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 Information about components of a budget of solar visible radiation 
 at the sea surface and in water column is required for investigation  
 of two important problems:  

•  utilization of solar radiation in marine primary production 
                            (Ishizaka’s lecture on primary production, pp.7-10); 

•  influence of the volume absorption of solar visible radiation  
  on the thermal structure and heat content in the upper layer.  

There is a need for estimates of UV-B radiation penetrating in water body. 
Such estimates are required for assessment of potential effects of increased  
UV radiation on marine ecosystems due to the ozone depletion. 



The term “shortwave radiation” refers to sunlight at wavelengths ranging  
from 0.3 to 5 µm. It comprises the most part of energy emitted by Sun. 



( http://www.physicalgeography.net/fundamentals/ ) 

Component of a budget of the shortwave solar  
radiation in the atmosphere-ocean system 

100% = 30% + 19% + 51% 



A budget of energy at the sea-surface level 

qΣ = qE  + qT  + qLW + qSW , 

          qΣ  is a resultant energy flux through the sea surface,  
        qE   is a flux due to evaporation (latent heat), 
        qT   is a flux due to heat exchange, 
        qLW is a flux equal to a difference between the outgoing and  
                                                                   the back longwave radiation, 
        qSW is a flux equal to a difference between of the incoming and  
                    outgoing from the sea surface shortwave radiation. 

           Visible part of the shortwave solar radiation – 400-700 nm 
            at the sea-surface level comes to more 40% of the total SW radiation.  
            It is “Photosynthetically Available Radiation” (PAR).             



                        Basic radiometric quantities 
Radiant flux:    the time rate of flow of radiant energy F = Q / t,         [W] 

Irradiance:       the ratio of the radiant flux incident on an infinitesimal element  
                        of surface to the area of that element 
                                                                           ___ 

                         E (S) = dF/dS,    < E > = ∫ E(S)dS / ∫dS = F / S,          [W⋅m-2] 
                                                                                                                                                         (S)                                     (S) 

Radiance:        Radiant flux per unit solid angle per unit projected area  
                        of a surface 

                                         L = d2F / dΩ⋅dS⋅cosθ,                                   [W⋅m-2 sr-1] 

A considered surface can be real (for example, sea surface or bottom) or imaginary,  
constructed in mind inside of water medium,  so the radiance or irradiance  
at an arbitrary point in water can be considered. 



, 

where E(λ) is the spectral irradiance of a given surface (real or imaginary). 

 Irradiance,  like radiance, is characterized by a value and a direction  
 (which is defined by a normal to the considered  surface).   

The irradiance can be calculated from the radiance angular distribution        
by integrating  L(θ, ϕ)  over the polar angle θ  and the azimuth angle ϕ  
within the limits of the half plane 

                                        E = ∫ L(θ, ϕ)⋅cosθ⋅dΩ 
                                                        (2π) 



Downwelling irradiance:                                                
                            2π     π/2                                     
                    Ed = ∫ dϕ ∫ L(θ, ϕ)⋅cosθ⋅sinθ⋅dθ;  
                                          0         0 

Upwelling irradiance:                                               
                                2π       π                                 
                     Eu = - ∫ dϕ ∫ L(θ, ϕ)⋅cosθ⋅sinθ⋅dθ.  
                                               0        π/2 



A budget of PAR at the sea surface 

PARd(0+) = PARref + PARw + PARd(0-) - PARu(0-); 

PARd(0-) - PARu(0-) = PARabs .  

“d” – downwelling,   “u” – upwelling, 

0+ - just above the sea surface,   0- - just beneath the sea surface. 

 PARd(0+) - incident at the sea surface, 

 PARref -     reflected from the surface,   

 PARw -        water-leaving PAR,      

 PARabs -      absorbed PAR at the water column. 



PARd(0+) - incident at the sea surface 

; 

  where Es(λ)  is the spectral irradiance just above the sea surface,         

              is the extraterrestrial solar irradiance,          is the solar zenith angle; 

            ,             ,         ,               ,             ,   and               are the diffuse transmittances  

   caused by Rayleigh scattering, aerosol, cloudiness, ozone,  water vapor,  and O2 ,   
   respectively. 



