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This paper addresses the issue of detecting the north wall of Gulf Stream. The study of Gulf 

Stream has a lot of significance, playing a major role in effecting the climate change, formation 

of cyclones, influencing the productivity of fishing areas etc. It is also a subject of interest as an 

alternative source of renewable energy. The most effective, efficient and fastest way of obtaining 

data for the study of this Gulf Stream is by remote sensing.  There are various forms of remotely 

sensed data but the most widely used data for oceanographic study is the sea surface temperature 

data. Previously many oceanographic features were studied by using this SST data, there is one 

more set of data called the altimetry data which was also used to study some features of ocean. 

Here we are proposing the use of a novel approach in using both data sets (SST and altimetry) to 

detect the north wall of Gulf Stream.  We are using the velocity data obtained from altimetry data 

as a reference to extract the north wall of Gulf Stream. The north wall of the Gulf Stream reveals 

very complex structures associated with frontal instabilities that lead to exchanges between the 

Gulf Stream and inshore waters.

The area of study is storm watch region of Gulf Stream 80o W to 45oW, 30oN to 55oN. The fact 

that the maximum velocity line lies primarily within the Gulf Stream is used as the basis for 

using the velocity line as the base reference to detecting the north wall.  The complete process of 

extracting the north wall is done in four steps.  In the first step a Fuzzy c- means clustering

algorithm is applied on the sea surface temperature data thereby dividing the SST data into 

different iso-temperature clusters. In the second step the border of the cluster to which the max 

velocity line belongs is determined. The velocity data is clustered using fuzzy C means 

clustering algorithm and the border of the cluster to which the max velocity line belongs is 

determined. From the borders extracted in the above mentioned two steps a single border is 

obtained by a merging process. A study for the optimal number of clusters to be considered for 

obtaining the maximum accuracy was determined to be seven for the SST data and four for the 



velocity data. The results we obtained by using the above method were encouraging. The 

detection of north wall was 80% accurate on more than 80% of images and the accuracy 

increased with decrease in could cover noise of the image. The black line in Figure 1 shows the 

extracted north wall from the discussed procedure.

                                  
Figure 1- The black line in the above figure is the extracted north wall

The Gulf Stream generates many eddies along its flow. Previously finding these eddy in the data 

required applying a brute force shape analysis algorithm which consumes a lot time and 

computing power.  The second contribution of this paper is an approach to locating mescoscale 

eddies that are generated by the Gulf Stream by observing the dips or large variations in the 

maximum velocity graph plotted along the lat and longitude axes. Now the shape analysis 

algorithm can be applied only at these dips thereby saving a large amount of time and computing 

power.  Figure 2 shows is the maximum velocity plot over the velocity data and it shows dips in 

the maximum velocity plot each of which corresponds to an eddy. Figure 3 shows a close-up 

image of several such dips in the velocity line as well as corresponding eddies.



Figure 2 Eddies observed at dips in the max velocity curve

Figure 3 - A Close-up image with max velocity curve and velocity data 

For future work we are exploring the use of vorticity data along with SST and velocity data sets 

to extract the north wall and eddy. A three dimensional clustering algorithm is being 

investigated.  



 References: 

 [1]Barbie Bischof, Arthur J. Mariano, Edward H. Ryan (2003). "The North Atlantic Drift 
Current". Ocean Surface Currents. The Rosenstiel School of Marine and Atmospheric Science.
[2] J.F. Cayula and P. Cornillon, Edge Detection Algorithm for SST Images, Journal of
Atmospheric and Oceanic Technology, 1992, 9(1), 67-80
[3] Kelly, K. A. (1991), The Meandering Gulf Stream as Seen by the Geosat  
timeter: Surface Transport, Position, and Velocity Variance from 73° to 46°W, J. Geophys. Res.,
96(C9), 16,721–16,738.
[4] Swapnil Chaudhari, Ramprasad Balasubramanian, Avijit Gangopadhyay, Upwelling 
Detection in AVHRR Sea Surface Temperature (SST) Images Using Neural-Network 
Framework, 2008 IEEE International Geoscience & Remote Sensing Symposium July 6-11, 
2008 Boston, Massachusetts, U.S.A, v. IV  926-929. 
[5] Samarth Patel, Ramprasad Balasubramanian, Avijit Gangopadhyay, Automatic Detection Of 
Oceanic Eddies In SeaWiFS-Derived Color Images Using Neural Networks and Shape Analysis, 
2008 IEEE International Geoscience & Remote Sensing Symposium July 6-11, 2008 Boston, 
Massachusetts, U.S.A, v II 835-838. 
[6] Marcello, J., Eugenio, F. and Marques, F., 2004. Precise upwelling and filaments automatic 
extraction from multisensorial imagery. Geoscience and Remote Sensing Symposium, 2004. 
IGARSS '04. Proceedings. 2004 IEEE International, vol.3, pp. 2018-2021. 
[7] Marcello, J., Eugenio, F. and Marques, F., 2004. Precise upwelling and filaments automatic 
extraction from multisensorial imagery. Geoscience and Remote Sensing Symposium, 2004. 
IGARSS '04. Proceedings. 2004 IEEE International, vol.3, pp. 2018-2021 
[8] AMBE D, IMAWAKI S, UCHIDA H, Estimating the Kuroshio Axis South of Japan Using 
Combination of Satellite Altimetry and Drifting Buoys,  Journal of Oceanography  vol: 60
issue: 2    page: 375-382    year: 2004 


