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Due to its large coverage, satellite based SAR (Synthetic Aperture
Radar) has proven very useful in large scale oil spill detection and monitoring.
However, radar backscatter values from oil spills are not unique. Other phenomena may dampen out the capillary and short gravity waves which are sensed
by the radar, and cause dark areas (generally called slicks) in the SAR imagery.
At present, operational satellite SAR oil spill detection systems are based on an
operator’s experience in slick classi® cation. Discrimination between oil and lookalikes includes analysis of shape, size, dB-values, gradients, texture, instantaneous
wind, currents, platform-, ship lane- and natural seepage locations. However, data
showing the temporal evolvement of the wind (i.e. the wind history) during the
day(s) before SAR imaging, may also contribute signi® cantly in the interpretation
process. The geometrical shape of the slick is matched against wind history to
estimate slick age. A procedure for such use of wind history in SAR oil spill
detection is described by simple ¯ ow charts, and some examples are discussed.
The method is in practical use at Tromsù Satellite Station.
Abstract.

1.

Introduction

Under certain conditions, an oil slick will dampen capillary and short gravity
waves, and appear as a dark slick in a SAR or SLAR (Side-Looking Airborne Radar)
image of the ocean surface. This e ect has been used for decades in aircraft-based
oil spill monitoring systems, especially in the North Sea. The radar satellite ERS-1
was launched in July 1991. Following 3 years of experiments, demonstrations and
testing, a routine satellite-based oil spill monitoring service was established in
Norwegian waters in June 1994 (Wahl et al. 1994, 1996). This service makes use of
fast processing and visual interpretation of ERS-1/ 2 (and soon also RADARSAT)
SAR images at Tromsù Satellite Station (TSS), where a crew of operators on duty
24 h a day have been trained in the basic elements of SAR image analysis and feature
extraction. The service started out covering the Norwegian sector of the North Sea,
and later expanded into other areas of the North Sea, the Norwegian Sea and the
Baltic Sea (Pedersen et al. 1996 ).
The North Sea is crowded with rigs and platforms engaged in the exploration of
oil and natural gas. These are possible sources for oil pollution, but harmless slicks,
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caused by for example run-o water, cleaning operations or wind sheltering, may
also be expected under certain conditions. Also, several natural phenomena may
appear as dark slicks in SAR images. Therefore, in parallel with the routine operations
at TSS, further research has been conducted in Norway on decision criteria for
distinguishing true oil spills from harmless natural or man-made slicks near North
Sea installations (Espedal et al. 1995, Hamre et al. 1997 ). This work has led to the
practical rules of thumb presented here concerning the use of information about the
instantaneous wind and the wind history. Today, operational regional weather
forecast models provide reliable wind information with a spatial resolution of
10± 20 km. In addition, wind data can be retrieved directly from SAR images (Sto elen
and Anderson 1993, Korsbakken et al. 1997). The accuracy is Ô 2 m/ s for wind
speed, and Ô 20ß for wind direction.
Section 2 recalls some of the main problems with oil spill look-alikes, whilst § 3
presents simple models for spread of oil spills from moving and ® xed point sources.
The typical slick shapes that can be further investigated using wind history are
discussed, and an example of how the wind history in¯ uences the slick shape is
given. A simple ¯ ow-chart algorithm for the use of wind history together with radar
imagery in oil spill detection is described. Some examples of SAR images analysed
together with wind history are presented in § 4. These include both cases where the
wind history is of help, and cases where other reasons for the slick con® guration
seen in the images must be investigated. In § 5 we summarize the results, and discuss
the bene® ts of wind history information when analysing SAR images for potential
oil spills.
2.

