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coastal waters. Oceanic and atmospheric 
phenomena, such as fronts, internal 
waves (Jackson et al., 2013, in this issue), 
convective cells and rolls (Foster, 2013, 
in this issue), surface films and slicks 
(Caruso et al., 2013, in this issue), and 
bathymetry in coastal waters (Lehner 
et al., 2013, in this issue) can be visible on 
radar images. Parameters such as surface 
wind speed and direction, the surface 
wave spectrum, and surface current gra-
dients can be directly inferred from the 
data (Jackson and Apel, 2004). Radar sen-
sors can provide detailed information on 
small-scale current variability at a scale 
not accessible by other means, and they 
work independent of daylight and cloud 
coverage. Scientists, commercial service 
providers, and operational end users 
throughout the world are increasingly 
interested in the use of remote-sensing 
techniques. Space agencies will meet the 
rising demand with planned launches of 
several sophisticated spaceborne imaging 
radars and other remote sensors during 
the coming years, which will provide an 
unsurpassed variety of data for a better 
understanding and monitoring of the 
ocean-atmosphere system.

Considering the merits and short-
comings of sensors that operate at visible 

or microwave frequencies, it is highly 
appropriate to combine these sensors by 
placing them on the same platforms and 
operating them simultaneously. Though 
conceived some time ago, this simple 
and obvious idea is just now being par-
tially exploited by some groups who are 
combining SAR with the Advanced Very 
High Resolution Radiometer (AVHRR) 
or Satellite Pour l’Observation de la Terre 
(SPOT) visible channels (Mitnik et al., 
2000; Porter et al., 2001; Mitnik and 
Dubina, 2010). Comprehensive large-
scale experiments such as the Coastal 
Mixing and Optics Experiment (see 
Porter et al., 2001) and some individual 
programs are conducting pilot studies 
using this technique to address phe-
nomena such as algae blooms, oil spills, 
internal wave packets, and eddies. All of 
these studies strongly indicate the very 
promising potential of a synergistic use 
of SAR and optical sensors. 

The experience described above 
was gained using sensors operating 
on board unrelated satellites. In con-
trast, the Envisat payload included 
the active microwave Advanced SAR 
(ASAR), the optical MEdium Resolution 
Imaging Spectrometer (MERIS), and 
the infrared Advanced Along-Track 
Scanning Radiometer (AATSR) sen-
sors. It provided a unique opportunity 
to undertake dedicated research aimed 
largely at extending the capabilities of 
satellite remote monitoring in order 
to study both the coastal zone and the 
world ocean as a whole. Indeed, well-
established correspondence between 
SAR and optical (in some cases comple-
mented by infrared) images opened 
up a wide array of opportunities for 
all-weather monitoring of phenomena 
that originate on the sea surface or 

iNtROduc tiON
Remote sensing of the ocean by airborne 
and spaceborne sensors has become 
important for a variety of scientific, tech-
nical, and routine monitoring applica-
tions. Various satellites equipped with 
active and passive sensors working at 
microwave, infrared, and optical frequen-
cies have been launched in recent years, 
providing numerous images of most parts 
of the world ocean. Among the several 
different sensors, synthetic aperture radar 
(SAR) is probably the most sophisticated 
because of its high ground resolution 
(with pixel sizes of 1 m and below) and 
all-weather capabilities.

After several decades of basic research 
and the development of advanced instru-
ments, data processing techniques, and 
theoretical models, radar technology 
has reached an operational stage. Radar 
images from a variety of sensors are being 
used as the main source of information 
for applications such as oceanographic 
and meteorological research (Jackson and 
Apel, 2004), climate research, weather 
forecasting, ship routing and detection 
(Mallas and Graber, 2013, in this issue), 
pollution monitoring (Kim et al., 2010; 
Jones et al., 2011; Nunziata et al., 2013), 
and tracking bathymetric changes in 

aBStR ac t. Monomolecular surface films (“sea slicks”) are well known to dampen 
small-scale waves at the water surface, thereby influencing transport processes at the 
air-sea interface. Because of their strong wave-damping capacity, they can often be 
observed, not just on synthetic aperture radar imagery, but also on imagery acquired 
in the visible and infrared spectral ranges. Because sea slicks tend to accumulate at the 
water surface along lines of, for example, current shear in fronts and eddies, they can 
be used as proxies for observing such marine processes from space. We demonstrate 
how well sea slicks are suited to indicate marine processes in the coastal zone. A slick’s 
damping capability depends on the surfactant concentration on the sea surface and, 
thus, on the compression status of the slick-forming material. Furthermore, we show 
that slick signatures can be used to derive surface current vectors at higher spatial 
resolution than that of numerical models.
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are surface manifestations of in-water 
processes. The importance of such 
concerted surveillance (in terms of 
simultaneously operating sensors) is 
manifold, and will be illustrated later 
with some examples.