PAR can be expressed  in W⋅m-2 or  as the flux of quanta (µmol quanta m-2 s-1) 
if the need for quantum assessment arises as is common in phytoplankton  
physiological simulations (photosynthesis, fluorescence, Raman scattering). 
1 mol quanta is the unit named Einstein (E) for Albert Einstein. 

The PAR daily exposure is often used to characterize the total amount of PAR 
over a day.  
The daily exposure is expressed  in  MJ m-2 day –1 or  Einstein m-2 day –1.  

                    1 Einstein m-2 day –1 = 0.834 mW cm-2  , 
to an accuracy of a few percent regardless of meteorological conditions 
(Kirk J.T.O., 1994: Light and photosynthesis in aquatic ecosystems, 
 2nd edition, Cambridge University Press, 509 pp.). 

                     1 Einstein m-2 day –1 = ∼ 0.3 MJ m-2 day –1 . 



SeaWiFS Level 3 PAR is a geophysical parameter derived from SeaWiFS data  
with the algorithm developed by  Frouin, Frantz, and Wang (Frouin, Chertock 1992).  
SeaWiFS monthly mean distribution of surface PAR in  December 2007 is shown 
below as an example. 

Frouin and Murakami made estimates of PAR at the ocean surface also from  
GLI ADEOS-II data (2007).  



Inherent optical characteristics 

Absorption coefficient: 
dFa = - a Fdl;                            a = - dFa / F dl,                [m-1]; 

Scattering coefficient: 
dFb = - b F dl;                            b = - dFb / F dl,                [m-1] 
Beam attenuation coefficient: 
dFc=-(dFa + dFb) =-c⋅F⋅dl;       c = - dFc /Fdl = a + b.      [m-1] 



Volume scattering function:         

                       d2Fb(θ)= - β(θ)⋅F⋅dl⋅dΩ;   
                       β(θ)=-d2 Fb (θ)/F⋅dl⋅dΩ,                    [m-1⋅sr-1]; 
                                                  π                           
                            b = ∫ β(θ) dΩ = 2π ∫ β(θ) sinθ dθ; 
                                 (4π)                           0 

Scattering phase function: 

                   P(θ) = β(θ)/b;                   ∫ P(θ) dΩ = 1; 
                                                           (4π) 

a, b, P(θ)  is a full set to describe seawater optical properties  
                     without considering the polarization.  



Forward scattering coefficient: 
                                     π/2 

                         bf = 2π ∫ β(θ) sinθ dθ,      [m-1]; 
                                            0 

Backscattering coefficient: 
                                      π 

                         bb = 2π ∫ β(θ) sinθ dθ;    [m-1];          
                                     π/2 

                         bf  + bb = b. 

Average cosine:  
                                                    π 
                        g = <cosθ> = 2π ∫ cosθ P(θ) sinθ dθ.      



                                                                   l 
 dFc=-(dFa + dFb) =-c⋅F⋅dl;     F(l) = F(0) exp [- ∫ c(l′) dl′] = F(0) exp [- τ(l)];  
                                                                   0 

 Bouguer law:                                 F(l) = F(0) e- cl ; 

  Transmittance of the water layer:       T = F(l) / F(0) = e -τ 

 Single-scattering albedo:         ωo = b / c; 

c, ωo, P(θ)  is  the other full set for describing seawater 
optical properties without considering the polarization. 

All of the above characteristics depend on the wavelength: 

a(λ),  b(λ),  β(θ, λ),  bf(λ),  bb(λ),   g(λ),  c(λ),  ωo(λ). 



Input parameters:  values of the upward spectral radiance at  the top-of-the-
atmosphere (TOA) measured by the SeaWiFS ocean color sensor at 8 spectral 
channels 412, 443, 490, 510, 555, 670, 765 and 865 nm.  

Cloudless case 

In the cloudless case we don’t need to know the cloud  transmittance. 
The three-layer atmosphere can be assumed:   
ozone layer,  Rayleigh atmosphere  and  aerosol atmosphere.  

             Ozone layer - ωoz = 0, τoz ; 

             Rayleigh atmosphere - ωR = 1, τR, PR(θ ); 

             Aerosol atmosphere - ωa, τa, Pa(θ ). 

The values of F0(λ), Tr(λ), Tw(λ), To2(λ)  can be taken as known  (Gregg, Carder 1992). 

To solve the problem, we must find the unknown aerosol parameters ωa, τa, Pa(θ ). 

and the ozone layer optical thickness τoz  which is available as the SeaWiFS  ancillary data.  



