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ABSTRACT

Submerged aquatic vegetation (SAV) is an important indicator of freshwater and marine water quality in almost all 
shallow water aquatic environments. Throughout the world the diversity of submerged aquatic vegetation appears to 
be in decline, although sufficient historical data, of sufficient quantitative quality is lacking. Hyperspectral remote
sensing technology, available from low altitude aircraft sensors, may provide a basis to improve upon existing 
photographic regional assessments  and monitoring concerned with the aerial extent and coverage of SAV. In 
addition, modern low altitude remote sensing may also help in the development of environmental satellite
requirements for future satellite payloads. This paper documents several important spectral reflectance signature 
features which may be useful in developing a protocol for remote sensing of SAV, and which is transferable to other 
shallow water aquatic habitats around the world. Specifically, we show that the shape or curvature of the spectral 
reflectance absorption feature centered near the chlorophyll absorption region of ˜  675 nm is strongly influenced not 
only by the relative backscatter region between 530-560 nm, but by a “submerged vegetation red edge” that appears
in the 695 to 700 nm region in extremely high density vegetative areas in very shallow waters (= 0.5m depth). This 
“aquatic biomass red edge” is also observable in deeper waters where there is a shallow subsurface algal boom as 
demonstrated in this paper. Use of this submerged aquatic red edge feature will become an important component of
SAV remote sensing in shallow aquatic habitats, as well as in phytoplankton-related water quality remote sensing 
applications of surface phytoplankton blooms .

Keywords : Hyperspectral remote sensing, submerged aquatic vegetation, shallow water, underwater detection, 
synthetic images, water waves, simulation, water surface reflectance, shallow water, chlorophyll absorption,
backscatter, bottom types, bottom reflectance, hydrologic optics, remote sensing algorithms, water quality, habitat 
assessments, environmental optics, phytoplankton bloom detection.

1. INTRODUCTION

The objective of this paper is to describe the research related to the development and testing of a hyperspectral
remote sensing protocol being developed for submerged aquatic vegetation monitoring in shallow water aquatic 
environments. The focus of the research has been to acquire and apply scientifically based remote sensing 
algorithms 1 to low altitude aerial hyperspectral imagery that can form the basis of quantitative aerial mapping and 
aquatic surveying of SAV. What is unique about this project is the focus on data collection issues, data & sensor 
calibration issues, and analysis of the resulting hyperspectral signatures of the resulting 1.3 m pixel size in order to 
provide end users as well as data providers in the commercial sector and the end user community with a protocol or 
methodology that can be applied and repeated temporally and geographically, with reproducible results. Although
we will focus on the first year and one half of this approx 3 yr. project, we will begin to address, in this paper, the 
need for such a protocol, our results to date as well as our initial findings and activities. The research has been 

* Dr. Charles R. Bostater, Jr. bostater@probe.ocn.fit.edu; phone 1 321 258-9134; fax 1 321 773-0980;
http://www.ocn.fit.edu; Center for Remote Sensing, Marine and Environmental Optics Laboratory, 150 West 
University Blvd., Melbourne, FL, USA 32901; 1 Robert Virnstein is also an Adjunct Professor at Florida Tech.

Remote Sensing of the Ocean and Sea Ice 2003, edited by Charles R. Bostater, Jr.,
Rosalia Santoleri, Proceedings of SPIE Vol. 5233 (SPIE, Bellingham, WA, 2004)
0277-786X/04/$15 · doi: 10.1117/12.541191

199

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/19/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



supported primarily by NASA, with additional support provided to Florida Tech from the Northrop Grumman 
Corporation, the Link Foundation, and the Office of Sponsored Research at Florida Tech. The overall goal of the 
research is to further our scientific understanding of shallow water remote sensing in marine and coastal
environments as described by Bostater et al. 1,2,3,4,5 ,6,7,8,9,10,11,12, and other published efforts described by Davis wt 
al.13, Zimmerman14,Voss, et al.15,Fyfe16,Dierssen et al.17,Hedley & Mumby18,Kuster, et al.19,Louchard, et al.20,
Werdell and Roesler22 and Stephens, et al.21. Many of the above references suggest, and a few demonstrate the 
ability of spectral discrimination of land based targets using second derivative estimators, first utilized in 1980 by
Grew39, in 1983-1986 by Hoge15,42, in 1988-89 by Phiplot16,17 and in 1989 by Bostater 43,40,1,2,40,22,. The rapid 
developments in detector technologies in recent years2,3coupled with the great strides in related camera and remote 
sensing techniques4, related mapping and GIS techniques, and other hardware capabilities, has made extremely 
sophisticated remote sensing systems available . These technological breakthroughs have also been accompanied by 
significant reductions in cost and size, making hyperspectral imaging systems available for regional and local 
monitoring.

2. BACKGROUND

The purpose of this section is  to explain why SAV are important to assess, reasons for this natural economic 
resource to vary with respect to time and space, and why this project is being conducted. Keep in mind that in the 
United States, water quality monitoring activities conducted by federal, state, local and regional organizations (some
of which is funded by the federal government) forms the basis of water quality management as mandated by the 
federal government’s Clean Water Act passed in 1972 and as amended. The water quality criteria and standards
process in the United States forms the legal basis for protection of ambient water quality and associated living 
aquatic resources, which includes SAV. Water bodies, such as the Indian River Lagoon (IRL), along the Atlantic
Ocean, in central Florida and other estuaries such as Chesapeake Bay, have been reported to have experienced 
historical declines in the abundance of SAV23. Other regions or countries25 including the Mediterranean region, and
Australia26, have experienced decline in SAV. Currently, GIS and aerial photos have been used to assess the 
temporal change in sea grass coverage24. Discussions regarding the causes of decrease in density and aerial coverage 
of SAV beds include global climate change25, natural and human induced changes26 influenced by land use activities
and nitrogen loading27, 28, 29, effects of disease and epiphytes30, 31, the influence of important physical dynamics
driven by mesoscale meteorology such as wind-wave dynamics32, geomorphologic constraints  such as the wind 
fetch33, and even water use activities related to boating34 .