In times of high biological activity, 
biogenic films are often present at the 
surface in marine coastal waters. They 
may form structures that are driven by 
local hydrodynamic processes. Because 
biogenic films influence backscattering 
of microwaves and reflectance at near-
infrared bands, they may be visible on 
radar and infrared imagery, thus permit-
ting these processes to be monitored 

via their surface manifestations. Taking 
advantage of these properties, the 
information content inferred from 
multisensor satellite imagery of coastal 
zones can be significantly improved by 
analyzing signatures of marine surface 
films. Because of its high resolution 
and the pronounced effect of surface 
films at microwave frequencies, the 
analysis of radar imagery was the core 
of our investigations.

Processes leading to slick-induced 
signatures in SAR imagery take place 
on a wide range of length scales, from 
submillimeter to hundreds of kilome-
ters. Intermolecular interactions cause 

the strong wave damping capabilities 
of monomolecular surface films (“sea 
slicks”) that lead to strong damping 
of water surface waves with lengths of 
centimeters to decimeters (Alpers and 
Hühnerfuss, 1989). The accumulation of 
surface-active material (“surfactants”) on 
the water surface, and the initial spectral 
density of those water waves, may in turn 
depend on (sub) mesoscale to large-scale 
phenomena such as eddies and fronts, 
which are often encountered in coastal 
regions. Sea slicks often accumulate along 
shear currents, for example, in eddies, 
as demonstrated in Figure 1. In such 
images as this ERS-2 SAR view of Bering 
Strait, the complex surface current field 
may often be delineated in irregular dark 
signatures, which in turn are caused by 
accumulated surfactants. This example 
SAR image demonstrates how marine 
surface films, whether of biogenic or 
anthropogenic origin, may enhance the 
signatures of marine processes in satel-
lite imagery, and may therefore help 
in understanding the dynamics of the 
marine coastal environment.

The aim of this paper is to provide a 
basic understanding of the way in which 
marine surface films are manifested in 
SAR images. First, example results from 
laboratory experiments are used to dem-
onstrate the two-stage damping of surfac-
tants and to show the dependence of the 
wave-damping capability of surfactants 
on their concentration at the water sur-
face. Next, results from field experiments 
are used to demonstrate how the appear-
ance of marine surface films depends on 
local environmental conditions. Lastly, 
we demonstrate how slick manifestations 
in satellite imagery can be used to infer 
local current fields, and we provide some 
conclusions from our work.

figure 1. eRS-2 synthetic aperture radar (SaR) image (70 km × 70 km, acquired on June, 24, 1997, at 
22:29 utc) of Bering Strait. The narrow dark lines in the lower part of the image are due to sea slicks 
accumulated along shear currents. Image © ESA, 2007
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BaSic l aBOR atORy StudieS 
The interpretation of slick signatures in 
radar images requires an understand-
ing of the generation and damping of 
the surface waves that are responsible 
for radar backscattering (Bragg waves). 
These waves can be freely propagating, or 
they can be bound to waves of decimeter 
wavelength, whose spectral density may 
be influenced by sea slicks (Gade et al., 
1998b; Ermakov et al., 2006).

Laboratory measurements were con-
ducted in the University of Hamburg 
wind-wave tank, which is 26 m long, 
1 m wide, and filled with freshwater 
at a mean depth of 0.5 m. At a wind 
speed of 3 m s–1, small patches of the 
surface-active substance palmitic acid 
methyl ester (abbreviated as PME, 
75 mmol L–1 ethanol) were carefully 
deployed at a fetch of 5.5 m using a 
pipette. Hühnerfuss et al. (1996) showed 
that this substance, deployed with the 
help of a spreading solvent, is well suited 
for simulating biogenic marine surface 
films because of its similar spectral 
wave damping behavior. By varying the 
duration of their deployment, slicks of 
different lengths were produced. An 
overflow baffle and a permanent inflow 
of freshwater ensured a minimal over-
flow at the leeward tank end. The aim of 
these experiments was to demonstrate 
the effect of slick morphology (i.e., the 
small-scale arrangement of the slick-
forming molecules) on the damping 
capability of the substance.

