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Gravity waves propagating into the upper mesosphere (80-110 km) are reasonably well understood due
to the extensive remote sensing observations of perturbations to the airglows by imagers and LIDAR mea-
surements. In the thermosphere above 110 km, there is little or no information simply because there are no
passive signatures to observe except for the O(1D) 630.0 nm in the F-region. Vertical distributions of atomic
oxygen can be measured by FUV LIDAR from LEO, but this is not feasible from ground based lidar due to
absorption in the lower atmosphere. It is suitable for the measurement of O density and Doppler temperature
from 80-400 km, but requires technological development. This study focuses on waves propagating into the
110-400 km region, but monitoring the waves entering from below (80-110 km) is important.

1 Identify essential science investigations necessary for major ad-
vancements in solar and space physics.

Atomic oxygen profiles in the thermosphere reflect a diffusive equilibrium condition except when disturbed
by breaking waves and instabilities forced by convective or horizontal shears [3]. Breaking waves dissipate
heat reflected in the formation of mesospheric inversion layers (MILs) [7, 5].

The waves propagate into the lower thermosphere from below, with the high frequency waves observed
frequently in the airglow region in the upper mesosphere (85-105 km), reaching altitudes near 200 km [9].
Very fast waves with vertical wavelengths >50 km, penetrate even higher, as do waves generated from
secondary wave processes [8]. [1] (Fig 2b) have illustrated vertical velocity effects using the WACCMX-.

To date, few measurements have quantified these effects, largely because the passive remote sensing
signatures, including airglow emissions, are not available as they do in the upper mesosphere, 80-110 km.
GCM models lack information regarding this source of upward coupling from the lower atmosphere into the
thermosphere.

2 Use the desired investigations to identify the research and ca-
pability development needed to meet the requirements of these
missions.

Modeling of the atmospheric transport with the physics of the chemical and dynamical processes are critical,
such as found in the TIMED-GCM and WACCM models. Energy input to these models can include waves
whose distribution are known. Neither the very fast waves with vertical wavelengths >50 km nor secondary
wave generation processes are known. Their effects simply have not been measured or quantified to make
necessary GCM model improvements.

Active remote sensing is capable of sensing the entire thermosphere with resonance LIDAR. This laser
technology can be developed, with the power, repetition rates, and spectral attributes necessary to investigate
the thermosphere. Atomic oxygen, the dominant constituent, is a candidate which can be sensed throughout
the region. Breaking waves and instabilities distort the density and temperature profiles, properties that can
be observed with LIDAR, similar to that used with ground based observations of metal tracers (Na, Fe, K)
[2].
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Figure 1: Neutral density vertical velocities in the 100-200 km altitude region, from [1]. These vertical
motions, illustrate waves propagating into the lower thermosphere from below.

3 Recognize research needed in the next decade to prepare for
the long-term research goals.

Models: Add the wave input from both dissipating waves and instabilites due to convection and shears.
Measurements: Perform global measurements of O density, to a precision of <5%, at 3 km intervals below

150 km, and 5 km above. Passive Doppler measurements of airglow emissions have been successful 80-105
km at night, but not during daytime. In-situ measurements have been made by mass spectrometers and
resonance lamps. Historically, only a small fraction of the necessary altitude range has been accessible to
make O measurements.

4 Recognize work needed to ensure a pipeline from basic research
to pre-application research and then into operational needs, in-
cluding the operations-to-research loop that strengthens fore-
casting and other predictive capabilities.

Models: Add the sophistication of loss chemistry and bi-directional constituent transport to the MLT dy-
namic models.

Also, model simulations of the lidar signal returns and the associated laser power necessary to achieve
meaningful results should be developed as a team effort. The sampling of vertical and horizontal distances
(at orbital velocities) is important to understand in setting the specific goals of laser power necessary for a
credible mission.

Measurements: Explore methods including LIDAR to cover 80-400 km for both day and night.
O density measurements from 80-400 km altitude would be the ultimate achievement of composition

measurements of the IT. Although the emphasis here is to measure waves above 110 km, the region below
describes waves propagating from the region below (80-110 km). 135.6 nm O density (and Doppler T) profiles
using LIDAR from LEO is possible, but requires a average laser optical power at 135.6 nm of 10-100 mW.
Average powers of 10’s of µW are readily achievable with today’s solid state technologies, but higher powers
combined with 1-4 m2 aperture receivers are required for the altitude range, especially to the MLT altitudes
from a LEO orbiter. It is feasible to field LIDAR on ISS or a similar platform where the required electrical
power (≥0.5 kW) is available.

Doppler measurements of the O kinetic temperature and vertical drifts can be quantified using the 3-
frequency method currently used by Na LIDAR [4, 6]. Doppler measurements can measure the vertical
velocities associated with waves, a factor useful in describing their intrinsic attributes.
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(Added Note: Vertical drifts can also be employed at high latitudes, to measure electric field effects
in aurora, as well as escape fluxes. Other LIDAR frequencies can also provide IT information, including
Na, K, Fe, Mg, Mg+, Ca+. We’ve addressed O 135.6 nm here, since it’s capable of providing the critical
measurements, 80-400 km. Note that O at 130.4 nm has potential, however the resonant cross section is
too large, and requires complications of wavelength shifting in order for the beam to penetrate into the
atmosphere from LEO, and as a result, the Doppler information is lost.)
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