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ABSTRACT 

Tropical cyclones induce entrainment in the upper ocean, and the associated mixing may cool 
the sea surface significantly. In this paper, the significance of mixing produced by tropical 
cyclones in the Atlantic is considered. Observed hydrography and tropical cyclone data are used 
to force an ocean model, which predicts changes in the temperature field due to wind-generated 
entrainment. The knowledge of the temperature field is used to translate the mixing into volume 
flow and heat flux, across isotherms. A calculation of the mean, cross isothermal volume flow 
produced by Atlantic tropical cyclones is presented. Tropical cyclones mix water in the tem­
perature interval between 18°C and 29°C. Below 24°C, the mixing moves water masses towards 
increasing temperature, and vice versa above 24 °C. The strength of this flow is about 1 x 106 

m 3 s - 1
• Turbulent heat-transport is associated with the mixing, and the diffusive heat-flux across 

the 24°C isotherm is estimated to be 4 x 10 12 W. Feedback between tropical-cyclone activity and 
the area of surface water warmer than 26.5°C is discussed. This feedback may attenuate large­
scale sea-surface temperature anomalies, and its time-scale is estimated to be about 10 years. 

1. Introduction 

About 80 tropical cyclones develop over the 
oceans each year. These storms, known as nature's 
most destructive weather events, move over the 
tropical oceans at speeds of about 6 m s - 1

• Tropi­
cal cyclones force a vigorous response in the ocean; 
surface wave heights in excess of 20 meter and 
upper-ocean current-strengths of 1 ms -I are com­
mon. Entrainment is induced by the currents in the 
surface mixed layer, and the temperature of the 
ocean surface may be decreased by several degrees 
Celsius (e.g., Price, 1981 ). Near the storm centre, 
the mixing can homogenise the ocean down to 
depths below 100 m. Tropical cyclones leave in 
their wake a pattern of decreased sea-surface 
temperature, which persists about a week and is 
readily detected in satellite images ( Stramma et al., 
1986). 

This work is an effort to determine the 
significance of entrainment produced by tropical 
cyclones for the oceanic mixing. A central issue is 
to translate mixing into cross isothermal volume 
flow (Walin, 1982), which describes quantitatively 

how water masses are moved between different 
temperature bands by mixing (or by air-sea heat 
exchange). The cross isothermal volume flow is an 
additive quantity and it can be determined directly 
from the temperature field. Furthermore, the for­
mation of water masses at a specific temperature 
and the heat flux across isotherms are obtained 
readily from the cross isothermal volume flow. 
A merit of this approach is that the mean, cyclone­
related cross isothermal volume flow can be 
obtained by adding mixing contributions from 
different storm events. 

Our goal is to calculate the time average of the 
cross isothermal volume flow produced by Atlan­
tic tropical cyclones. As a first step, the response of 
the thermal stratification to wind-forced entrain­
ment is calculated for a large number of tropical 
cyclones. To this end we use a simple mixed-layer 
model, observed hydrography, and storm data. 
The information of the changes in the temperature 
field is then translated into cross isothermal 
volume flow. 

We evaluate the significance of tropical-cyclone 
mixing by comparing our result with independent 
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