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Abstract: In this work, we used a nonlinear, reduced gravity model of the Gulf of Mexico to study the effect of a 
seasonal variation of the reduced gravity parameter on ring-shedding behaviour. When small amplitudes of 
the seasonal variation are used, the distributions of ring-shedding periods are bi-modal. When the amplitude 
of the seasonal variation is large enough, the ring-shedding events shift to a regime with a constant, yearly 
period. If the seasonal amplitude of the reduce gravity parameter is small but a noise term is included, then a 
yearly regime is obtained, suggesting that stochastic resonance could play a role in the ring-shedding 
process taking place in the Gulf of Mexico. 

1 INTRODUCTION 

Anticyclonic rings generated by meandering of 
intense boundary current systems are long-lived, 
intense near-surface features that dominate the 
oceanic mesoscale in different regions of the World 
Ocean. They substantially contribute to determine 
the water mass characteristics as well as the upper-
ocean circulation patterns in these regions and, due 
to their characteristic self-induced, westward 
propagation, they often also play an important role 
in the transfer of chemical and biological properties 
across frontal zones (Olson, 1991). The large surface 
temperature anomalies as well as the large surface 
horizontal velocity shears associated with these rings 
may profoundly influence human activities. In the 
Gulf of Mexico (Fig. 1), for instance, the passage of 
“warm-core” rings detached from the Loop Current 
is able to disturb oil extraction activities, while it is 
demonstrated that hurricanes may be intensified by 
their interaction with the warm ring water (see 
Halliwell et al., 2011 and references therein). 

Predicting the onset and evolution of ring 
shedding in the Gulf of Mexico (GOM) may 
substantially contribute to the understanding of the 
subtle dynamics involved in the local oceanic 
phenomena and also to the reduction of the impact 
on human activities caused, directly or indirectly, by 
these rings. Observations show a nearly bi-modal 
distribution (the most evident peaks existing around 
6 months and 9 to 11 months). Current full-fledged 
ocean numerical models can explain some of the 

observed ring-shedding variability but fail in 
simulating observed periods (Murphy et al., 1999); 
(UWelsh and Inoue, 2000); (Romanou et al., 2004). 

Simple models, on the other hand are only able 
to reproduce an almost constant period (Hulburt and 
Thompson, 1980); (Sturges et al., 1993); (Oey et al., 
2003), which was called the “natural” period of the 
Gulf by Hulbert and Thompson (10-11 months). In 
part, this deficiency of existing numerical model is 
undoubtedly the result of inaccuracies induced in the 
simulated dynamics by the imposed boundary 
conditions, which unavoidably, tend to introduce in 
the system an exaggeratedly strong yearly signal. 
The discrepancy between observations and 
simulations, however, may be used to gain a deeper 
understanding of the subtle dynamics governing the 
process of ring shedding in the Gulf of Mexico. In 
fact, it results that as the strength of the yearly signal 
imposed in realistic model simulations decreases, the 
occurrence of yearly, ring-shedding events also 
diminishes. This behaviour may indicate that, in 
numerical models, a synchronization mechanism 
exists, which is able to shift a “natural” ring-
shedding period toward a yearly one. 

Considering that the seasonal cycle of sea 
surface temperature (SST) in the Gulf of Mexico is a 
natural forcing on the wide spectrum of physical 
processes taking place there then emerges an 
attractive possibility: stochastic resonance. If the 
imposed forcing by the SST is strong enough to 
drive the system, we can expect that ring-shedding 
variability will contain spectral energy in the yearly 
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Figure 4: Similar to Fig 3, but with a larger amplitude for 
the seasonal variation of g’. 

In this case, we used for the stochastic forcing a 
series of random numbers with zero mean and 
standard deviation of 0.015. Additionally, we 
explore the effect of noise magnitude on the ring-
shedding process using a factor of two and three in 
the noise term (Fig. 5). 

Fig. 6 shows the ring-shedding period 
distribution resulting of the seasonal variation of g’. 
The amplitude of the seasonal forcing is not able to 

produce yearly ring shedding, because it is not large 
enough (upper panel). The inclusion of a small noise 
term modifies the distribution of ring-shedding 
periods but it is not able to induce ring-shedding 
events with a yearly period. If the noise amplitude is 
increased three times, then the noise term is able to 
change this behaviour, inducing a dominance of 
ring-shedding events with a period close to the 
yearly one. 

 

 
Figure 5: Stochastic forcing. The white curve represents 
the seasonal variation of g’. In the green curve, a noise 
term with zero mean and standard deviation of 0.015 is 
added. This forcing is multiplied by a factor 2 and 3 in the 
red and blue curves, respectively. 

4 CONCLUSIONS 

In the case of constant g’, it is shown that large 
values of diffusion lead to ring-shedding events with 
a constant period of several months, while with zero 
diffusion the period is doubled. 
By considering a seasonal variation of g’, a more 
realistic ring-shedding distribution is obtained, 
which is characterized by a bi-modal distribution 
that crucially depends on the amplitude. If the 
annual signal of g’ has large amplitude, a quite 
simple ring shedding behaviour is observed: a 
constant, yearly ring-shedding event. 

If the amplitude of g’ is not large enough to 
induce yearly variability in the ring-shedding 
process, such behaviour can be obtained by 
including stochastic forcing with a proper intensity. 
Thus, it has been shown that stochastic resonance 
could play a role in the ring-shedding process taking 
place in the Gulf of Mexico. 
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Figure 6: Ring-shedding period distributions using 
seasonal forcing (upper panel) and seasonal forcing plus 
noise. See the text for details. 
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