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Study Motivation 

Funding of CU as the remote sensing component of the ongoing 
BOEMRE Loop Current Study is being used to extend CCAR’s 
existing archive of ocean color, sea surface temperature, and 
altimetry measurements. 

GOALS: 
Quantify Loop Current (LC) variability over the past 30 years. 
Provide an observational/historical perspective for the in-situ 

measurement and modeling programs. 
Revisit and evaluate peer-reviewed literature on LC separation 

period and retreat latitude. 
Investigate seasonality of LC metrics. 
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Loop Current Eddy Separation 
A total of 26 eddy separation events have 

been observed using altimetry since 
1993 (20 are shown to the right). 

Dominant physical mechanisms 
controlling LC intrusion and eddy 
separation are poorly understood. 

Over a dozen dynamical mechanisms 
have been proposed to explain eddy 
separation. 

Most recently a “Kelvin Wave 
Trigger” was proposed as a possible 
mechanism in Sturges, Hoffmann & 
Leben (2010). 

No eddy separation precursor had been 
identified until Leben (2005) first 
showed that LC retreat after eddy 
separation is a good predictor of the 
subsequent eddy shedding period 
using the 11.5-year altimeter record 
January 1993 through June 2004.  
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For details see Leben (2005) and Lugo-Fernández and Badan (2007 and 2010). Full 
references appear on Slide 31.  

Linear Relationship Between Loop Current 
Retreat Latitude and Separation Period 

A simple LC vorticity model (Lugo-
Fernández and Badan 2007) provides a 
semi-theoretical basis for this empirical 
relationship. 

After suitable scaling approximations, the 
theory predicts that the LC separation 
period is a linear function of retreat 
latitude, which agrees well with 
altimeter-derived empirical results. 
Specifically, the predicted slope and y 
intercept agree to within 9% and 2%, 
respectively, with the altimetry-derived 
values. 

Question: How stable are the altimetry 
values? 
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Historical Data 
NASA Coastal Zone Color Scanner (CZCS): 8-day composite 

chlorophyll concentration images from Nov 1978–Dec 1985. 

NOAA Pathfinder AVHRR: Weekly composite SST images 
from Sep 1981–Dec 1992. 

HMI/Eddy Watch Reports: LC and LCE frontal analyses from 4 
Sep 1984–31 Dec 1992. 

GEM Path and Configuration Files: GEM PnC files were 
overlaid on satellite images when available for further 
verification. (This is a confidential industry data set and will 
not be shown). 

Altimetry: Objective tracking of LC separation events from 
1993 through 2009. May be able to use Seasat, GEOSAT, and 
ERS-1 altimetry for specific separation events, e.g. 1992. 
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Coastal Zone Color Scanner (CZCS) Data 
http://oceancolor.gsfc.nasa.gov/CZCS/czcs_processing/ 
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http://oceancolor.gsfc.nasa.gov/CZCS/czcs_processing/�


Pathfinder SST – Version 5.1  
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http://podaac-old.jpl.nasa.gov/DATA_CATALOG/avhrrinfo.html 

http://podaac-old.jpl.nasa.gov/DATA_CATALOG/avhrrinfo.html�


Methods 
The combined time series of ocean color and SST images, 

HMI/EddyWatch charts, and GEM PnC files were used to 
manually identify LC separation events and LC retreat 
following separation.  
Care was taken to discriminate separation events from 

eddies detaching and reattaching to the LC. 
Animations of the available records were used as an aid in 

the identification process. 
Satellite coverage was sufficient to determine that there 

were no separation events in 1979. 
A separation event was identified in July 1978, but no 

retreat could be estimated. Separation of 1980a in February 
1980. 
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Sample Ocean Color Analysis: LCE 1980b 
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Sample SST Analysis: LCE 1983a 
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Sample Eddy Watch Analysis: LCE 1989  
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Reanalysis Results 
1980a – 1982 1983a – 1986a 
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Reanalysis Results (cont.) 

A total of 18 separation events 
were identified in the 12-year 
pre-altimetry record 1980–
1991. 
A total of 27 separation events 

were identified in the 18-year 
altimetry record 1992 through 
2009.  
A total of 45 separation events 

over 30-year time period. 
8-month average period is 

remarkably stable! 
 

1986b – 1991 
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Stability of “Prediction” Regression Line 

Also remarkably stable! 

14 



30-Year Record of  
Loop Current Eddy 
Separation Events  

 
45 Events  

LCE Separations 1980 – 1992 

LCE Separations 1993 – 2009 
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No seasonal preference for LC eddy separation: 

Vukovich (1988) Sturges (1993) 
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Comparison of Select Reanalysis Separation Dates with 
those from Vukovich (1988) and Sturges (1993) 
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Reanalysis 

“Pre-Altimetry” 1980 – 1992 “Altimetry” 1993 – 2009 
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30-Year Record Monthly Histogram 
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LC Separation “Season” Statistical Analysis 

The “two” separation seasons were determined 
objectively using a 2-mean clustering analysis 
based on circular statistics. 

Spring 

Fall 
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Spring Statistics: 
18 events 
mean: March 15 

 std dev: 38 days 
average separation 

period: 192 days 
 

Fall Statistics: 
27 events 
mean: August 30 

 std dev: 34 days 
average separation 

period: 279 days 
 

 



30-Year Record Monthly Histogram 
Observed 
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30-Year Record Monthly Histogram 
“Latitude Retreat” Predicted Separation Dates 
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“Prediction” Linear Model 
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Observed Minus Predicted Error 
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Observed Minus Predicted Error 
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30-Year Record Monthly Histogram 
“Latitude Retreat” Predicted 
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“Latitude Retreat plus Seasonal Correction” Predicted 
30-Year Record Monthly Histogram 
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30-Year Record Monthly Histogram 
Observed 
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How Does a Model Do? 
See Romanou, Chassignet, and Sturges (2004).  
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