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ABSTRACT
Measurements of natural water samples in the field and laboratory of hyperspectral signatures of total absorption and
reflectance were obtained using long pathlength absorption systems (50 cm pathlength). Water was sampled in Indian River
Lagoon, Banana River and Port Canaveral, Fl. Stations were also occupied in near coastal waters out to the edge ofthe Gulf
Stream in the vicinity of Kennedy Space Center, Fl. and estuarine waters along Port Royal Sound and along the Beaufort
River tidal area in South Carolina. The measurements were utilized to calculate natural water specific absorption, total
backscatter and specific backscatter optical signatures. The resulting optical cross section signatures suggest different models
are needed for the different water types and that the common linear model may only appropriate for coastal and oceanic
water types. Mean particle size estimates based on the optical cross section, suggest as expected, that particle size of oceanic
particles are smaller than more turbid water types. The data discussed and presented are necessary for remote sensing
applications of sensors as well as for development and inversion of remote sensing algorithms.

Keywords: absorption coefficients, backscatter coefficients, radiative transfer, water quality, physical oceanography,
environmental models, hyperspectral remote sensing, environmental optics.

1. INTRODUCTION
Analytical models to the two-flow equations as shown by Bostater, et. al."2'3 require the use of absorption and backscatter
optical signatures as well as bottom reflectance and water surface reflectance signatures to simulate reflectance of the water
surface as observed by airborne or satellite sensor systems or other environmental surveillance or monitoring systems
operating in the lab or the field.

Therefore, the transfer of radiant energy within natural waters has been studied by numerous authors4'5'6. These authors, and
others, have realized the usefulness of not only the mathematical equations and models to describe the physical processes of
radiative transfer in natural waters, but the model results depend upon the fundamental parameterization of absorption and
scattering in natural water types. The mathematical and physical basis ofthis parameterization within a hydrological medium
is expressed by ignoring sources ofradiant energy and inelastic scattering within the hydrological medium. With the above
considerations in mind, all energy impinging on a unit volume of medium is absorbed, scattered (backwards or forwards), or
transmitted through the unit volume of the medium. A version of a radiative transfer and associated role of the absorption
and scattering processes is described by Priesendorfer6 in terms of a radiative transfer equation (RTE):

/1
dL(z;A) -c(z;A)L(z;;A)+ $L(z;;2)fi(z; ;A)d')+ fi(z; )L(z;) (1)

where jt=cos 0 (cosine of zenith angle), L is radiance (Wm2sf1), z depth (m) positive down, is direction oflight, ?
represents wavelength (nm), c is a beam attenuation coefficient (absorption + scattering) (m'), indicates integration over
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all directions of a unit sphere, is a volume scattering function7 (m'sr') which describes the amount of light originally
heading in direction at depth z elastically scattered into direction (elastic scattering is used to denote scattering with no
change of wavelength, whereas inelastic scattering is that scattering process which involves a change of wavelength or
frcquency). L is the collimated radiance (Wmsr').

The first term on the right hand side of 1 is the loss of radiant energy from due to absorption or scattering (backwards or
forwards) out of the path of the radiant energy flux. The and 3rd terms are gains due to the path radiance being scattered
into the path of the radiant energy (either diffuse or collimated).

In remote sensing applications, it may be justified to simplify the RTE in order compare theory, assumptions, and
observations in order to test the theory, measurement techniques as well as the assumptions in order to make practical use of
our scientific understanding. Therefore the purpose of this paper is to describe a measurement system, resulting observations
and calculations related to absorption and backscatter coefficients used in analytical models derived from the theory within
the above equation. These simplified models utilize the equations of irradiance (the two-flow equations) derived from the
above in order to easily describe and predict the underwater light field for environmental surveillance, permitting and water
quality monitoring applications which make use of the two flow equations and modem analytical solutions"23 and calculation
procedures.

