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Oceanic constituents and their optical properties

Pure water and sea water

Suspended particles

Yellow substance

Biological optical properties

Models of seawater absorption, scattering and

                                                        backscattering







Yellow substance may have a local origin from the

degradation of phytoplankton cells and other organic particles

or may be advected from a distant source.  You see the mean

distribution of values of the gelbstoff absorption coefficient at

440 nm in the Mediterranean derived from SeaWiFS data over

November 1997 – March 1998.  Disposal of the most

important sources of yellow substance is well seen:  they are

the run-off of rivers Rhone, Po, Nile and others; the inflow of

the Black Sea water through Dardanelles, and the local

upwellings off the Spain and North Africa coasts.  The waters

with enhanced concentrations of yellow substance can extend

for many miles from the sources.



These are the mean distributions of the ag(440) values (m-1) in the Eastern Mediterranean and in

the Black Sea  (left – September – October 1997;  right – November 1997 – March 1998).

In the Black sea the main source of yellow substance is the rivers in its north-western part:

Danube, Dnestr, Bug, and Dnepr.



The contributions to seawater absorption from different seawater

components can be estimated by three measurements with a seawater

sample.  The absorption by dissolved matter is determined from

measurement of absorption by a filtrate through 0.2-µm Nuclepore filter.

The absorption spectra of particulate sample concentrated onto glass

fiber filter with nominal pore 0.7--µm is measured to determine the total

particulate absorption.  Then the phytoplankton pigments are removed

by the extraction procedure, and absorption by detritus is measured.  The

difference between the total particulate and detrital spectra (before and

after extraction) is considered to be phytoplankton absorption.





Variability of characteristics of seawater scattering

b(550) = 0.04 ÷ 3 m-1

Parameters of the seawater phase scattering function

Parameter Atlantic ocean
and its seas
(Mankovsky

1975)

Indian Ocean

(Kopelevich
1983)

Petzold 1972

bb / b 0.016-0.111 0.011-0.091 0.015-0.045

<cosθ> 0.74-0.96 0.75-0.96 0.87-0.94

Comparison between the seawater (upper)
             and particle (lower) scattering

Petzold 1972Parameter
clear ocean coastal ocean turbid harbor

b, m-1 0.0364
0.0338

0.196
0.193

1.75
1.75

bb, m-1 0.00164
0.00036

0.0293
0.0164

0.0363
0.0350

bb / b 0.045
0.010

0.015
0.008

0.021
0.020

<cosθ> 0.868
0.935

0.941
0.953

0.917
0.914



Suspended particles in seawater

In open ocean:

mass concentration        0.05÷0.5 g⋅m-3 ;

number concentration   1012 ÷ 1013 m-3 within 0.01÷1µm;

                                      108 ÷ 1011 m-3                > 1µm.

Organic (biogenous) particles:

Phytoplankton, detritus        1-200 µm in particle size;

Bacteria                                 0.2-1.0 µm;

Viruses                                   0.02-0.25 µm.

Mineral (terrigenous) particles:

Finely ground quartz sand, clay minerals and others;
in open ocean less 1-2 µm in particle size.

Number size particle distribution:

n(D) = A r -ν ;    ν = 3÷5.



Elements of Mie theory

The factors determining scattering by a particle:

      size,  material,  shape,  internal structure.

Spherical homogeneous particles:

m = (np / nw) – i (n′p / n′w)     the relative complex index
                                               of refraction;

α = 2πr / λw = 2πr nw / λvac    the size parameter.

k(r, λ) = Q(r, λ)⋅πr2       the scattering cross section, m2 ,

where Q(r, λ) is the scattering efficiency.

b(r, λ) = N⋅k(r, λ),    N is particle concentration, m-3 ,

                      r2                                                           r2                                                              r2

b(λ) = ∫ n(r)⋅k(r, λ)dr = N ∫ f(r)⋅k(r, λ)dr;   N = ∫ n(r)dr;
                     r1                                                           r1                                                               r1

f(r) = n(r) / N      the size distribution.







        Influence on seawater scattering
of dust particles from an aeolian input

Characteristics of seawater scattering in the area of dust-blown particles flux (St.771) and

outside it (St.769).

Indian ocean, south of Hindustan (Kopelevich 1984)

Characteristic St.771 St.769

β(1o), m-1⋅sr-1 6.3 9.2

β(45o), m-1⋅sr-1 0.0088 0.0017

vl , cm3⋅/ m3 0.128 0.200

vs , cm3⋅/ m3 0.087 0.014

bb , m-1 0.0056 0.0018

bb / b 0.035 0.022



Lwn(412) τa(865) bbp(550), m-1

The mean monthly distributions of Lwn(412), τa(865), and bbp(550) in the Japan Sea derived
from SeaWiFS data in April 1999.  It is apparent the enhanced values of bbp just east from the
Korean peninsula are correlated with the enhanced values of the aerosol optical thickness due to
the Asian dust aerosol from the Chinese desert areas.







Two-parametric models of spectral absorption

a(λ) = ay(λ) + aph(λ) + aw(λ);

ay(λ) = ay(λo)⋅exp [-S1 (λ - λo)],               λ < 500 nm;
             ay(λo)⋅exp [-S1 (500 - λo)]⋅exp [-S2 (λ - 500)],
                                                                   λ ≥ 500 nm;
(Kopelevich et al. 1989).

aph(λ)=a*
ph(λ)⋅Chl = A(λ) Chl1-B(λ)    Bricaud et al. (1995);

àg(λ) = Ñ1(λ) àg(488) + Ñ2(λ)            Barnard et al. (1998);

àp(λ) = Ñ1(λ) àp(488) + Ñ2(λ);

(1914 spectra in open ocean and coastal waters;

àg(488)  from 0.003 to 0.159 m-1 ;   r2 = 0.947÷0.995;

àp(488)  from 0 to 1.48 m-1;             r2 = 0.965÷0.996).

One-parametric model of seawater absorption:

à(λ)=Ñ1(λ) à(488)+Ñ2(λ)+àw(λ),      Barnard et al. (1998);

a(λ) = [aw(λ) + 0.06⋅a*′
ph(λ)⋅Chl0.65] x

           x⋅[1 + 0.2 exp(-0.014(λ - 440))],        (Morel 1991).



Estimate of seawater absorption and scattering
  through  Kd  and  D

a(490) = 0.8 Kd(490) – 002,      Kopelevich (unpubl.)
(accuracy is about 20%).

Kd(λ2) = M(λ2) / M(λ1)⋅[ Kd(λ1) - Kw(λ1)] + Kw(λ2),

λ1,2 = 420÷580 nm                Austin and Petzold (1984)

ln b(550) = 2.23 – 1.13 ln D,   (accuracy is about 30%)

                                   Kopelevich and Semshura (1988)

bb(550)=bbp(550)/bp(550)⋅[b(550)-bw(550)]+0.5 bw(550);

bbp(550)/bp(550) = 0.01 for open ocean,
                               0.02 for coastal waters.
                                    Kopelevich (unpublished)




