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Abstract— Synthetic aperture radar (SAR) is a useful 
instrument to detect oil slicks on the sea surface. Generally, the 
algorithm for detection of oil slick in SAR images is based on the 
approach to distinguish the darker area compared to the 
surrounding area defined on the typical backscatter level. This 
value can calculate by scattering model using moment method 
and Monte-Carlo simulation for various conditions of surface 
roughness induced wind, oil-layer thickness, frequency, 
polarization and incidence angle. For the simulation, Automatic 
Weather System (AWS) were used to generate wind fields in SAR 
image area. The purpose of this study is that extraction of oil spill 
area from SAR images. For the extraction, radar backscattering 
value was calculated using scattering model, and it is used by 
threshold value for distinguishing between oil-covered and non-
area in SAR images. In this study, oil thickness assumed by 
constant, and didn’t take into account the direction of the wind. 
From this study results, we expect that automatic classification of 
oil slick features from lookalikes and detecting of seepage on sea 
surface. 

Keywords—Oil Spill; Numerical Simulation; Method of 
moment; Monte-Carlo simulation; Satellite remote sensing; Hebei 
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I. INTRODUCTION 
Remote sensing using airborne and spaceborne sensors is a 

most efficient technique for monitoring oil slicks on a regional 
as well as global scale, and much effort has been made for 
accurate detection, identification and classification of oil-
covered surface [1], [2], [3], [4], [5], [6]. In the recent cases, 
for example, a large number of airborne and spaceborne 
imagery have been acquired and analyzed for the 2007 Hebei 
Spirit oil spill in the Yellow Sea [7], [8], [9] and 2011 
Deepwater Horizon oil spill in the Gulf of Mexico [10], [11], 
[12], [13]. SAR has all-weather and day-and-night imaging 

capability [14]. The imaging mechanism of oil slicks by SAR 
is based on the difference in surface roughness. Oil slick on the 
sea surface damps short gravity-capillary surface waves, and 
thus, reduces the radar backscatter [3], [5], [8], [15], [16]. In 
SAR images, the oil-covered surface appears as dark features 
[17]. Generally, the algorithm for detection of oil slick in SAR 
images is based on the approach to distinguish the areas of 
small image intensity values by thresholding [1]. 

The main problem in oil spill detecting is that it is difficult 
to identify the oil-covered surface from lookalike surfaces 
under low to no wind, rain cells, upwelling, and biogenic 
slicks, since the images of both surfaces appear dark with 
similar radar cross section. Several techniques have been 
proposed to identify oil slick features from lookalikes using 
image classification algorithms, such as those based on fuzzy 
logic, neural network, and polarimetric analyses [6], [12]. In 
this paper, preliminary results are presented the oil slick 
extraction in SAR image using moment method and Monte-
Carlo simulation in the 2007 Hebei Spirit case. 

II. HEBEI SPIRIT OIL TANKER ACCIDENT AND SATELLITE 
DATA 

A. Hebei spirit oil tanker accident 
On December 7, 2007 at local time (LT) 07:15 (UTC 

22:15, December 6), the oil tanker Hebei Spirit collided with a 
crane vessel about 8 km off the coast of Taean in the west of 
the Korea (approximate location: 36˚ 49.93’N, 126˚ 2.46’), 
spilling approximately 10,900 tons of crude oil [9]. The oil 
spill was stopped at about 07: 30, December 9 (LT). At the 
time of collision, the sea state was high with wind speed and 
significant waveheight of approximately 14 m/s and 3-5 m, 
respectively. 
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B. Satellite data 
After the incident, several images were acquired using 

spaceborne platforms from 8th to 25th December 2007. In this 
study, 4 SAR images acquired by ENVISAT-ASAR, 
RADARSAT-1, and TerraSAR-X were used for comparison 
with the simulation results. The radiometric calibration and 
geometric correction were performed to calculate normalized 
radar cross section (NRCS), and Fig. 1 illustrates the geocoded 
SAR images, and TABLE I shows the data acquisition time, 
sensor mode, polarization, swath width, spatial resolution, 
wind direction, and wind at the AWS stations closest to the 
centroid of the slick areas at each satellite data acquisition 
time. It should be noted that the dark areas in the inland sea and 
south coast of Taean Peninsula seen in Figure 1b, 1c and 1d 
were wind-sheltered areas, but not covered by oil slicks. As 
mentioned previously, it is difficult to distinguish wind-
sheltered lookalikes and oil-covered surfaces by SAR without 
in-situ data or appropriate processing methods of image 
classification. 

