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Usually, the methods used to highlight oil stains are, In order to
distinguish different parts of a stain, they work poorly in terms of
thickness. the spectrum of oil slicks is affected by seawater and the
physical and chemical properties of the oil. For this reason, in the
upcoming research, by using Sentinel 2 satellite images and using spectral
indices, different thicknesses of oil slicks were investigated and
distinguished from each other. The used indices are related to two groups
of hydrocarbons (FI, RAI, HI, RG, RR, WAF) and seawater (CHL,
CDOM). The index separability (IS) mathematical model based on
classroom distance was used to evaluate the spectral indices used
quantitatively. The results show that the spectral indices of hydrocarbons
are more suitable for distinguishing the emulsion from seawater and other
parts of the oil slick. Thus, the value of the IS parameter for the FI index
in order to detect and differentiate emulsions with segments such as
seawater, shining part, code 4, and code 5 are equal to 1.542, 0.967,
0.423, and 0.4236 respectively. On the other hand, the spectral indices of
seawater are suitable for detecting the thinner parts of the oil slick.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

monitor the resulting pollution will be very
effective.

Due to the need for rapid action to identify the
location and estimate the amount of oil pollution,
the use of traditional methods based on field
studies using exploration flights and passing
ships, in addition to being time consuming, is not
economically viable. In contrast to conventional
methods based on field studies, remote sensing to
detect pollutants, especially oil slicks, and
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Usually, the algorithms used in previous studies
related to this subject are only suitable for
detecting oil slicks and separating them from
seawater. They work to detect the thickness and
classify different parts of the slices based on poor
thickness. Since the spectral curves of oil slicks
are affected by their thickness, the present study
tries to investigate and differentiate the different
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Evaluation of Spectral Indices to Detect the Thickness of Oil Slicks

thicknesse of oil slicks using the spectral indices
of hydrocarbons and seawater. They are
noteworthy that the different thicknesses of oil
slicks at sea level have different visual
characteristics and, consequently, different
spectral characteristics.
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Material and Methods

In 2004, an agreement was approved for the
apparent classification of oil slicks in terms of
appearance and thickness. According to the
agreement, the thickness of the oil is coded from
1 to 5, which includes sheen (silver/gray),
rainbow, metallic, discontinuous oil color, and
true continuous oil color (Fig. 1).
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Fig. 1 Oil slick thickness descriptions

The spectral indices used in the research to
identify and differentiate different parts of oil
slicks include two groups of hydrocarbons
(Fluorescence Index, Rotation-Absorption Index,
Hydrocarbon Index, Reflectance of Green,
Reflectance of Red, Water Absorption Feature)
and seawater (Chlorophyll, Colored Dissolved
Organic Matter). Different spectral indices may
have different capabilities for identifying and
distinguishing different thicknesses of oil slicks.
For this purpose, for quantitative evaluation of
spectral indices, the mathematical model of index
separability (IS), which is based on classroom
distance, was used. A larger IS indicates the
index's greater ability to detect oil slick
thickness.

Results

The IS values for FI, RR and CDOM indices to
distinguish emulsion from other evaluated parts
have higher values than other indices, which
shows the high ability of these indices to
distinguish emulsion from sea water and other
parts. In general, IS values for FI, RR and
CDOM indices are greater than zero, which
means that these indices have the ability to
distinguish seawater from oil-contaminated
areas.

Among the indicators used, an index such as RR
of its nondiagonal elements is greater than zero,
which indicates the ability of this index to
identify seawater and all oil slick thicknesses.

Environment and Water Engineering

The sample image below (Figure 2) was used to
implement and confirm the ability of FI, RR and
CDOM indices to separate the emulsion section
from the luminous and seawater ranges. In the
identification results, the FI index showed better
performance than the other two indices. The
emulsion ranges were accurately extracted by FI,
while in the output of the CDOM and RR indices
some of the pixels were mistakenly placed in the
emulsion and luminous classes.

Fig. 2: a) Sample image of emulsion. range

Sheen | and seawater| |; Output of (b) FI, (c)
RR, and (d) CDOM indexes after classification

Determining the extent of oil contamination
is one of the most important and critical
issues in dealing with oil spills. The main
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goal is to accurately distinguish between
seawater and areas with minimal pollution
(sheen spots). Based on the IS parameter
values, the following image (Fig. 3) was
used to confirm the ability of the CHL index
to distinguish seawater and sheen oil slicks.
The results show the high ability of this
index to detect and differentiate between
seawater and the sheen part of oil slicks.
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Fig. 3: a) Sample image of Sheen range and
seawater, and b) output of CHL index after
classification (| Sheen and [I Seawater)

From the IS values, it can be seen that the
spectral indicators under study
(hydrocarbons and seawater) may also be a
supplement. For this purpose, combined
methods can be used to improve the accuracy
of differentiating different thicknesses of oil
slicks. For example, after combining the two
indices RR and WAF, the values of IS to
detect and differentiate the emulsion and
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other parts to be evaluated (seawater, sheen
part, code 4, and code 5) as 1.004, 0.726,
0.536, 0.711. It will improve accuracy. By
analyzing the IS matrix, it is possible to find
examples of these indicators that
complement each other and use them to
improve accuracy.

