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

Atmospheric Dynamics    



Summary of Salient Results
Lecture 6: Balance equations
1.  Scale analysis of vertical momentum equation
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With typical w ~ 1 cm s-1 on the synoptic scale and time scale T = 1 day (105 s), dw/dt ~ w/T ~ 10-7 ms-2. The excess centrifugal terms are ~ 10-5 ms-2 so hydrostatic balance must apply very closely in the atmosphere:  ∂p/∂z = -ρg.
2.  Scale analysis of horizontal momentum equation
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Typical U is ~ 10 ms-1 so dU/dt ~ 10/105 = 10-4 ms-2. 
Typical Δp is 10 mb = 1000 Pa, and synoptic length scale L ~ 106 m, so (p ~ 10-3  Pa m-1. Since ρ ~ 1.2 kg m-3 for air at the Earth’s surface,  (1/ρ)(p ~ 10-3 ms-2
Typical f ~ 10-4 s-1 in midlatitudes so fkxU ~ 10-3 ms-2. The other terms remain of order 10-5 ms-2
Thus, away from the ground the two dominant terms tend to balance. This is geostrophic balance:
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We define the Geostrophic Wind Ug as the value of U that exactly balances this equation:
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3. Horizontal balance at the ground
Friction is non-negligible. Let F =  FU, i.e. let friction act purely as a drag force proportional to U.
Balance of three forces now requires them to form a triangle.

U tends to flow across the isobars towards low pressure 

4. Pressure coordinates
We use the hydrostatic equation above to transform (1/ρ)(zp = g(pz, allowing us to eliminate density from the horizontal momentum equation. Along the way we also define geopotential 
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where g0 = 9.80665 ms-2 and h is geopotential height. Thus we obtain:
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for the momentum equation and 
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for the geostrophic wind
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