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- Original budget equations for mean flow -

momentum equations
total mass equation (continuity equation)
water constituent equations
enthalpy equation

elimination of total density equation of state
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- Prognostic equations of temperature and pressure -

Common approximations :

Turbulence averaging symbols dropped
In heat and moisture source terms molecular fluxes neglected
Latent heat of vapourisation and sublimation assumed constant
Specific heats of moist air replaced by specific heat of dry air
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Definition of heat source term 
- Günther‘s (2002) notation -
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Definition of moisture source term
- Günther‘s (2002) notation -
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Reconsidering the derivation of prognostic 
temperature- and  pressure equations in the LM
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1.  In  pressure equation heat- and moisture source terms neglected
2. dp/dt in T - equation eliminated after neglecting these terms
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3. Formal addition of moist convection tendency,
computational mixing, lateral and upper
boundary relaxation terms
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Final prognostic LM - equations for T and p‘

The way to come to this result is wrong and leads 
to insufficient equations ! 



We meet with a wrong combination of  p‘- and T - equation, 
each used  at a different level of  approximation, which is 

physically inconsistent.

This operation is equivalent to the application of a wrong
continuity equation producing a mass deficiency

Heating - and moisture source terms are not properly 
incorporated in the T - equation

The direct influence of heating and moisture terms in the
pressure tendency equation is ignored

The lateral and vertical boundary relaxation technique
in the T- equation is incomplete.
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Consistent derivation of T- and p‘- equation

1. Heating- and moisture source terms are 
retained in the pressure equation 

2. Addition of moist convection tendency, computational mixing, 
lateral and upper boundary relaxation terms in both 
equations     

3. Only now eliminating individual pressure tendency dp/dt
in the first law of thermodynamics !
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- Lateral  Davies - boundary relaxation technique -
Günther’s notation (2002)

For temperature a different lateral boundary treatment 
compared to all other variables :
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- Conclusions -

- The prognostic pressure - and temperature equations
have been reconsidered and reformulated.

- It is shown that the well-known heat- and moisture source/sink terms are 
necessary to be taken into account in the pressure equation in order to allow 
in small-scale simulations the direct influence of thermal and moisture effects 
on the pressure field - and so on the wind field too.

- Ignoring these terms or having some  inconsistent approximation of them in 
the  pressure equation is equivalent to a hidden mass budget error in the model.

- Furthermore, even the heating terms in the final prognostic temperature
equation  appear to be not correct, if for the elimination of the individual
pressure tendency a pressure equation is applied where the diabatic terms 
are already ignored or incomplete.

- It is important to note that it is necessary not to apply selective approximations
in one equation, which after this approximation is used to combine with another 
equation having less and/or different (inconsistent) approximations.

- On this ground we are going to pursue a new project in favour of
physically improving the given LM equations beyond of any improvement of
parameterisation.   