SeaWiFS Nominal Band Solar Irradiance  Es(λ) 

Wavelength 
(nm) 

mW/cm^2/um 

412 171.18 

443 188.76 

490 193.38 

510 192.56 

555 183.76 

670 151.22 

765 123.91 

865 95.965 

The values are corrected depending on the earth-sun distance 



Unbroken cloudiness 
Four-layer atmosphere: 
Ozone layer; 
Upper Rayleigh atmosphere (above clouds); 
Cloud layer; 
Lower Rayleigh atmosphere (under clouds). 

;

is expressed in terms of  the cloud parameter X  

⋅K,  

where K for taking into account the re-reflection between the cloud and the sea surface. 

Ozone layer 

Upper Rayleigh atmosphere 

Cloud layer 

Lower Rayleigh atmosphere 

, where q is a parameter of the cloud phase scattering function, 
             τcl is the cloud optical thickness     (Zege et al. 1991).. 

The simple analytical formulae for non-absorbing optically thick scattering layer are used: 

The downwelling irradiance at the lower boundary of the cloud is calculated with the cloud 
transmittance formulae for direct and diffuse irradiances. The found value is multiplied by  
The diffuse transmittance of the Rayleigh layer under the cloud: 





Clear sky 

Comparison between the daily changes of the surface PAR values  
measured and calculated from SeaWiFS data (W⋅m-2).  
Barents Sea, August 1998 (Ershova et al. 2001).  

Cloud case 



Calculation of the PAR values 
The spectral irradiances were calculated with refreshing rate of 1 hour  
under assumption that the atmosphere and seawater inherent characteristics, 
retrieved at the time of satellite overpass, stay invariable during a whole 
day; the daily change of the solar zenith angle only were taken into account  
on calculation of the apparent characteristics (Ershova et al., 2001, 2002). 

To calculate the PAR daily exposures, the obtained values were integrated  
over the spectrum (from 400 to 700 nm with spectral resolution of 20 nm)  
and the time (from sunrise to sunset with time resolution of 1 hour).  

GOSI data with refreshing rate of  8 times per day  will allow us to do  
computations of the daily exposures without such kind of assumption 
and  to increase the product accuracy. 



Comparison between the PAR values measured and computed  
by two different methods.   Barents Sea, 1998. 



The monthly distributions of the PAR daily exposure  
(MJ⋅m-2⋅day-1) and of cloudiness in August 2002 

At the top of the atmosphere At sea level  

cloud optical thickness  



          Calculation of PAR reflected from the sea surface 

The irradiance Eref  reflected from the sea surface:  

                   Еref = (1-p)⋅ [rdiff ⋅Ediff + rdir ⋅Edir] + p⋅rwcap⋅(Edir +Ediff ),    

where rdiff , rdir are the reflection coefficients for direct and diffuse components  
of downward radiation Edir  and  Edif  ,  rwcap  is the foam reflection coefficient;   
p is a fraction of the sea surface covered by foam.   
Edir  and  Edif   are computed from satellite data;  the coefficients rdir , rdif , rwcap    
And  p   are calculated depending on the wind speed. 

For calculation of the reflection coefficients rdir  and rdif ,  the Cox-Munk slope 
distribution  was used with taking into account the shadow effect (Gordon and Wang,  
1992). The reflection coefficient of sea foam rwcap  was calculated in accordance with 
 Frouin et al. (1996).  

A fraction of the sea foam coverage p  depending on the wind speed was computed 
with  the formula from Monahan and O’Muircheartaigh (1986).  
The wind speed was taken from the Level-2-data products calculated by the program  
msl12  from the software package SeaDAS.  



The mean monthly distribution of the sea surface albedo (%)  
in the Barents Sea in August 2000  for the real condition and  
for the imaginary ones  

Real sea surface albedo With no clouds With no clouds and no wind 



                       Computation of the water-leaving PAR 

Initial data are the normalized water-leaving radiance LWN (λ) derived from satellite 
data as a result of the atmospheric correction. They are only available under the clear  
sky condition.  
Instantaneous values of the water-leaving radiance LW  are calculated with the formula 

                                                 LW = LWN⋅t0⋅cosθ 0 , 
where θ 0 , is the solar zenith angle and t 0  is  the  atmospheric transmittance  
for solar radiation.  

