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

Atmospheric Dynamics    



Summary of Salient Results
Lecture 3 – Moisture in the atmosphere
1. Definitions

Mass mixing ratio, w:           
mass of water vapour m-3 / mass of dry air m-3
Volume mixing ratio, x:         no. of water vapour molecules m-3 / no. molecules dry  air m-3
Vapour pressure, e:

e = nwkT where nw = no. of water vapour molecules m-3
Dew point, TD:
temperature at which an air parcel cooled isobarically reaches saturation

Wet bulb temperature Tw​:
temperature to which an air parcel cools when water vapour evaporates into it to reach saturation at constant pressure
Relative humidity, RH:
ratio 100*e/es where es = saturation vapour pressure, SVP
There are relations between these quantities:

w = εx where ε = 18/29 = 0.622
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since the value of x is seldom more than 0.02 (2%) and so p >> e
2. Variation of saturated vapour pressure with temperature
We start from the Clausius-Clapeyron equation: 
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Here es is the SVP, L the latent heat of evaporation, α the specific volume and r’ the gas constant per ut mass of water vapour (8310/18). Now: L = 2.5x106 – 2.3x103(T-T0) J kg-1, where T0 = 273.15 K, which is a slowly-varying function of T. So:
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More accurate calculations require parameterised formulae, e.g. the Magnus equations:
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   mb for water and 
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 for ice; t is in degC.

3. Latent heat.

Change of phase involves change in the entropy of air, ΔS = đq/T = -Ldw/T per ut.mass. Therefore the thermodynamic equation takes the form:

cpdT = -Ldw + αdp
We can solve this equation directly in calculating the wet bulb temperature (see handout), which assumes constant pressure. For a saturated air parcel ascending in the atmosphere the situation is more complex – the pressure change forces adiabatic cooling which condensation of water vapour mitigates. If we assume that all the water droplets are removed from the air parcel immediately on condensation we get a formula known as the pseudo-saturated adiabatic lapse rate:
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