2. ABSORPTION MEASUREMENT SYSTEM & RESULTS
Long pathlength (50cm) glass cuvette laboratory and field (in-situ) systems were designed specifically to measured the
wavelength (X) dependent total absorption (n1') signatures or a(X) of different natural water types. The data from the systems
were also designed to utilize non-dimensional water surface reflectance signatures or R(X) along with constituent water
concentrations in order to calculated total backscatter signatures, b(X), the specific absorption, a(2) and the specific
backscatter b(X) coefficients. The resulting spectral signatures are utilized in remote sensing algorithms which are based
upon derivative spectroscopy techniques or from algorithms obtained from inversion of analytical solutions to the 2 flow
equations. In their simplest case, these equations are give&238 by the coupled ordinary differential equations that describe
the upwelling and downwelling irradiance in a unit volume of water of depth z as:

dE(z) dE'(:) =(a+b)-bE(z) , (2)

where a(X) is the absorption coefficient (m'), b(X) is a backscatter coefficient (m'). E(?L) is the upwelling irradiance (Wm2),
Ed(?.) is the downwelling irradiance (Wm2), and R(X)=EU(X)/Ed(X). The above clearly shows where the measured a(X) and
calculated b(X) are utilized in previously described solutions and resulting algorithms"3. Similar equations and solutions for
the non-homogeneous equations2 utilize the same or similar coefficients obtained from the long pathlength system.

The 50 cm glass cuvette system was first built and utilized during 1995 for laboratory analyses. Data collected and reported9
suggested that the system could be easily converted into a portable field in-situ system. Figure 1 shows the system modified
to operate from a small vessel in coastal waters off Florida.

Such a system can be used temporarily aboard small vessels or as a
permanent system installation aboard larger research or
environmental surveillance and monitoring platforms using water
continuously pumped water from below the sea surface. We have
found that care must be given to the data concerning the effects of
temperature. Similar results for similar instruments have been
independently reported by other researchers ". Figures 2, 3, 4 and 5
indicates station locations of water samples for in-situ and laboratory
analyses. Table I indicates relevant information for the stations Figure 1. Flow-through long path length (50 cm)
used to calculate the specific backscatter data presented below, absorption cuvette operating from a 17 ft. vessel.
As can be seen, data used in the calculation of the total backscatter coefficients used the absorption and reflectance
signatures collected with the same SE590 solid state spectrograph. Absorption signatures were collected and utilized the
50cm duvette systems outfitted with the SE590 as the hyperspectral sensor and results are shown for selected stations in
Figure 6 for dissolved organic matter. Figure 7 shows representative water surface reflectance signatures, R(?.) ,from selected
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Figure 2. Water station locations
during laboratory operation of 50
cm long pathlength cuvette during
1996 in waters off Central Florida.

stations. Reflectance data was collected using the same SE590 and a Labsphere
calibrated diffuse reflectance standard (--40% dark gray panel). The total absorption
and reflectance data are used in the procedure to calculate total backscatter signatures
b(A. The total backscatter signatures are then used in conjunction with estimates of
backscatter for pure nature water b(?) in order to define a residual backscatter
spectrum given by br(X)bt(bnQ). This residual backscatter spectrum is then used to
estimate the chemical ( i ) specific backscatter coefficients b*(A.) at each channel or
bandwidth by conducting a least squares analysis using the linear model
br()(b*i(?)Ci) for each chemical constituent i to n number of constituents. The
resulting correlation coefficient at each channel or band is used as an "indicator" of
whether the linear model estimate of the b*1(?) can be assumed to be a good
approximation in a given spectral region or channel as well as within different water
types. For example, Figure 8 shows the specific backscatter signatures for total
suspended matter (seston) and for chlorophyll-a. Figure 7 shows the resulting specific
backscatter signatures using data collected during 1996 (b*ss Ma, b*chla Ma) and
1997-98 (b*ss, b*chla) in-situ data as shown in Table 1. The results indicate similar
spectral shape and magintudes as a function of wavelength. The data during 1996 was
analyzed in the laboratory version of the system and the 1997-1998 data was analyzed
using the portable field system powered by a small gas generator aboard a 17 ft. vessel.

Figure 3 Station locations for water
collected during field operation
of portable 50 cm long pathlength
cuvette during 1997-1998 in coastal
waters near Cape Caneveral Florida.

Figure 4 Station locations for water
collected during field operation of
portable 50 cm pathlength cuvette
during 1997 in coastal waters of
South Carolina.

Figure 5. Station locations
for samples collected using
50 cm cuvette in the Banana
River & Indian River shallow
estuarine waters, 1997-1998.
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Figure 6. Absorption signatures obtained from South
Carolina near coastal waters during 1997 for dissolved
organic matter (DOM). Scans were made using filtrate
water passed through a 0.45 urn metrical membrane filter.