To make effective policy decisions related to SAV management, accurate, precise, and repetitive assessments of the 
aerial coverage (extent, density, diversity) of SAV is essential. For example, seagrasses are important in shallow 
coastal/estuarine systems such as the IRL, because they (1) provide critical fisheries habitat that supports local or 
regional economies, (2) affect nutrient and sediment dynamics, and (3) serve as a “barometer” of a system’s health 
by providing a functional link between water quality and faunal communities.37

Since healthy seagrass beds directly support high biological diversity and reflect good water quality, seagrass is used 
by the St. Johns River Water Quality Management District (SJRWMD) in central and northern Florida, as a 
“barometer” of ecosystem health in the IRL. In addition, the majority of sport and commercial fisheries in the IRL 
are dependent on seagrass in the IRL that directly supports a regional fishery worth approximately one billion
dollars a year (about $30,000/hectare of seagrass/year) (Virnstein and Morris, 1996).  Based on these values and the
inter-dependence of these resources, the SJRWMD has set seagrass distribution and abundance targets (Virnstein et 
al., 2000), which will form the water quality targets.  These targets in turn form the basis for pollutant loading 
targets (Steward et al., 1994), which are essentially the same as the US Environmental Protection Agency’s (EPA)
mandated total maximum daily loads (TMDLs). These loads are determined based upon water quality modeling of 
the watershed runoff into the lagoon, and the ambient water quality within the lagoon. Thus, seagrass provides the 
legal basis for environmental restoration efforts and management of storm water and land use activities, including 
urban development and associated land runoff or non-point source pollution control.
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Seagrass status and the success of restoration and environmental management decisions are based primarily on the 
area of seagrass in segments of the IRL, as derived from aerial photo generated seagrass maps.  Thus, accurate 
seagrass maps provide a critical management tool (Virnstein, 2000). The SJRWMD, in cooperation with South
Florida Water Management District (SFWMD), has been mapping seagrass in the Indian River Lagoon every 2-3
years since 1986, using a combination of field and aerial photography. With this background in mind, we present the 
current project results to date; with respect to determining if hyperspectral remote sensing of SAV’s can replace or 
augment the routine monitoring of SAV. We report in this paper, the hyperspectral remote sensing data collected 
from low altitude aircraft over a tidal inlet region near the Sebastian River as shown in the aerial photo in Figure 1,
below.

Figure 1. Aerial photo of the Sebastian Inlet, a tidal inlet of the Indian River Lagoon. The Indian River Lagoon is located along 
the Atlantic coast of central Florida (inset area within the small box), south of the Kennedy Space Center. The figure indicates 
water sampling stations, and the locations where plot frame and transect monitoring occurred before, during and after the low 
altitude hyperspectral sensor (Airborne Imaging Spectrometer for different Applications41, AISA+) was flown on May 29, 2003. 

3. AERIAL HYPERSPECTRAL IMAGERY ACQUISITION

Imagery was collected on May 5 and May 29, 2003. During the first flight on May 5th the aircraft arrived at 
Melbourne airport behind schedule and the aerial survey was canceled (by the data provider) during the morning do 
the sun glint and resulting degraded image quality. The data provider canceled the flight during the field campaign, 
and flew during the mid-afternoon period. The afternoon coastal seabreeze allowed clear sky conditions to exist, 
however the data was basically unusable due to the increased winds on the order of 15-25 knots. These wind 
conditions made the afternoon data quite different from the morning data, and no in-situ data was collected near the 
flight time. Wave action increased upwelling radiance into the sensor. Hyperspectral data collections for
discriminating subsurface water features such as  bottom type or water quality needs to be conducted during calm 
wind and sea conditions. In addition, the AISA+ pushbroom camera hyperspectral sensor was not flown by the data 
provider to insure that the full dynamic range of the sensor was utilized as requested, over the water area being 
flown. This also contributed to the data being unusable from the first flight, except for rather qualitative purposes.

On May 29th another aerial survey was scheduled. The AISA+ sensor was to have been configured by the data
provider running the sensor system to acquire imagery that would use the full dynamic range of the 12 bit (uncooled 
digital CCD camera) used with a ImSpector direct sight imaging spectrograph. The AiSA+ sensor was flown with
the spectral resolution of ˜ 4.6 n m, producing 77 bands (between 399 and 755) with a swath width of just over ˜ 500 
m with an ˜ 1.3 meter pixel size, and altitude of over ˜ 1000m (3,300 ft), and FOV around 30 degrees, according to 
the manufacturers information (information was not provided by the data provider in order to verify the product 
delivered to date). Figure 2 documents that the sensor was not configured to collect data over the water using the full 
dynamic range of the 12 bit uncooled CCD camera. In other words, digital counts were ˜ 2000 to 2500. The 
maximum possible range of a 12 bit camera at full dynamic range would be 4096 digital counts. Future use of the 
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system will require provision of configuration documentation of the sensor to the end user. Configuration of the 
sensor will need to allow for near full dynamic range use over the water, and data providers need to be required to 
provide documentation on bandwidth, FOV, integration time, etc. to the end user for temporal monitoring or 
sequential aerial survey documentation. It was apparent that the data provider was unfamiliar with quantitative 
mapping requirements and needs associated with quantitative environmental mapping and analysis surveys.

Figure 2. Spectral signatures collected on the north side of the Sebastian Tidal Inlet, May 29 (2003) and selected from an image 
swath over SAV beds, sand bottom types demonstrating that the sensor was configured not to use the full dynamic range of 4096 
(12 bit) digital counts. The May 5 imagery was flown at even a lower dynamic range over the water.

