
•  Tropical cyclone motion 
•  Seasonal and interannual variability 

  

Goal:  Understand how tropical cyclones 
move and how they vary on different 

timescales 



“Cork in a stream?” 

•  Tropical cyclones are known to move in response 
to environmental influences such as other 
disturbances 

•  To what extent is “passive advection”, or 
environmental steering, important? 

•  Cyclone advection by the environment is related to 
mean winds through a deep layer 
–  Average over, say, 850-200 mb, or 500 mb motion 

averaged over a radius centered on the storm 



Barotropic, nondivergent potential 
vorticity 

For a barotropic fluid layer of depth h, the potential vorticity q 
is: 
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That is, at a fixed location, the time-rate of change in relative 
vorticity is equal to the advection of absolute vorticity. 



The β-Effect (I) 
Scale analysis suggests that advection of relative vorticity            
is typically larger than advection of planetary vorticity            in the 
tropics.  However, the latter is not negligible:  it gives rise to 
perturbations to tropical cyclone motion known as the β-Effect or 
β-gyres.  

To illustrate the β-Effect, we first consider the case of cyclone in 
zero background flow.  The total wind and vorticity fields at any 
point in time will consist of a symmetric part, i.e., the cyclonic 
vortex, in the azimuthal direction of cylindrical coordinates, and an 
asymmetric part (from the β-Effect).  
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In the above equation, symmetric wind advection of symmetric 
relative vorticity is:  
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In the absence of 
background flow, with f = 0, 
there would be no 
propagation, as expected. 



The β-Effect (II) 
Ignoring the terms we anticipate should be small gives: 
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The first two terms on the RHS are advection of the cyclonic 
vortex by the β-gyres and advection of the β-gyres by the cyclonic 
vortex.  For an initially symmetric state with f varying in the north-
south direction, the small time limit behavior is:  
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For definiteness, consider a NH cyclone.  To the east of the storm 
center, the above equation produces anticyclonic vorticity (f 
increases poleward) and cyclonic vorticity to the west.  As time 
evolves, advection by the symmetric flow translates the gyres 
cyclonically to positions NE and SW of the center and with β-drift 
to the NW.  



Illustration of the β-Effect for the no 
background flow 



Results from numerical simulations 

Li and Wang, 1994 



Summary of impacts on tropical 
cyclone motion 

Wang et al, 1999 



Interactions of tropical cyclones:           
the Fujiwhara Effect 

•  As two cyclones approach, their mutual cyclonic 
circulations may interact 

•  The Fujiwhara effect is observed to take place once 
every 1.5x year in the western Pacific and once every 
3 years in the Atlantic 

•  Large angular rotations occur when the cyclonic 
centers are separated by 1300-1400 km 

•  The interactions are size dependent:  e.g., if a large 
and small cyclone interact, the smaller one will orbit 
around the larger one and may be absorbed 



Super Typhoon Melor and TS Parma 
10/07/2009 



Seasonality of tropical cyclones 
by cyclogenesis region 



Where do Atlantic hurricanes 
typically head? 
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Where do Atlantic hurricanes 
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Atlantic Hurricane Tracks (00-08) 
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Atlantic Hurricane Tracks (00-08) 



Atlantic Hurricane Tracks (00-08) 



Atlantic Hurricane Tracks (00-08) 



Atlantic Hurricane Tracks (00-08) 



Intraseasonal modulation:  MJO 
•   Active phases of the MJO are 
associated with increased 
incidence of tropical cyclogenesis 

•   One possible source of this 
increase is increasing convective 
organization, resulting in 
moistening of the troposphere 
through cloud detrainment, creating 
a more favorable environment 

•   Organized convection has 
greater low-level vorticity, 
decreasing the local Rossby radius 
of deformation and potentially 
providing seed disturbances 

•   Active phases of the MJO may 
also provide background for 
interactions with easterly waves 



Interannual modulation:  ENSO 

•   The increase to SST and weakening of vertical wind shear in the central 
and eastern Pacific and central/western Indian Ocean during El Niño events 
appears to favor more tropical cyclone activity in these regions 

•   By contrast, cooling of SST in the western Pacific and increase in vertical 
wind shear in the western Pacific and Atlantic during El Niño events appears 
to decrease tropical cyclone activity in these regions 



Interannual modulation:  QBO 



Global warming and tropical cyclones (I)? 



Global warming and tropical cyclones (II)? 


