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Figure 3. Imaginary parts of the vertical wavenumbers for all wave modes (kzn,n= 1, . . . ,6) computed using the general model. The

figure shows the gravity-wave modes together with the viscosity and thermal-conduction modes. The results correspond to λx = 400 km and

λt = 40 min.

of the vertical wavenumber for ascending gravity waves computed with the general and simplified models were plotted on the

same graph (i.e. by merging the lower and middle panels of Fig. 2 ), it would be seen that the imaginary part of the vertical

wavenumber corresponding to the general model is negative but larger (i.e., less negative) than that obtained with the simplified

model. As a consequence, the exponential attenuation with altitude is weaker in the general model, leading to systematically645

larger wave amplitudes in this region. This behavior reflects the modified balance between wave propagation and dissipation

introduced by the inclusion of altitude-dependent background properties and by relaxing the assumption of constant kinematic

viscosity, which reduces the effective vertical damping relative to the simplified model. In addition to the amplitude differences,

Fig. 4 exhibits substantial phase shifts between the solutions of the general and simplified models. These phase shifts can be

attributed to differences in the imaginary part of the eigenvalue, or equivalently, in the real part of the vertical wavenumber of650

the ascending gravity-wave mode. Since the wave phase accumulates with altitude in proportion to the real part of the vertical

wavenumber, even moderate differences between the gravity-wave roots of the two models lead to noticeable displacements of

the extrema of the temperature and velocity perturbations.

Ion Drag. The effect of ion drag on the perturbed temperature, vertical velocity, and horizontal velocity is illustrated in Fig.

5. A moderate attenuation is observed in the altitude range from 180 to 350 km, where the ion number density is relatively high.655

In the present model, E×B drift velocities are neglected, and the ion velocity is approximated by the field-aligned neutral

velocity plus the field-aligned ambipolar diffusion velocity (see Appendix B). Consequently, the classical auroral-convection
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