SAR oil spill discrimination

Slicks in SAR imagery may be man-made (spills or wind sheltering and current
wakes caused by oil rigs) or natural phenomena (natural ® lm, grease ice, threshold
wind (less than 2± 3 m/ s), rain cells, internal waves, current shear zones or natural
seepage) (Alpers and Huhnerfuss 1989, Guianasso et al. 1993, Espedal et al. 1994,
Hovland et al. 1994 ). To be able to distinguish oil spills from their look-alikes an
algorithm for slick discrimination has been developed. The algorithm includes a
direct analysis of the SAR image (shape, size, dB-values, gradients and texture of the
slick), a contextual analysis (meteorological data, currents, bathymetri, platform,
natural seepage and ship lane locations) and an indirect analysis (a numerical oil
drift model (Furnes 1994 ), and the ERIM Ocean Model which models SAR images
(Lyzenga and Bennett 1988, Tanis et al. 1989)). Some of the natural slicks (i.e. grease
ice, rain cells, internal waves and shear zones) are easily recognized based on simple
weather information or due to their characteristic shape and con® guration (Espedal
et al. 1995). However, when distinguishing oil spills from natural ® lm or wind
sheltering caused by oil rigs, wind information is important. So far the contextual
analysis has been limited to criteria based on instantaneous wind alone. However,
wind history may also contribute signi® cantly to a SAR image interpretation process,
and we shall discuss this to some extent in the following.
3.

The model

A SAR image depicts the ocean surface at a given point in time by sensing
capillary and short gravity waves (approximately 7 cm long for the ERS-1 C-band
SAR). Instantaneous wind (wind speed and direction nearest in time and space to
the slick) is therefore very important when looking for oil spills in SAR imagery. A
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slick that remains connected at wind speeds above 7± 8 m/ s is highly likely to contain
oil, since all types of natural slicks will disperse at such strong winds (Scott 1986).
Thus, if a slick is observed in two images taken at di erent times (as in the case of
1
the ERS-1 and ERS-2 tandem phase), and the wind speed exceeded 7± 8 m sÕ at
any time during the intervening period, the slick may be classi® ed as an oil spill.
Wind history sometimes together with information on ocean currents, is also very
useful in cases of abrupt changes in slick direction. Numerical models can then
simulate the slick con® guration and movement, assuming certain values for viscosity
and amount of material on the surface (Furnes 1994 ). Based on the age of the slick
and an analysis of the forces it has sustained, the results may support the theory of
the slick being caused by oil. However, running a full numerical model on operational
basis is di cult (time-consuming) and not always necessary. Therefore, a more simple
¯ ow-chart model based on wind history has been developed here.
3.1. W ind history and slick length
Some typical slick shapes found in SAR imagery are shown in ® gure 1. Tail slicks
are narrow (linear) slicks. These may be straight (type 1, ® gure 1), slightly bent (type
2, ® gure 1), or angular (type 3, ® gure 1), depending on the weather conditions to
which they have been exposed. Together with slick length, knowledge of wind history
can be used to estimate a minimum and/ or maximum age of such a tail slick. When
the slick is wider and not so clearly delineated (type 4, ® gure 1), it will be di cult
to estimate slick age using temporal wind data.
In general, we distinguish between ® xed and moving point sources. If oil is
released from a moving source, e.g. a tanker, the development of the slick shape is
mostly in¯ uenced by the ship speed and direction. These slicks are generally tail
slicks, since the length in the ship direction usually greatly exceeds the width, and
the wind and ocean current ® elds will need some time to change the slick shape
(® gure 2). The following model is used for length of oil slicks recently released from
ships; slick length# ship speed Ö spill time. Thus, with a slick length of 36 km and a
ship speed of 10 m/ s, the estimated slick age/ spill time is about 1 h. Typical speeds
1
for di erent ships are: oil tankers ± 9± 10 m sÕ (18± 20 knop); ® shing vessels ± 6± 7
1
1
m sÕ (12± 14 knop; while trawling the speed is reduced); cargo ships ± 9± 10 m sÕ
1
(18± 20 knop); large ferries ± 12± 12.5 m sÕ (24± 25 knop); and cruise ships ± 9± 10
1
m sÕ (18± 20 knop). Any changes in ship direction will result in bends on the slick,
provided that the amount of spill is su cient to keep the slick connected. This has
been observed in several ERS SAR images (Hamre et al. 1997).
If oil is spilt from a ® xed point source at North Sea latitudes, it is assumed to
move with 3% of the wind speed, 15ß to the right of the wind direction (Bern 1993),
provided that no (strong) surface current is present and that no other factors have