The spectral signatures shown above (Figure 8) which indicate a maximum of just over 2000 digital counts were 
extracted over sand bottom types. The values just over 1500 were selected from the SAV beds (as shown in the 
image to the right above) indicated only about 1/3 of the dynamic range of the sensor was configured to be used 
during this aerial survey over the SAV beds. Otherwise , the spectral signatures of the raw digital counts look 
comparable to data obtained from an SE590 solid state, hand held, high sensitivity and narrow bandwidth 
spectrograph which was used to collect signatures in this region.

During both aerial surveys, the data provider was requested to provide scans of a calibrated dark panel that was on 
the order of 75 cm * 100 cm. This was a calibrated dark or gray reflectance panel (˜ 15% reflectance) that was 
requested to be placed under the small twin engine aircraft (Beech Queen Air) in a position not to be influenced by 
the shadow of the aircraft being used as the remote sensing platform. Two sets of gray panel readings were 
requested to be made before and after the flight. The sensor instrument operator had been requested to cycle the 
AISA+ sensor on and off before after the flight in order to obtain the 2 sets of readings. The data was to be used to 
calculate “spectral reflectance” directly using the sensor and calibrated panel readings in order to closely relate the 
reflectance obtained from the AISA+ sensor to the shipboard and ground based spectral reflectance measurements
obtained from the SE590 handheld spectrographs used during the over flight. The gray panel data collection 
procedure was not adhered to by the data provider during either flight as requested. Thus, quantitative comparisons 
for optimal band selections for use in SAV detection between the ground and aircraft based AISA + sensor data can 
not be made. In the absence of this data, the project investigators have been provided with the AISA+ reflectance 
product which utilizes an upwards looking fiber optic irradiance sensor. To date we have been unable to obtain 
calibration data related to the fiber optic sensor, and as well as linearity performance for the airborne AISA+ sensor. 
The linearity response of the sensor (including the fiber optic sensor) is critical to sequential hyperspectral image 
analysis or temporal change detection assessments of the SAV beds needed for environmental mapping and
management purposes. Figure 3 shows a resulting mosaic of the hyperspectral data collected from the AISA+ sensor
flown on May 29th. The flight lines are quite obvious from the areas which were not properly overlapped to insure a 
complete mosaic of the study area. Figure 3 also shows a selection of the spectral reflectance signatures (in the 
region indicated by the box in the image. The reflectance image was obtained from use of the onboard downwelling 
fiber optic sensor. It should be noted that the original study area requested for flight on this date was larger than the
mosaic provided to the investigators  as shown in Figure 3. The reduced mosaic coverage was due to failure of the 
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Figure 3. A mosaic relative (scaled) reflectance image of 5 flight lines collected May 29, 2003, using the prism-grating-prism
imaging spectrograph system38,41 over the Sebastian River tidal inlet along the Atlantic Coast of Space central Florida. The 
mosaic image is shown using channels at 577 nm, 667 nm and 700 nm. The insets of the selected spectral signatures were 
extracted from the region within the boxed area shown.

conventional (non-differential) GPS system aboard the aircraft. In addition, the non-precision GPS used in the 
AISA+ configuration during these flights demonstrate the need for the data provider and or the manufacturer to 
consider better positional data for use in the aircraft and the resulting rectified and ground registration process. Prior
to, during and after the morning survey on May 5th, stations were occupied for water and SAV sampling using plot 
frames and transects as shown in Figure 1. The stations were also surveyed with respect to their latitude and 
longitude in order to assess the data provider’s advertised 1- meter accuracy with respect to the image rectification 
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and registration capability. Figure 4 shows the typical spatial offset error results at 5 locations in the hyperspectral 
imagery and the resulting hyperspectral image cube mosaic. Spatial offset error was dramatically different across
the final warped mosaic using the USGS aerial ortho-quad photo (see Figure 1). The ground GPS points (collected 
using a Trimble Navigation Pro XR with sub-meter accuracy between 0630-1200 hours at the fixed locations) 
demonstrated the final hyperspectral data product has an offset error on the order of 5 m and 100 m, depending on 
location across the scene. Thus 1 meter accuracy as advertised by the AISA+ data provider is certainly not 
achieved. This fact alone makes the resulting data product unsuitable for aerial mapping of SAV’s with respect to 
aerial coverage. Future flights will require airborne differential GPS on the aircraft to improve flight data collection 
and control. In addition, the investigators conducting the study will need to supplement the use of ground based 
white panels or targets with sub meter position accuracy to help assess and decrease the poor quality mapping 
product provided by the data Florida data provider.

4.0 FIELD SAMPLING DURING AERIAL OVERFLIGHTS

Water quality, floating calibrated reflectance panels, and submerged vegetation ground truth stations (9) were
established for the May 5, 2003 hyperspectral imaging field survey.  Another station was sampled north of Sebastian 
River, but not shown (background image = USGS digital quarter quad, Q3104nw.sid, 1999-2000) in Figure 1.
Figure 5 shows a floating black (lambertian surfaced with carbon black) reflectance panel (4 ft2) near the mixed 
seagrass and sand bottom type at Station 2. Above surface water reflectance signatures were collected using a SE590 
high sensitivity, intensified, solid state spectrograph over the vegetative bottom and sand bottom at selected stations.
Reflectance was calculated using a Labsphere dark (˜ 10%) calibrated reflectance panel that was to have been 
calibrated to the airborne hyperspectral imaging system. In addition to the spectral reflectance measurements taken 
from a small vessel, plot frame quadrants using 1-meter plot frames with 10 cm2 cells, were  sampled by divers using 
standard monitoring protocols employed by the SJWMD. The plot frames used are shown in figure 8(a). In addition 
to the 3 by 3 m plot frame quadrats, plot frame transects (30 plot frames long and 3 plot frames wide) were sampled 
as shown in figure 9.