A 10 GHz (X-band) scatterometer 
and a video (CCD) camera were both 
looking upwind at the same spot on 
the water surface, at 14.5 m fetch and 
under an incidence (look) angle of 38°. 
We produced diffuse light conditions 
by illuminating the tank roof from 

below with two floodlight spots (located 
beside the tank). Wismann et al. (1998) 
and Gade et al. (1998b) showed that 
the radar contrast (i.e., the ratio of the 
backscattered radar power from outside 
and inside the slick-covered area) of 
quasi-biogenic slicks is similar at C-, 
X-, and Ku-bands at oblique incidence 
angles, and they found no dependence 
on the radar polarization. The wave 
slope in the center of the camera’s and 
scatterometer’s footprints was mea-
sured by a two-dimensional laser slope 
gauge. Video images (768 × 494 pixels) 
were recorded at a frequency of 2 Hz. 
By applying a moving Fast Fourier 
Transform (FFT) algorithm (length 256 
and overlap 128) to the initial time series 
of the scatterometer and laser slope 
gauge, we obtained time series of the 
radar backscatter and of the root mean 
square (rms) slope, respectively, with the 
same temporal resolution as the video 
image series (i.e., 2 Hz). All time series 
were then smoothed by applying a mov-
ing, length-3 boxcar filter.

Figure 2 shows results from 
measurements with PME deployed 
for 60 seconds. The time series of the 
downwind and crosswind wave slopes 
(upper panel, solid and dashed curves, 
respectively) clearly show the influence 
of the slick on the wave field: after about 
60 seconds with a slick-free water sur-
face (section A), we measured a stepwise 
decrease in the wave slope (B, length 

about 30 seconds). The “trough” of the 
curve (C) is about 60 seconds long, 
which corresponds to the deployment 
duration of PME. After a weak stepwise 
increase (D), section E is again slick-free. 
Apparently, a 60-second deployment of 
PME changed the wave field for about 
115 seconds (from 60 to 175 seconds 
elapsed time); however, we note that the 
length of the trough corresponds very 
well to the deployment time. Following 
Wu (1975) and our own measurements, 
it takes about 92 seconds for the upper 
water layer to move from the point of 
slick deployment to the measurement 
point because of the wind-induced sur-
face drift. This is about the (elapsed) 
time when the second step (between 
sections B and C) occurred, implying 
that the “main” slick was drifting by 
between 95 seconds and 155 seconds 
elapsed time, causing maximum wave 
damping. The slick’s front, which arrived 
at the measurement point after about 
60 seconds, was generated by its for-
ward spreading edge and caused the 
first stepwise decrease in wave slope 
(between sections A and B). This finding 
also explains the second step at the back 
(windward) edge of the slick (section D), 
which is shorter, because the slick was 
drifting against the wind.

It is of particular interest that neither 
of the remote sensors (the scatterometer 
and the video camera) sensed a step-
wise arrival (and departure) of the slick. 
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The middle panel of Figure 2 shows 
the radar Doppler shift and backscatter 
(upper dashed curve and lower solid 
curve, respectively). The two steps in 
the measured Doppler shifts are well 
correlated with those of the rms wave 
slope. However, at the same time, we 
measured a continuous decrease in radar 
backscatter. The troughs of both curves 

are longer than those of the time series 
for the wave slopes, with an overall 
length of about 75 seconds. After a steep 
increase, both curves return to high 
values. The mean video image intensity 
(lower panel of Figure 2) increased when 
the water surface was slick-covered, 
which agrees with earlier findings 
(Cox and Munk, 1955). Note that no 

stepwise increase (or decrease) was mea-
sured, but there was a plateau of about 
90 seconds. Moreover, the contrast at the 
forward (leeward) slick edge seems to 
be sharper than the contrast at the back 
(windward) edge. 