Figure 1. Illustration of the four categories of slick shapes used in our work.
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Figure 2. A straight-lined tail slick (type 1 in ® gure 1) caused by a moving source, i.e. a ship.
This ERS-1 SAR image is from 7 September 1995 (10.33 GMT). The wind in the
region was stable at 7.5 m sÕ 1 from east (southeast) in the hours before imaging. To
estimate slick age, the length of the slick has to be known. Unfortunately the SAR
scene covering the southern part of the slick was not available for this study.

a great in¯ uence on the spread pattern. If wind is the only major factor in¯ uencing
the spill shape, a linear relationship between the age of a slick, its length and the
wind speed can be found. A continuous release of oil from the source is then assumed.
1
Thus, if the wind speed is 5 m sÕ and a spill has lasted for 2 h the slick length would
1
be 1.1 km, while a wind speed of 7 m sÕ for the same period of time would generate
a slick with an approximate length of about 1.5 km. However, such a linear model
between wind speed and slick length can only be used as a guideline. The assumption
that wind is the most dominant (or only) factor in¯ uencing an oil spill, is not always
valid. In many ocean areas the surface current ® eld is strong, and may stretch the
slick in a di erent direction than the wind. If a strong current has the same direction
as the wind, it will increase the wind e ect.
A more realistic model is to assume that the orientation and length of the slick
depend on both wind and surface currents. The slick length is then a linear combination of a wind and a surface current component, which may both change over time.
Accurate computations of the slick age require detailed knowledge of the wind and
surface current ® elds, preferably with a temporal resolution of less than 1 h. In an
operational context, it is usually su cient to use only the changes in wind and
surface current direction as an indication of how the slick has evolved over time,
and thus roughly estimate slick age. The type of oil being released is also important
in slick age estimation, since characteristics such as viscosity will in¯ uence how easily
the slick is stretched by wind and/ or surface currents. Generally, information on oil
type in an oil spill is not available. It is assumed here that the type of oil only will
have a small in¯ uence compared with the `3% rule’ (percentage of wind speed with
which a spill will drift). The amount of oil being released is also important for the
con® guration of the slick. A larger amount will, in general, increase the width of the
slick, while a reduction of the amount in parts of the release period may lead to
several disconnected slicks.
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3.2. Matching slick shape and wind history
For bent and angular slicks from ® xed point sources (type 2 and 3 in ® gure 1),
a correspondence between changes in wind direction and changes in slick direction
is sought. If a set of matching changes are found, an estimate of slick age can be
given. In cases where the changes in slick direction do not correspond to changes in
wind direction (or there have been no changes in wind direction), other information
such as surface current ® elds is needed for slick age estimation. For straight-lined
slicks (type 1 in ® gure 1) where the slick con® guration corresponds with the present
wind direction, the most recent change in wind direction is sought. If the wind
history has changes in direction that would cause the slick to move and con® gure
di erent from what is seen in the image, the spill must have occured after these
changes. Alternatively, the slick may have been con® gured by both wind and surface
currents. However, in the case of long (more than a few kilometres) straight-lined
slicks, the probability for having the same wind and surface current direction in a
longer period is small. Such long, straight slicks are usually caused by moving
point sources.
The optimal situation for slick shape and wind history matching is to have several
bends on the slick, each corresponding to a change in the wind direction. Preferably,
the change in wind direction is also `large’, e.g. from southwesterly to northeasterly
winds, so that the bends will be very distinct. However, if there are distinct bends
on the slick when the wind speed is low, there is a strong probability that the slick
has been in¯ uenced by ocean currents. An idealized example of how a slick will
evolve given certain wind direction changes are shown in ® gure 3. It is assumed that
the surface current ® elds are negligible, and the slick is therefore mostly in¯ uenced
by the wind. All time intervals between changes in wind direction are, for simplicity,
shown to be equal. The wind speed is also assumed to be equal in all intervals,
making the di erent `parts’ of the slick the same length. However, this is generally
not the case in real situations, as the wind speed and direction change irregularly.
3.3. Use of wind history in a SAR oil spill detection algorithm
The main steps in the algorithm for SAR oil spill detection and veri® cation are
shown in ® gure 4. Each of the steps will be described below. As indicated by the
¯ ow charts, it is not always possible to determine the slick type or age.

