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Topic 8: Bio-optical algorithms

Empirical models

Semianalytic algorithms

Results of algorithm validation





The empirical algorithms are based on direct

regression of the ratio of reflectances at two

wavelengths λ1 and λ2 to chlorophyll

concentration Chl:

The log-transformed data are commonly used and

different forms of the regression equation have

been employed: power, hyperbolic, cubic,  multiple

regression.











Why is band ratio?   What bands are taken?

1. The remote-sensing reflectance can be assumed as

proportional to bb/a;  so if the band ratio is taken, the

influence of scattering is weakened:

rRS(λ1)/rRS(λ2)∼[bb(λ1)/bb(λ2)]⋅[a(λ2)/a(λ1)]∼[a(λ2)/a(λ1)].

2.  λ1 is taken from the interval of 400-500 nm, which is a broad

absorption band of phytoplankton pigment, λ2 is from 500-

600 nm which is an interval with low pigment absorption.

Because the yellow substance absorption is also low in the

interval of 500-600 nm in open ocean,  absorption at λ2  can

be taken as constant (equal to absorption by pure water):

rRS(λ1)/rRS(λ2) ∼ 1/a(λ1).

3.  The absorption at λ1 is caused not only by phytoplankton but

also by yellow substance.  It is assumed that the definite

relationship exists between the chlorophyll absorption and the

yellow substance absorption, so the total absorption (ignoring

absorption by pure water) can be taken as proportional to

chlorophyll concentration:

a(λ1) ∼ Chl,                rRS(λ1)/rRS(λ2) ∼ 1/a(λ1) ∼ 1/Chl.



The regressional algorithms are only applicable to Case 1 waters

with a definite relationship between the absorption by

phytoplankton pigments and by yellow substance.  If some

additional amount of yellow substance appears in water with no

increasing chlorophyll concentration, it results in increasing

a(λ1) and thus decreasing the band ratio.  The empirical

algorithm attributes such decreasing to increase of chlorophyll

concentration and derives its overestimated value.



Comparison between chlorophyll a concentrations (mg m-3)

measured and retrieved by the semianalytic and the operational

SeaWiFS algorithms at different stations in the Black Sea (St.1-

3) and the Aegean Sea (St. 4, 5);  β is the ratio between the

absorption coefficients of gelbstoff and phytoplankton pigments

at 440 nm.

St. Coordinates Chl

in situ

Chl

semianalytic

Chl

SeaWiFS

β

1 42.51 N, 39.52 E 0.35 0.23 0.68 4.3

2 42.96 N, 35.60 E 0.57 0.56 1.20 3.4

3 42.90 N, 31.60 E 0.45 0.56 1.12 2.6

4 39.32 N, 25.12 E 0.089 0.086 0.21 5.9

5 39.61 N, 25.79 E 0.076 0.088 0.18 5.2

The ratio β can be used as an indicator of validity of the

SeaWiFS bio-optical algorithm which assumes a definite

relationship between the absorption by phytoplankton pigments

and absorption by yellow sunstance.  The SeaWiFS algorithm

overestimates chlorophyll concentration if the ratio β  exceeds

the critical value which is about 2.  In the Black and Aegean

Seas where the β values are 2.6-5.9 the SeaWiFS algorithm

overestimates the chlorophyll concentration about twice.



The mean distribution of β-values in the Mediterranean and Black Seas over

September-October 1997 derived from SeaWiFS data (the measurements at St.1-5

were conducted in the beginning of October 1997).



Comparison between chlorophyll-a concentrations (mg⋅m-3)
measured and retrieved by the semianalytic and the operational

SeaWiFS algorithms at different stations in the Barents Sea.
        β is the ratio between the absorption coefficients of yellow
        substance and phytoplankton pigments at 440 nm.

St. Coordinates Chl

measured

Chl

semianalytic

Chl

SeaWiF

S

β

1088 70.42 N, 47.58E 0.16 0.24 0.63 8.2

1090 70.18N, 52.42E 0.50 0.56 3.3 14.9

1095 68.97N, 58.47E 0.79 0.34 9.9 20.9

1112 69.09N, 58.29E 0.42 0.46 9.5 35.9

1123 69.50N, 57.25E 0.38 0.55 4.8 22.9

1126 69.67N, 57.24E 0.18 0.114 2.7 25.5

1131 69.77N, 56.28E 0.091 0.038 1.01 14.7

1157 70.54N, 52.79E 0.25 0.14 1.09 8.7

1174 69.25N, 41.00E 1.39 0.92 1.0 1.6

1183 71.50N, 41.00E 0.38 0.38 0.81 3.2

1196 74.75N, 41.00E 0.13 0.14 0.28 4.1

1209 78.00 N, 41.00E 0.16 0.17 0.25 3.0

1281 76.00N, 42.27E 0.27 0.38 0.44 3.2



Semianalytic algorithms

The top-of-the-atmosphere reflectance Rt (λi)

Atmospheric correction

Above-surface reflectance RRS(λi)
              or LWN (λi) = RRS(λi) ⋅ Fo(λi).

RRS = (t- t+ / n2)⋅ rRS / (1- γR)

Subsurface reflectance rRS(λi)

rRS ≈ (0.070+0.155 X0.752) X

Parameter X(λi)

X(λi)=bb(λi)/[a(λi)+bb(λi)]

Seawater absorption and backscattering
a(λi) and bb(λi)]

Low-parametric models

Seawater constituents  Chl,  Y,  and  S





A least square method

∑ {X(λi)⋅-bb(λi)/[a(λi) + bb(λi)]}2 = min;
                i

a(λi)=exp[-S (λi)-440)]⋅ay(440) + a*
ph(λi)⋅aph(440)⋅+ aw(λ);

bb(λi) = 0.5bbw(λi) + bbp(550)⋅(550/(λi)n;

Generally speaking, 5 unknowns:

ay(440),     aph(440),     bbp(550);

S,     n.

We deal with an inverse problem which solution can be unstable;

that is small errors in the input data can result in great errors in the

output values.  Instability usually grows with increase of the number

of unknowns. In such a situation, the quest for more accurate

statement of the bio-optical characteristics with greater number of

parameters can have led to a physically absurd solution. To avoid it,

the setting of a problem should be optimal.  Usually,  the parameters

S and n are taken as known, and with 5 SeaWiFS spectral bands in

visible region we have 5 equations for 3 unknowns.







F

The correlation between the values of bbp(555)

calculated with the simplified algorithm (on the

abscissa) and concentration Ñs of suspended matter (on

the ordinate); solid line – the regression equation:

Ñs = 73.5 bbp(555) + 0.016,

where Ñs  in g⋅m-3,  bbp(555) in m-1;  the regression error

is equal to about 30%.
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The summer distribution of concentration of

suspended matter concentration in the Barents Sea

derived from SeaWiFS data in 1999.