Similar reductions of the radar 
Doppler shift were found earlier (Gade 
et al., 1998a; Ermakov et al., 2006) and 
were explained by means of the damp-
ing of Bragg waves, which are bound to 
the dominant waves. The remaining free 
Bragg waves cause a smaller Doppler 
shift because of their lower phase veloc-
ity. Note that we measured a monotonous 
reduction of the backscattered radar 
power in section B (Figure 2, top panel), 
where free Bragg waves are regenerated at 
the leeward side of the main slick. Thus, 
the PME slick showed a different damp-
ing behavior along its upwind/downwind 
profile. This is likely to be caused by the 
fact that the compression status (i.e., the 
mean area per slick molecule) is differ-
ent in the main slick and in the areas of 
slick spreading, which causes a different 
morphology (Hühnerfuss, 2006) and, 
in turn, different visco-elastic proper-
ties. Our results imply that optical and 
microwave sensors may provide different 
results in terms of the spatial coverage 
of marine surface films, depending on 
wind speed and the slick’s morphology 
(compression status).

Further investigations of short wind 
waves and their variability due to long 
waves were carried out in the oval wind-
wave tank of the Institute of Applied 
Physics, Russian Academy of Sciences 
(IAP-RAS), Nizhny Novgorod, at low 
wind conditions and short fetches and 
in the presence of surfactants at differ-
ent concentrations. The tank’s dimen-
sions are 6 m × 4 m, the total height and 

figure 2. (upper panel) 
time series of downwind 
and crosswind wave slope 
(dark and light blue curve, 
respectively). (middle 
panel) time series of radar 
doppler shifts and radar 
backscatter (upper and 
lower curve, respectively). 
(lower panel) time series 
of mean image gray levels. 
data were acquired while a 
small (60 seconds) palmitic 
acid methyl ester (pme) 
slick was drifting by. wind 
speed was 3 m s–1.
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width are 0.59 m and 0.3 m, respectively, 
and the mean water depth is approxi-
mately 0.3 m (Ermakov et al., 2006). 
Wind waves were measured using an 
optical spectrum analyzer and a coher-
ent Doppler Ka-band radar (35 GHz) 
operating at an incidence angle of 45°. 
Surface films in the wind-wave tank were 
formed by oleic acid. The radar contrast 
was measured as a function of the sur-
factant concentration. 

Figure 3 shows some typical experi-
mental results. The results were com-
bined with theoretical values obtained 
assuming purely free or purely bound 
Bragg waves. In the former case, the 
radar contrast should be solely associated 
with the reduction in spectral energy of 
the Bragg waves. In the latter case, the 
spectral energy of the generating (deci-
meter) waves has to be considered. The 
respective theoretical curves are added in 
Figure 3. At low wind speeds (2 m s–1), 
the measured contrasts indicate that 

bound Bragg waves dominate the radar 
backscattering. We can therefore con-
clude that the spectral density of the 
generating (parent) decimeter waves has 
to be considered in radar backscattering 
models, particularly at low wind speeds. 
In this respect, our results may comple-
ment recent investigations on these radar 
scattering mechanisms with and with-
out biogenic slicks using the two-scale 
Boundary Perturbation Method scatter-
ing model (Nunziata et al., 2009), where 
the surface slick was supposed to modify 
both the full-range sea surface spectrum 
and the slope probability density func-
tion through Marangoni damping and a 
reduction of the friction velocity.

field expeRimeNtS
An experimental campaign was con-
ducted in August 2004 in the coastal 
zone of the Black Sea at the South 
Branch of the Shirshov Institute of 
Oceanology. The objectives of the 

fieldwork were to: (1) develop a bet-
ter understanding of mechanisms of 
slick formation and of the relationship 
between slick geometry and the struc-
ture of surface currents, (2) investigate 
the physical characteristics of marine 
films, and (3) investigate surfactant 
spreading regimes.

