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Introductory Chapter: Issues with 
Oil Spills and Remote Monitoring
Maged Marghany

1. Introduction

The oil spill is a popular topic for pollution discussion because of the extent of the 
environmental harm it can produce. Additionally, it may have a variety of negative 
effects on ecosystems and economies, ranging from immediate extinction of species 
and habitat destruction to long-term water contamination effects. These outcomes 
can be disastrous and can include everything from long-term water pollution to 
irreversible changes in species populations and habitat destruction. This introductory 
chapter would be demonstrated a variety of other concepts in addition to oil spills, in 
the author’s opinion.

1.1 What is meant by an oil spill?

What exactly is oil? In line with the basic definition, oil is an organic compound 
that is soluble or readily soluble in water but not readily soluble in other liquids and is 
found in crude oil. An oil spill occurs when oil floats on the surface of bodies of water 
and is carried by the wind, currents, and tides [1–5].

The most visible source of oil pollution in the marine environment is operational 
oil discharges and spills from ships, particularly tankers, offshore platforms, and 
pipelines. Take the Amoco Cadiz oil tanker as an example (Figure 1). In 1978, this 
tanker ran aground off the French coast, causing 68.7 million gallons of oil to spill. 

Figure 1. 
Sinking oil tanker Amoco Cadiz.
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Large spills like these are unusual occurrences. Additionally, an oil transfer accident 
caused the oil tanker Mega-Borg (Figure 2) to spill 5.1 million gallons of oil [1, 6].

Ixtox 1 exploration well blowout in 1979. In 1980, when workers were able to stop 
the blowout, 140 million gallons of oil were estimated to have leaked into the ocean 
(Figure 3). Only the intentional oil spills that put an end to the Kuwait-Iraq war in 
1991 are smaller than this, making it the second-largest spill in history (Figure 4). 

Figure 3. 
Exploratory well Ixtox 1 in 1979.

Figure 4. 
Exploratory of oil wells during the Kuwait-Iraq war of 1991.

Figure 2. 
Explosion of tanker mega-Borg.
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In fact, during times of conflict, one nation may choose to pour tons of oil into the 
oceans of the opposing nation [1, 4, 6, 7].

2. Oil spill behavior in marine environments

The environmental impact of an oil spill will depend on how quickly it spreads. The 
majority of oils have the propensity to spread horizontally, leaving a “slick”—a smooth 
and slick surface—on top of the water. Surface tension, specific gravity, and viscosity 
are factors that influence how easily an oil spill can spread. The degree of attraction 
between a liquid’s surface molecules is measured by surface tension. The likelihood 
that an oil spill will continue increases with the surface tension of the oil [6–10]. Even 
without the aid of wind and water currents, the oil will spread if its surface tension 
is low. Oil is more likely to spread in warmer waters than in extremely cold ones since 
increased temperatures can reduce a liquid’s surface tension [1–8, 11–15].

The density of a substance as compared to the density of water is known as its 
specific gravity. Most oils float on top of the water because they are lighter than water. 
However, if the lighter components of the oil evaporate, the specific gravity of an oil 
spill may rise. Animal fats, vegetable oils, and heavier oils may interact with sedi-
ments or rocks at the bottom of a body of water, sink, and form tar balls. The measure 
of a liquid’s flow resistance is its viscosity. The tendency of the oil to settle in one place 
increases with its viscosity [1, 6, 8, 16].

3. Problem of technical methods for oil spill detection

Recent advancements in remote sensing technology have made them an important tool 
for surveying and detecting marine pollution, which helps to better detect oil spills. Ships, 
aircraft, and satellites are some of the many tools available to detect and monitor oil spills 
[17, 18]. When ships are outfitted with navigation radars, they can detect oil spills at sea, 
say in restricted areas of 2500 m × 2500 m (Figure 5). As an alternative, the main meth-
ods for observing oil pollution in the ocean are aircraft and satellites [1, 3, 19–21].

Figure 5. 
Different tools for oil spill detectionz.
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4. Monitoring an oil spill with optical remote sensing: potential

Research on the utilization of remote sensing technology for oil spill pollution 
detection has been ongoing for more than a decade. Optical and microwave sensors have 
been examined in several studies for oil spill detection and monitoring in several coastal 
water. Because of its wide area coverage and day and night all-weather capabilities, SAR 
deployed on satellites is now an essential instrument in oil spill monitoring. However, 
the majority of research on airborne remote sensing methods is not included. Although 
there have been a few attempts to use optical data, the main satellite or airborne data 
source primarily used for oil spill detection is the microwave sensor [1, 6, 22].

The most popular technique for remote sensing is optical. Due to their low cost 
and availability as commercial-off-the-shelf (COTS) items, cameras—both still and 
video—are widely used. Now, affordable digital single-reflex (SLR) cameras and 
camcorders are readily available. In the visible range (between 400 and 700 nm), oil 
has a higher surface reflectance than water, but it exhibits fewer general absorption 
tendencies [6, 22].