For cloudy pixels the monthly average  LWN  values were used 

                                                LW = LWN  t0 ⋅< cosθ 0 > ,  

where t0 is the atmosphere transmittance for cloudy condition, < cosθ 0 >  is  
the average cosine of radiation transmitted through the cloud layer.  
With the assumption of cardioid distribution, the average cosine is equal to ∼0.57  
that corresponds to the angle of ∼55°. 
The angular distribution of LW  is assumed as isotropic so the upward irradiance is  
calculated with a simple formula: 

                                                 EW = π LW . 



The mean monthly distribution of the water albedo in the Barents Sea   
in  August  2000  as compared with a  hypothetic case of  the Sea filled  
with pure water 

A.  Real  water  albedo  B.  Hypothetic case 
of the sea filled   
with pure seawater  

C.  

D. 

C.    Particle backscattering  coefficient; 

D.    Diffuse attenuation coefficient.  



Coccolithophore - the organism,  
including the cell and external  
coccoliths.  
Coccolith - the individual  
calcareous plates.  

What is the coccolithophore bloom? 

The construction of huge numbers of  
coccoliths from calcium and carbon, and 
their subsequent sinking to the ocean floor,  
perturbs the ocean carbon system and  
eventually makes a difference to the amount  
of CO2 that can be stored in the atmosphere  
to contribute to the CO2 greenhouse effect.  
As well as exerting an impact on climate  
change, the long-term flux of coccoliths  
to the ocean floor goes to form chalk and  
limestone rocks. 



Diffuse attenuation coefficient: 
                 dEd, = - Kd ⋅Ed ⋅dz;              dEu = - Ku ⋅Eu⋅dz;  

                 K = - dE /E⋅dz = - d lnE/dz;             Kd ≠ Ku; 

E(z) = E(0)⋅e –Kz. 
                 Optical depth:                             ζ = Kd ⋅z 



            Spectral characteristics of upwelling radiant flux 
Irradiance reflectance:   the ratio of the upwelling irradiance to the downwelling 
irradiance:                        R(λ, z) = Eu (λ, z) / Ed (λ, z). 
Subsurface irradiance reflectance:  the irradiance reflectance just beneath the sea 
surface:   it is a characteristic of “true” ocean color 
                                      R(λ, 0 -) = Eu (λ,0 -) / Ed (λ, 0 -). 
Subsurface remote-sensing reflectance: 
rRS (λ, θ, ϕ, 0 -) = Lu (λ, θ, ϕ, 0 -)/Ed (λ, 0 -),           [sr-1]; 
rRS (λ, θ, ϕ, 0 -) = R (λ, 0 -)/Q (λ, θ, ϕ, 0 -), 

Q (λ, θ, ϕ, 0 -) = Eu (λ,0 -)/Lu (λ, θ, ϕ, 0 -),              [sr]; 
In the case of the isotropic angular distribution of Lu (θ,ϕ):    Q(θ,ϕ) = π;                    

in the  real cases  Q(θ,ϕ)  depends on  the observational conditions and  
the seawater optical characteristics (Morel, Muller 2003). 
Subsurface radiance reflectance ρ(λ)= π rRS(λ)). 



                    Above-surface remote-sensing reflectance 
Above-surface remote-sensing reflectance is the ratio of the upwelling radiance  
 to the downwelling irradiance just above the sea surface 

                  RRS (λ, θ, ϕ, 0-) = Lu (λ, θ, ϕ, 0+) / Ed (λ, 0+). 

The subsurface upwelling radiance Lu(0-) passing through the sea surface decreases 
due to reflection and refraction;  the above-surface downwelling irradiance passing 
through the sea surface decreases due to reflection but it is augmented due to internal 
reflection of the subsurface upward flux from the sea surface. 

Lu (0+) = (t- /n2)⋅Lu (0 -);         

Ed (0 -) = t+⋅Ed (0+)/(1- γR)⋅ 

Normalized water-leaving  radiance (Gordon et al. 1988): 

LWN(λ) = RRS(λ)⋅Fo(λ);   LW = T(θo)⋅LWN ⋅cos θo . 