A new methodology for measuring 
surface currents in a thin surface layer 
(about 5 mm) was developed at IAP-RAS 
using special floats whose trajectories 
were traced from a small boat using 
GPS navigation. Simultaneous sampling 
of the sea surface layer was carried 
out from a small boat, both within the 
slicks and in the surrounding non-slick 
areas. We found that surfactants associ-
ated with surface currents accumulate 
in shear current zones when there is a 
weak transverse current (Figure 4). This 
current results in compression of the 
surfactants and, thus, in stronger wave 
damping along the shear lines. Figure 4 

figure 3. Radar contrast vs. surface concentration of an oleic acid 
film at 2 m s–1 wind speed. The dots represent experimental data. 
curve 1 denotes theoretical values for freely propagating Bragg 
waves and curve 2 for bound Bragg waves.

figure 4. Schematic showing the trajectories of markers, 
two inside and two outside a natural slick band.
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provides an example of float trajectories, 
two of which were initially placed inside 
a slick band and another two outside the 
band. This is why, under favorable envi-
ronmental conditions, marine surface 
films may act as tracers for turbulent 
surface currents such as submesoscale 
oceanic eddies (Johannessen et al., 1996; 
Mityagina et al., 2010; Karimova, 2012, 
Karimova and Gade, in press).

In July, September, and October 
2004 and in February 2005, scientists 
of the V.I. Il’ichev Pacific Oceanological 
Institute carried out a series of field 
experiments at their marine station, 
Cape Shults, located in Vityaz Bay (Peter 
the Great Bay), Sea of Japan (Figure 5). 
The main task was to conduct subsatellite 
optical and hydro-meteorological mea-
surements to improve the interpreta-
tion of SAR data and to compare the 
measured and computed values of the 

normalized radar cross section. The field 
experiments were carried out in different 
seasons, thus providing a data set well 
suited for investigating the slick damping 
processes under different environmental 
conditions (Mitnik et al., 2006). Optical 
devices (several video cameras and a 
polarization spectrophotometer) were 
deployed to derive the characteristics of 
gravity and gravity-capillary waves par-
allel to SAR image acquisitions (results 
not shown here). The characteristics 
were estimated from displacements of 
a system of light floats, as well as from 
variations of sea surface brightness at 
three polarizations recorded at fre-
quencies of 6–50 Hz. Narrow bands of 
artificial oleic acid slicks were created 
from a yacht prior to ERS-2 and Envisat 
overpasses (Figure 5). The slick bands 
were initially about 4–6 m wide and were 
invisible on the Envisat ASAR images 

acquired at the time of the experiment 
(Figure 6). During the SAR acquisition, 
moderate northwest winds of 10 kts 
(5 m s–1; see the wind arrows in Figure 6) 
were reported in that area, which caused 
favorable conditions for SAR imaging of 
marine surface films. We note that the 
reference wind speed of 3 m s–1 used 
for our laboratory experiments (see 
Figure 2) roughly corresponds to the 
same wind speed at a reference height 
of 10 m. Hydrographic data revealed an 
oceanic front parallel to the coast at a 
distance of about 20 km.

Satellite data
ERS-2 and Envisat ASAR images were 
analyzed with respect to manifestations 
of sea slicks driven by coastal dynamic 
processes. At wind speeds below 
5–6 m s–1, biogenic slicks may indicate 
various oceanic dynamic phenomena. In 
this respect, coastal mountains, a com-
plicated coast line, and islands, in com-
bination with (shallow) bottom topog-
raphy and surface currents, can often be 
responsible for the generation of eddies, 
internal waves, and coastal fronts. 

Figure 7 shows transects along lines A 
and B in Figure 6 for horizontal (black) 
and vertical (grey) polarization. At both 
polarizations, the strong accumulation 
of sea slicks (caused by an oceanic front) 
in transect A results in a radar contrast 
of more than 10 dB, whereas the sur-
face film (likely a weathered oil spill) 
in transect B causes a radar contrast of 
less than 5 dB. Alpers and Hühnerfuss 
(1988) suggested that surface-active 
compounds of weathered oil on the sea 
surface may cause wave-damping behav-
ior similar to that of biogenic surface 
films (Marangoni damping). However, 
even if the two surface films observed in 

figure 5. aerial photograph of Vityaz Bay taken while artificial oleic acid slicks were deployed from a 
yacht (left). The slicks show up as bright bands behind the yacht and in the foreground.



Oceanography  |  June 2013 145

the Envisat ASAR image had consisted of 
the same surface-active substance (which 
is unlikely), their wave damping capabil-
ity would have been different because the 
transect A surfactants were compressed 
along the oceanic front, while those in 
transect B were spreading freely. The 
results of our laboratory experiments 
clearly indicate that this would result in 
a different damping capability. We note, 
however, that the difference in radar 
contrast may be attributed primarily 
to the surface films being made up of 
different materials.

