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sustained deep convection, and vertical instability (NOAA SSD, 2008) to operationally 

predict tropical cyclone formation.  

Emanuel (1986) and Rotunno and Emauel (1987) pioneered a theory in which 

tropical cyclones intensify from an initial vortex due to positive feedback between 

oceanic heat fluxes and surface wind speeds.  In this theory, coined wind-induced surface 

heat exchange (WISHE; e.g., Emanuel et al. 1994), winds associated with a surface 

vortex enhance fluxes of sensible and latent heat from the ocean surface.  This can lead to 

more vigorous convection, stronger diabatic heating, and a greater surface pressure 

deficit due to hydrostatic pressure falls in the vicinity of the convection.  With a stronger 

surface pressure gradient, wind speeds and heat fluxes are higher, thus completing the 

loop.  

While WISHE adequately describes cyclone maintenance and intensification, 

several requirements must be met for the process to proceed efficiently.  In particular, an 

initial warm-core vortex of sufficient amplitude must be encompassed by ample deep-

layer moisture (Rotunno and Emanuel 1987; Emanuel 1989).  If sufficient moisture is not 

present through the mid-troposphere, then convection will have the propensity to produce 

cold convective downdrafts and stabilize the lower troposphere. 

A number of observational studies have proposed mid-level vortex merger as a 

mean to strengthen surface vorticity and initiate WISHE.  Harr et al. (1996), Simpson et 

al. (1997), and Ritchie and Holland (1997) observed that MCVs that form in stratiform 

precipitation areas of tropical mesoscale convective systems sometimes merge to produce 

stronger, deeper, and wider circulations than those associated with any individual vortex.  

This process can enhance low-level vorticity and strengthen a tropical disturbance. 




