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ABSTRACT 

Sea spray droplets start with the same temperature as the ocean surface from which they form. 
In high-latitude, polar-low conditions, they therefore cool and evaporate in a relatively cold 
wind and may alter the air-sea exchange of heat and moisture. This paper presents equations 
that model the thermal and size (moisture) evolution of a spray droplet from the time it forms 
until it reaches equilibrium with its environment. The model does well when tested against 
some of the scanty data available on the evolution of saline droplets. We parameterize the 
thermal and size evolution of spray droplets with the time constants TT and T,, which are, 
respectively, the times required for a droplet to come to within e- 1 of its equilibrium 
temperature and within e- 1 of its equilibrium radius. Tr is always about three orders of 
magnitude larger than TT; the thermal exchange is thus complete before the moisture exchange 
even starts. Consequently, the ambient humidity has little effect on the thermal exchange rate, 
and the initial droplet temperature has negligible effect on the moisture exchange rate. We 
also parameterize the gravitational settling of droplets and their potential for turbulent 
suspension with the time scales Tr and Tw, respectively. Comparing the four time scales, we see 
that spray droplets with initial radii less than 10 µm reach both thermal and size equilibrium 
with the ambient air. Droplets with initial radii greater than 300 µm, on the other hand, fall 
back into the sea before exchanging appreciable heat or moisture; they thus have little impact 
on air-sea exchange. In the mid-range, droplets with initial radii between 10 and 300 µm, the 
physics is more complex. Even after comparing TT and tr with tr and tw, we still cannot say 
unequivocally which process is fastest because of the rudimentary nature of the tw estimates. 
Future work must thus focus on the generation and turbulent transport of droplets of this size 
if we are to understand how sea spray affects air-sea exchange. 

1. Introduction 

When the wind speed at a height of 10 m 
reaches 3-4 m/s, the ocean surface becomes 
disrupted; waves break and trap air in the water. 
Whitecaps form when this air rises to the surface 
as a bubble cloud and the bubbles burst. These 
bursting bubbles, in turn, throw sea spray 
droplets into the air. When the wind reaches a 
speed of 9 m/s, it is strong enough to tear off the 
wave crests and blow spray directly into the air 
(Monahan et al., 1986). 

Because sea spray initially has the same tem­
perature as the ocean surface, in high winds spray 
effectively increases the oceanic surface area and, 
thus, has the potential for affecting the transfer of 
all constituents normally exchanged at the air-sea 
interface. The most important of these constitu-
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ents are sensible heat, latent heat (or moisture), 
and gases. 

At high latitudes especially, the impact of sea 
spray on air-sea heat and moisture transfer may 
be profound. Here the ocean loses enormous 
amounts of sensible and latent heat when air 
flowing off the cold pack ice encounters the 
relatively warm ocean. These fluxes provide 
energy that generates and maintains polar lows 
(Rasmussen, 1985; Shapiro et al., 1987; Emanuel 
and Rotunno, 1989), small synoptic- or sub­
synoptic-scale cyclones that form in the ice edge 
region and intensity as they move over the 
relatively warm waters of the open ocean 
(Rasmussen, 1983; Kellogg and Twitchell, 1986; 
Rasmussen and Lystad, 1987). The high winds 
associated with polar lows, of course, produce sea 
spray; this spray, in tum, may feed heat and 


