C. Extraction of oil slicks in SAR images 
The areas covered by oil slicks were extracted in the SAR 

images by thresholding. The threshold value (in decibels) was 
used to identify the dark spots in processed SAR images and it 
was computed using numerical scattering model depending on 
the radar parameters, target parameters and environmental 
parameter related to each SAR image. In order to consider 
reduction effect for surface roughness, damping ratio has been 
theoretically calculated. The formulation is given as follow [8]: 

 
Fig. 1. SAR images including oil slicks. 
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where Ww,s(k) is the sea surface roughness spectrum; βw,s is the 
wind wave growth rate; cg is the wave group velocity; Δw,s is 
the viscous damping coefficient; αw,s is the nonlinear energy 
transfer rate; the subscript w and s represent to the seawater 
and oil slick respectively. Each parameter and physical-
chemical properties of oil slick are estimated by [15]. They 
were used to distinguish region of interest (ROI), which 
includes oil slicks and lookalikes. Oil slick areas were 
determined by the histograms of NRCS in ROI and visual 
inspection on the basis of reports from Central Disaster and 
Safety Countermeasures Headquarters. 

III. WIND FIELD FROM AWS 
Wind data were obtained from 19 AWS stations at different 

heights around the position of collision. The data contain the 
wind speed and direction averaged over 1 minute at 1 minute 
interval. Hellman exponential law was used to convert the 
measured wind speed to the wind speed at 10 m height, and it 
is defined as follows [39]: 

α
aa )zz()z(U)z(U ×=                         (2) 

where U(z) is the wind speed to the height z, and U(za) is 
the wind speed to the height za which is referred to as the 10 
meters height in this study. α is the friction coefficient or 
Hellman exponent which is a function of the topography and 
roughness at a measurement site. If the site characteristics are 
yet to be determined, a value of 0.14 is a good first 
approximation [18], [19]. This value was used to convert the 
wind speed at 10 meter height, and the wind speed and 
direction were averaged during 30 minutes at each AWS 
station. Wind field at grid spacing of 500 m was generated by 
the same as for the current data using linear interpolation and 
the method of nearest neighbor (Fig. 2). 
TABLE I. Parameters of satellite sensors and wind data at the AWS stations 
closest to the centroid of the slick areas at each satellite data acquisition time. 

Satellite ENVISA
T ASAR 

RADARS
AT-1 

TerraSAR
-X 

ENVISA
T ASAR 

Acquisition 
time (LT) 

2007.12.1
1 10:40 

2007.12.1
1 18:31 

2007.12.1
3 06:44 

2007.12.1
4 10:45 

Mode / 
Polarization 

Wide 
Swath / 

VV 

Wide / 
HH 

ScanSAR 
/ VV 

Wide 
Swath / 

VV 
Incidence 

angle [deg] 
31.0 - 
36.3 31 - 39 31.8 – 

40.5 
19.2 – 
26.7 

Swath width 
[km] 405 150 100 405 

Nominal 
resolution [m] 
(range/azimut

h) 

150 / 150 25 / 27 18.5 / 
18.5 150 / 150 

Wind speed 
[m/s] 5.6 6.3 4.3 6.9 

Wind 
direction 
[degrees] 

338.0 347.0 323.1 339.0 



 
Fig. 2. Wind field around oil slick area. 

IV. RESULT AND CONCLUSIONS 
Oil slicks on SAR image appear as dark features, and it can 

distinguish by radar backscattering value. In this study, the oil 
spill areas from SAR images were extracted by the threshold 
value. In order to calculate the threshold value, numerical 
scattering model depending on the radar, target and 
environmental parameters was performed, and the model is 
based on method of moment and Monte-Carlo simulation. Fig. 
3 represent example of extraction oil slick area from SAR 
image (Fig. 1C). It is shows good agreement with SAR image. 

The main problem in oil spill and seepages detection is that 
it is difficult to identify the oil slicks on the surface from look-
alike surfaces, such as under low to no wind, rain cells, 
upwelling, and biogenic slicks, since the images of both 
surfaces appear dark with similar radar cross section. Using 
successive satellite images and numerical simulation, therefore, 
mechanism to distinguish between oil slicks and look-alike 
features will develop. 

Present study only applied to oil spill case by ship accident.. 
However, the subsurface oil, such as destruction of the 
Deepwater Horizon drilling platform or seepages from 
underground, release caused the spill to interact with the 
marine environment that was different from that observed in 
surface spills. Using this method, therefore, further research to 
detect the oil spill from seabed will carry out. 
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Fig. 3. Example of extraction oil spill area from TerraSAR-X (Fig. 1C). 
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