An exponential attenuation of the underwater spectral irradiance  with a depth  
is assumed 

                             Ed (λ,z)=Ed (λ,0- )·exp[-Kd (λ)·z],  
where Ed(λ,0-)  is  the spectral downward irradiance just beneath the sea surface, 
Kd(λ)  is the spectral diffuse attenuation coefficient of the downward irradiance. 

Ed(λ, 0-) is calculated on the assumption of no absorption while the radiation 
running across the sea surface: 

              Ed (λ, 0+) - Eref (λ) - Ew (λ) = Ed (λ, 0-) - Eu (λ, 0-);  

              Ed (λ, 0-) = [Ed (λ, 0+) – Eref (λ)– Ew (λ)] / [1-R(λ)].    

Here Ed(λ, 0+) is the downward irradiance just above the sea surface; Eref (λ) and 
Ew(λ) are the reflected and water-leaving irradiances just above the sea surface; 
Eu(λ, 0-) is the upwelling irradiaince just beneath the sea surface. 

Computations of the underwater irradiance 



Calculation of R(λ) and Kd(λ)  
Initial data for the calculation are the normalized water-leaving radiance LWN (λ). 
The next formulae are used. 

1.   LWN(λ)=F0(λ) 0.165 ρ(λ) /(1-0.497ρ(λ)),            (Lee et al. 1998) 
      where ρ(λ)  is the underwater radiance reflectance. 

2.   ρ(λ) = 0.0922 π X /(1-X),                                          (Morel, Gentili 1993) 

      where X(λ)= bb(λ)/[a(λ)+bb(λ)];  
       a and bb  are the seawater absorption and backscattering coefficients. 

3.    Kd = 1.04 Do (a + bb),               
       Do = (1-g)/cosθow + 1.197 g,                             (Gordon 1989). 
      where θow is the refraction angle for direct solar beams,  g  is  a ratio of  
      the diffuse radiation to the total radiation incident to the sea surface (found from  
      the atmospheric computations).  
4.   R(λ) = ρ(λ)⋅ Q(λ)/π,  
      Q(λ) is from Morel, Muller (2003).  



Vertical  profiles of PAR at two stations in the Barents Sea 
in August 1998   (a,  69.09N, 58.29E;  b,  69.77N, 56.28E) 
calculated from SeaWiFS data (solid lines) и and 
measured by a submersible radiometer (circles)   
(Ershova et al.2001) 

Comparison between vertical profiles of underwater irradiance  
measured by a submersible radiometer and computed from  
SeaWiFS data  

Vertical profiles of Ed(λI ,z) 
at four spectral bands of  
a submersible radiometer: 
443 nm (green), 490 nm (red), 
555 (purple), 625 nm (blue). 
Shallow waters in the North 
Caspian. 



Assessment of the volume absorption 
The absorbed radiation Eabs(Δz) is calculated assuming a balance 
 of the solar radiation in a given layer Δz = z2 –z1 

                    Eabs(λ, Δz) = [Ed(λ,z1) - Ed(λ,z2)]/[1-R(λ,)],                                  

where Ed(λ, z1 ), Ed(λ, z2 )  are  the downward  irradiances  
at the depths of z1 and z2 , R(λ) = Eu(λ)/Ed(λ)  is the spectral 
irradiance reflectance. 

Computations of the underwater irradiance are performed for the depths  
as follows:  0- (just beneath the sea surface), 1, 2, 3. 5, 10, 15, 20, and 25 m. 
The volume absorption is computed for the layers:  0-1, 1-2, 2-3, 3-5, 5-10,  
10-15, 15-20, 20-25, and >25 m. 



                                   Estimation of errors 
The errors were estimated by direct comparison between the values of underwater 
 irradiance  and volume absorption derived by the algorithm developed and  
 by the exact method; some SeaWiFS matchups data in the Barents Sea were used 
(Kopelevich et al. 2003).  

1. Exact computations 
    All characteristics were computed by a modified method of discrete ordinates 
    (Sheberstov 2003); the input parameters were Sun-zenith angle, the atmosphere 
    and ocean optical thicknesses, the atmosphere and ocean single scattering albedo  
    and phase scattering functions. 

2. With exact values of the normalized water-leaving radiance LWN   
    No effect of errors of the atmospheric correction. 

3. With values of the normalized water-leaving radiance LWN  retrieved  
    from satellite data. 
    With effect of errors of the atmospheric correction. 



Ed (λ) at different depths computed by exact 
method and two variants of approximate method. 

