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THE BIOGEO-OPTICAL MODEL: THE DATABASE & TESTING 
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INTRODUCTION 

Parameterization of optical Case 2 waters, especially near-shore waters, continues 
to challenge our modeling and predictive capabilities because of the significant effect of 
suspended mineral matter'on the optical properties of these waters. It has been pointed 
out that there is a paucity of optical information for the suspended mineral matter of 
coastal waters^'^. Supplying this gap in our knowledge will create a new field, geo- 
optics, which is absolutely necessary for construction of adequate coastal optical models 
and will even be of importance for Case 1 waters when the open ocean receives mineral 
matter from dust storms and gets a significant admixture of iron for plankton blooms. 
The majority of activity in the study of ocean optical properties has been the creation of 
chlorophyll-based models'^, the quantification of absorption cross sections, and the 
partitioning of the absorption coefficient into its various organic components ' . In this 
report we are making a contribution to the new field of geo-optics by investigating the 
optical scattering cross section of suspended mineral matter in Mobile Bay, Alabama. 
Combining these data with bio-optically based optical data on suspended organic matter 
gives us the biogeo-optical model of coastal ocean optical properties. 

The fundamental premise of the biogeo-optical model is that the absorption 
characteristics of suspended matter can be well described by chlorophyll-based models 
while the scattering characteristics are largely controlled by suspended mineral 
concentration. Loisel and Morel^ have published an array of scattering equations for 
organic matter in Case 1 waters which cannot be applied alone to Case 2 waters because 
the suspended organic matter supplies only a fraction of the scattering activity. We will 
show the importance of inorganic and organic matter for the optical scattering coefficient 
of Mobile Bay. 

MATERIALS AND METHODS 

The research cruise in Mobile Bay took place from 18-25 May 2002 and two 
ships participated, the R'V Ocean Color and the R'V Pelican. The data reported here are 
those collected from the RA^ Ocean Color of Code 7333, Naval Research Laboratory, 
Stennis Space Center, MS. The sample station pattern was for the Ocean Color to run 



transects from deep inside Mobile Bay out past the barrier islands and somewhat into the 
Northern Gulf of Mexico. Data on optical absorption and scattering were collected from 
a WET labs AC-9 meter, both from the surface and in depth profile. Surface water 
samples were also collected at each station and returned to the Dauphin Island Sea Lab 
for analysis. At the lab water samples were filtered under vacuum through Whatman 
GF/F, 47 mm diameter, glass fiber filters. The filters had been pre-washed, ashed, and 
weighed. The volume filtered varied from 200 ml (very turbid sample) to 1.50 1 (clear 
northern Gulf of Mexico sample). The samples were filtered to the clogging of the filter 
which ensured a relatively consistent amount of suspended material for analysis. After 
filtration the samples were washed three times in deionized, particle-free water to 
removed excess salt from the filter residue. The filtered, washed samples were then dried 
at 103° C for two hours. After two hours the samples were cooled in a dehumidified and 
weighed. Then the samples were ashed at 550° C for 15 minutes, cooled, and weighed 
again. The total sample weight is TSS (Total Suspended Solids) while the ashed sample 
weight is PIM (Particulate Inorganic Matter). The difference between the two above 
weights is then POM (Particulate Organic Matter). The weights were normalized to the 
sample volume to obtain a concentration in mg/1, equivalent to g/m   In addition, the 
surface water samples were analyzed to estimate chlorophyll concentration with an 
Aquafluor instrument. 

The particle scattering coefficients, bp(X), determined from the AC-9 
measurements were analyzed with a multiple regression against the concentrations of 
PIM and POM. From this we were able to assess the relative contributions of suspended 
mineral and organic matter to the particle scattering coefficient. The regression 
coefficients from the analysis are then a measure of the spectral optical scattering cross 
sections of the suspended particulates. 

RESULTS 

The concentrations of PIM and POM allowed the prediction ofbp(l) with an R^ of 
better than 0.90. The regression of PIM proved to be linear with a regression coefficient 
of acceptable accuracy (Table 1.) while the regression of organic matter indicated that it 
had less direct effect on the bp(X) value (Fig. 1). 

