coastal waters. Y hiy basis during S 9 T all 2002 and 2004 o o General multispectral signal = Significant financial savings to the Agency will be realized as analytical costs are reduced because the need to
hundreds of millions of dollars are spent by EPA and other Federal and State gn r?nm(;r(])tosyTﬁseI;e dua:tlggve?emr?(?cresse g retérli["eve - £ CfContland ocean waters process hundreds of surface water samples for selected indicators (e.g., water clarity, salinity, turbidity) will be
agencies on monitoring phytoplankton biomass in estuaries. « Goal 3: Determine phytoplankton pigment composition from the hyperspectral signatures of New England cﬁlorgphyll A s v uging the NASA Ocean Color gm eliminated.
eztuarme_ and tcc_)asﬁl wa:ters. Phytoplankton may be diagnostic of estuarine conditions and responsive to 4, version 4 algorithm. 5:: = Environmental condition assessments could be conducted at a variety of spatial scales (local, regional, and global)
changes in nutrient levels. SNy i i ;
As an indicator of phytoplankton biomass in coastal and estuarine waters, the g ooz e over variable time scales (monthly, seasonally, and annually) and cover more temporal scope and geographic breath
environmental monitoring community and governmental agencies routinely measure o e ™ than do present reports.

chlorophyll a concentrations in water samples. Usually, these efforts are focused Additionally, this research is increasing data accuracy as variability in chlorophyll a as well as data from other
within a limited geographic area and require time-consuming and expensive indicators will be reduced.

laboratory analyses. Passive remote sensing of coastal ocean and estuarine water
color from multispectral and hyperspectral satellite and aircraft-based systems
provides an opportunity to monitor coastal ecosystem condition at a variety of
spatial and temporal scales.

Comparison of chlorophyll a concentrations derived from the OC4v4 Model vs. Fluorometrically determined chlorophyll concentrations

An important outcome of distinguishing phytoplankton groups based on their spectrally—derived pigment
OC4v4 Chl a (ug/l)= 10°(0.366 - 3.067R + 1.930R2+ 0.649R3— 1.532R%) composition, especially those groups associated with Harmful Algal Blooms (HABS), is the potential for creating a
remote sensing-based early warning system for HAB detection.

where R= Log;, (R,s443/R ;555> R 490/R 555>R ;510/R,(555)

A better understanding of the dynamics of watershed impact on coastal systems will occur from exploring

% relationships between changes in phytoplankton community structure (based on remotely sensed pigment
M ethods/Approach 2] . 20 distribution) and nutrient input to estuaries and coastal waters along southern New England.
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« Goal 1: Determine chlorophyll a concentrations using multi- and hyper-spectral = ’ 2 Future Directions
remote sensing of the color from approximately 30 southern New England S &, ;
estuaries and bays and coastal waters over seasonal cycles. <151 * ., $ o V7 0.90x +0.23 £ 10 7 « Continue to derive EMAP/NCA/OW indicators of surface water quality when possible from multispectral and
510 4 :. K AR R?=0.65 g * : hyperspectral aircraft and satellite signatures and use them to conduct site-specific and regional scale condition
o . .: n=127 S 54 * . ¥v=1.01x - 0.74 assessments on monthly to annual time scales.
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Aircraft multispectral data from Narragansett
Bay sampling stations

_———— In situ spectral data from Narragansett Bay
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: Figure 1. Elem'j:::;“em SM{.';::,.',";M reqion of reflected light L= P : | 3 sl { B Using aircraft hyperspectral remote, aerial surveys of the southern New England coast have been conducted montrhly beginning in Fall 2005 and continue to the present. 53%
U remote sensing.
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o Approach: Using aircraft and satellite remote sensing data from the blue:green and « Goal 2: Using the hyperpspectral signature of local waters, a regional algorithm 20 AP Crten ST
red:near infrared portions of the visible spectrum offers the capability to estimate : : riteria for Chlorophyll Condition
chlorophyll a conF():entrations at local andpregional scales over I%ng tiyme periods. Cessna Skymaster equipped with Satlantic (HYPERCHLOR). was created to retrl_eve chlorophyll a concentratl_on§ f o 257 Y SREHEE S AU Good <5ugll
n ) Inc. remote sensing system coastal and estuarine water color. Using HYPERCHLOR, the variability in R =09558
I . . imati i ~ 201 Fair 5to 20 ug/l
¢ Goal 2: Reduce the variability of spectrally derived chlorophyll a concentrations estlmat_mg chloroophyll concent_ranons froom spectral data has been reduc_ed from 3
for New England estuarine and coastal waters. appro_mma}tely AfOAa_ to ap_prommately 5%. _The_HYPERCHLOR model is E& 151 Poor > 20 ug/l
I I I described in Keith (in review). The Determination of Chlorophyll a S ol
Greenwich Bay Concentrations in southern New England Estuarine and Coastal Waters Using
} 0 the Red/Near-Infrared Band Ratio Approach submitted to Remote Sensing of 57 « Map the geographic distribution of selected EMAP/NCA/OW surface water indicators (e.g. water clarity) on time scales of interest.
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m « Goal 3: Since 2006, we have conducted four experiments [P !
CDOM and phytoplankton absorption curves- Hyperspectral signature- Greenwich Bay, RI ° S~ Nantucket using laboratory cultured phytoplankton. The hyperspectral el — B '_
q Narragansett Bay (Keith et al., 2002) Mcf Sound signatures of these groups were collected under controlled ! § 5 S o
. i . conditions and water samples were collected concurrently b & s - b
Approach: Use the secondary chlorophyll a fluoresence peak in the red-NIR portion < for High Perfomance Liquid Chromatography (HPLC) | b ! * — SR
of the visible spectrum to derive a regional algorithm based on in situ hyperspectral Rhode Island Sound = pigment analysis. Derivative analysis was applied to the 3 ""°': § ST
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gata f(;omdNarragansettlt Ba)lll' szdi';,sll_ég]drioundﬁ B"uzzards B?y't?nd Leng Island @ hyperspectral signatures from each experi ment._USIng the | H 3 b . Water clarity based on % photosynthetically available radiation at 1 meter depth
ound and concurrently coflecte chiorophyll a concentrations. spectral data and HPLC data, regression analysis has = 1 i H % (Composited from aircraft multispectral data from March — December 2005)
.& . . n Long Island Sound ﬂ o resulted in several algorithms which estimate the ! | | ]
« Goal 3: Determine phytoplankton pigment composition from the hyperspectral *m b concentration of several diagnostic pigments. [ B T L Ve
m signatures of New England estuarine and coastal waters. Phytoplankton may be . I e e Tl e e « Map the geographic and temporal distribution of phytoplankton groups based on pigment composition derived from aircraft-based
diagnostic of estuarine conditions and responsive to changes in nutrient levels. = hyperspectral remote sensing.
HPLC Chromatogram showing spectral peaks for several pigments

Coastal and estuarine systems surveyed in support of the EMAP/National Coastal Assessment Program Chaetoceros sp. pigment Pigment Cormposition in Nantucket Sound(off
and NHEERL Nutrient Effects Program distribution from HPLC analysis Harwichport, MA 6/27/06)
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samples collected concurrently for HPLC pigment analysis. Narragansett, Rhode Islond
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