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Summary 

 
Tropical cyclones induce vigorous mixing in the upper ocean, which results in a downward 
pumping of heat in to the thermocline and a net heating of the water column. It has been 
suggested that this effect could contribute to the energy budget of the Meridional 
Overturning Circulation1. We aim to simulate the cumulative effect of this cyclone mixing 
over multiple years, using a fine resolution ocean model (MOM5). We will look for any 
significant effects on the large scale transport of heat and momentum in the ocean. 
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Idealised Wind Fields 
The cyclone mixing effect is tested by feeding observations of tropical cyclone winds in 
to the ocean model. However, since reanalysis data poorly capture the intensity of 
tropical cyclones, we have added in idealised wind fields. These wind fields are 
constructed from a few key cyclone parameters (maximum wind speed, radius of 
maximum wind, etc.), and can be extended to an arbitrary resolution. The resulting wind 
fields have a highly idealised, axisymmetric shape. Reanalysis winds2 are used as 
background conditions, in the regions where the cyclone winds become negligible. 

There are several parametric models that are widely used for creating idealised cyclone 
wind fields, most notably those developed by Holland 3  and Willoughby et al 4. 

 

 
 

 

Lachlan Stoney 1, Kevin Walsh1 

¹University of Melbourne, Parkville, Australia, e-mail: lgstoney@student.nimelb.edu.au 

Future Work 
 
●  Investigate the impact of cyclone mixing for a year's worth of tropical cyclones over the whole globe. We will compare this to a    
  control run (no idealised cyclones), and calculate any resulting changes to the Ocean Heat Transport. 
 

●  Extend the experiment to a ten year run, to test whether the mixing process has a cumulative effect over multiple cyclone seasons. 
 

●  Include the effect of mixing processes from (cyclone-induced) surface waves. This will involve changing the parameterisation                                                                                                                                                                                                     
   of vertical mixing in the ocean model to account for the effects of surface waves. 
 
 
  
 

Test Simulation – Hurricane Camille 
 
As a first step, we have created an idealised wind field for Hurricane Camille (1969) 
and run this through the ocean model. Figure 2 shows some output for this simulation. 
The cyclone track is clearly visible in the wind stress output, and the mixing effect is 
seen in the temperature plot as a large cold anomaly (~2°C). When “cold-wakes” 
like these are restored to normal conditions, there is a net input of heat in to the 
ocean1. 
 
 
 

 

 

Figure 2. Output from MOM5 for the Hurricane Camille test simulation. Image (a) shows meridional wind stress 
values (in N/m^2), and image (b) shows the potential temperature at 5m depth (in °C). The values are averaged 
over a one month period. The  region affected by the cyclone is indicated by the black boxes. 

Modular Ocean Model (MOM5) 
 
MOM5 is the most recent Modular Ocean Model developed by NOAA/GFDL4, 
and is used here to simulate the effect of cyclone winds on the ocean. It has 50 
vertical levels and a horizontal resolution of 1/4°. For this experiment, we force 
the model with global reanalysis winds2, updated every six hours. 
 

 

Figure 1. Examples of idealised wind fields. The profiles are calculated from observations of the radius of 
maximum wind, the maximum wind speed, and the location of the outer 34 knot wind (labeled as 'OBS'). 'H10' 
and 'H80' label the models from Holland (1980) and Holland et al. (2010), respectively, while 'WLBY' labels that 
of Willoughby et al. (2006). 
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