Figure 3. Slick development caused by a given wind history (recall that slick direction should
be 15ß to the right of the wind direction). The grey areas represent di usion of the
oldest parts of the slick caused by new wind directions.
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Figure 4. Main steps in an oil spill detection and veri® cation algorithm.
Step I: Slick detection

Any slick in a SAR image which is signi® cantly darker (> 2 dB di erence) than
the surrounding sea surface signature, is classi® ed as a possible oil spill and is
therefore further investigated (Johannessen et al. 1993, Hovland et al. 1994, Espedal
et al. 1995, Hamre et al. 1996, Schistad Solberg and Solberg 1996).
Step II: Slick veri® cation

Once a dark slick has been identi® ed, wind data becomes a valuable tool for
determining slick type. The procedure is shown in ® gure 5, and the main steps are
(numbers below correspond to those given in the ® gure):
1
1. If the instantaneous wind is > 7 m sÕ , the slick is believed to contain oil. It may
be natural seepage, which is investigated in step 4. If the instantaneous wind is below
1
7 m sÕ , the recent wind history must be checked (step 2).
1
2. If a wind speed in the recent wind history is above 7 m sÕ , the slick is believed
to contain oil. Again, it may be natural seepage which is investigated in step 4.
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Figure 5. Slick discrimination using wind data, slick con® guration, weather information and
location. Natural phenomena include grease ice, natural ® lm, low wind speed areas,
current shear zones, internal waves and rain cells (Hovland et al. 1994).

However, if no wind in the recent wind history is above 7 m sÕ , the slick is checked
against well known shapes of some natural phenomena (step 3).
3. Compare the slick against known con® gurations of slicks caused by natural
phenomena, e.g. internal waves (Hovland et al. 1994). If no match is found, move
to step 4.
4. Compare the location of the slick to known locations of natural seepage. Also
check the slick con® guration against the characteristic signature of known natural
seepages (® gure 6). If a match in location and/ or con® guration is found, the slick is
classi® ed as natural seepage.
5. When natural seepage and other natural phenomena with characteristic con® gurations have been eliminated, slicks caused by wind sheltering or current wakes behind
large oil platforms have to be ruled out. These are straight-lined slicks which match
the instantaneous wind or current direction, respectively (Espedal et al. 1995 ).
6. Compare the slick location to known locations of oil installations, factories (near
land) and areas with ( large) ship tra c. If a match is found, classify the slick as a
potential oil spill and move to step III.
1

Step III: Estimating slick age

The procedure for slick age estimation is shown in ® gures 7 and 8. The steps are
(numbers below correspond to those given in ® gure 7).
1. Look for a bright spot in the SAR image, which may indicate a ship or an oil
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Figure 6. Example of natural seepage in SAR image with the typical droplet shape.

Figure 7. Procedure for estimating slick age (again recall that slick direction should be 15ß
to the right of the wind direction).

platform which may have released the spill. If such a source can be found, move to
step 2; otherwise go to step 3.
2. Use information on known locations of oil installations to establish whether it is
a moving or ® xed source. If the source does not match any of these known locations,
assume it is a moving source. There may also be a wake that reveals the source to
be a moving ship. For moving sources, ship speed and direction dominate the slick
con® guration (see § 3.1). For ® xed sources, move to step 4.
3. If the slick source cannot be seen, both ends of the slick have to be investigated
as possible spill sites. The procedure for wind history and slick shape matching
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Figure 8. Procedure for wind history and slick con® guration matching.

