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• Given the 5km cell size of the GHRSST, a median HD of 29.20km indicates that RVL products are 
effective at indicating the position of the GSNW.

• It is possible that the RVL may provide more accurate locations of the GSNW than the GHRSST 
during periods of cloud cover.

• Many possible improvements can be made to the methods, which offer improved results and a 
better assessment of the efficacy of RVL products at indicating the position of the GSNW.

Figure 1. All 32 RVL over a GHRSST raster, overlaid by a UTM grid.

Figure 2. Mean GHRSST error as a standard deviation from the SST layer in degrees Celsius, for 
February 08, 2017. Notice the significant error due to cloud cover.

Several refinements to the study methods may improve results:
• A newer SST front extraction algorithm.
• A more detailed 1km resolution GHRSST could be used for 

increased resolution and comparability to the RVL imagery.
• The automated collection of GHRSST NetCDF files and OCN 

products found within the study region to provide a larger 
sample.

• The integration of separate python scripts into a single script 
requiring only the GHRSST NetCDF files and the extracted 
OCN files as inputs to automatically generate analysis results.

• Changing the method of selecting the bounds used for the HD 
measurement. 

• Newer, artifact free RVL products (Figure 10).
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• Collected RVL and GHRSST data was 
formatted into integer rasters, clipped 
the same extent for use in the CCA.  

• The CCA extracted fronts from the SST 
and RVL images, outputting Boolean 
rasters of “front” and “no front” cells. 

• The Boolean rasters were formatted 
into point-shapefiles and manually 
cleaned for comparison in JTS (Figure 3).

• The positional error between the RVL 
fronts and the validation GHRSST fronts 
(Figure 4) was measured using a 
discrete Hausdorff distance (HD) 
function in JTS.

• HD measures the positional error by 
considering the largest discrepancy 
between two curves (Figure 5).

• The basic HD compares one curve 
(curve A) to another (curve B), however, 
the HD from A to B is not necessarily 
the same as B to A (Figure 6). The HD 
function used in this study takes the 
larger of the two HD and is therefore 
“non-oriented”.

• For every GHRSST, the mean uncertainty 
of the SST (Figure 2) was calculated 
from every cell within 40km of the 
extracted front and used to examine if 
there was an association with the HD. 

• The maximum and minimum 
temperatures in each clipped GRHSST 
image defined the temperature range.
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Figure 7. Hausdorff distance versus mean GHRSST error for all 32 sample 
dates.

Figure 8. Mean GHRSST error versus temperature range for all 32 sample 
dates.

Figure 10. (A) RVL raster demonstrating the tendency 
for extracted fronts to follow artifact boundaries, 
from April 21, 2017. 

The GSNW extends from the Gulf of Mexico to beyond Newfoundland, however the RVL products 
containing the GSNW were limited to a relatively small area within UTM zones 19N and 20N, between 
32 and 48°N.

Figure 9. Misclassification of main GHRSST front by CCA for February 21, 2017. 

Figure 4. The cleaned RVL and GHRSST fronts over the GHRSST image (Left), and the 
cleaned RVL and GHRSST fronts over the RVL image (Right) for February 21, 2017.

Objective

The purpose of this research project was to assess the quality of Sentinel-1 radial velocity (RVL) 
products’ ability to mark the position of the Gulf Stream North Wall (GSNW) by verifying them against 
Group for High Resolution Sea Surface Temperature (GHRSST) sea surface temperature (SST) data.

• Detecting the boundary between the warm, fast flowing current of the Gulf Stream (GS) and the 
cooler surrounding water can be achieved by utilizing sea surface temperature (SST) data, where it 
appears as an observable gradient (Figure 1). 

• A mean annual cloud cover of over 70% of the GS region (Jones, 2012) frequently obscures 
detection of the GS in SST images (Kuang, 2012).

• Radial Velocity (RVL) products can be used to detect the fronts of major surface ocean currents such 
as the GS (Van Wychen, 2018), without obstruction from cloud cover. 

Data and Methods 

• RVL images were extracted from 
Sentinel-1 Level-2 Ocean (OCN) 
product files in ESA’s proprietary 
format. 

• GHRSST images were extracted 
from JPL Office of Satellite 
Products and Operations (OSPO) 
NetCDF files.

• GHRSST and RVL products were 
formatted using ArcMap (10.4).

• SST fronts were extracted using 
the Cayula-Cornillon Algorithm 
(CCA), from the Marine 
Geospatial Ecology Toolset.

• Hausdorff Distances were 
Calculated using Java Topology 
Suite (14.0).

Figure 5. The Hausdorff distance is defined as the maximum of all 

minimum distances between two curves. 

Figure 3. The uncleaned RVL and GHRSST fronts (Left), and the manually cleaned RVL 
and GHRSST fronts (Right), over the RVL image for March 17, 2017.

• The 32 sampled dates gave a median HD of 29.20km. 
• The HD ranged from a minimum of 13.6km to a maximum of 126.62km.
• The mean HD was 39.0km with a standard deviation of 31.00km.
• Several unusually large HD represented methodological errors.

• Modest positive correlation between the mean error of the GHRSST within 40km of the extracted 
front and the HD, indicating that greater mean GHRSST error corresponds to greater HD (Figure 7).

• Modest positive correlation between the temperature range and HD observed, indicating that 
greater temperature ranges within the scene corresponds to larger HD (Figure 8). 

• More samples are required to confidently identify these correlations within the data and further 
assess the efficacy of RVL products’ ability to indicate SST fronts. 

Figure 6. The 
HD can change 
depending on 
whether it is 
calculated 
from curve A 
to B, or B to A. 

• The CCA would occasionally misclassify a weaker, secondary front or eddy rather than the GSNW 
front (Cayula, 1995), resulting in large HD (Figure 9).

• It is possible that during extended periods of cloud cover the RVL performs more accurately than 
the GHRSST validation data, which would also produce large HD.

• Defining the GSNW boundary objectively from an SST image, in terms of a set temperature 
gradient over time and space, has proven difficult.