Conclusion

The results showed that hydrocarbon spectral
indices such as the FI index are more
suitable for distinguishing emulsion from
seawater and other parts of oil slick due to
the high values of IS parameter than
seawater spectral indices. On the other hand,
the spectral indices of seawater are suitable
for detecting the thinner parts of the oil
slick. The spectral indices studied
(hydrocarbons and seawater) may be
complementary. For this purpose, combined
methods can be used to improve the accuracy
of differentiating different thicknesses of oil
slicks.

Data Availability
The data used in this research are presented
in the paper.
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Bonn Agreement Oil

Appearance Code Code Thickness
Sheen 1 Thinner
Rainbow 2

Metalic 3

Discontinuous true oil

color 4

Continuous true oil

color 5

Emulsion No code Thicker
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Table 2 Spectral indexes of hydrocarbons and seawater

Group Spectral index Reference
Hydrocarbons Fluorescence Index (FI) Loos et al. (2012)
Hydrocarbons Rotation-Absorption Index (RAI) Loos et al. (2012)
Hydrocarbons Hydrocarbon Index (HI) Kiihn et al. (2004)
Hydrocarbons Reflectance of Green (RG) Sun (2013)
Hydrocarbons Reflectance of Red (RR) Sun (2013)
Seawater Water Absorption Feature (WAF) Salas et al. (2017)
Seawater Chlorophyll (CHL) Hu et al. (2012)
Seawater Colored Dissolved Organic Matter (CDOM) Momeni Esfahani and Amini

(2021)
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Table 3 Evaluation of spectral index using IS parameter

Index IS Matrixes
Seawater Sheens Code 4 Code 5 Emulsions
Seawater 0 0.232 1.153 1.102 1.542
Sheens 0.232 0 0.4124 0.421 0.967
Code 4 1.153 0.4124 0 0 0.423
Fluorescence Index Code 5 1.102 0.421 0 0 0.4236
Emulsions 1.542 0.967 0.423 0.4236 0
Seawater 0 0.015 0.103 0.096 0.153
Sheens 0.015 0 0.0953 0.051 0.197
Rotation-Absorption Index Code 4 0.103 0.0953 0 0 0.107
Code 5 0.096 0.051 0 0 0.117
Emulsions 0.153 0.197 0.107 0.117 0
Seawater 0 0.032 0.015 1.131 0.023
Sheens 0.032 0 0.067 0.064 1.467
Hydrocarbon Index Code 4 0.015 0.067 0 0 1.403
Code 5 1.131 0.064 0 0 0.047
Emulsions 0.023 1.467 1.403 0.047 0
Seawater 0 2.202 3.004 0.012 1.53
Sheens 2.202 0 0.01 2.367 0.04
Reflectance of Green Code 4 3.004 0.01 0 2.536 0.012
Code 5 0.012 2.367 2.536 0 1.0136
Emulsions 1.53 0.04 0.012 1.0136 0
Seawater 0 0.1546 0.478 0.193 1.004
Sheens 0.1546 0 0.3412 0.095 0.726
Reflectance of Red Code 4 0.478 0.3412 0 0.215 0.467
Code 5 0.193 0.095 0.215 0 0.711
Emulsions 1.004 0.726 0.467 0.711 0
Seawater 0 0.021 0.01 2.01 0.63
Sheens 0.021 0 0.071 1.612 0.197
Water Absorption Feature Code 4 0.01 0.071 0 0.263 0.536
Code 5 2.01 1.612 0.263 0 0.0309
Emulsions 0.63 0.197 0.536 0.0309 0
Seawater 0 0.715 0.831 0.549 0.697
Sheens 0.715 0 0.1278 0.1209 0.057
Code 4 0.831 0.1278 0 0.283 0.047
Chlorophyll Code 5 0.549 0.1209 0.283 0 0.207
Emulsions 0.697 0.057 0.047 0.207 0
Seawater 0 0.01 0.109 0.197 0.416
Sheens 0.01 0 0.072 0.984 0.321
Colored Dissolved Code 4 0.109 0.072 0 0.045 0.261
Code 5 0.197 0.984 0.045 0 0.271
Emulsions 0.416 0.321 0.261 0.271 0
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Fig. 3 Sample image of emulsion range, Sheen and
seawater
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Fig. 4 Output of (a) FI, (b) RR and (c) CDOM indxs
after classification
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