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Abstract: The vertical heat and Na fluxes induced by gravity waves and turbulence are derived based on over 600 hours of observations from the Na wind/temperature lidar located at the Andes Lidar Observatory (ALO), Cerro Pachon, Chile
(30.2°S, 70.7°W). In the 85-100 km region, the annual mean vertical fluxes by gravity waves show downward heat transport with a maximum of 0.78 K m/s at 90 km, and downward Na transport with a maximum of 120 m/s/cm3
at 94 km. The vertical heat flux due to turbulence eddies are also derived with a novel method that relates turbulence fluctuations of temperature and vertical wind with photon count fluctuations at very high resolutions (25m,

6s). The results show that the vertical transport is comparable to those by gravity waves. The eddy diffusivity is also estimated from the direct measurement of eddy fluxes.

Introduction

It is well recognized that gravity waves (GWSs) play important roles in establishing the
general circulations and thermal structure of the upper mesosphere and lower
thermosphere (MLT). Gravity waves experience increasing amplitudes and tendency for
instabilities as they propagate upward through the decreasing atmospheric density.
Nonlinear wave interactions and dynamical and convective instabilities are some typical
mechanisms that cause wave saturation and breaking. Gravity waves contribute to the
vertical transport of heat and atmospheric constituents by inducing advection,
turbulent mixing, dynamical transport, and chemical transport. These four mechanisms
can substantially affect the chemistry and thermal structure of atmosphere in the
mesosphere. Gravity waves also have an associated energy flux, and for non-

Eddy Heat Flux and Eddy Thermal Diffusivity

Similar to calculating GW flux, there is also a bias related to
photon count noise in turbulence flux calculations. This bias
can be eliminated by applying different sets of photon
counts to temperature and wind perturbation. Here the
method we use to remove bias is: the wind perturbations
(w’) in time t, is multiplied by temperature perturbation (T’)
in next time interval t,, and w’ in t, is multiplied by T" in t,,
and the rest of the heat flux profiles are calculated with the
same scheme. The instantaneous heat fluxes are averaged

Gravity Wave Vertical Fluxes

According to polarization relationship in the linear gravity wave theory, temperature and wind perturbations (T’ 100 )
and w’) are near orthogonal without dissipation. The heat flux is characterized as covariance between
temperature and wind perturbations (T’ and w’). The vertical heat flux becomes non-zero when gravity waves
dissipate, and T’ and w’ become non-orthogonal. The vertical transport caused by dissipating gravity waves is
typically downward in the mesopause region, which brings cooling effect to the region where wave dissipation
occurs.

Because of different signal levels, the temperature and winds using old data were derived typically at 1 km and 270
s for vertical and temporal resolutions, respectively. The integration time and altitude intervals for the new data is
summarized in Table 1. Due to large geophysical fluctuations of T and w, long term average is required to reduce
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