
1.5.3. The barotropic vorticity equation 

and Rossby waves 

Additional applications of the vorticity equation will be 
presented in subsequent chapters; however, at this point, 
we will explore one important application that stems 
from an approximated form of the vorticity equation. If 
we make the assumption of a frictionless, barotropic at
mosphere, then we can greatly simplify the vorticity 
equation. Even in simplified form, the dynamical 
essence of an extremely important atmospheric 
phenomenon, Rossby waves, will be retained. Rossby 
waves play a major role in dictating weather on daily 
and longer time scales, and they are critically important 
to the meridional transport of heat, moisture, and 
momentum in the global energy 
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balance. Many of the wavelike perturbations seen in the 
geopotential height contours of Figs. 1.15 and 1.16 are 
examples of Ross by waves. 

The assumptions to be applied here to (1.49) are quite 
restrictive and are generally poor for the real atmosphere. 
What is the purpose of making such assumptions if we 
hope to understand the atmosphere? If we reduce a given 
equation to the simplest form that still retains the dynam
ical behavior of interest, then it serves to clarify the true 
underlying dynamics that are at work in the full unap
proximated equations, and in the real atmosphere. 

The barotropic assumption requires that the density de
pend only on pressure, which via the ideal gas law holds 
that the temperature is constant on an isobaric surface. 
Further, the geostrophic wind then must be independent 
of height, according to the thermal wind relation (1.43). 
We also assume frictionless flow, as would typically be 
found above the planetary boundary layer. For the flow to 
remain barotropic, it must also be nondivergent, meaning 
that all of the terms in (1.49) involving vertical motion 
and friction are neglected. With these assumptions, the 
vorticity equation (1.49) becomes 

d((+ f) =0.
dt 

(1.50) 

This is a statement of conservation of vorticit y, mean
ing that following the flow, the absolute vorticity remains 
constant. If air parcels move poleward to a region of larger 
planetary vorticity, then there must be a compensating 
change in the relative vorticity to keep the sum constant, 
as illustrated in Fig. 1.18. 

In a vorticity-conserving flow, once an air parcel is 
displaced from its latitude of origin, an oscillation comes 
about with alternating anticyclonic and cyclonic curva
ture as needed to allow the relative vorticity to compen
sate changes in planetary vorticity (Fig. 1.18). Note that 
the planetary vorticity f is only a function of the meridi
onal (y) direction, and so we can write 

8((+ f) =-V·V(-vaJ.
8t 8y 

(1.51) 

The parameter (3 =8f !8y has a value of order 10-11 m-1 

s-1 in midlatitude locations. 
The behavior of Rossby waves will be illustrated here 

with a simple, idealized example. Assume a constant, 
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Figure 1.20. Time-longitude (Hovmoller) diagrams of 500-mb height anomaly: (a) for the month of November 1949 for a 
Northern Hemisphere latitude belt. The height anomalies are hatched according to the legend at the bottom of the figure. Phase 
velocity corresponds to the slope of the axis of individual troughs and ridges. Solid lines sloping downward to right indicate the 
Ross by wave group velocity (adapted from Hovmi:iller 1949); (b) As in (a), but for 15 Apr-15 May 2010, obtained from NOAA 
ESRL Web site (available online at www.esrl.noaa.gov/psd/map/time_plot/). 

traced directly on this diagram, which is constructed with 
time progressing downward. It is also evident that longi

tudinal zones of large trough and ridge amplitude show 

progressive downstream development, as indicated by 

solid lines sloping downward to the right. These lines cor

respond to the group velocity of Ross by wave packets and 
exhibit an eastward component relative to the movement 

of trough and ridge axes. The group velocity is larger than 

the phase velocity in this diagram, as is typically the case. 

Plots of this type are now easily obtained using online 

tools, such as those provided by the National Oceanic and 

Atmospheric Administration (NOAA) Earth System Re

search Lab (ESRL); the behavior for the period 15 April to 

15 May 2010, shown in Fig. 1.20b, exhibits similar char

acteristics to that seen in the original Hovmi:iller diagram, 

with a large-amplitude downstream development event 

evident between late April and early May. 

1.6. MICROMETEOROLOGY I 27 