(® gure 8) is described below. If this analysis gives a `match found’, the slick age can
be estimated, and the starting point that produced the match is the source. If a
match is not found, move to step 5. Even if the slick age cannot be estimated, certain
oil installations can usually be ruled out as possible sources of the spill based on
the wind history, since the drift of an oil slick is heavily in¯ uenced by the wind.
4. If a ® xed source can be seen, use the procedure for wind history and slick shape
matching shown in ® gure 8. If a match is not found, move to step 5.
5. When the wind history and slick shape matching does not succeed, the ocean
currents history must be taken into account. Assuming that this is available with
the same (or similar) resolution in space and time, the method for matching current
history and slick shape will be similar to the procedure given in ® gure 8. Often, a
combination of the wind and current in¯ uence gives a better match.
The procedure for matching slick con® guration with the available wind history
is shown in ® gure 8. Again the numbers below match those given in the ® gure.
1. Draw the wind history that is necessary to generate the slick con® guration seen
in the SAR image. Keep in mind that the part of the slick closest to the source has
been generated most recently (part B in ® gure 8).
2. Compare the winds from step 1 with the wind history, and look for similar changes
in wind direction.
3. If a match is found, call the point of time when the wind changed T 1. Then the
slick must have been present at T 1, and its age is at least T image Õ T 1, where T image
is the time when the image was taken. Compare the lengths of the di erent parts of
the slick and the corresponding wind speeds. Based on this comparison, make an
estimate of the age of the complete slick (e.g. consider a slick like depicted in ® gure 8
where T 1 is found to be 6 h before imaging. Part A is twice as long as part B and
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the wind speed has been the same. It is then fair to assume that part A took 12 h to
form, and the estimated slick age is therefore 18 h).
If the slick age could be estimated, it is used together with a new analysis of the
slick signature (dB-values, texture, gradients, shape, size/ length) and the other auxiliary data, to determine the probability of the slick being caused by an oil spill
(® gure 4). If, for example, a slick has remained connected for 24 h, and still gives a
much darker signature in the SAR image than the surrounding sea (large gradients),
this is a very strong indicator of an oil spill.
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4.

The case studies

4.1. Case 1: October 30, 1994
The ERS-1 SAR image from October 30, 1994 (® gure 9) contains a number of
suspicious slicks, connected to or located near oil platforms (seen as bright spots) in
the Norwegian and British sectors in the North Sea. The corresponding wind history
1
(® gure 9) indicates a wind of about 5 m sÕ at 12:00 GMT, close to the time when
the image was taken (11:01 GMT).
The angular slicks (type 3 in ® gure 1) extending from the platforms Murchison,