Figure 4. Spatial offset error at different locations across the final warped mosaic 
(using the ortho-quad photo from USGS) for the May 29 data collection.
Ground GPS points collected May 29 indicate the offset error ranges from 5 to 
100 m, and does not meet the reported claim of 1 meter accuracy advertised by 
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Figure 5(a). Location (left) of reflectance panel at station 2 on May 5, 2003, at 11:20 AM in mixed seagrass & sand bottom type.
Figure 5(b) Water depth (right) was 1.2 m and right image shows the sand bottom type at station 2.

Figure 6 (a) above left shows the Station 2 above surface based reflectance signature (SE590) collected from a 17 ft. vessel,
Vegetative bottom & drift algae was present. The water was ˜3.5 ft. depth, and water was very clear. Figure 6(b) above right 
shows the resulting above surface water reflectance signature for the sand bottom type at Station 2.

Figure 7(a) left shows the mixed vegetation at Station2 and Figure 7(b) right shows a characteristic scaled water surface 
reflectance signature (77 channels or bands from ˜ 400 nm to 700 nm) extracted from the hyperspectral imagery over sand at 
Station2 from the afternoon flight on May 5, 2003
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Figure 8(a) left shows the layout of the 3 by 3 1 m2 plot frames and the 10 cm cells used to perform blade and shoot counts of the 
seagrass species, drift algae, percent visual cover, water depth to the top of the vegetative bottom substrate. Figure 8(b) shows the 
locations of the triplicate 9, 1 m2 grids where the 3 by3 pattern was used at station 2 as well as the location of  the transect located 
at this station. The 4 corners of the 3x3 plots in triplicate, and the start and end location of the 3 plot wide transect is shown in 
Figure 8(b) right, above.

Coordinates for each station was collected with a Trimble Navigation Pro XR system and all stations were marked
with underwater PVC stakes to enable revisiting stations worked extremely well. SAV monitoring utilized a 3 by 3 
area of 1-meter plot frames (see figure 8 below) and 10 cm cells  were used to perform blade and shoot counts of the 
seagrass species, drift algae, percent visual cover, water depth to the top of the vegetative bottom substrate. For
transect monitoring, we used 3 plot frames (3 m wide) and these were conducted over a 30 m length (30 plot 
frames).

5. RELATIONSHIPS BETWEEN SAV MONITORING & HYPERSPECTRAL IMAGERY

The original plan was to extract spectra from the 9 plot frame (3 by 3) quadrats and to use this data with the ground 
truth data for algorithm development44. However the data provider has not produced reliable 1 m registration of the 
imagery as demonstrated previously. Therefore, prior to the second flight, a method of placing reflectance targets 
below the water surface (as well as above surface as shown previously) in the transect areas was used to denote the 
location of the transects . Figure 9 below shows results of transect 2 monitoring in the vicinity of Sebastian Inlet, 
Indian River Lagoon. The transect crossed a depth range of 40 to 5 cm.  Submerged vegetation extends to the water 
surface between locations 15 and 30 m. and is  dominated by shoal grass, Halodule wrightii, with a sparse (< 10%) 
macro-algae component. The vegetation percent visual cover averaged near 80% along the transect. Less than 50% 
cover was observed at the first 2 locations (40 cm depth) and near 22-24 m in the vicinity of a small depression.

Figure 9(a) left, shows the depth to top of bottom substrate and submerged vegetation canopy height along the transect. Figure 9(b) 
right, shows  the resulting visual cover, drift algae and seagrass coverage along the 30 meter transect at station 2, transect 2.
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Estimates of visual cover and % seagrass occurrence in plots tracked closely with the exception of the 17-23 m region. 
The transect location is located at Lat/Long. N27.85007863/W80.45862709 to N27.85003394/W80.45889724, with ½ 
meter GPS accuracy from the Trimble measurements. Figure 10, below shows the location of the transects in an 

Figure 10. Hyperspectral image (enhanced RGB) scene indicating the locations of transect 2 and 3 in the tidal inlet area. The inner 
boxes indicate the average and standard deviations of the spectral for selected sandy bottom (upper inset) pixels, and from 
submerged vegetation pixels (lower spectral signature inset) from transect 3, shown above, during the May 5th , 2003 afternoon
aerial flight.

Transect 2

Transect 3
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enhanced image within the tidal inlet study area. In addition this figure shows results of extracting spectral signatures 
from transect 3 over the sand area along the southeast end of the transect in terms of the mean and standard deviations
from 9 pixels estimated to be located along the transect and associated plot frame locations in water depths of 1 to 
1.25 m). The lower set of signatures indicates the average and standard deviations for spectral extracted from 9 plot 
frames in the vegetative region in water depth of ˜ 0.5 m. Figure 11(a) shows the changes in the species of SAV along 
the transect from the 1 m plot frame measurements collected by divers, and the location of the pixels extracted along 
the sand portion of the transect (indicated by the blue box on the graph), and the SAV region where signatures were 
extracted (yellowish inset box).

.

Figure 11(a) Transect 3 species along the transect and boxes indicate areas where signatures were extracted and shown in Figure
10. The center graph Figure 11(b) shows the depth to the bottom substrate and to the top of the vegetation and Figure 11(c), right,
shows the transect percent drift algae, seagrass and visual cover along the transect.

