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Utilization of SAR and 

optical images/data for 

monitoring of the coastal 

environment  

What is an oil spill?  

 Various petroleum products and their derivatives 

(petrol, kerosene, gasoline, diesel fuel, fuel, etc.) 

and their mixtures with water falling into the sea in 

different ways ... 

 In the truest sense of the word oil pollution can not 

be considered, because the behavior in sea of crude 

oil and petroleum products are fundamentally 

different. So, correct to speak about slick pollution 

and to identify their. 
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What is a ship-made oil spills? 

 Bilge or foul bilge waters (a mixture of different petroleum 
products with water accumulating on the bottom of vessels). 
 

 Engine room wastes (a mixture of diffrenet petroleum products - a 
product of the engine rooms; must be  stocked in a separate 
specific tank). 
 

 Ballast waters (large quantities of water to maintain the proper 
balance of the ship - the content of oil residues is minimal). 
 

 Tanker washing waters – waters produced during cleaning of 
tanks (usually in the open sea and/or in ports). 
 

 Products of fish processing (fishing ship’ waste containing fish 
oil and frequently different petroleum products). 
 

 Different products of human activity with oil residues - household, 
sewerage, waste waters etc. 

 

 

Why do we choose SAR imaging? 

The main advantages of SAR : 
 

 all-weather and day-and-night capability, 

 

 high resolution (1-20 m) coparable with optical images,  

 

 wide swath width (100-500 km), 

 

 high sensitivity to the sea surface roughness.  

 

 Oil and petroleum products on the radar images are visible as dark 
patches. They form oil films on the sea surface, which dampen the 
small gravity-capillary waves, such way creating local smoothing of 
the sea surface; they are commonly called slicks. 
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Spaceborne SAR 

 all-weather and day-and-night capability, 
 

 high resolution (10-20 m) / wide swath width 

(100-500 km), 
 

 high sensitivity to the sea surface 

roughness 

SAR Geometry 

SAR Viewing geometry 

 SAR incidence angle and look direction with respect to wind are 

crucial factors in determining the image intensity or normalized radar 

cross section (NRCS): 

 

1.  Sea surface backscatter decreases rapidly with increasing radar 

incidence angle. As a consequence, SAR image is generally brighter 

in the near range and darker in the far range. Location of oil spills is 

of special significance for the Envisat and Radarsat wide swath SAR 

imagery, which can have a range width of up to 400-500 km and 

incidence angles varying from 20 to 50. 
 

2. The wind direction relative to the SAR view also affects the observed 

NRCS. A crosswind (wind blowing perpendicular to the range 

direction) produces lower NRCS values than an upwind or downwind 

(wind blowing along the range direction). 

 

 Success in detecting oil spills in the SAR images may depend on 

where a feature is located within swath. The wind direction relative to 

the SAR view also affects the observed NRCS values in SAR image. 
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SAR wavelength and polarization 

 The wavelength of the Bragg waves and the observed NRCS are a function 

of the radar wavelength. Depending on the scale of the process and the 

wind conditions, an imagey obtained at one radar wavelength may strongly 

detect an oil slick in image, while image obtained at another  wavelength 

may not.  

 

        For example, L-band SAR sensors are sensitive to processes that  

modulate surface waves at the decimeter scale, while C-band SAR 

sensors are sensitive to centimeter-scale Bragg waves. 

 

  The observed NRCS is also a function of the send-and-receive polarization 

used by the radar system. 

 

 

 Atmospheric and oceanic processes are both prevent the detection of 

the oil spills. In general, these features reflect either meteorological or 

oceanographic conditions during the SAR image acquisition. 

 

They are : 
 

Low wind areas (<1-2 m/s), 

Natural biogenic films (surfractants),  

Rain cells, 

Oil from the bottom seeps,  

Upwelling, 

Grease or melting sea ice, 

Current shear zones, 

Internal waves,  

etc. 

Atmospheric and oceanic processes  
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  Variability of atmospheric circulation produces the most common low-backscatter 

ocean features imaged by SAR, i.e., areas of relatively low wind speed. 
 

 Atmospheric gravity waves (AGW) and boundary-layer rolls produce distinctive quasi-

periodic dark (low wind speed) and bright (high wind speed) patterns in SAR images. 
 

  Areas of wind shadowing by coastal topography or other obstacles are also 

commonly imaged by SAR. 