Satellite observations of vortical 
activity in the northeastern part of the 
Black Sea have been routinely carried 
out with the help of infrared or optical 
sensors. The spatial resolution of such 
images makes it possible to study eddy 
structures with diameters of more than 
30 km. These mostly anticyclonic eddies 
are referred to as nearshore anticyclonic 
eddies. Because of their convergence 
property, they accumulate polluted water 
and thus contribute to clearing of area 
waters (Zatsepin et al., 2003). 

figure 6. envisat advanced SaR image (aSaR; VV polarization, 100 km × 100 km) acquired during 
the field experiments in Vityaz Bay, Sea of Japan (see the white square on the left). Normalized radar 
cross section transects were calculated along lines a and B (see figure 7). The four wind arrows indi-
cate a northwest wind direction at the time of SaR acquisition. Image © ESA, 2004

Envisat AP Mode
PRI VV/HH
July 12, 2004, 01:30 UTC
Swath IS2 (18.7°–26.2°)

Look Direction

B

A

figure 7. Normalized radar cross section (NcRS) calculated along lines a and B indicated in the figure 6 SaR image. The upper, gray curves denote 
vertical (VV) polarization. The lower, black curves denote horizontal (hh) polarization.

N
RC

S 
(d

B)

Distance (km)

VV VV
HH HH

Distance (km)
0 5 10 15 20 25 0 5 10 15 20 25

–5

–10

–15

–20

–25



Oceanography |  Vol.  26, No. 2146

The use of SAR data allowed us to 
discover intense vortex structures of 
considerably smaller dimensions in this 
region. Being too small to be detected by 
the optical or infrared sensors used for 
our investigations, these small eddies are 
visualized in SAR images as numerous 
bands of slicks. Our SAR image analyses 
revealed that many cyclonic spiral eddies 
with diameters of a few kilometers to 
tens of kilometers can be seen in radar 
images of coastal waters. The cumulative 
contribution of these small vortices to the 
transport of pollutants and cleaning of 
water is comparable to that of large anti-
cyclonic eddies (Mityagina et al., 2010). 
As an example, Figure 8 shows two small 
cyclonic eddies in a 25 km × 25 km frag-
ment of an Envisat ASAR image acquired 
on August 15, 2006, over the north-
eastern Black Sea. The eddies’ diameters 
are less than 4 km, and their lateral struc-
tures can be easily seen because of the 
presence of surface films, which become 
entrained in convergence zones along the 

shear current lines and, because of their 
strong damping capability, allow visual-
ization of the eddies.

SAR data from all Envisat transits 
over the northeastern Black Sea were 
analyzed for the periods from April 
to November of 2006 and 2007. This 
allowed us to systematize the data and 
compile some statistics on small-scale 
eddies in coastal waters. Every SAR 
image was visually analyzed to detect 
structures that could definitively be 
identified as small-scale spiral eddies. 
For each eddy, geometrical size, rota-
tional sign, and center coordinates were 
determined, and all detected eddies were 
mapped. Figure 9 presents a cumulative 
chart of small-scale coastal eddies based 
on analysis of ASAR data. The mapped 
eddies naturally divide into two distinct 
groups. Green marks correspond to 
data obtained in relatively cold periods, 
between mid-September and mid-May, 
while magenta marks indicate data from 
warm summer periods. A dotted curve 

traces the conventional core line of the 
Rim Current—a permanent current 
system encircling the Black Sea basin 
cyclonically over the continental slope. 

The seasonal variability of small-scale 
eddies in the coastal waters of the north-
eastern Black Sea was revealed based on 
our ASAR image analyses. In the warm 
season, mostly small-scale (2–6 km in 
diameter) solitary eddies were observed. 
Predominantly cyclonic structures, they 
are located in the immediate vicinity of 
the coastline and have short lifetimes. 
In cold seasons, both cyclonic and anti-
cyclonic eddies are observed; they are 
larger, 4 to 25 km, and tend to accumu-
late in clusters. These clusters are located 
at the seaward side of the Rim Current 
about 30 km off the coastline. Figure 10 
shows a SAR image of an aggregation of 
eddies characteristic of cold seasons.

