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Abstract 

The paper demonstrate a method and exemplary results of modelling of the optical contrast of 
the sea area polluted with dispersed oil. There are two stages of that modelling � the first one: the 
Mie theory is applied for determination the inherent optical properties of oil-in-seawater 
emulsions, the second one: the Monte Carlo method for simulations of upward light fluxes for 
determination the contrast in various light and wind conditions.  
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INTRODUCTION 

During a first few decades of the last century conversion of energy source in marine transport was 
observed � i.e., solid fuel (carbon) was replaced by liquid fuel (petroleum substances). Rapidly 
growing quantity of oil spills forced national maritime administrations to control oil discharges from 
ships. Therefore investigations focused on oil slicks identification was initiated. There was a necessity 
of development the methods of oil film thickness estimation [1]. Observations and registrations of oil 
appearances have been continued for many decades, and finally, the practical scale/chart for 
estimation of quantity of oil spilled on the sea surface was established [2]. Currently, investigations 
on oil visibility are focused on visibility of oil residing in the sea as emulsion; the oil concentration in 
waste water, the speed of vessel and the speed of discharge from the vessel are taking into 
consideration [3]. 

Unfortunately there is poor knowledge on the role of environmental conditions for oil visibility in 
the sea. Therefore, to increase natural sea environment safety new possibilities of oil identification are 
necessary.   

Modelling of contrast of polluted areas is possible. To achieve it, there are necessary a few stages 
of investigation. 
At the first: 
- optical properties of partly weathered oil [4] and optical properties of oil films must be detected (if 
surface contaminants are considered)  [5]), 
- mentioned optical properties of oil and optical properties of oil emulsion must be known (if in-water 
contaminants are detected) [6]. 
At the second: 

Above water upward light fluxes must be modelled in two situations: /1/ the sea area is clean and 
/2/ the sea is contaminated. Taking into consideration these two situation one can easy calculate the 
contrast of polluted area in relation to the clean one.  

Currently, only contrast of oil surface slicks are modelled [7]. This paper presents the first trials 
of oil emulsions visibility modelling. 

METHOD 

Modelling of visibility (contrast) of oil dispersed in the seawater consists of two following stages: 
/1/ Inherent optical parameters of water polluted by oil-in-water emulsion determination; 
/2/ Simulation of a big number of solar photons life, which entered the sea body. 
 
The first stage consists in Mie solution application for optical properties of oil droplets 

determination. These properties are represented by components of light attenuation coefficient c, that 



 

 

is: absorption coefficient a and scattering coefficient b [6] and angular function of light scattering 
β(Θ). In these calculations - besides the spectra of complex index of refraction of oil (in this case 
Petrobaltic type crude [4, 5]) and refractive index of water - size distribution of oil droplets are 
necessary. A separate problem is how to describe oil droplet size distribution of oil-in-water emulsion 
in the sea body. In presented tests the distribution proposed in the paper [6] have been used. The 
second stage consists in using the Monte Carlo method for computer based simulation of solar 
photons wanderings in aquatics media  [Otremba and Piskozub, 2001]. In investigations described in 
this paper only photons from water body perpendicularly coming and fouling into small solid angle 
were countered.  The ratio - which is defined as amount of countered photons divided into amount of 
virtual solar photons (in this experiment 10 mln), and divided into mentioned solid angle (π/40 sr) - is 
the relative radiance L⊥  observed above water under perpendicular direction.  

All presented results relates to turbid coastal sea waters, like Gulf of Gdansk is (inherent optical 
parameters: absorption coefficient a = 0.3 and scattering coefficient b=0.5 [Otremba and Krol, 
2002]). Concentration of oil in the seawater used in experiment was 0.5 mg/m3.  

RESULTS 

Inherent optical parameters of oil-in-water emulsion 

Specific attenuation cross-sections of oil droplets in the seawater 

The basic parameters characterising optical features of oil droplets in the water are represented by 
the spectra of specific light scattering cross-section css and specific light scattering cross-section csa. 
At the Fig. 1 the shapes of these function are showed for various oil droplet radius r.  

  
 Figure 1.  Spectra of specific absorption cross-section  for scattering (at the left) and for scattering (at the right) of 

the oil-in-water emulsion of crude oil Petrobaltic type (after Otremba and Krol [6]) 

Inherent optical parameters of monodisperse oil suspension in the sea  

 Values of specific cross-section and oil droplet size distribution further were used during 
calculations of spectra of inherent optical parameters of polydisperse oil suspension in the seawater 
(Fig. 2). In that calculations previously determined oil droplet size distribution function were used [6].  

 



 

 

  
 Figure 2.  Spectra of inherent optical parameters of the oil-in-water emulsion for concentration of oil for various 

concentration of oil c.  
 

The light scattering function of polysperse oil suspension in the sea water 
 
 

 
Figure 3.  Results of calculation of the scattering function β(Θ) (using Mie solution and typical oil droplet size 

distribution for oil-in-water emulsions in the sea water). Triangles represents Petzold�s measurements 
in natural clean sea water [8].  

The scattering function β(Θ) has been determined also. During that calculations the Mie solution 
and oil droplet size distribution were combined. Final results are showed at the Fig. 3.  
 

Simulation of photons life in the sea 

Results of the eight simulations are included in this paper: the first four simulations � for clean 
water and the second one � when sea water is polluted by oil emulsion. All results of these simulation, 
placed at the Fig. 4 are illustrated as a height of cylinders (when polluted water) and cuboids (when 
clean water). Results presented on that graph consists of calm and roughened surfaces for two 
situations: when solar altitude is high and low one.  

 



 

 

 
Figure 4. Above water radiances measured from the perpendicular direction. The cuboids represents values of 

radiances above the clean sea surface, the cylinders � radiances for polluted one. 

DISCUSSION 

Inherent optical parameters of oil-in-water emulsion 

Inherent optical parameters of water polluted with oil-in-water emulsion are represented by 
absorption coefficient a and scattering coefficient b (showed at the Fig. 2) and by scattering function 
β(Θ) (drawed at the Fig. 3). The rapid growing of the value of the function β(Θ) at an angle of 180 deg 
(in relation to β(Θ) for clean sea water) is observed. That growing is likely caused by a greater value 
of refractive index of oil in comparison with natural scattering centres in the sea water like plankton 
is.  

Radiances above the sea surface 

Values of virtually measured radiances presented at the Fig. 4 are very different and depends on 
state of sea surface, existing of oil pollution or not, and light conditions.  

Contrast 

On the base of obtained radiances the values of the contrast was calculated and showed at the Fig. 
5. The contrast is always positive. Unexpected high value of contrast appears when the sea surface is 
calm, but under condition that the sun is positioned at high altitude. For similar high altitude, but 
when sea surface is roughened � the contrast is several times lower. It is worth to notice, that the 
contrast for low altitudes of the sun is practically independent on the state of sea surface. 
  

  
 

 
 



 

 

 
Figure 5. Contrast of polluted by oil emulsion sea areas versus light and wind conditions 

Conclusions 

After tests described in the paper it was found that:  
- contrast strongly depends on light conditions, 
- the sea surface state impacts on the contrast. 

      Other conclusions will be possible after further investigations, especially like following: 
- receiving more precise information about inherent optical features of the sea water in 

various sea regions, 
- obtaining more accurate data on optical parameters of oil partly degraded in the sea, 
- improvement of knowledge on typical oil droplet distribution in natural environment.   
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