Figure 9. Case 1; example of angular winding slicks connected to oil platforms. The SAR
image is from 30 October 1994 (11:01 GMT). The subscene covers 50 Ö 50 km. The
location of both the (total ) SAR scene and the wind measurements are indicated on
the map to the right. Under the map, the wind history necessary to generate the
current slick shape, and the measured wind history are indicated (again notice that
the North direction is slightly di erent for the SAR image and the wind history box).
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Thistle, Statfjord B and Dunlin (7.1, 9.8, 5.1 and 6.3 dB damping, respectively) are
classi® ed as potential oil spills (Step I in ® gure 4). The slick connected to Murchison
was selected for further analysis.
The steps in the slick type veri® cation were (numbers refer to ® gure 5):
1
1. The instantaneous wind speed was below 7 m sÕ . Move to step 2.
1
2. No wind speed in the recent wind history was above 7 m sÕ . Move to step 3.
3. The angular slick con® guration is not typical for any of the natural phenomena
analyzed in previous work (Espedal et al. 1995, Hamre et al. 1997). Move to step 4.
4. The slick shape does not match the typical natural seepage signature. Move to
step 5.
5. The slick is connected to an oil platform, but its sharp bend excludes wind
sheltering and current wakes as possible explanations. Move to step 6.
6. The slick is connected to the Murchison platform and is therefore a strong oil
spill candidate.
Slick age is estimated using the following steps (numbers refer to ® gure 7).
1. The origin can be seen in the image. Move to step 2.
2. The location matches that of the Murchison platform, i.e. a ® xed source. Move
to step 4.
4. The wind history necessary to generate the observed slick con® guration is shown
in ® gure 9 (below the map). The wind at 18:00 GMT on 26 October matched slick
part a, while part b was generated during the period with low winds. Part c nearly
matches the winds on 30 October. The slick is therefore estimated to be approximately
4 days old. Moreover, we can also see from the irregularities of the oldest parts of
the Murchison (and Thistle) slicks that ocean current shears have worked on the
slicks for some time.
A numerical oil drift model (Furnes 1994 ) was used to estimate more accurately
the spread of oil from the Murchison platform. With a continuous spill during 3
days (model start on October 27th), the situation at 3 p.m. on October 30th will be
as shown in ® gure 10. The model reproduces fairly well the situation in the SAR
image, but the slick has not bent completely, indicating that the spill occured before
the model start on October 27th. This supports our conclusion (based on the simple
¯ ow charts) that the spill occured on the 26th. A slick having survived that long on
the ocean surface is very likely to contain oil.
4.2. Case 2: April 29± 30, 1996
On 29 and 30 April 1996, a tandem pair of ERS SAR images was obtained from
the North Sea around 57.7ß N, 4.5ß E (® gure 11). In the ERS-1 image from 29 April,
a bright spot is located about 1/ 3 from the left image edge near the middle of the
image. The next day, an angular slick has evolved from this bright spot.
In the weather maps, the wind data used in this case were from three separate
positions. One measurement (point A in ® gure 11) was located within the image,
and the other two 100± 150 km away from the slick (point B and C in ® gure 11). The
1
wind speed at point A at 09:00 GMT (5 m sÕ ) was used as the instantaneous wind
for the ERS-2 image.
The steps in slick type veri® cation were (numbers refer to ® gure 5).
1
1. The instantaneous wind speed was below 7 m sÕ . Move to step 2.
1
2. No wind speed in the recent wind history was above 7 m sÕ . However, notice
that for the point closest to the slick (point A), no wind data was available from
21:00 GMT on 29 April to 03:00 GMT on 30 April. Move to step 3.
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Figure 10. Simulation result of movements of a possible oil spill from Murchison. A dispersion model (Furnes 1994), using a particle tracking random walk method, was used
to simulate a spill from the Murchison platform on 30 October 1994 (model start on
27th October). The spilled substance is modeled by an assemblage of discrete particles,
which can be subjected to advection, di usion and various decay processes. The
advection is simulated by a translation of the individual particles in the local ¯ uid
velocity ® eld, while the di usion is simulated by a random walk technique, which
displaces each particle a distance derived from the variance of a given distribution
function. Wind, current and wave height measurements from Gullfaks C, and a
discharge rate of 1000 tons of diesel per hour, was used as input to the model (the
spill from Murchison was probably much smaller).

3. The angular slick con® guration is not typical for any of the natural phenomena
that have been analyzed in previous work (Espedal et al. 1995, Hamre et al. 1997).
Move to step 4.
4. The slick con® guration does not match the characteristic signatures of natural
seepage (® gure 6). Move to step 5.
5. The slick is connected to an oil platform, but its sharp bend rules out wind
sheltering and current wakes behind platforms. Move to step 6.
6. Having seen a bright spot in the same location in the tandem image pair, and
knowing that the slick is located in an area where there are several oil platforms,
we concluded that the slick is a strong oil spill candidate.
The estimation of slick age went as follows (numbers refer to ® gure 7):
1. The origin of the slick can be seen in the image. Move to step 2.
2. A bright spot can be found in the same location in both images, i.e. the source is
® xed. Move to step 4.
4. The necessary wind history to generate the slick con® guration seen in the ERS-2
SAR image is shown in ® gure 11 ( below the map). With no data for point A in the
interval of interest, we use wind data from point B, even though this point was
located at least 150 km away from the slick.
At point B the wind at 18:00 GMT on 29 April matched that of part a of the
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Figure 11. Case 2; ERS tandem pair of SAR images from the North Sea on 29 (top) and 30
(bottom) April 1996 (10:47 GMT) and their associated wind history (below). The
images cover about 50 Ö 50 km, and the location of the wind measurements are
indicated with letters A± C on the map to the right. Under the map, the necessary
wind history for generating a slick with the con® guration seen in the bottom image,
is shown.

