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Figure 7. The (a) original and (c) filtered temperature perturbation, and (b) original and (d) filtered vertical wind perturbation at virtual lidar site (x = 340 km) in
simulation domain.

a region where m2 < 0, partial or total reflection can occur depending on the depth of the evanescent region.
At altitudes where c = u0, a wave can be partially or completely critical layer filtered as the vertical wave
number approaches infinity and breaking or dissipation occurs.

Figures 6a–6c show the background temperature, horizontal wind projected along the wave propagation
direction, and squared buoyancy frequency, respectively. Lines in blue show the observations with errors, and
lines in black show the merged profiles of observations and empirical models, which are used for the simu-
lations. Using equation (3), the vertical wave number m can be calculated from all the wave and background
parameters. The vertical wavelength is then obtained as 𝜆z = 2𝜋∕m for all positive m2 and shown in Figure 6d.
Two reflection layers are found, corresponding to negative m2 and denoted by the two broken parts on the
curve. One reflection layer is below 85 km, and the other is around 103 km. At ∼92 km altitude, the wave
phase speed approaches the background wind speed, leading to a near-critical layer. At this altitude, the ver-
tical wavelength becomes very small, and the wave phase fronts will be oriented almost horizontally, leading
to greater tendency toward large shears and thus instability.

4.2. Simulation Results
Due to simplifications in the physics of the simulation, i.e., imposing a time-independent constant background
and quasi-monochromatic waves, which may not represent the full spectrum, differences between observa-
tions and simulations are expected. However, the simulation captures and helps to explain the major features
while illustrating the spatial evolution of the wave fields.

As GW packets propagate away from their sources, they will be dispersed, refracted, and filtered by the back-
ground atmosphere, spreading and depositing the energy and momentum of the packet throughout the
atmosphere. Therefore, an instrument at a fixed location relative to the wave source may only capture part of
the wave spectrum as a wave passes through the instrument’s field of view. When simulations are compared
with lidar observations from a single site, it is important to pick a “virtual lidar” location within the model
domain to transform an x-z domain into a t-z domain. Following the analysis method applied in Yuan et al.
[2016], we tested several virtual lidar sites and found that results at x=340 km (140 km away from the speci-
fied source horizontally) best match the observations and are thus selected to compare with observations in
later analyses.
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