Eddy structures of another type can 
also be observed in the coastal zone. 
They are quasi-symmetric, made up 
of a narrow jet with a pair of vortices 
of opposite signs at each end. They 
are referred to as eddy dipoles, or 
mushroom-like flows. The structures are 
visible when there is a natural tracer of 
some kind on the surface or a tempera-
ture contrast. In the SAR images, they 
are visualized as dark filaments due to 
ripple damping by biogenic surfactant 
films. Eddy dipoles exhibit no seasonal 
variability. They usually range in size 
from tens to hundreds of kilometers. 
Well-developed eddy dipoles may be 
distinctly visible in infrared and optical 
data, but, of course, under cloudless con-
ditions. The use of radar data makes it 
possible to observe the very first stages of 
eddy dipole formation (Mityagina et al., 
2007). Dynamic vortex structures of this 
kind regularly observed in this region of 

figure 8. 25 km × 25 km 
section of an envisat 
aSaR image collected 
august 15, 2006, showing 
imprints of two cyclonic 
eddies with mean diam-
eters of 3.75 km (a) and 
3 km (B). Their lateral 
structures can easily be 
seen because of the pres-
ence of surface films. 
Image © ESA, 2006
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figure 9. Schematic of 
small-scale eddies in the 
coastal waters of the 
northeastern Black Sea 
retrieved from envisat 
aSaR imagery. Blue-green 
marks correspond to small-
scale eddies observed dur-
ing relatively cold periods, 
between mid-September 
and mid-may. magenta 
marks denote the loca-
tion of small-scale eddies 
observed on the images 
during warm summer peri-
ods. dots depict the core 
line of the Rim current.

figure 10. 120 km × 200 km 
section of an envisat 
aSaR image collected 
may 10, 2007. cyclonic 
eddies with diameters of 
22.5 km (a), 25 km (B), 
and 16 km (c) are clearly 
visible. Image © ESA, 2007

the Black Sea are known to induce not 
only horizontal but also vertical mix-
ing. They contribute to hydrodynamic 
instability of the alongshore current 
and intensify coastal water transport 
to the open sea.

Two Envisat ASAR images were 
acquired on June 19, 2006, with a time 
lag of about 11 hours (Figure 11a,b). The 
image obtained at 07:52 UTC reveals 
a nascent eddy dipole (Figure 11a). 
The dipole seen in the second image 
(Figure 11b) is somewhat bigger, and 
its axis is slightly rotated clockwise. 
Analysis of these two images allows 
reconstruction of the local velocity field 
and retrieval of drift parameters of the 
biogenic films driven by the eddy dipole 
(Figure 11c). The calculated velocity of 
its cyclonic fraction is 0.05–0.1 m s–1 
toward the northwest, and the southeast 
anticyclonic velocity is 0.2–0.3 m s–1.
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cONcluSiONS
Biogenic films can be found virtually 
everywhere on the vast sea surface, 
mostly during warm seasons. These 
films are the result of the life processes 
of marine organisms and seaweeds, pri-
marily phytoplankton and zooplankton, 
as well as bacteria. Our experimental 
results show that biogenic films are 
very sensitive to surface currents and, 
as a consequence, indicate the shapes 
of local circulation patterns. Water 
dynamics force biogenic films to accu-
mulate along the flow lines of surface 
currents and in this way emphasize vor-
tex structures, fronts, ship wakes, and 
other surface ocean features. Because 
the films influence the backscattering of 
microwaves, these structures are visible 
in SAR imagery. This allows monitoring 
of ocean dynamics processes via their 
surface manifestations. 

We can improve and extend the infor-
mation that can be inferred from satellite 
imagery of coastal zones by analyzing 
signatures of marine surface films (Gade 
et al., 2005). In particular, due to the 
presence of surfactant films, SARs are 

capable of registering eddy structures. 
Surfactant films become entrained in 
eddy motion and, under low to moder-
ate wind conditions, the eddy struc-
tures are then apparent in radar images 
(Lavrova et al., 2008). 

During its three-year duration, the 
international project Slicks as Indicators 
of Marine Processes (SIMP) provided a 
wealth of new results on various marine 
processes whose imprints on satellite 
imagery are enhanced by marine surface 
films of biogenic and anthropogenic ori-
gin. The investigations performed by the 
six participating teams comprise labo-
ratory and field experiments as well as 
comprehensive analyses of satellite data. 
Our results, some of which are described 
in this article, provide a basic under-
standing of the way marine surface films 
manifest themselves in SAR imagery. 
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