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ABSTRACT

A three-dimensional model is developed to study the behavior of the solar semidiurnal tide in the thermo-
sphere. In this model, we include viscosity, thermal conductivity, Coriolis effects, the sphericity of the earth,
and ion drag. Sources of excitation are absorption of solar radiation by H,0 and O; below the mesopause, and
by O; in the Schumann-Runge continuum, and O, O, N; in the extreme ultraviolet, in the thermosphere.
The effects of mean wind below the thermosphere are obtained by joining our present results to the relevant
solutions obtained by Lindzen and Hong (1974) at 100 km, modified, however, by the use of improved and
corrected heating functions.

Our calculations provide detailed predictions for all meteorological fields as functions of season, solar
cycle, and other parameters. Among our findings are the following:

In the present calculations, the semidiurnal tide between 100 and 130 km is dominated by the 2,4 mode
excited below the thermosphere. Since the 2,4 mode decays more rapidly than the 2,2 mode above 120 km,
the 2,2 mode emerges as the dominant mode above 130-200 km. During sunspot minimum conditions, the
thermospheric tidal fields are driven by forcing from below, but at sunspot maximum the upward propagating
tides are so severely attenuated in the lower thermosphere that thermospheric in situ forcing is of com-
parable importance. The thermospheric tidal fields are larger at sunspot minimum than at sunspot maximum.

Ton drag is more effective in dissipating the semidiurnal tidal modes than concluded by Lindzen (1971).
The omission of either ion drag or viscosity in the model leads to unrealistic results.

Comparisons are made between our results and tidal observations at 45° latitude. In general, observed
upper thermospheric amplitudes and phases are compatible with calculations. However, such comparisons
are difficult below 200 km because of the importance of the 2,4 and 2,3 modes which are dependent on
variable mean winds below 100 km. Indeed, we have found choices of mean wind which even lead to sig-
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nificant amplitudes for the 2,5 and higher order modes.

1. Introduction

The question of tides in the thermosphere has been
the subject of controversy and progress in recent years.
The present paper will focus on the solar semidiurnal
component. In Lindzen (1971) it was predicted that a
large semidiurnal tide should exist in the thermosphere
with temperature amplitude ~190-280 K. This pre-
diction was based on calculations using the equivalent
gravity mode (EGM) model, which involves calcu-
lating tidal fields in a non-rotating semi-infinite atmo-
sphere confined to a zonal channel. For each tidal mode
on a rotating sphere (Chapman and Lindzen, 1970) it
is possible to choose a channel width such that a wave
in the EGM model with a period and east—-west wave-
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number equal to those of the spherical tidal mode will
also have an identical vertical structure in the absence
of friction. The virtue of the EGM formalism is that
the vertical dependence of the equations remains separa-
ble when viscosity and other sources of friction are in-
cluded, whereas on a rotating sphere the equations
become non-separable. As a consequence of this non-
separability the tidal “modes” change their meridional
structure with height in the presence of friction. It
was argued, however, in Lindzen (1970, 1971) that the
EGM formalism should be approximately correct near
the equator, where ion drag acts only on the east-west
flow and not on the north-south flow. For the semi-
diurnal tide, it was found that the main 2,2 mode was
dominant in the upper thermosphere and that forcing
from below the thermosphere (due to heating from
insolation absorption by ozone and water vapor) was
more important (by a factor of 3-4) than forcing within
the thermosphere.






