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Design of the Numerical Experiment 
HYCOM Gulf of Mexico 1/25°(GOMl0.04) 

Atmospheric forcing:   
CFSR 1hr fields, 1992- 2009 
• 2-m air temperature 
• specific humidity 
• radiative fluxes (net sh/wave – net 

longwave) 
• penetrating shortwave 
• wind stress 
• wind speed 

Model Initialization:   from Levitus climatology 
Spin-up:      2 cycles of 2002-2005 with CFSR forcing 

54-year run:   3 cycles with 1992-2009 CFSR 

Lateral OB forcing: Monthly mean fields from the near-real time nowcast/forecast 
1/12° North Atlantic HYCOM, 2000-2003    

Cycle 1 Cycle 2 Cycle 3 

54 years 

Multi-Decadal Simulation of the Gulf of Mexico 

(Top) The black solid line is two-week 
running mean of seasonal mean 
transport (Sv) in the Yucatan Channel 
averaged over 54 years of the simulation. 
Grey area is 10th and 90th percentiles of 
the mean transport. The red line is bi-
weakly net mass flux at the open 
boundaries in the Caribbean Sea. 
(Bottom row) Mean, maximum, and 
minimum along-channel velocity in the 
Yucatan Channel (at 22° N). 

Spatial probability (percent) of grid cells 
being inside the LC during the 54-year 
run. LC is defined from 7-day averaged 
SSH fields. The dashed contour is 5% 
probability.  

First 4 EOFs of the along-channel 
velocity in the Yucatan Straits.  

(Top) Normalized wavelet power 
spectrum of the Yucatan transport 
from GOMl0.04 simulation (in log2 
scale). The vertical axis is period 
(scale of wavelets), days. The 
horizontal axis is model years. 
(Bottom) The normalized global 
wavelet spectrum. The lower grey 
line is the mean red-noise spectrum 
for a first-order auto-regressive 
process. The upper grey line is the 
90% confidence spectrum.  

Statistics of the Loop Current from the 
Numerical Experiment  

Normalized histograms of the LCE separation period from 54 years of the HYCOM GoM 
(a) and 18 years of the CCAR altimeter-based SSH fields over the period 1993-2010 (b). 
The vertical red dashed line is the median. The grey curve is Gamma distribution 
approximating the probability density function of the data. Statistical estimates and 
parameters of the gamma distribution are listed. In the parenthesis are the 95% 
confidence intervals of the parameters.  

LC eddy shedding statistics calculated for 
the 18-year sliding windows over 54 years 
of the simulation. (a) Mean separation 
period estimated from the HYCOM 
simulation (black) and satellite observations 
(horizontal lines).  Horizontal lines are 
estimates of the mean separation period 
from previous studies and CCAR altimetry 
(1993-2010). (b) Median of separation 
period. (c) Modes of separation periods. 
The red dashed line is the estimate from 
CCAR altimetry. 

The two-sample Kolmogorov-Smirnov test 
for separation periods estimated from the 
model and altimetry observations. The test 
is calculated for the 18-year window sliding 
over the 54 years of the model run. Blue: 
The K-S statistic. Red: critical value of the 
Kolmogorov distribution. 

Maximum northern latitude and western longitude of the LC front from HYCOM 
GoM (Left) and CCAR altimeter observations (Right). (a) Monthly means of the LC 
northernmost latitude . The gray lines are 10th and 90th percentiles. (b) Same as (a) 
but for the LC westernmost longitude. (c) Histogram of LC Northernmost latitude. 
(d) Histogram of LC westernmost longitude. 

Robustness of the Loop Current Statistics 

The LC  statistics have been calculated from the HYCOM GoM simulation using (1) different mean SSH as a reference 
field (CUPOM mean SSH); (2) different tracking methodology (Kalman Filter); (3) SSH fields derived from HYCOM SSH 
subsampled (in time and space) into satellites tracks 

Histograms of the LC eddy shedding period (mo) with 1-
month binning. Statistic of the LCE shedding  is derived 
from (a) SSH fields with CUPOM mean field; (b) LC contour 
defined by Kalman Filtering technique; HYCOM SSH fields 
subsampled into satellite tracks (c) Envisat; (d) Geosat; (e) 
Topex; (f) Topex2; (g) Topex-Envisat; (h) Topex-Topex2; (i) 
Topex-Topex2-Geosat-Envisat. The gray curve is gamma 
pdf fitted to the histogram with 3-month binning. 

Histograms of the maximum LC Northern (left) and western 
(right) extension derived from (a) SSH fields with CUPOM 
mean field; (b) LC contour defined by Kalman Filtering 
technique; HYCOM SSH fields subsampled into satellite 
tracks (c) Envisat; (d) Geosat; (e) Topex; (f) Topex2; (g) 
Topex-Envisat; (h) Topex-Topex2; (i) Topex-Topex2-Geosat-
Envisat. Vertical dashed lines are medians. The numbers 
indicate estimates of the mean (“E”), median (“µ”), and 
mode (“M”) for distributions of the data. 

Maximum Northern Extent Maximum Western Extent 

Different definitions of the LC. (Left) 
SSH field and LC contours on 30th day 
of the model run. The LC contours are 
derived from (black) HYCOM SSH 
fields using CCAR methodology, 
(blue) HYCOM SSH fields with mean 
CUPOM SSH; (red) HYCOM SSH and 
SSH gradient using Kalman Filtering. 
(b) Same as (a) but background field 
is the magnitude of the SSH gradient 
(cm/~4km). 

The mean separation periods are derived 
from: satellite observations over the time 
interval from 1973 through 2004 (Leben, 
2005a); infrared measurements during 
1973-1992 (Leben,2005b); altimetry, 1993-
2004 (Leben, 2005c); infrared and altimetry 
observations (1973-2005) (Vukovich, 2007); 
infrared and altimetry measurements over 
1973-2010 (Vukovich, 2011); altimetry 1993-
2010 (CCAR). 
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