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PART II-SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE, 

• 	Winds in the atmosphere change with height (vertical 	shear) and with the cross- 
wind horizontal direction (lateral shear). We postulated that small scale waves and 
turbulence could be generated more easily by the combination of these shears than by 
either of them separately. Most theoretical studies of the wind in the lower atmosphere 
have concentrated on the vertical 	shear alone. 	This leads to laws that set very severe 
limitations on what type of wind profile can become turbulent: 	limitations that seem to 
contradict observations and make modelling of such flows difficult. 

The combination of shears generally leads to a mathematical 	system that is so hard 
to solve that the output hardly merits the effort. 	However, we discovered a model that 
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investigating it, we found that indeed the combined shears produced instabilities much 
more readilly than the classical vertical shear models. We quote a reviewer of one 
paper submitted to Physics of Fluids:  "I believe the problem the author addresses is 
scientifically interesting and original. I also find the numerical results quite be-
lievable and informative". 

We feel the project has been extremely productive, both in results, publications 
and new ideas. 
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(B) PUBLICATION CITATIONS  

1. Apparent counter-gradient heat fluxes generated by atmospheric waves. 
Boundary-Layer Meteor., 31, 1 - 12, 1985. 

2. Dispersion of small-scale shear instabilities. (Co-author D. Fua). 
J. Atmos. Sci., 41, 1085-1091, 1985. 

3. Shear excitation of gravity waves. Part I: Modes of a two scale 
atmosphere. (Co-author J.R. Grant). 
J. Atmos. Sci., 41, 2269-2277, 1984. 

4. Shear excitation of gravity waves. Part II: Upscale scattering of 
Kelvin -Helmholtz waves. (Co -author J.R. Grant). 
J. Atmos.Sci., 41, 2278-2288, 1984. 

5. Doppler ducting of atmospheric gravity waves. (Co-author C.O. Hines). 
Accepted for publication in J. Geophys. Res. 

6. On the combined Rayleigh, Kelvin-Helmholtz problem. 
Submitted to Physics of Fluids. 



(C) TECHNICAL SUMMARY OF ACTIVITIES  

The project has been concerned with the stability of shear flows, and 
waves that such flows support. Throughout, we have examined how to get a 
better agreement between theory and observation by removing some of the 
idealizations that the theories usually contain. 

We can claim considerable success. The six papers cited in (B) all 
offer improved understanding of observations because they are less restric-
tive in their theoretical outlook. To summarize: 

(a) The Richardson criterion Ri < 1 for instability does not hold 
if we allow some laterial wind shear (paper 6). 

(b) The non-dispersive nature of Kelvin-Helmholtz waves disappears 
with more realistic atmospheric profiles. This is important 
for their non-linear interactions (paper 2). 

(c) Non-linear interactions between small scale instabilities can 
force the larger scale gravity wave modes. This removes the 
theoretical need for very strong (and unrealistic) wind shears 
to generate the gravity waves directly (papers 2 and 5). 

(d) Analysis of wave/turbulence fluxes in the boundary layer often 
assumes a stationary mean flow. If the mean is not so re-
stricted the standard theory does not hold, and trying to ap-
ply it leads to inconsistancies such as counter-gradient 
fluxes (paper 1). 

(e) Modal analysis of the atmosphere usually ignores the wind 
fields, or makes them uniform in some way. If we include the 
natural maxima and minima of the winds, a whole spectrum of 
new ducted modes is obtained, and these provide a ready ex-
planation of many observations (paper 5). 

Work along such lines is continuing and is the subject of a new proposal 
"Theoretical Studies of Waves in the Atmospheric Boundary Layer", recently 
submitted to N.S.F. 
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