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Introduction

Oil spills have adverse effects on the marine
environment in oceanic and coastal areas. Coastal
areas are places with high population density [1].
Oil spills can occur from oil pipeline cracks, illegal
discharge from ships, ship incidents, and from oil
drilling platforms. In coastal areas, oil spills mostly
occur due to illegal discharge and ship incidents.
Various techniques have been developed to monitor oil
spills such as visual surveys with aircraft, microwave
radiometers, infrared line scanner, Laser fluorescence
sensor, side-looking airborne radar, synthetic aperture
radar, optical sensors etc. [2-9]. Among these
techniques, remote sensing satellite sensors working
with different bandwidths in the electromagnetic
spectrum, such as visible, near infrared, shortwave
infrared, thermal infrared, and radar, can be used more
efficiently because of continuous monitoring and wide
global coverage of the Earth. Oil film differs from
sea water in thermal characteristics and absorption
of sun ray energy. Thermal infrared radiation can see
through haze and thin fog, and it can work in daytime
and night. Thermal infrared remote sensing is a very
important tool for oil spill detecting and monitoring.
Furthermore, the high resolution thermal infrared
imagery of ASTER were used to detect the possible
oil spills in the Yinggehai area of Hainan Province
[13]. The accidental oil spill from the Deepwater
Horizon in the Gulf Mexico on April 20, 2010 was also
examined by the use of daytime images of Landsat 7
and Landsat thermal bands that showed oil spill areas

Accepted: May/30/2020

with a temperature 0.6K lower than the oil-free sea
surface [10]. The aim of this study was to detect oil
spills around oil platforms of northern Persian Gulf
on 2nd and 10th June 2015, dates recorded by the
Environment Organization of the territory. The TIR
data of Landsat 7 and Landsat 8 were used to obtain
the objectives of the study.

Materials and Methods

The Landsat 7 and Landsat 8 thermal infrared data
were resampled to 30 m spatial resolution. Landsat
7 has two modes: Band B61 provides an expanded
dynamic range and lower radiometric sensitivity,
with less saturation at high Digital Number values; in
addition, Band B62 has higher radiometric sensitivity,
although it has a more restricted dynamic range. Since
2003, a technical malfunction has caused the ETM+
imagery, including thermal imagery to have a series
of horizontal stripes; however, it doesn’t influence
the radiometric performance [20]. The processing
methods are discussed below:

DN to Radiance

The first process was conversion of the values of
Digital Numbers (DN) to radiance. The Landsat 7 DN
were converted to radiation using Equation 1:

L, = gain x DN +offset (1)

The Landsat 8 DN were converted to radiation using
Equation 2:

Ll = MLQcal + AL (2)



Brightness Temperature
The radiance values were then converted into
brightness temperature by the use of Equation 3:
K 2

Ln (kl + lj
L/l

Sea Surface Temperature
To get the real temperature of target, an approximate
method as Equation 4 was presented by Weng et al:

T

T = 4)
{H[”BTJ-LM}
P

Where TS is sea surface temperature in Kelvin; BT is
brightness temperature in Kelvin; A is wavelength; and
€ is spectral emissivity for seawater, equal to 0.985.
Oil spill around the oil platforms was detected by
comparing sea water temperature of sea surface and
that of oil spill slicks. The sea surface temperature map
was prepared for band 6 of Landsat 7 and bands 10
and 11 of the Landsat 8, where the oil slick is darker in
gray images and red in color images due to less energy
than surroundings (Fig.1). Due to the low temperature
of the oil slick relative to seawater and the time of
imaging, the oil slick is estimated thick. Finally, the
results were verified using the kappa coefficient as
part of the confusion matrix. The values of Kappa
coefficients were calculated 0.98 and 0.85 for bands
10 and 11 of Landsat 8 and 0.92 for band 6 of Landsat
7. These values confirmed the accuracy of results with
acceptable coefficients.

BT = 3)

L AE

I Legend
SST

29°12'30"N  29°15'0"N  29°17'30"N
29°12'30"N  29°15'0"N  29°17'30"N

Fig. 1 Sea surface temperature map. A) Sea surface
temperature for Landsat 8 in gray scale image; B) Sea
surface temperature for Landsat 8 in color image; C) Sea
surface temperature for Landsat 7 in gray scale image; D)
Sea surface temperature for Landsat 7 in color image.

=
L
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Conclusions

In this study, the oil spills around oil platforms, oc-
curred on June 2 and 10, 2015, in the northern Per-
sian Gulf, were detected using Landsat 7 and Landsat
8 TIR imagery. The oil patches were well detected by
calculating sea surface temperature and the results
were verified using Kappa coefficient.

Nomenclatures
DN: Digital numbers
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