Web page for material: http://tinyurl.com/m4dau

Atmospheric Dynamics    



Summary of Salient Results
Lecture 2 – Stability in the vertical
1. Parcel oscillations and the Brunt-Väisäla frequency


Consider a parcel of air lifted adiabatically from A to B. Unprimed quantities denote the initial thermodynamic variables for the parcel and its environment; single primes denote the new environment and double primes the lifted parcel. In this process θ is conserved, by definition. So:
θ’’ = θ

Furthermore, if the ascent is much slower than cs (the speed of sound) p’ and p’’ will be the same (no shock wave). We can then apply Archimedes’s principle to find the buoyancy force on the parcel at B:
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Applying the equation of state and definition of θ:
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We now suppose the displacement is sufficiently small that we can write:
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leading to two possible solutions:

a) ∂θ/∂z < 0 – displacement is unstable. We have convective instability. See slides on growth of mixed layer during the morning
b) ∂θ/∂z  >0 – restoring force opposes displacement and we have SHM with the Brunt-Väisäla frequency:

[image: image5.wmf]z

N

¶

¶

=

q

q

g

  

 

2

 …………………………(1)
2. Dry Adiabatic Lapse rate, Γ
This is the rate at which temperature decreases with height for a parcel lifted adiabatically. (Lapse rate is a meteorological term for -∂T/∂z). From the definition of θ:
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, therefore 
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The actual decrease of temperature with height in the atmosphere is usually a little less than this.

3. Lifting condensation level

As a parcel of air is lifted (e.g by flow over a hill) its temperature decreases along the DALR until it reaches the point of saturation. This height (or pressure) is the Lifting Condensation Level, or LCL.




A cloud forms at this height if the parcel is lifted that far. Above the LCL the parcel cools more slowly that the DALR – it follows the Saturated Adiabatic Lapse rate
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