The oil that is “optically thick” absorbs solar energy and releases it again as ther-
mal energy, primarily in the 8–12 μm spectral range [18–20]. Infrared images show 
that thick oil is hot, intermediate thicknesses are cool, and thin oil or sheen cannot be 
seen. In the evening, the opposite is seen. Although the precise thicknesses at which 
these transitions take place are unknown, scientific evidence indicates that the mini-
mum detectable layer occurs between 10 and 70 μm and that the transition between 
the hot and cool layers happens between 50 and 150 μm. Due to the difference in 
emissivity between oil (0.94–0.97) and water, when the oil and water are at the same 
actual temperature, the oil will appear to be cooler (0.98). The infrared temperature 
difference between oil and water can be used to detect oil spills, and the magnitude of 
the difference is correlated with the thickness of the layer [1, 17, 18, 22].

Therefore, infrared sensors in the 8–12 μm range are now far more reliable and 
accurate than traditional infrared scanners. In this view, the “thermal infrared 
region,” with wavelengths between 8 and 12 μm, is where infrared remote sensing has 
most frequently been used. Mid-band IR system tests (3–5 μm) have shown that these 
sensors might be useful. No spectral structure is present in this region, according to 
specific studies in the thermal infrared (812 μm) [17, 18, 22].

However, oil detection using infrared technology is not foolproof due to potential 
interferences and false positives, so the use of both IR and UV together can offer 
a more conclusive sign of the presence of oil than either method by itself. UV sen-
sors are not used in operational response modes and would not play a significant 
role unless they are used in conjunction with IR technologies [1, 6, 17, 18, 22]. The 
Moderate-Resolution Imaging Spectroradiometer (MODIS) instrument may be used 
to keep track of oil spills. MODIS has a broad spectral range and two bands with a 
moderate resolution of 250 m and 500 m. On the other hand, using multiple wave-
lengths can give you more information to tell the difference between oil spills and 
slicks caused by algal blooms. However, in a tropical region like Malacca Straits, where 
there is a lot of cloud cover, the MODIS data has a lot of problems because of heavy 
cloud cover [17, 18, 20, 21]. The use of hyperspectral sensors for oil spill monitoring 
has the potential to offer precise material identification and a more accurate assess-
ment of their abundance. A hyperspectral sensor’s more than 200 wavelengths allow 
for the exploitation of the spectral signature of oil and the differentiation of various 
oil types. This can reduce the frequency of false alarms caused by ocean features 
resembling oil in appearance and color [1, 22].
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In this regard, a signature matching method based on airborne hyperspectral 
imaging is more precise than conventional techniques, where analysis is based on 
a visual interpretation of the oil’s color and its appearance in the satellite image. 
There is not a commercial hyperspectral sensor in orbit right now. One example of a 
space-borne technology demonstrator that was launched in 2000 is the NASA EO-1 
Hyperion hyperspectral sensor. However, its narrow swath width of only 7.5–100 km 
is its main disadvantage [20, 22].

The oil absorbs solar energy and releases some of it as thermal energy back into 
the atmosphere. This oil cannot be detected by IR sensors, which perceive thick oil 
slicks as hot and intermediate thicknesses of oil as cool. A thick spill can appear cooler 
than the surrounding water at night because it dissipates heat more quickly. Oil can 
quickly absorb and release thermal energy, whereas water has a slower rate of heat 
absorption and release. Oil slicks can cool off more quickly than the surrounding 
water as a result, and IR sensors can detect this temperature difference. To identify 
the presence of oil slicks in water bodies, IR sensors are crucial tools [22].

The NOAA Advanced Very High-Resolution Radiometer (AVHRR) has visible 
and infrared sensors with early detection and monitoring capabilities for oil spills. 
The 1991 Persian Gulf War’s oil spills were investigated. The oil spills might not have 
a temperature signature that is noticeably different from the surrounding water at 
night, but the IR channel was able to detect thick and thin oil layers as well as the 
boundary between water and oil. Only in very favorable lighting and sea conditions 
were oil spills visible in the images [1, 22].

Another passive sensor is an MWR. The instrument is weather-insensitive because 
it only detects microwave radiation from the ocean in the cm to mm range. Oil slicks 
appear as bright objects on a darker sea because they emit microwave radiation that 
is stronger than the water. Oil slicks can have strong surface-emissivity signatures, 
but since determining the thickness of oil slicks requires a spatial resolution of tens to 
hundreds of meters, aircraft sensors are the most appropriate choice for this type of 
sensor for oil spill thickness monitoring [1, 6, 22].

Several studies for the monitoring and detection of oil spills compare SAR and 
optical sensors. For instance, the SAR data have the lowest backscatter levels in 
regions with algal blooms, whereas the SeaWiFS measures high levels of chlorophyll 
in these regions. Needless to say, different data sets could be used to distinguish 
between oil spills and look-alike phenomena like algal blooms [9, 22–24].