 

  Low wind areas  

The most pronounced features imaged by SAR over the 

ocean are the wind speed variability itself. Atmospheric 

wind stress produces and modulates the Bragg waves, 

and, for this reason, SAR images provide a very wide 

view of the high variability of atmospheric meso-scale 

and sub-mesoscale processes at the marine boundary-

layer. 

Wind and detectability of oil spills  

Oil spill smoothing water surface 
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Wind effect on oil spills  

NE wind 

Formation of a feathered  edge 

under the action of wind (typical 

for medium and heavy oil products). 

 Rain and rain cells 
Rain also may produce low-backscatter signatures in 

SAR imagery through two processes.  
 

First, atmospheric attenuation due to volume scattering 

will tend to decrease the total NRCS observed under a 

rain system.  
 

Second, depend upon the wind speed and Bragg wave 

scale, raindrop impact on the sea surface may tend to 

dampen the short waves and thus reduce the NRCS of 

the sea surface.  

The relative importance of each of these processes in lowering backscatter is a 

function of the radar wavelength, rain rate and wind speed. Whereas C-band sensor 

is affected more by rain volume scattering, L-band sensor is more sensitive to a 

decrease in backscatter due to Bragg wave damping by the rain. Increased rain rates 

over regions can be confirmed by regional weather stations or other remote sensing 

data. 
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Upwelling 
Upwelling is upward compensation flow 

that brings cold and nutrient-rich water 

to the sea surface.  
 

Changes in the stability of the marine 

boundary layer due to changes in the 

air–sea temperature difference over the 

upwelling region, have a direct effect on 

the observed backscatter. The increased 

stability produced by low sea surface 

temperature results in lower wind stress 

and a decrease in the scattering waves, 

producing a decrease in NRCS.  
 

The low temperature of the upwelled 

water is also responsible for an increase 

in the viscosity of the surface layer. This, 

in turn, affects the damping and 

generation of Bragg waves and thus can 

also decrease NRCS.  
 

Enhanced biological activity, caused by 

high nutrient waters, also produces an 

abundance of natural biogenic slicks 

that can be detected by SAR.  Upwelling to the north of Taiwan 

Benguela upwelling 

(Atlantic Ocean) 

Oil spill identification 

Again, there are a number of “relatives” 

masking oil spills among oil slicks!  
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Other oceanic phenomena: current 

shears, sea ice, internal waves, etc. 

INTERNAL 

WAVES 

 Sometimes phenomena in the upper ocean layer form surface 

manifestations look like true oil spills!  

 

Surfactants 

 Surfactants substances can be divided into two major categories: natural 

and man-made. Each category can be further subdivided into those of 

biogenic and those of mineral origin. Natural biogenic slicks produced by 

plankton and fishes are normally released into the marine environment. 

Natural mineral slicks are the result of bottom oil seeps such as found in 

the Gulf of Mexico or in the Caspian Sea. Man-made mineral slicks are 

typically caused by accidental spills or illegal discharges of petroleum 

products; man-made biogenic slicks are produced by the discharges of 

organic matter during fish (food) processing. 

Surfactants 

Natural Man-made 

Biogenic Mineral Biogenic Mineral 

Natural oil substances Seep’s oil Oily fish waste, etc. 
Petroleum products, 

crude oil 
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Natural slicks 

Eddies and currents indicated by natural film 

slicks  

The natural slicks result from damping 

of only the smallest capillary waves. 

Larger wavelength waves can be seen 

to continue across the slicks. The 

damping results in the decreased 

NRCS of the slicks. Natural slicks are 

the thinnest slicks and formed at very 

low winds. 

They are usually monomolecular and 

have film thickness of  0,01-0,001 m 

or 10-8 -10-9  m 

Natural slicks 

Detection of man-made oil spills in these conditions 

practically is not possible!  

China 
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Oil seep’s slicks 

Nested multiple oil seep 

slicks (Gulf of Mexico) 

Single drifting slick with 

emission point (Atlantic Ocean) 

Natural seepage slicks usually have a characteristic emission-point or/and 

nested/repetition behavior resulting from multi-emission points. In particular, the 

replenishment of the slick from sea floor vents allows seep-slicks to grow in time 
rather than oil pollution. Seep slicks have the film thickness 0,1-0,01 m or 10-7 -10-8 m. 

