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ABSTRACT

While El Nino-Southern Oscillation (ENSO) sea surface temperature  

(SST) variability is dominated by an interannual oscillation of 2-7  

yrs, evidence suggests that the magnitude and frequency of ENSO is  

also modulated on interdecadal time scales. This is manifest in a  

distinct shift in ENSO behaviour during the late 1970s. This thesis  

investigates mechanisms that can force Pacific interdecadal  

variability, focusing on the interdecadal modulation of ENSO driven  

by extra-tropical Rossby waves.

The Rossby wave theory was initially tested in a series of  

experiments using a simple hybrid coupled model. Results from these  

simulations show that extra-tropical Rossby waves can lead to small  

near-zonal variations in equatorial Pacific thermocline depth.  

Further, it was found that these extra-tropically forced changes in  

equatorial thermocline depth have a modulating effect on ENSO, and  

as such could prove critical for thresholds of ENSO. When the model  

complexity was increased by adding a more sophisticated atmospheric  

component, extra-tropical Rossby waves had an even more distinct  

modulating effect on the equatorial ENSO signal.

This thesis also examines the Rossby wave mechanism in a more  

complex state-of-the-art coupled general circulation model, testing  

the nature of interdecadal changes and the magnitude of the  

equatorial ENSO response. It was found that changes in the  

background state of the equatorial Pacific thermocline depth,  

induced by a fixed off-equatorial wind stress anomaly, can  

significantly affect the probability of ENSO events occurring. This  

confirms the results obtained from simpler models and further  

validates theories that rely on oceanic wave dynamics to generate  

Pacific  Ocean interdecadal variability. Finally, it was found that  

extra-tropical to tropical oceanic transfers driven by off- 

equatorial forcing can be used to help explain the climatic shift of  

the late 1970s. Moreover, these results also suggest that more  

accurate probabilistic ENSO forecasts can be gained by taking these  

extra-tropical Rossby wave induced changes in the equatorial region  

'background' state into account, as these relatively predictable  

changes would allow us to select the probability density function  

distribution that best represents the range of ENSO related SSTA  

that can be expected.