Table 1. Spectral Optical Scattering Cross Sections (rr^/g)for 
Suspended Mineral Matter. Mobile Bay, May 2002 

b*pm(412)       b*pm(440)       b*p^(488)       b%J510)        b*p,„(532) 
0.60+0.12    0.59 ±0.12   0.56+0.11    0.55 ±0.11     0.53 ±0.10 

b*p„,(555)        b*pJ650)       b*pJ676)       b*pn,(715) 
0.52 ±0.10    0.38 ±0.12    0.44 ±0.08    0.42 ±0.08 

The R^ values were improved when the concentration of POM in the regression 
was expressed as, 

bpo(l) =  a[POM]^ , (1) 



were bpo(X) is the scattering coefficient due to suspended organic matter at wavelengtli X, 
a is the regression coefficient, and j3 is a simple power to raise the concentration of 
POM after the conventions of Loisel and Moref. The power coefficient jS tended to 
hover around the value of 1.5. It was possible to express the mineral scattering 
relationship as, 

bpn,(X) =  a[PIM], (2) 

where bpm(X) is the scattering coefficient at wavelength A due to suspended mineral 
matter and a is the regression coefficient for PIM. The regression coefficient, the slope 
of the of the scattering coefficient plotted against the concentration of suspended matter, 
Fig. 1, can be interpreted as the optical scattering cross section of the suspended material 
relative to its mass concentration. This can be expressed as, 

a = b*p,„(X), (3) 

where b*pm(X) is expressed in units of m^/g. The regression with organic matter [POM] 
was not nearly as robust as the regression with suspended mineral matter [PIM] because 
the regression coefficient could span zero which never occurred with [PIM]. The 
weakness of the organic matter regression can be seen in Fig. 1 where there is little 
apparent relationship with the particle scattering coefficient. 

We then compared the organic particle scattering coefficient determined by 
differencing the mineral particle scattering coefficient and the total particle scattering 
coefficient with the organic particle scattering coefficient calculated from Loisel and 
MoreF. The wavelength for comparison was 532 nm which was typical of the 
comparisons at other wavelengths. 

Table 2. Comparison of Organic Particle Scatter Coefficient from Multiple Regression 
and Organic Particle Scatter Coefficient from Chlorophyll. 

Mobile Bay, May 2002 

bpo(532) bpo(532) bpo(532) 
Low Suspended Medium Suspended High Suspended 
Matter Station Matter Station Matter Station 
0.34 m"' 3.02 m' 4.63 m'^ 

Loisel & Morel Loisel & Morel Loisel & Morel 
0.31 m"^ 1.58 m-' 1.89 m' 

DISCUSSION AND CONCLUSIONS 

The mineral scattering cross sections determined from the Mobile Bay field 
exercise (Table 1) are the first ones to be determined directly from mineral mass 
concentration and the particle scattering coefficient. They agree in magnitude with 
mineral particulate scattering cross sections determined by Bukata et al from clever 



indirect determinations utilizing volume reflectance and a complex multivariate non- 
linear optimization scheme. The magnitude of the mineral optical scattering cross 
sections decreases with wavelength, as per Bukata et al's results, but the database used to 
derive them (N= 24) is rather small and the error variation of the cross sections is enough 
that a spectral dependence cannot be demonstrated statistically. Clearly more data are 
needed to build up this important geo-optical database. 

The principal conclusion drawn from the multiple regression analysis is that the 
suspended mineral matter is the primary control of the particle scattering coefficient in 
coastal ocean waters. The clustering of regressions of POM with the particle scattering 
coefficient illustrated in Fig. 1 clearly indicates that the concentration of organic matter is 
a poor predictor of the total particle scattering coefficient. When we attempt to predict 
the organic particle scattering coefficient, just utilizing the chlorophyll concentration^, the 
results in Table 2 indicate that in clearer coastal water, closer to Case 1 water in its 
optical properties, it is possible to predict the organic particle scattering coefficient from 
chlorophyll concentration. However, as we encounter sample stations with a greater and 
greater concentration of suspended particulate matter the organic particle scattering 
coefficient deviates more and more from the coefficient predicted from chlorophyll 
concentrations. It is apparent that the appearance of greater amounts of suspended 
organic matter, much of it likely allochthonous in nature, causes Case 1 based bio-optical 
algorithms to fail. 

Therefore, the key to studying and modeling coastal ocean optics is to 
characterize the variation of mineral matter and the associated organics, both 
allochthonous and autochthonous. We have demonstrated that the strongest effect on the 
particle scattering coefficient is from suspended mineral matter. Thus we need to 
develop the new field of geo-optics if we are to understand the optics of coastal ocean 
systems. From this understanding of the source of the remote sensing signal we will be 
able to develop adequate coastal ocean remote sensing algorithms. 
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Figure 1. Individual regressions of Particulate Inorganic Matter (PIM) and 
Particulate organic matter (POM) from Mobile Bay, Alabama, May 2002. 
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