5. Potential of radar and microwave techniques for detecting oil spills

Oil on the sea surface dampens some of the small capillary waves that occur natu-
rally in clean seas. Capillary waves reflect radar energy, producing a “bright” area in 
radar imagery. The presence of an oil slick can be detected as a “dark” area or one that 
has an absence of sea clutter. In this regard, Synthetic Aperture Radars (SARs) and 
Side-Looking Airborne Radars (SLARs) are the two primary types of radars used for 
environmental remote sensing and oil spill response. SLARs, despite being an older 
technology, are less expensive to purchase and use long antennas to improve along-
track resolution. SARs achieve along-track resolution by using the forward motion of 
the sensor (an aircraft or spacecraft) to generate a very long antenna (which is range 
independent). A SAR signal requires sophisticated electronic processing to extract 
images. SARs are more expensive than SLARs but have a wider field of view and 
higher resolution. Comparative tests reveal that SAR is significantly better. Because 
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they are made to identify complex targets, search, and rescue radar systems have little 
to no use for locating oil spills [16–22].

Radar detection of oil slicks is limited by sea state, low sea states will not produce 
sufficient clutter in the surrounding sea to contrast with the oil, and very high seas 
will scatter radar sufficiently to block detection inside the troughs. Indications are 
that wind speeds of at least 1.5 m/s are required as a minimum to allow detectability. 
Beyond this, wind speeds higher than 6 m/s will again remove the effect of an oil slick 
being distinguishable from the surrounding sea [9, 22–24].

Microwave radiation is emitted by the ocean. Because oil emits more microwave 
radiation than water, it appears as a “bright” area on a darker sea because oil is a 
stronger microwave emitter than water. Oil has a higher emissivity than water, which 
has a 0.4 emissivity factor. This difference in emissivity can be picked up by a passive 
device, which could act as a method of oil detection. The device could theoretically be 
used to measure the thickness of a slick because there is also a change in signal with 
thickness. This method has been very effective [20, 22, 24].

The methodology is dependent on prior knowledge of a range of environmental 
and oil-specific parameters, and the signal return is periodically influenced by oil 
thickness. Any one of two or three film thicknesses can be inferred from a given 
signal strength for a specified slick. When the effective thickness is an odd multiple 
of a quarter wavelength of the observed energy, microwave emission is at its high-
est. Additionally, the signal-to-noise ratio is low and biogenic materials interfere. 
Achieving high spatial resolution is challenging [1, 22, 24].

6. Look-alikes keystone issue in SAR data

The term frequently refers to an oil spill in the ocean. Oil spills can have devas-
tating effects on the marine environment, including killing wildlife and polluting 
the water [6, 20, 23, 25]. In particular, an oil spill is a type of pollution that occurs 
when a liquid petroleum hydrocarbon is released into the environment as a result of 
human activity. Crude oil, refined petroleum products (like gasoline or diesel fuel) or 
byproducts, ship bunkers, oily waste, or waste mixed with oil are some of the dif-
ferent components that make up the oil. Pollution from the oil spill is challenging to 
remove. Natural oil seeps are another source of oil entering the marine environment. 
Although the majority of oil pollution caused by humans occurs on land, seagoing 
oil tankers have received the majority of public attention and regulatory attention. 
Unrelated to the oil spill, there are dark patches [9, 21, 22].

SAR satellite data is typically regarded as the most effective and superior satellite 
sensor for finding oil spills. Nevertheless, oil spill thickness estimation and oil type 
identification cannot be done with SAR data. The ability to distinguish between oil 
spills and look-alikes is the main issue with SAR data for oil spill detection. In actual-
ity, both show up in SAR data as dark patches. Natural dark patches are referred 
to as “oil slick look-alikes” in this context. Natural films and slicks, ice, threshold 
wind speed regions (wind speeds of 3 m/s), wind protection from the land, rain 
cells, shear zones, internal waves, and other phenomena are examples of look-alikes 
(Figure 6). In a strict sense, an oil spill only refers to man-made slicks connected to 
crude petroleum and the products it produces, such as heavy and light fuel [9, 22, 24].

Currently, the SAR sensor is unable to differentiate between the various pollut-
ants. However, for the large Sea Empress oil spill, there is a good correlation between 
the largest reduction in backscatter and the thickest oil as determined by visual 
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observations for a constrained range of wind speeds (5–6 m/s). This suggests that 
a single SAR frequency may not be sufficient to estimate the thickness of the oil 
spill. When selecting features to distinguish between oil spills and lookalikes, these 
experiences must be taken into consideration. To distinguish between oil spills and 
look-alikes, physical, geometrical, and geographical parameters must be used, as well 
as significant characteristics like wind speed [9, 16–24].

7. Conclusion

Beyond oil spills, this chapter has demonstrated a variety of other concepts. It has 
looked into the effects of oil exploration and extraction on the environment, the econ-
omy, and politics, as well as the effects of spill-related harm on a region. As a result, the 
chapter also offers some fundamental knowledge about tracking oil spills from space. 
This is shown with the help of optical and microwave remote sensing technology.

The primary issue with using radar and microwave data to monitor an oil spill is 
the possibility of false alarms from look-alikes. As a consequence, there are a vari-
ety of issues that must be resolved regarding the detection of oil spills from space. 
Combining these technologies with other strategies, such as in-situ measurements and 
ground-based observations, is essential.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 

Figure 6. 
Look-alike in SAR data.
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