The above center Figure 11(b) indicates the transect crossed a depth range of 110-50 cm.  The transect was un-
vegetated between 1 and 8 m, and then was dominated by shoal grass, Halodule wrightii. As shown in the Figure 
(11(c)  above and to the right. Shoal grass declined to less than 50 % cover between 17 and 22 m.  The transect had a 
sub-canopy of the federally protected seagrass Halophila johnsonii. Macro-algae abundance was about 10 % between
13 and 20 m. Vegetation cover was bi-modal with a minimum at 21 m.  Estimates of visual (above right) cover and % 
seagrass occurrence in the plot frames tracked closely with the exception of the 16 -18 m region that differed by 40 %.

The spectral signature taken with an SE590 high resolution, high sensitivity, narrow band width spectrograph for 
Station 1 obtained from the plot frame quadrant area is shown in Figure 12 below, and as shown in Figure 6(a)
previously. It can be note that there is a rise in reflectance in this signature obtained from the average of 20 discrete 
spectral scans taken over the 9 (1 m2 plot frames) in this shallow depth (0.75 m) station. Note the SAV red edge.

Figure 12. The shallow water SAV signatures collected using an SE590 handheld spectrograph at Station 1. The average signature 
(from 20 scans) is shown in both graphs, with the one on the right plotted with a reduced vertical scale to show the relative
absorption and backscatter features more clearly. The photo shows the shallow SAV (with significant drift algae) within the plot 
frame quadrant PVC poles (3 m2) area.

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30

Location on Transect Three (m)

P
er

ce
nt

Halodule wrightii

Halophila johnsonii

208     Proc. of SPIE Vol. 5233

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/19/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



Figure 13. Scaled reflectance signatures extracted from the areas at the arrows shown in the center image, from within the May 19 
mosaic scene of the Sebastian tidal inlet. Not that in shallow SAV pixels, the 700 nm submerged vegetation red edge rises
dramatically similar to a vegetation canopy. These extracted spectra are quite similar in shape to the signature collected from the 
SE590 in from the previous data at Station 1 and Station 2, shown above.

6. SAV DETECTION USING HYPERSPECRAL IMAGERY

An objective of the hyperspectral image analysis  in this project is to develop a protocol or method(s) that will assist in 
the detection of SAV and discrimination of seagrass species from the drift algae species. Conceptually there are 3 
approaches  to be explored. The first being an automated approach such as automatic feature extraction techniques, 
second a manual approach (using remote sensing algorithms) which would utilize scientifically based analysis of the 
absorption and relative backscatter features of the spectra, in conjunction with other scientifically based information in 
order to detect or map the SAV. The third approach would be a combination of the above in some manner. We have 
begun to explore the first 2 approaches with the data collected to date, although the data products have much to be 
improved in term of quality as a “mapping product”. Preliminary results are shown below using an automatic feature 
extraction process we have applied which first uses a MNF principal component analysis, followed by the feature 
extraction techniques which requires user interface in order to teach the extraction portion of the  process which data 
are to be included in final mapping results as demonstrated in Figure 14 below.

Figure 14.(left) hyperspectral “raster” mosaic from May 29th of the inlet indicates the region of interest box highlighted and 
pointing to the enhanced image region (center) extracted from a May 5th image flight line. This region was used to test the MNF &
Automatic Feature Extraction methodology for detecting and converting the training algorithm results to a “vector map” image for 
calculation of the aerial extent of SAV on the right. This technique will continue to be tested.
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Another approach being explored for mapping SAV involves the optimal selection of bands or channels, followed by 
automatic feature extraction techniques. This approach, utilizes information for verification and spectral region 
selection based upon imaging spectroscopy, and sound scientific principles related to spectral absorption and 
backscatter features. For example, separation of high chlorophyll and algal bloom waters from SAV will be difficult 
because they both show indications of an aquatic red edge as shown before, and in Figure 15(a) below, from data 
collected in a tidal embayment of Sucia Island, near Bellingham, Washington (Bostater, unpublished data).

Figure 15(a). Reflectance (left) signature (n=20) collected, June, 1994 in the coastal embayment at Sucia Island, in the San Juan 
Islands, near Bellingham Washington. The signature was collected with a SE590 solid state spectrograph during a surface
phytoplankton bloom (> 200 ugL-1) at the water surface in shallow water in the coastal tidal embayment. This signature is an 
excellent example of the aquatic algal red edge, near 700 nm, similar to signatures obtained in shallow SAV bottom types. The 
water bottom was a mixture of sand & rock bottom type with a bottom depth of 3-5 meters. In Figure 15(b) right, note the 
chlorophyll pigment specific absorption signatures for the different pigments at different wavelengths using commercially 
available standards using a long pathlength absorption tube (75 cm).

An approach to determining the effect of water quality and water depth on the spectral signature of seagrass is to 
conduct radiative transfer modeling of a water column, with a specified seagrass bottom reflectance signature, and to 
simulate decreasing water depths, with the 1 meter bottom depth having water quality and SAV bottom influence on 
the simulated water surface reflectance. Figure 16 below shows such a simulation using the 2 stream layered iterative
solution model by Bostater, et al.18.  On e  can see the spectral red edge due to a combination of SAV bottom 

reflectance, water quality and depth. Note the
similarity in these and the signatures in Figures 2,
3 and 10 shown previously from the airborne 
sensor.

