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Abstract. Determination of characteristics of marine currents using satellite remote sensing data 
is a rather complicated problem that has not been completely solved yet. Synthetic aperture 
radars (SAR) are often used to estimate the velocities of surface currents. The “filamentary” 
structures associated with biogenic marine films (slicks), which are often observed on the water 
surface at low-to-moderate wind conditions, can be potentially used as tracers to determine the 
surface current velocities. In this paper, an attempt is made to characterize marine currents us-
ing pairs of sequential images obtained with Envisat ASAR and ERS-2 SAR. The Maximum 
Cross-Correlation technique has been used to retrieve the surface current field. It is obtained 
that for some slick structures the retrieved surface velocities are directed nearly along the “fil-
aments”, so the latter can be considered as markers of the current streamlines. However, for 
other slicks, the velocities are directed at rather large angles to the tangents of the “filamentary” 
structures, so the “filaments” differ from the current streamlines. Supposedly, this is because 
the currents may not be steady and marine slicks cannot change their orientation and shape 
instantly following fast changes of environmental conditions, in particular, to variations of wind 
speed/direction.
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1. Introduction
Remote sensing data is a major source of information about the processes occurring in the surface 
layer of the ocean. There is a large amount of high-resolution satellite remote sensing data, which are 
available for free and widely used by researchers. At present, however, the problem of characterization 
of the ocean upper layer dynamics has not been completely solved. The problem of determination of 
the field of surface oceanic currents by remote sensing methods is widely discussed in the literature. 
Information about currents in the microlayer is particularly important in the context of forecasting of 
pollution transport on the water surface. Marine surface currents can be estimated, for example, when 
comparing sequential optical or infrared (IR) images [1–3]. However, one of the main disadvantages 
of optical/IR data is that they are limited by daytime and cloudless conditions. Therefore, synthetic 
aperture radar is often used to estimate current velocities, because it allows obtaining images with high 
spatial resolution regardless of weather conditions and time of a day.

It is known that at low-to-moderate wind conditions the “filamentary” slick structures associated 
with surfactant films appear on the water surface and are easily detected in radar imagery. Very often 
the “filamentary” slicks are supposed by default as tracers of marine surface currents, so the velocity 
field of the upper layer presumably can be retrieved using slick structures.

Typically, a pair of sequential radar images of slicks on the water surface is used to estimate the 
structure displacement. The shift of the structure is monitored using a Maximum Cross-Correlation 
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(MCC) method when analyzing the cross-correlation of the sequential images [4–7]. It has been 
mentioned in [5, 6] that slicks indicate the regions of convergence and act as passive tracers and thus 
can be used for the current field mapping. The question arises, however, how well the shape of the 
slicks corresponds to the structure of the current field. Recent field experiments [8–11] focused on 
studies of using artificial film slicks as surface currents and vortexes tracers confirmed the potential 
possibility of getting information about marine currents from the slick evolution. However, the num-
ber of studies where the dynamics of slicks in the surface current field has been investigated is still very 
limited. Accordingly, the question of how adequately the slicks geometry reflects the field structure of 
the surface currents and whether it is reasonable to use the slicks as indicators of the surface currents 
for their quantitative description remains open and requires further analysis.

This paper presents new results of the analysis of several pairs of sequential SAR images with a suf-
ficiently small time interval between the frames (about 30 minutes). The study is aimed to understand 
better the relationship between the film slicks geometry and the surface current field and to retrieve the 
currents in the area of interest. The MCC method was used for the current retrieval.

2. Observation
Four pairs of consecutive radar images of the water surface with complex film structures were used 
to analyse the relationship between the shape of the filamentary slick structures and the structures of 
surface currents. The images were obtained by Envisat ASAR and ERS-2 SAR. One pair was obtained 
for the southwestern part of the Baltic Sea on 25.04.2009 in the interval from 9:00 to 10:00 UTC, the 
remaining analysed images were obtained for the western coast of the USA (southwestern California) 
on 17.04.2008, 28.05.2008 and 08.04.2009 within the interval of 18:00–19:00 UTC. The time inter-
val between successive images for all pairs was about 30 minutes. The spatial resolution of the images 
is 75  m. The wavelength of both radars is 5.7 cm, and the incidence angle is 23  degrees. The  wind 
was 5‑6 m/s according to the QuikScat satellite reflectometer. Indented slick structures, which slightly 
change their distinctive shape over the time interval between the subsequent frames, are clearly vis-
ible in the images. Therefore, it is easy to track the displacement of individual fragments of these 
structures.