Figure 7. Water surface reflectance signatures of
South Carolina near coastal waters obtained with
a SE590 solid state spectrograph and Labsphere
calibration panel (—40% reflectance panel).
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Figure 8 shows the calculated specific absorption coefficients
for different pigment standards or reference materials as a
function ofwavelength with the system depicted in Figure 9.
The standard reference materials are commercially available and
yield values that are used to calculate the specific absorption
signatures. The resulting suspended mater or seston backscatter
coefficients are shown in Figure 10 for the three different water
types collected in this research, e.g. near coastal ocean, estuarine
waters in South Carolina and estuarine lagoon systems in
Florida coastal waters. Figure 10 shows the resulting specific
DOM absorption coefficients from the water types. The seston

Figure 9. Schematic diagram of the portable system backscatter signatures suggests a different effective optical
enclosed in a padded case with a fan cooled integrating particle size. Thus, our results indicates the optical normalized
sphere, halogen light source and hyperspectral sensor. cross section for the particles associated with each water type
is different, with coastal ocean waters suggesting smaller particle size (optical cross sections) as one might suspect.

—i;i0 Date Time— Location ChI-a ugIL
—

Seston
mg/L

)OC mg/L Zenith Refracted
angleO

C(cos9) O.52C (cos9)

5Ma 2/24/96 8:35 am 28 19.422
80 11.212

13.35 3.15 3.26 69.20 44.20 0.524 0.272

6Ma 2/24/96 10:25 am 28 16.115
79 55.385

8.43 5.35 2.95 49.00 34.28 0.455 0.237

7Ma 2/26/96 9:15 am 28 14.146
80 37.778

11.56 20.83 13.51 61.1 40.79 0.499 0.259

8Ma 2/26/96 10:20 am 28 12.637
80 37.683

17.75 30.56 7.27 49.70 34.69 0.458 0.238

9Ma 2/26/96 11:45 am 28 08.734
80 36.053

22.60 7.25 13.23 39.5 28.34 0.421 0.219

l5Ma 3/22/96 10:32 am 28 24.700
80 36.500

17.22 22.89 13.46 39.4 28.27 0.421 0.219

5 11/11/97 09:53 am 28 22.095
80 27.778

3.7 21.9 10.3 56.61 38.54 0.483 0.251

7 11/11/97 12:53 pm 28 20.065
80 12.111

1.2 9.2 13.1 47.92 33.63 0.451 0.235

8 11/11/97 02:13 am 28 21.296
80 00.858

0.52 8.6 10.2 55.95 38.19 0.481 0.250

21 2/25/98 09:08 am 28 25.540
80 35.810

4.5 21.6 11.2 63.1 1 41.73 0.506 0.263

23 2/25/98 10:44 am 28 19.070
80 25.420

2.3 20.1 7.7 46.65 32.87 0.447 0.232

25 2/25/98 12:33 pm 25 16.300
80 12.410

1.1 10.3 11.1 38.06 27.39 0.417 0.217

26 2/25/98 01:11 pm 28 16.200
80 14.650

0.62 10.2 5.5 39.05 28.04 0.420 0.218

TaNe 1 . Station location and sample collection data for absorption, reflectance and
calculations to obtain backscatter coefficients. Water surface reflectance signatures
were obtained in addition to total absorption signatures with the 50 cm cuvette system.
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Figure 7. Specific backscatter signatures for total
suspended matter (seston) and chlorophyll-a (m2/mg)
from water samples indicated in Table 1 above.
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Figure 8. Specific absorption signatures for different
plant pigments obtained from commercially available
standard reference materials and standards.
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Figure 10. Calculated total suspended matter (seston) Figure 1 1 . Calculated specific absorption coefficients
specific for near coastal ocean, lagoon and estuarine for dissolved organic matter for near coastal ocean,
systems along the southeastern Atlantic coastal water lagoon and estuarine systems along the southeastern
stations shown in Figures 1-5 above. Atlantic coastal water stations shown in Figures 1-5.

3. SUMMARY
An instrument system for laboratory or field in-situ measurements of the total water absorption signatures was designed and
tested during the period 1995-1998. The use ofthe system, when combined with measurements ofthe hyperspectral water
surface reflectance at a location allows for the calculation of specific absorption and specific backscatter signatures. These
specific signatures form the basis, along with bottom reflectance and other ancillary data, such as time of day and location, to
be used for predicting and modeling the water surface reflectance as seen from a remote sensing instrument aboard an
aircraft or from a satellite. The data presented and models referenced form the basis for model inversion and future
development of advanced analytically based remote sensing algorithms.
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