In the case of the Sea filled  
with pure water  



Solid lines are the values 
calculated by the exact method. 

Dashed lines are the values 
derived by the approximate 
method with the exact values  
of   LWN ; 

Dotted lines are the values 
derived with the SeaWiFS-based 
values of   LWN .  

The layers are indicated by 
figures near the curves.  

Spectral specific values of the absorbed radiation, W⋅m-3⋅nm-1  
at the different layers (St. 1131, Barents Sea, 69.77N, 56.28E) 



     The mean monthly distribution of the absorbed PAR  
     at the layer of 2-3 m at the Barents Sea and White Seas 
     in August 2000 (relative values of Eabs /Еsur  are presented) 

the real sea the sea filled with pure water  



   The mean monthly distribution of the absorbed PAR  
    at the layer of 15-25m at the Barents Sea and White Seas 
    in August 2000 (the relative values of Eabs /Еsur are presented) 

the real sea the sea filled with pure water  



Effect of the volume absorption on the daily heating 

Potential daily heating (0С) resulted from  
the volume absorption of the solar radiation  
at St.1131 in the Barents Sea (solid line)  
and in the case of clear water 

The potential daily heating was 
estimated under assumption  
that the all absorbed PAR  turns  
to heat: 
    ΔT0C = (ΔEпогл./Δz) 1/ρ c ,    
where ΔEabs./Δz  is the specific 
volume absorption,  ρ   is seawater 
density,  cp  is the specific heat 
capacity under constant pressure. 
At  St.1131   ρ=1.026 g⋅сm-3;   
cp= 0.953 cal⋅g-1⋅(0С)-1 
(Ivanoff 1975) . 
The results of calculation show that 
in the real condition (24 Aug 1998, 
St.1131)  at the layer of  0-1 m  
ΔT0C = 0.42oC  where as in the 
case of pure water ΔT0C = 0.27oC. 
At the layer 10-15 m ΔT0C  is equal 
to ∼ 0.02oC in both cases. 



Unique capability of GOSI to observe the ocean and coastal zone with high 
temporal resolution allows for more accurate estimates of daily values of PAR  
at the sea surface and in the upper layer. 



Image of the largest Antarctic ozone hole  
ever recorded (September 2006). 

Lowest value of ozone measured by TOMS  
each year in the ozone hole. 

Ozone depletion and UV radiation 
The Antarctic ozone hole is an area of the Antarctic stratosphere in which the recent ozone levels have 
dropped to as low as 33% of their pre-1975 values. Since the ozone layer absorbs UVB from the Sun, 
ozone layer depletion results in increasing surface UVB levels, which could lead to human health 
damage (skin cancer, cataract), affect to terrestrial plants and marine phytoplankton.  
The Antarctic ozone hole is expected to continue for decades. Ozone concentrations in the lower 
stratosphere over Antarctica will increase by 5%–10% by 2020 and return to pre-1980 levels by about 
2060–2075, 10–25 years later than predicted in earlier assessments. 



Map of the averaged DNA dose at depth of 3 m. The DNA dose is expressed in absolute units of 
number of pyrimidine dimers produced per thousand bases of a DNA molecule (Vasilkov et al. 2002). 

Vasilkov et al. (2001, 2002) computed underwater UV irradiance and DNA-weighted  
exposures using TOMS and SeaWiFS data products.  



Conclusion 
1. There is a need of quantitative information about components of a budget  
    of the shortwave solar radiation at the sea surface and in the near surface ocean. 
    It is required for studies of utilization of solar radiation in marine primary   
    production, influence of the volume absorption of solar visible radiation 
    on the thermal structure and heat content in the upper layer, for assessment  
    of potential effects of increased UV radiation on marine ecosystems due to  
    the ozone depletion. 

2. Obtaining such kind of information is possible from satellite data but there are 
    a few problems  which should be solved to minimize the computations errors. 
    One of them is improvement of the atmospheric correction that is  
    a fundamental problem of the satellite ocean color remote sensing. 

3. The other serious problem is a lack of  true  information about  changeability  
    of atmospheric and ocean optical characteristics  over  a day.  It is expected 
    that addition of  new polar-orbiting satellite ocean color sensors and advent  
    of  the geostationary ones (the first of them Geostationary Ocean Color Imager  
    GOSI)  can solve the problem. 