3. The Maximum Cross Correlation technique
The Maximum Cross-Correlation Technique (MCC) technique was used to restore the field of surface 
currents from the displacement of the film structures. This technique is based on dividing the image 
into many subimages and searching for the maximum of the cross-correlation matrix calculated for 
each pair of subsequent subimages. The shift of the cross-correlation matrix maximum corresponds 
to the most probable displacement of the slick structures in the subimage, and the current velocity 
vectors are calculated using this shift. The size of the subimages determines the spatial resolution of 
the retrieved current field. Not the full images were analyzed, but their fragments, which include indi-
vidual slick structures, in order to track the displacement of the slick and its parts. The subimage size 
was taken of 32 pixels with a step between the centers of adjacent subimages of 16 pixels to obtain addi-
tional information about the displacement at the boundaries and angles of each subimage. This infor-
mation was used to take into account additional shifts and rotations of slick structures in the subimage.

4. Results and discussion
The obtained range of the velocity magnitude varies from 0 to 35 cm/s.

Let us first estimate the accuracy of the obtained velocity vectors. The maximum accuracy of the 
velocity vector is determined by the displacement of one pixel between the subsequent images. If the 
shift of a slick structure is less than one pixel, then, obviously, the velocity value is not determined. 
The error of the velocity vector in our case was 4 cm/s. Also, there is a geolocation error [4] between 
the Envisat and ERS-2 images. The estimate of this error was determined by the land displacement 
between the images and thus obtained error was estimated as 4 cm/s.

It is clear that an error of the retrieval of velocity magnitude also leads to some uncertainty of the 
velocity vector direction. For example, for a current magnitude of about 30 cm/s, the error of direc-
tion is about 15 degrees.
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Note that a significant error of the calculating the current velocities using the MCC technique oc-
curs for the cases of displacements of a slick band along itself, particularly if the band has no specific 
features (or has small-scale features compared to the size of the subimage). That is why the “manual” 
processing or the technique of the “tracking” of individual slick roughness displacements can be ap-
plied along with the software processing using the MCC method [12].

It was shown that the geometry of a part of the slick structures is in good agreement with the struc-
ture of the current field, i.e., the slick structures characterize the streamlines of the currents (fig-
ure 1 (left)). However, the current velocities of some other parts of the studied regions are directed at 
a  large angle to the slick bands, and the geometry of the slicks is strongly inconsistent with the cur-
rent streamlines. Supposedly, the reason of this inconsistency is that the currents are nonstationary, 
and they can change quickly, according to changes of environmental conditions, in particular, of wind 
magnitude and direction. In this case, slicks cannot change their geometry fast enough, and this leads 
to an inconsistency between the current streamlines and the slick geometry.

Figure 1. The retrieved current field by the MCC method (left). The current field of currents ex-
cluding the wind component (right).

The divergence of current fields retrieved by MCC method was analysed in [13] and also demon-
strated a partial correspondence with the slick structure geometry.

It was shown in [8] that the slick band propagation velocity can be described as the sum of the 
marine current velocity in the upper layer and 3 % of the wind speed. Therefore, if the wind speed is 
known, the marine current field without taking into account the wind component can be calculated 
using the retrieved current field by the MCC method. The current field excluding the wind component 
is shown in figure 1 (right). The vortex structure is seen when analyzing the velocity fields with and 
without taking into account the wind component. The location of the vortex center is dissimilar in 
these cases and the distance between the centers about 2.5 km. However, it is difficult to be sure about 
the reliability of the obtained current fields without taking into account the wind component since the 
change of the wind over the time between the subsequent radar images was not taken into account and 
there is no other data of the current field for comparison.

5. Conclusions
The surface current fields are retrieved based on the results of processing consecutive satellite radar 
images of marine slicks. It is demonstrated that the structure of retrieved currents is partly consistent 
with the geometry of the film structures, and the shape of the slicks marks the streamlines of the cur-
rents. However, the field of current velocity vectors may not completely agree with the streamlines, 
and the velocity vectors can be directed at a sufficiently large angle to the slick bands. Supposedly, this 
contradiction exists since the surface currents are nonstationary and can change quickly. If the charac-
teristic time of the slick structures restructuring differs significantly from the characteristic time of the 
current change due to the variations of weather conditions (in particular, the magnitude and direction 



96� Sovremennye problemy distantsionnogo zondirovaniya Zemli iz kosmosa, 17(6), 2020

O. A. Danilicheva et al.  Retrieval of surface currents from sequential satellite radar images

of the wind), then the disagreement between the slick structure geometry and the structure of the cur-
rent field can be significant.

The current field without taking into account the influence of the wind component is obtained. 
However, it is difficult to be sure about reliability of the obtained results due to the lack of independent 
current field measurements for comparison. This shows the need for further research using both re-
mote sensing data and co-located/simultaneous field observations.
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