Multiple oil seep 

slicks (Caspian Sea) 

emission point 

Ship-made oil spills 

Oil spills in the East China Sea, August 2004 

Oil pollution from ships, rigs, terminals, etc. is usually very pronounced.  As the 

polluted oil is dispersed, it becomes thinner, and is less obvious as pollution; remnant 

and fragmented pollution is easily confused with other slicks.  Usually in the marine 

environment small and medium-size spills live from 12 to 36 hours. In many SAR 

images the distribution of these slicks maps the world’s shipping lanes and oil 

producing regions. Oil spills form patches of variable thickness: from 10-6 m to 1 cm. 
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Black sea 

 ESA 

Novorossiysk 

ship-made oil  spills in 

the visinty of port of 
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Kerch Bay  

Sea of Azov 

© InfoTerra  

wind 2-3 m/s  Oil spill accident in the 

Kerch Strait 11.11. 2007  

Oil pollution in the Strait as seen on the 

TerraSAR-X image of 16.11. 2007, 03:52 UTC:  
 

х – location of the bow of Volgoneft-139;  
 

1 – oil trail from the bow penetrating into the Kerch 

Strait;  
 

2 – oil accumulated in the west part of the Taman 

Bay further propagating into the Strait;  
 

3 – oil patches in the Sea of Azov on the exit from 

the Kerch Strait;  
 

4 – oil pollution along the Ukrainian coast of the 

Strait;  
 

5 – oil pollution accumulated in the Kerch Bay;  
 

6 – weathered black oil possibly processed by 

sorbents;  
 

7 – oil patches at the west shoreline of the Chushka 

Split;  
 

8 – fairway.   

Taman Bay 
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Gulf of Mexico - the greatest oi spill  

26.04.2010 27.04.2010 28.04.2010 

3.05.2010 
5.05.2010 1.05.2010 

 ESA, CSA 
The spill lasted 43 days; according to the different estimates the Gulf 

of Mexico has got from 66 to 560 thousands tons of crude oil. 

Biogenic slicks - fish production waste  

Slicks produced by trawl fishing operations in the 

Bering Sea (Clemente-Colón and Yan, 2002) 

Oil slicks on the sea surface resulted from 

fishing operations in the sea is usually also 

pronounced.  In SAR images the 

distribution of these slicks is related to the 

fishing regions. Oil slicks have thickness 

from 10-5 to 10-7 m. 

Fishing operations in the East China Sea? 
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Wind as a filter of oil films 

The central part of the Gulf 

of Thailand on the Envisat 

SAR image displaying: (1) 

wind  front (wind speed 

changed from 2-3 to 4-5 m/s), 

(2) surfactants or biogenic 

films, and (3) illegal 

discharges or oil spills. It is 

clearly seen that wind can 

play a selective role  filtering 

the biogenic films  from the 

man-made oil spills.  

© ESA  

< 2 m/s – in general you can’t see any oil film on radar 

images. 
 

2 - 3÷4 m/s – all types of films are visible. 
 

5-6 m/s –  biogenic films disappear, but the films from oil 

seeps can be seen.  
 

6-7 m/s – seep films disappear (and oil pollution from 

ships disappear disappear too). 
 

> 8 m/s – you can see only films of crude oil and heavy oil 

products. 
 

 > 12 m/s  all types of oil films disappear from the sea 

surface. 

Wind as a filter of oil films 
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Palm oil spill during loading 

 the tanker (Columbia). © Elastec, ITOPF  

There are  different 

vegetable oils (sunflower, 

olive, corn, soybean, palm, 

coconut, etc.) that fall into 

the water and form oil films; 

they are also transported by 

oil tankers.  

What is a man-made oil biogenic 

pollution?  

5 

1 – low wind areas, 2 – ship-made oil spills, 3 – biogenic films, 4 – manifestations 

of internal waves, 5 – manifestations of atmospheric gravity waves.  

A typical example of 

а “complex 

scene” – NW part 
of the East China 

Sea on the Envisat 

SAR image. © ESA  2 

1 

3 
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4 

1 
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Subscenes of the optical images of the oil spill in the Gulf of Mexico on April 29, 

2010 with a resolution of 250 m: left - MERIS/Envisat (16: 04 UTC); right - 

MODIS/Terra (16:50 UTC).  ESA, NASA GSFC  

Oil spills on optical Images  

sun-glint image 

bloom 

wind 

wind 

Summer algal blooms of cyanobacteria in the northern Baltic Sea 

on Radarsat-1 SAR image (17/07/2005,) and on the photos from aircrafts (11 

and 21/07/2005) (Tahvonen 2008). 

Bloom of cyanobacteria in the Baltic Sea 

© The Boarder Guard of Finland 

© CSA, KSAT 
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Pseudo-slicks - water stains on the sea 

surface during intensive algae blooms  

Blooms of blue-green algae (cyanobacteria) 

in the Baltic Sea on the photos of patrol 

airplanes.  

