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Tropical cyclones are intense atmospheric vortices that develop over the warm tropical oceans. They are among the most feared and deadly weather systems on Earth. Severe tropical storms produce destructive winds, high surges, torrential rains and severe floods, usually resulting in serious property damage and loss of life. However, tremendous rainfall brought by a tropical cyclone can temporarily relieve drought conditions and thus benefit residents and agriculture in the vicinity. Accurate forecasting of both track and intensity of a tropical cyclone is critical to mitigation of disasters potentially caused by an approaching tropical cyclone.

Forecasting of tropical cyclone motion have improved steadily over the last three decades, mostly due to a combination of better observations, improvements in dynamical models, and improved understanding of physical processes and mechanism that govern the motion of tropical cyclones. In contrast, there has been relatively little advance in prediction of tropical cyclone intensity and its change, in spite of the application of sophisticated numerical models and availability of advanced satellite observations. The best forecasts of tropical cyclone intensity in operational use are still statistically based (DeMaria and Kaplan, 1999). Among many reasons, deficient understanding of the physical processes governing the intensity change is the fundamental reason for this disparity.

Recent studies on the tropical cyclone intensity tend to focus on two issues. One is concerned with what factors determine the maximum potential intensity that a tropical cyclone can achieve, given the thermodynamic state of the atmosphere and the ocean. The statistical analysis of Atlantic tropical cyclones by DeMaria and Kaplan (1994) revealed that most storms could only reach 55% of their maximum potential intensity and only about 20% reach 80% or more of their maximum potential intensity at the time when they are most intense. Therefore, the second accompanying issue is what factors prevent tropical cyclones from reaching their maximum potential intensity.

Important yet less studied are the physical processes and mechanisms determining the rapid intensification of a tropical cyclone. This is both scientifically and practically fundamental since the forecast errors are mostly related to those storms that are experiencing rapid intensity changes (DeMaria and Kaplan, 1999). Thus far, unfavorable environmental conditions have been postulated as the primary impediment to a tropical storm reaching its maximum potential intensity. This suggestion may be a simplistic view and this proposal will show that the intensity changes may be largely controlled by the complex interactions among the internal dynamics of the tropical cyclone within the eyewall.

The eyewall of a tropical cyclone is a ring with deep convection near the radius of maximum wind speed. The tropical cyclone obtains most of its energy transferred from the ocean surface and released as latent heat in moist convection in the eyewall. The strongest winds and torrential rains in a tropical cyclone occur mainly in the eyewall. The most remarkable eyewall process related to tropical cyclone intensity change is through the eyewall cycle originally proposed by Willoughby (1982). In his eyewall model, as a tropical cyclone and its primary eyewall intensifies, convection outside the primary eyewall becomes organized into a ring (usually named second eyewall) that encircles the inner eyewall. As the second eyewall propagates inward and amplifies, the inner eyewall weakens and is eventually replaced by the outer eyewall. This cycle is usually accompanied by a weakening and then an intensification of the tropical cyclone; and therefore is believed to be responsible for large fluctuations in tropical cyclone intensity.

I propose to continue research on eyewall processes in order to demonstrate its importance on potential intensity. Rozoff et. al. (2008) demonstrate using an idealized, inviscid analytical model that the diabatic heating changes during an eyewall replacement process. According to this model, diabatic heating in the inner eyewall induces larger temperature tendencies than the diabatic heating in the outer eyewall, and thus, as the inner eyewall dies, the storm temporarily loses its ability to produce an intense, localized warm region. This suggests that an eyewall replacement cycle can act as a temporary brake on tropical cyclone intensification. I would like to investigate this claim further by using a full numerical model which includes frictional effects and compare the results to idealized analytical model. The numerical model can then be used for analyzing the effects of eyewall replacement tropical cyclones that have undergone rapid intensification, such as Hurricane Wilma in 2005. 

