
Ray Leuning, 11 July 2006
The conservation equation for dry air is 
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Rearranging this equation for the vertical velocity we obtain
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where the result of applying the time-averaging operator to the first term on the RHS of Equation (1)

 is written explicitly. 

The conservation equation for the trace quantity c is given by
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Substituting the expression for 
[image: image4.wmf]w

 in Equation (3)

, we obtain
(2)

 into Equation 
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where again the time-average of the time-derivative in Equation 
(3)

 is written as a finite-difference term. We next substitute  GOTOBUTTON ZEqnNum309788  \* MERGEFORMAT  into Equation (4)

 to give
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Under conditions of a horizontally homogeneous flows, the non-steady state term arises from thermal expansion or from changes in mean pressure, neither of which alters the mixing ratio of any of the components in the control volume. We can then write
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The first two terms on the RHS of Equation (6)

 cancel, leaving the expression
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The cancellation of the non-steady state terms shows that the mass transported past a fixed observer at height h as a result of thermal expansion of the volume, for example, is exactly matched by the change in mass stored in the control volume and does not contribute to the flux through the lower surface, 
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From the equation of state 
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Hence 
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where we have ignored the covariance between vertical velocity and pressure fluctuations. Equation (9)

 is identical to the original WPL formulation when written in molar units of concentration.
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