Oil seeps in Gulf of Mexico  

There are about 600 oil seeps in the Gulf of Mexico. 

Their input to the marine environment in the last 

hundred thousand years is estimated to be in 

average 200 thousand tons of crude oil per year.  

 NASA  
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Porcessing methods and approaches: analysis 

and interpretation of radar images  

Visual analysis and interpretation (by human eye 

that is the best inspector-analyzer). 

 

Semi-automatic methods (automatic selection of 

dark spots, and then verification by experts).  

 

Automated methods (fully automated detection, 

identification and classification).  

Methods and approaches: analysis and 

interpretation of radar images  

One of main limitations of automated methods -  they can’t exactly  

answer about origin of an oil slick without  

assessment of trained experts. 

 

This is mainly due to: 

 

 (1) oils in the sea have a tendency to change their parameters and 

properties under action of wind, waves, currents, aggressive marine 

environment  and sun (so-called weathering processes); 

  

 (2) presence of oil films of other nature (surfactants, biogenic slicks 

and oil seep slicks); 

 

 (3) presence of slicks having an aerohydrodynamic origin. 
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  Size and shape. 

 

  Backscatter ratio and apparent thickness.  

 

  Nature of slick edge: sharp, feathered, gradational, etc.  

 

  Point of origin: inferred emission point and drift direction influenced by tide and 

current.  

 

 Clustering and pattern of distribution, nesting of multiple slicks. 

 

 Repetition in time. 

 

  Orientation and relation to oceanographic and atmospheric features: wave 

alignments, swell, internal waves, currents and current shears, tides, fronts, river 

outflows, rain cells, calms, upwelling, SST and salinity anomalies, reefs and shoals. 

  

  Association with rigs, platforms (bright spots on image), loading/offloading  

points, harbors and terminals, ships (bright spots and wakes) and shipping lanes. 

Summary of features used to analyze slicks in SAR 

images 

A spaceborne radar - this is great!  

 
But there are a number of limitations: 

 

  - It does not measure any oil film parameters (e.g., film 

thickness), 

 

 - It can not distinguish between oil spills and slicks of 

other origin, for example, those having airohydrodynamic 

origin), 

 

 - And it works in a narrow range of wind speeds (2 - 12 

m/s) ... 

 

Nevertheless, there is a solution!  
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To identify oil slicks a GIS approach can be 

used. 

 
A GIS-approach means the collection and integration in a GIS 

all geospatial data including:  

  geographical, 

oceanographic, 

navigational, 

geophysical, 

industrial (onshore & offshore oil & gas infrastucture), 

and other necessary information about a water basin.  

 

After putting the detected slicks in GIS often 

source of pollution can be clearly seen! 

 

 

 Geoinformation Approach 

GIS 

wind 

currents 

bathymetry 

coastline 

ship         

lanes 

political & 

provincial 

boundaries 

ports& 

terminals 

oil/gas 

onshore and 

offshore 

infrastructure 

known    

seepages 

coastal 

hydrography 

fishing     

areas 

Oil spill 

distribution 

maps 
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A GIS window showing 

distribution of oil slicks 

related to oil production, 

transportation, oil seeps, 

river run-off as well as 

with other man activity, 

and detected on ERS-1 

and ERS-2 SAR images 

in 1996.  

Multi-source oil  

pollution  in 

the Middle  

and Southern  

Caspian Sea 

Oil slicks detected on the 

Envisat and Radarsat-1 SAR 

images aquired on June 17, 21, 

22, 24, 25, 27 and 29, 2007.  it is 

clearly seen that these slicks are 

originated from one point (star)  

showing the position of an 

underwater source at the bottom.  

Seep oil slicks in 

the Sea of Okhotsk, 

the NE shelf of Isl.  

Sakhalin 
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Seep oil slicks in GIS-application 

over the detailed bottom topography 

Seep 

location in 

the SE 

Black Sea: 

4159 N 

4107.5 E; 

depth 

~1050 m 

 

.. 

ScanEx is leading private company in Russia, 

offering a complete set of services in remote 

sensing. It ranges from reception to thematic 

processing of mages of Earth observation satellites.  

Company has own network of ground receiving 

stations and can receive satellite data in near-real 

time from more than 15 satellites.  

 

        www.scanex.ru 

         www.kosmosnimki.ru  
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Thanks for attention! 


