APPENDIX I

Hydrostatic Equilibrium

Most other models calculate no direct vertical motion, because these earlier models assume that the atmosphere is in hydrostatic equilibrium.  This phrase, “hydrostatic equilibrium”, means that a “complete balance exists between the force of gravity and the [vertical] pressure force” (Huschke, 1970).  This relationship is represented by the hydrostatic equation, below:
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Here, “”means the density of air, “g” is the acceleration due to gravity, P is the change in pressure, z is the change in altitude. This states that, as the pressure changes with height, a ‘pressure force’ will act on the air (upwards).  This force will be exactly balanced by the force of gravity (downwards – this explains the minus sign in front of the g).   All this basically means is that we are assuming there is no upward or downward vertical motion in the atmosphere. 
The earlier NWP models (like NGMs, NOGAPS, AVN) all assumed hydrostatic equilibrium.  Thus, none of these models have any explicit vertical motion in them.  The AFWA MM5 is very different.  It has non-hydrostatic forces and assumptions built into it.  Thus, MM5 is capable of providing a more accurate view of the actual atmosphere, which does have upward and downward vertical motion.