Figure 16 (left). Layered model results indicating the 
influence of a unique water quality layer on synthetic 
water surface reflectance signatures. The water column 
concentrations were set at 0 µg/L chl-a, 0 mgC/L 
DOC, and 0 mg/L SM, and a seagrass (turtle grass) 
bottom reflectance.  The bottom layer of the water 
column was 1 m, with 3 µgL-1 chlorophyll-a, 3 mgCL-1

DOC, and 36 mgL-1 seston. One can see the aquatic red
edge in the shallow 1-2 meter water column depth 
simulations. When the water depth becomes = 3 m, the 
edge at 700 nm disappears. Note the secondary relative 
absorption feature around 20-30 nm.
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Spectral  signatures showing the “underwater red edge”, first observed by Bostater in data collected during the 
summer of 1989, in Chesapeake Bay, near Shay Side, Maryland, is shown for comparative purposes in Figure 713
below. The signature of the water surface reflectance with a peak at 700 nm is shown where ˜  100 ugL-1

chlorophyll-a was detected in a water surface phytoplankton bloom. A similar spectral signature was shown by 
Bostater1 in a red tide bloom, near Chesapeake Bay Bridge, collected along a ship track using a SE590, on May 
18,1992 with just over >225 ugL-1 chlorophyll-a in the surface water  algal bloom. In Figure 17 below (right) several 
key locations or channels are depicted for use in developing higher order derivative spectroscopy based remote 
sensing algorithms. Note that the aquatic red edge effect, although small at low chlorophyll concentration, is 
observable from waters along eastern US estuaries, and coastal waters. The high chlorophyll-a waters in deep waters 
as shown in Figure 17 (left) are contrasted with low chlorophyll-a waters in the Caribbean Sea, north of Venezuela.
The hinge point is observed in these Caribbean Sea waters when one compares the results of the signatures in the 
Mochima estuary, Venezuela.

Figure 17.  Reflectance signatures Rs(8) from Chesapeake Bay (dotted line), Pamlico Estuary, Goose Creek N.C., and coastal

waters off Georgia (dashes) during 1989, and the Mochima estuary and coastal waters of Venezuela (solid lines) where the hinge 
point was observed from the ship track as it entered the coastal and estuarine waters from the Caribbean Sea during September, 
1990.

In an effort to begin selection of the optimal bands and spectral regions to use in mapping SAV, one can also begin 
by displaying the in-situ data of the % cover along a transect with color contours of the spectral extracted from the 
hyperspectral imagery as shown in Figure 18. In this figure, for transect 2, the color represents contoured spectral 
reflectance between 400 and 700 nm. Above and below the color contours, which represent the intensity of
reflectance as a function of wavelength, are shown the water depth data, % coverage of algae, % total coverage of 
seagrass and the % visual cover along the transect. From this figure one can clearly see relations between high % 
SAV cover and the spectral regions where one might select channels to use in mapping the % aerial cover using 
selected channels from the available 77 bands.

7. DISCUSSION

Since to date, we have not been provided reliable 1 meter accuracy imagery, and associated image registration,
future flights will be conducted with targets at the start and end points of the 30 m transects. The calibration of the 
sensor to radiance and the downwelling (up looking) cosine fiber optic sensor to irradiance is the first step to obtain
calibrated reflectance signatures. Once calibrations using different light levels in a calibration sphere are used to 
perform both linearity corrections and radiance and irradiance calibrations at each wavelength, then reflectance data 
from the sensor can be used. In addition, if the sensor is used for different bandwidths, and integration times (dwell 
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time settings), then linearity corrections, radiance and irradiance calibrations for these settings would also need to be 
determined at each setting. For example, ocean optics protocols require and it is quite feasible to perform linearity 
corrections to with 0.01 % as reported by Mueller, et al.45.

Figure 18. The transect data is aligned with the extracted hyperspectral reflectance data from flight 1. The vertical color direction 
corresponds to 400 nm reflectance at the top of the color inset to 700 nm (77 channels total) at the bottom. Changes in color 
contours are associated with depth, and percent biological SAV features indicated along the30 m at transect 2.

8. SUMMARY

The above project description describes the preliminary results of protocol development for hyperspectral remote 
sensing of submerged aquatic vegetation. A primary objective of the Indian River Lagoon (IRL) Surface Water 
Improvement and Management (SWIM) Plan is to protect and restore seagrasses , thus the research effort described  is 
critical for assesing the effectiveness quality management policy,  The IRL SWIM Plan directs the South Florida and 
St. Johns River Water Management Districts to map seagrasses in the Indian River Lagoon at two to three year 
intervals.  Accordingly, Indian River Lagoon seagrass provided by modern hyperspectral sensors can help to provide

700 nm

400nm
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an overall picture of the seagrass resources in the IRL. These maps serve as important management tools for obtaining 
a current inventory of this resource, identifying “healthy” areas that may deserve special protection and and
identifying potential “problem” areas that may require further investigation.   The maps can also document large-scale
trends in the status of this resource. The protocol being developed, based upon transect monitoring in conjunction to 
hyperspectral aircraft based imagery, and optimal band selection and the resulting mapping based upon selected 
spectral regions provide a basis for improving not only the assessments in Florida, but in other coastal regions within 
the US and internationally. In order to develop such a protocol will require the additional planned monitoring during 
the final project year to test the ability of the spectral bands to reliably map the SAV in Indian River Lagoon. During 
this period, we will also be testing the analytical models which help to predict what a hyperspectral sensor may see, as 
shown below in Figure 19(a) and (b).

Figure 19(a) (left) Reflectance contours of the synthetic image of the Sebastian Inlet area generated using a Monte Carlo model
after Bostater, et al.5 with the contours (left) of the reflectance showing alignment with bathymetry. Figure 19(b) (right) is an 
actual hyperspectral image of the same region of the Sebastian tidal inlet described above. Synthetic images hold the promise of 
helping select optimal bands and spectral regions. See the paper in this volume by Bostater, et al regarding the same study area 
and the use synthetic reflectance image with the influence of realistic water surface waves using spectral wave models in shallow 
tidal inlets. This image clearly shows the need for improved bathymetry data for mapping SAV using hyperspectral imagery.

ACKNOWLEDGMENTS

The NASA Stennis Space Center, Northrop Grumman Corporation, Melbourne, Fl.; The Link Foundation; KB 
Science; S&C Services, and the Florida Tech, Office of Sponsored Research are acknowledged for supporting the 
research described above to Dr. Bostater, Director of the Center for Remote Sensing at Florida Tech..

