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ABSTRACT 

The impact of wind-generated ocean waves upon the structure and evolution of an idealized 
cyclone is investigated. High-resolution numerical experiments were performed with a constant 
surface roughness, roughness length from Chamock's formula, and from a coupled ocean-wave/ 
atmosphere mesoscale model. Results indicate that young ocean waves increase the effective 
surface roughness, increase the surface stress, significantly decrease the 10-m wind speeds and 
modulate the heat and moisture transport between the atmosphere and ocean. These effects are 
maximized along the warm front and to the rear of the cyclone near the southwestern quadrant. 
As a result of this boundary layer modification, the mesoscale structures associated with the 
cyclone are perturbed. Regions of young windsea act to locally enhance the low-level fronto­
genesis, convergence and rainfall. Roughness effects associated with ocean waves modulate the 
deepening rate during rapid cyclogenesis and enhance the cyclone filling process. Kinetic energy 
of the entire cyclone system is reduced significantly near the surface and by 3-8 % above the 
boundary layer as a result of enhanced roughness associated with young ocean waves. 

1. Introduction 

The interaction of the ocean and atmosphere 
has long been recognized as an important element 
of marine cyclogenesis. It is well documented that 
explosive cyclones freque~tly occur in winter near 
strong sea-surface temperature (SST) gradients 
(Sanders and Gyakum, 1980 ). Early studies hypo­
thesized that sensible and latent heat fluxes were 
important for modification of cold-air streams 
over the North Atlantic and subsequent influence 
on cyclogenesis (Brunt, 1930; Pettersen et al., 
1962). More recently, numerous observational 
(Bosart, 1981; Neiman and Shapiro, 1993) and 
model-based sensitivity studies (Danard and 
Ellenton, 1980; Kuo et al., 1991; Doyle and 
Warner, 1993) have documented a wide range of 
impacts of surface heat and moisture fluxes upon 
the development and structure of marine cyclones. 
These studies suggest that the structure and 
dynamics of oceanic cyclones may be significantly 
modulated by the heat and moisture exchange 
between the ocean surface and the atmosphere. 

Numerous studies also have shown that 
frictional dissipation during cyclogenesis can be 
significant. Early numerical studies by Graystone 
( 1962) and Danard ( 1969) noted substantially 
weaker cyclones in the presence of surface friction. 
Anthes and Keyser ( 1979) found that the removal 
of surface friction from a 24-h numerical simula­
tion of a continental cyclone resulted in a central 
pressure that was 33 mb deeper. In spite of 
the weaker intensity, the frictional convergence 
resulted in greater rainfall rates. In a numerical 
study of explosive cyclogenesis over the Pacific 
Ocean, Kuo and Reed ( 1988) found that in the 
absence of surface friction, the simulated cyclone 
deepened an additional 5-7 mb. Juang and Ogura 
( 1990) noted that large surface-layer friction con­
tributed to the erroneously slow development and 
merging of two continental cyclones. The idealized 
numerical simulations of Hines and Mechoso 
( 1993) indicate that the surface frontal structure 
during cyclogenesis is very sensitive to relatively 
large changes in the surface drag coefficient. In 
these adiabatic simulations, an increase in surface 
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