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Abstract 

 
We analyze the heat budget of the mesosphere and lower thermosphere (MLT) with regard 
to the energy deposition of upward propagating waves. To this end we recapitulate the 
energetics of gravity waves (GWs), using an anelastic version of the Primitive Equations. 
This leads to an expression for the energy deposition of waves that are usually resolved in 
GCMs. The energy deposition is shown to be mainly due to the frictional heating, i.e., the 
mechanical dissipation of wave kinetic energy - a heating rate that is often incomplete or 
even flawed in models. 
This formalism is applied to analyze results from a mechanistic middle atmosphere GCM 
with conventional resolution and a model top at ~200 km. The model includes consistent 
parameterizations of momentum diffusion, gravity waves, and ion drag. It is found that 
thermal tides give rise to a significant energy deposition in the lower thermosphere. This 
heating rate is dominated by the contribution from either horizontal momentum diffusion 
(below about 130 km) or ion drag (farther above)). The contribution from vertical 
momentum diffusion is only of secondary importance. The temperature response to 
thermal tides is positive in the thermosphere. It maximizes at polar latitudes due to 
poleward circulation branches that are driven by the predominantly westward EPF 
divergence of the tides. 
The same mechanistic GCM is also run with high resolution up to ~130 km such as to 
simulate GW effects explicitly. The contributions from vertical and horizontal momentum 
diffusion to the energy deposition of GWs are similar. In addition, secondary GWs generated 
by the intermittent body forces of primary orographic GWs in the southern winter 
stratopause region modify the conventional picture of the dynamics in the winter 
mesopause region. 
 