REFERENCES

1. Bostater, C., 1992, Remote sensing methods using aircraft and ships for estimating optimal bands & coefficients
related to ecosystem responses, SPIE, Vol. 1930 (2):1051-1062

2. Bostater, C., 1993, Mathematical techniques for spectral discrimination between corals, sea grasses, bottom and 
water types using high resolution reflectance signatures, In: Proceedings International Symposium on Spectral 
Sensing Research, 15-20 Nov., 1992, Maui, Hawaii, USACE, Vol. II, p. 526-536.1992.

Proc. of SPIE Vol. 5233     213

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/19/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



3. Bostater, C., Hall, C., Breininger, D., 1993, High resolution optical signatures and band selection techniques for 
endangered species habitat management, In: Proceedings International Symposium on Spectral Sensing
Research, Nov. 15-20, 1992, Maui, Hawaii, USACE, Vol. II, p. 556-568.

4. Bostater, C. and M. Gimond, 2002, “Comparison between an analytical and Monte Carlo hyperspectral 
reflectance model for coastal remote sensing,” SPIE Vol. 4544, pp. 108-122.

5. Bostater, C. Chiang, G., Huddleston, L., Gimond, M., 2003, Synthetic image generation of shallow waters using 
a parallelized hyperspectral Monte Carlo & analytical radiative transfer model, SPIE Vol. 4880, pp. 102-116.

6. Bowles, J., et al., 1998, Calibration of inexpensive pushbroom imaging spectrometers, Metrologica, Vol. 35, pp. 
657-661.

7. Bostater, C., Ma, W., McNally, T., Gimond, M., Keller, M., Pegaz, M., 1996, Comparison of an Optical Remote 
Sensing Model With Reflectance Signatures Collected From an Airborne Sensor Platform, In: Proceedings 2nd 
International Airborne Remote Sensing Conference and Exhibition, San Francisco, CA., 24-27 June, Volume 
III, pp. 647-655.

8. Bostater, C., Gimond, M., 1996,Using Aircraft Based High Resolution Reflectance Signatures and Specific 
Absorption Coefficients to Remotely Estimate Coastal Water Quality, Proceedings 2nd International Airborne 
Remote Sensing Conference and Exhibition, San Francisco, CA., 24-27 June, Volume III pp. 635-645

9. Bostater, C., Gimond, M., 1995, Methodology Evaluation for Remotely Estimating Water Quality Parameters in 
Estuarine Waters, In: Proceedings of the European Optical Society & SPIE & International Society for Optical 
Engineering, Satellite Remote Sensing, Paris, France, Vol. 2586, pp. 14-25.

10. Bostater, C., Ma, W., McNally, T., Gimond. M., Lamb, A., 1995, Application of an Optical Remote Sensing 
Model, Deering, D., Gudmandsen, P., eds., Proceedings Society of Photo-Optical Instrumentation Engineers, 
Paris, France, 26-28 September, SPIE Volume 2586, pp. 32-43.

11. Bostater, C., Rebbman, J., et al., 1995, Temporal measurement and analysis of high resolution spectral
signatures of plants and relationships to biophysical characteristics, Proceedings Society of Photo-Optical
Instrumentation Engineers, Paris, France, 26-28 September, SPIE Volume 2585, pp. 298-311.

12. Bostater, C., Ma, W., McNally, T., Gimond, M., Keller, M., Pegaz, M., 1996, Comparison of an Optical Remote 
Sensing Model With Reflectance Signatures Collected From an Airborne Sensor Platform, In: Proceedings 2nd 
International Airborne Remote Sensing Conference and Exhibition, San Francisco, CA., 24-27 June, Volume 
III, pp. 647-655.

13. Davis, C., et al., 2002, Ocean OHYLLS hyperspectral imager: design, characterization, and calibration, Optics 
Express, Vol. 10, No. 4, pp. 210-221.

14. Zimmerman, R., 2003, A biooptical model of irradiance distribution and photosynthesis in seagrass canopies, 
Vol. 48, pp. 569-585.

15. Hoge, F., Swift, R., 1983, Airborne dual laser excitation and mapping of phytoplankton photopigments in a 
Gulf Stream warm core ring, Appl. Optics, Vol. 22, pp. 2272-2281.

16. Philpot, W., 1988, Bathymetric Mapping with passive multispectral imagery, Appl. Optics, Vol. 28, pp. 1569-
1578.

17. Philpot, W., 1990, The derivative ratio algorithm: Avoiding atmospheric effects in remote sensing, IEEE Trans. 
Geosci. Remote Sens., Vol. 29, pp. 350-8723.

18. Bostater, C., L. Huddleston, C. Semmler, J. Mieles, “An iterative algorithm for layered optical remote sensing
reflectance modeling of natural waters with depth dependent aquatic constituent concentrations,”  In:
Proceedings of the European Optical Society and SPIE – The International Society for Optical Engineering 
(EUROPTO), Remote Sensing 2002, Crete, Greece, 22-27 September, 2002, (this volume), 15 pp.

19. Bostater, C., and Gimond, M.,  “Comparing a hyperspectral Monte-Carlo approach for simulating water surface 
signature based upon radiative transfer theory: simulating clear and Caribbean sea bottom types”, SPIE Vol.
4172, pp. 199-208, 2000.

20. Haltrin, V.L., “Monte Carlo Modeling of Light Field Parameters in Ocean with Petzold Laws of Scattering," 4th

Int. Conference on Remote Sensing for Marine & Coastal Environments, Orlando, Florida, pp. 502-508, 1997.
21. Schott, J.R, et al., “Synthetic image generation of factory stack and cooling tower plumes”, SPIE Vol. 3082, 

pp175-186, 1997.
22. Harding, L., Itsweire, E., Esaias, W., C.R. Bostater, Kiley, K,1989, Report to the Chesapeake Bay Remote 

Sensing Workgroup: Demonstration Project using NASA's Ocean Data Acquisition System (ODAS) in 
Chesapeake Bay, Summer 1988., 31 pp. 