slick in ® gure 12, and the wind at 06:00 GMT on 30 April matched that of part b.
1
With very low winds in between ( below 2.5 m sÕ ) we concluded that the wind data
from point B matched the necessary wind history. Why the point closest to the slick
(station A) disagree completely, is unknown. However, there were some missing wind
data from this station during the relevant period. This may indicate problems with
the measurements made here. A more detailed explanation for the slick shape based
on wind data from point B, is given to the right at the middle of ® gure 12.
By comparing the slick lengths (part b is approximately twice as long as part a)
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Figure 12. Subscene (10 Ö 10 km) of the ERS-2 SAR image from the North Sea on 30 April
1996 (10:47 GMT). The necessary wind history, sketches of the slick shape when
exposed to low winds causing the slick to di use, and the available wind history from
a selected point (below) are also shown.

and the wind speeds in the time intervals, we estimated the slick to be about 17± 18 h
old at the time when the ERS-2 image was taken.
4.3. Case 3: May 26± 27, 1996
The SAR images obtained on 26 and 27 May 1996 are located in the western
part of the Baltic Proper, south of Sweden (® gure 13). In the subscene of the ERS-1
image from 26 May (top left in ® gure 13), several slicks are present. One of the slicks
indicated there was selected for further analysis.
In the weather maps, wind data from two separate locations were used. The
1
instantaneous wind was 5± 10 m sÕ for the ERS-1 SAR image, decreasing to 2.5± 5
1
m sÕ for the ERS-2 SAR image the next day.
The steps in slick type veri® cation were (numbers refer to ® gure 5):
1
1. The exact instantaneous wind is uncertain, but may have been below 7 m sÕ .
Move to step 2.
1
2. No wind speed in the recent wind history was above 7 m sÕ . Move to step 3.
3. The slick con® guration is not typical for any of the natural phenomena analyzed
in previous work (Espedal et al. 1995, Hamre et al. 1997 ). Move to step 4.
4. The slick shape is not that of a typical natural seepage (® gure 6). Move to step 5.
5. The slick is not located near known oil installations. Move to step 6.
6. The slick is located in an area of heavy ship tra c, and thus is a potential oil spill
candidate.
The estimation of slick age goes as follows (numbers refer to ® gure 7):
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Figure 13. Case 3; subscenes (25 Ö 25 km) of the SAR images obtained on 26 and 27 May
1996. The wind history required to generate the slick indicated in the ERS-1 image
(top left), is shown together with a sketch of the slick shape and the available
wind history.

1. No bright spots indicating ships can be seen near the slick. Move to step 3.
3. The required wind history (using the two slick ends as starting points) is shown
in ® gure 13 (below map). No match was found with the available wind histories.
Move to step 5.
5. Current data was not available, and the conclusion is therefore that based on
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wind history and the ERS-1 SAR image alone, slick age cannot be estimated. The
slick would remain classi® ed as a potential oil spill. However, since this was in the
ERS-1/ 2 tandem phase, an ERS-2 SAR image from the same location is available
the next day. In this image several dark spiral eddies have developed. The ® nal
conclusion is thus that the slick seen in the ERS-1 SAR image is probably the ® rst
stages of these eddies, and no longer an oil spill candidate.
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5.

Summary and conclusions

Several natural or man-made phenomena may cause dark slick features in SAR
images. Using single-channel SAR images one is generally not capable of distinguishing between these types of slicks based on backscatter intensity alone.
Information about the instant wind ® eld and the wind history in the area may be
1
of signi® cant help in the interpretation process. At wind speeds above 7 m sÕ , dark
slicks are highly likely to be caused by oil. In more di cult cases, detailed analysis
of the geometrical shape of the slick and the wind history can give information about
the approximate start time, and thus the age of the spill. The proven ability of the
slick to withstand certain wind conditions over a certain period, gives additional
information about its physical characteristics.
Rules of thumb based on the results presented here have recently been implemented operationally at Tromsù Satellite Station.
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