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ABSTRACT 

A steady-state formulation of dimensional analysis is used to consolidate vortex beta drift data 
from over 100 single-layer numerical simulations. The physical problem of beta drift considered 
here includes 5 parameters: vortex radius, vortex maximum wind, beta, a dimensionless vortex 
profile exponent and the strength of the meridional shear of the zonal environmental wind. The 
use of dimensional analysis reduces these 5 parameters to 3, and the further use of the square 
root scaling proposed by Smith reduces the problem to 2 parameters, the vortex exponent b 
and a shear parameter S. The non-dimensional speed and direction of beta drift are given by 
V= C(b, S)B- 112 anded= D(b, S), where the functions C(b, S) and D(b, S) are determined empiric­
ally. The quantity B is a non-dimensional beta parameter. The proportionality between drift 
velocity and the square root of beta arises because the magnitude of the beta gyre vorticity is 
proportional to the square root of beta. An application of an empirical barotropic drift law to 
ensemble hurricane track forecasting is proposed. 

1. Introduction 

The influence of the beta effect on the poleward 
drift of hurricanes has been intensely studied over 
the past few years. In many of these investigations, 
the complicated dynamics of real hurricanes has 
been approximated by an inviscid, single-layer, 
non-divergent model of vorticity dynamics gov­
erned by 
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(1) 

where ~ is the vorticity and f3 is the meridional 
gradient in the planetary vorticity f(i.e., /J=df/dy). 
Chan and Williams (1989) and others have shown 
that in such a simplified model, northwestward 
drift (in the northern hemisphere) occurs due to 
the advective effect of two "beta-gyres" which 
form northeast and southwest of the primary 
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vortex. These two gyres of opposite sign are 
maintained by a balance of three terms in ( 1 ): the 
advection of planetary vorticity generating nega­
tive and positive anomolies east and west of the 
primary vortex, the counter clockwise rotation of 
these anomolies by the primary vortex and, the 
cancelling of the anomolies by the drift of the 
primary vortex. Until now, theoretical analysis of 
( 1) has failed to yield either a concise formula for 
the steady state drift speed (~) and direction (Od) 
or a clear idea of the scaling laws. Recently, Smith 
( 1993) applied the principle of dimensional ana­
lysis to the numerical results of Chan and Williams 
(1989) to determine an empirical beta-drift law. 

V(B)=0.9B- 112
' (2) 

where B=fJr'fn/Vm and V= Vd/r'fnfJ. The two non­
dimensional parameters B and V, are defined in 
terms of the dimensional parameters which charac­
terize the beta-drift problem: the value of beta (/3), 
the maximum wind in the vortex (Vm), and the 
radius at which the maximum wind occurs (rm)· 
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