214     Proc. of SPIE Vol. 5233

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/19/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



23. Orth, R., Moore, K., 1983, Chesapeake Bay: an unprecedented decline in submerged aquatic vegetation.
Science, Vol. 222, pp. 57-53.

24. Robbins, B., 1997, Quantifying temporal change in seagrass aerial coverage: the use of GIS and low resolution 
aerial photography, Aquatic Botany, Vol. 58, pp. 259–267.

25. Shepherd, S., McComb, A., Bulthuis, D., Neverauskas, V. Steffensen, D., West, R., 1989, Decline of
seagrasses. In: Biology of Seagrasses, (Eds. Larkum, A., McComb, A. & Shepherd, S.), Elsevier, North 
Holland, pp.346-387.

26. Silberstein, K.; Chiffings, A., McComb, A., 1986, The loss of seagrass in Cockburn Sound, Western Australia.
III. The effect of epiphytes on productivity of Posidonia australis Hook. F. Aquat. Bot., Vol. 24, pp. 355-371.

27. Short, F., Neckles, H., 1999, The effects of global climate change on seagrasses, Aquatic Botany, Vol. 63, 
pp.169-196.

28. Short, F., Wyllie-Echeverria, S., 1996, Natural and Human-induced Disturbance of Seagrasses, Env. Conserv., 
Vol. 23, pp. 17-27.

29.  Short, F., Burdick, D., 1996, Quantifying eelgrass habitat loss in relation to housing development and nitrogen 
loading in Waquoit Bay, Massachusetts, Estuaries, Vol. 19, pp. 730-739.

30. Short, F., Ibelings, B., Den Hartog, C., 1987, Comparison of a current eelgrass disease to the wasting disease in 
the 1930s, Aquat. Bot., Vol. 30, pp. 295-304.

31. Short, F., Muehlstein, L. , Porter, D., 1987, Eelgrass wasting disease: cause and recurrence of a marine
epidemic. Biol. Bull., Vol. 173, pp. 557-562.

32. Turner, S., Hewitt, J., Wilkinson, M., Morrisey, D., Thrush, S., Cummings, V., Funnell, G., 1999, Seagrass 
patches and landscapes: the influence of wind-wave dynamics and hierarchical arrangements of spatial structure 
on macrofaunal seagrass communities, Estuaries, Vol. 22, pp.116–1032.

33. Jensen, J., 1996, Introductory Digital Image Processing: A remote sensing Approach, Prentice Hall, NJ, 326 p.
34. Cambridge, M., McComb, A., 1984, The loss of seagrasses in Cockburn Sound, Western Australia. I. The time 

course and magnitude of seagrass decline in relation to industrial development, Aquatic Botany, Vol. 20, pp. 
229–243.

35. Hastings, K., Hesp, P. & Kendric k, G.A. 1995. Seagrass loss associated with boat moorings at Rottnest Island, 
Western Australia. Ocean and Coastal Management, 26, 225-246.

36. Short, F., Muehlstein, L., Porter, D, 1987, Eelgrass wasting disease: cause and recurrence of a marine epidemic. 
Biol. Bull. Vol. 173, pp. 557-562.

37. Virnstein, R. W., 2000, Seagrass management in Indian River Lagoon, Florida: dealing with issues of scale, 
Pacific Conservation Biology, Vol. 5, pp. 299-305.

38. Aikio, M., 2001, Hyperspectral prism-grating-prism imaging spectrograph, VTT Technical Research Centre of 
Finland, Report No. 435, 114 p.

39. Grew, G “Real-time test of MOCS algorithm during superflux 1980, Chesapeake Bay Plume Study, Superflux 
1980, NASA Pub. 2188, Washington, D. C., 301-322. 1980.

40. Bostater, C. R. , Ma, W-M., and A. Lamb, 1994, Simulating radiative transfer in aquatic systems and 
contrasting results from ambient environmental spectroscopy: estuarine and near coastal waters, Proceedings of 
the Int. Symposium on Spectral Sensing Research. Gomez, R. B. (Ed), San Diego, Volume II, 673-679.

41. Braam, B., Okkonen, J., Aikio, M., Makisara, K., Bolton, J., 1993, AISA, an Airborne Imaging Spectrometer 
for Different Applications, AISA, SPIE, Vol. 1937, pp. 142-151.

42. Hoge, F., Swift, R., 1986, Active –Passive correlation Spectroscopy: a new technique for identifying ocean 
color spectral regions, Appl. Optics, Vol. 25, 15,  pp. 2571-2583.

43. Bostater, C., Geider, R., Klemas, V., Esaias, W., Harding, L., Istwerie, E., Hoge, F., Swift, R., Strong, A. 
Zaitzeff, J., 1989, Selection of Optical bands from aircraft and in-situ optical data for remote sensing of
Chesapeake Bay coastal waters, EOS, Vol. 71, p. 531.

44. Bostater, C., 1999, High-order derivative spectroscopy for selecting spectral regions and channels for remote 
sensing, In: Remote Sensing for Earth Science, Ocean, and Sea Ice Applications, Giovanna Cecchi; Edwin T. 
Engman; Eugenio Zilioli (Eds.)  SPIE Vol. 3868, pp. 348-355.

45. Mueller, J., Austin, R., Morel, A., Fargion, G., McClain, C., 2003, Ocean Optics Protocols for Satellite Ocean 
Color Sensor Validation, Revision 4, Volume 1, NASA, GSFC, NASA/TM-2003, 50 pp.

Proc. of SPIE Vol. 5233     215

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/19/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx


