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Nonmigrating Tides as Measured by the
SABER Instrument on TIMED

Jeffrey M Forbes1 (303-492-4359;
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(757-728-6893; james.russell@hamptonu.edu);
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zhangx@rtt.colorado.edu); Christopher J Mertens3

(757-864-5695; c.j.mertens@larc.nasa.gov); Scott
Palo1 (303-492-4289; palo@colorado.edu); Marty
Mlynczak3 (757-864-5695;
m.g.mlynczak@larc.nasa.gov)

1University of Colorado, Department of Aerospace
Engineering Sciences UCB 429, Boulder, CO 80309-
0429, United States

2Hampton University, Center for Atmospheric Sci-
ences 23 Tyler Street, Hampton, VA 23668, United
States

3NASA Langley Research Center, 21 Langley Boule-
vard, Hampton, VA 23681, United States

Temperature measurements from 30 to 100 km from
the SABER instrument on TIMED are used to inves-
tigate nonmigrating solar tides during March-August,
2002. The measurements include corrections for non-
LTE effects. The most prominent nonmigrating tide
oscillations include eastward-propagating diurnal tides
near the equator and tropics, and semidiurnal tides
with zonal wavenumbers s = 1 and s = 3 and diurnal
tides with zonal wavenumbers s = 0, 2 and 3 at higher
latitudes. Nonlinear tide-tide and tide-planetary wave
interactions are explored as possible mechanisms to ac-
count for the existence of the high-latitude tides, while
the low-latitude oscillations appear more likely to orig-
inate in latent heating associated with deep tropical
convective systems.
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(rdg@ucar.edu); R. J. Johnson1

(rmjohnsn@ucar.edu); S. C. Solomon1

(stans@ucar.edu); W. R. Skinner2

(wskinner@umich.edu); D. A. Ortland3

(ortland@nwra.com); R. J. Niciejewski2

(niciejew@umich.edu); D. A. Gell2

(gellda@umich.edu)
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A new operational mode for the instrument has been
designed to incorporate a broadband filter, which al-
lows most of the O2 (0-0) P branch to pass through.
The broadband filter data increases the signal level by
an order of magnitude, which greatly increases the ac-
curacy of the neutral wind allowing more detailed anal-
ysis of the migrating and non-migrating tide in the
MLT region. Already the new wind data have shown
strong non-migrating tide component. Comparisons
with ground-based radar measurements show a much
better consistency. We will report these new data and
tidal analysis results.

SA13A-03 1400h

Significant Intraseasonal Oscillations in
the Mesosphere

Jason Philip Russell (506 447 3093; jruss@unb.ca)

University of New Brunswick, Physics Dept. Box
4400, Fredericton, NB E3B 5A3, Canada

With the vast set of airglow nighttime data collected
by the WINDII instrument on board the Upper Atmo-
spheric Research Satellite, large time series of the or-
der of half a solar cycle can be generated. Time series
of atomic oxygen mixing ratios derived from two mea-
sured nightglow emissions have been used to obtain sig-
nificant intraseasonal (50-122 day Period) oscillations
that are comparable in strenfgth to annual and semi-
annual oscillations. The most significant of these being
a 61-day oscillation found at mid-latitudes. The ampli-
tudes and phases of these oscillations will be shown to
vary with latitude.
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Zonal-Mean Quasi Bi-Monthly
Oscillations (BMO) in the Mesosphere

Frank T Huang1 ((301) 474-8675;
fthuang@comcast.net)
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Hans.G.Mayr@nasa.gov)
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Carl.A.Reber@nasa.gov)

1Terranet Inc, 4900 Lisboro Rd., Mitchellville, MD
20720, United States

2NASA GSFC, Greenbelt Rd., Greenbelt, MD 20771,
United States

In the zonal mean (m = 0), oscillations are ob-
served with the UARS spacecraft that have periods of
months. Based on measurements from the High Res-
olution Doppler Imager (HRDI) instrument, Quasi Bi-
Monthly Oscillations (BMO) appear in the meridional
winds at equatorial latitudes and at 95 km altitude, as
reported by Huang and Reber (JGR, 2003). Such oscil-
lations are also observed in temperatures at altitudes of
about 55 km, which are measured with the Microwave
Limb Sounder (MLS) and the Cryogenic Limb Array
Etalon Spectrometer (CLAES) on UARS. Considering
that it takes 36 days to cover all solar local times, a
two-dimensional Fourier least squares analysis is car-
ried out to delineate in the temperature variations (a)
the tides (diurnal and semidiurnal) and (b) the zonal-
mean component. The inferred zonal-mean tempera-
ture variations have periods between 2 and 3 months,
and they are larger away from the equator. The am-
plitudes of this BMO are about 4 K, and the oscilla-
tions are in opposite phase in the two hemispheres. We
shall investigate the BMO with the temperature and
wind measurements from the TIMED spacecraft, which
are available at common altitudes throughout the meso-
sphere and thus can provide a more definitive picture
of this phenomenon. Oscillations of the kind discussed
have been identified in a modeling study (Mayr et al.,
JATP, 2003). It is shown there that the meridional mo-
mentum source from parameterized small-scale gravity
waves generates variations in the meridional winds with
periods between one and three months that have the
character of a non-linear auto-oscillator – the apparent
counterpart to the Quasi-Biennial Oscillation (QBO) in
the zonal circulation. The meridional wind oscillations
are largely confined to equatorial latitudes, and they
generate through dynamical heating and cooling tem-
perature oscillations in the two hemispheres on either
side of the equator.
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Variations in the Mesospheric OH
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Intensity-calibrated sky spectra from the Keck II
telescope on Mauna Kea, measured throughout the vis-
ible and the infrared to 1.09 microns, show that there

is substantial variation in the vibrational distribution
of OH(v=3-9) during the night. From five nights of
observation in March 2000, utilizing low-J lines of the
3-0 and 9-5 bands near 1 micron, the v=3 population
typically fell by a factor of 2-4 over a 9-hour period,
while the N(v=3)/N(v=9) population ratio simultane-
ously decreased, by a factor of about two. Although
the intensity changed in a different manner during four
observing nights in October 2000, two in July 2000,
and one in July 2001, the v=3 population and the
N(v=3)/N(v=9) ratio still co-vary. The total range of
the ratio in our observations is 4-15. The vibrational
distribution presented by McDade and Llewellyn [JGR,
92, 7643, 1987], based on various measurements, results
in a value of 6.6±0.7 for the ratio. Observations from
the infrared SABER instrument on the TIMED satel-
lite in March 2002 indicate that the highest OH intensi-
ties are seen at the lowest altitudes, and that the high-
est [low-v]/[high-v] intensity ratios are associated with
the highest OH intensities. The presumption is that
decreasing [low-v]/[high-v] ratios are indicative of in-
creasing altitude and decreasing density in the glow-
ing layer. We believe that the N(v=3)/N(v=9) ratio
as viewed from the ground defines the emission alti-
tude and/or species density in the OH nightglow re-
gion. This study was supported by a grant from the
NSF Aeronomy program.
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Determination of Atmospheric
Parameters in the Upper Mesosphere
and Lower Thermosphere Using
Rocket-Borne Ionization Gauge
Measurements

J H Clemmons1 (310 336 2428;
james.clemmons@aero.org)
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Q Sun2

C Cai2

1The Aerospace Corporation, P. O. Box 92957 Mail
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States

2University of Michigan, Department of Aerospace
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The goal of rocket-borne ionization gauge measure-

ments in the upper mesosphere and lower thermosphere
(UM/LT) is to determine the flow parameters (den-
sity, temperature, and wind vector) of the ambient gas.
These basic measurements can then be used to under-
stand the dynamics of the region. However, interpreta-
tion of the raw measurements is complicated by a va-
riety of factors that are difficult to assess from first
principles. Included in these effects are the non-ideal
aspects of transitional gasdynamic flow, vehicle out-
gassing and sensor temporal response. Two comple-
mentary techniques have been used to understand these
factors so that their influence in the measurements can
be appropriately treated. First, the instrumentation in-
cludes multiple, directional sensors so that several an-
gles of attack can be monitored concurrently. Second,
the direct simulation Monte Carlo (DSMC) method is
used to simulate the gas flow in the transitional regime.
These techniques are applied to the TOMEX sounding
rocket flight to make accurate determinations of the at-
mospheric flow parameters in the UM/LT. The results
are compared to concurrent measurements made by li-
dar. Time permitting, the technique as applied to other
rocket flights is discussed. The understanding gained
is also applied to the instrumentation designed for the
upcoming TRIO sounding rocket experiment.
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Physical Processes in Acoustic Wave
Heating of the Thermosphere

Gerald Schubert1,3 (1-310-825-4577;
schubert@ucla.edu)

Michael P. Hickey2



JA348

Cite abstracts as: Authors (2004), Title, Eos. Trans. AGU, 85(17), Joint Assembly Suppl., Abstract #####-##.

2004 Joint Assembly

Richard Walterscheid3,4

1Department of Earth and Space Sciences, Institute
of Geophysics and Planetary Physics, University of
California, Los Angeles, 595 Charles E. Young Drive
East, Los Angeles, CA 90095-1567, United States

2Department of Physical Sciences, Embry-Riddle
Aeronautical University, 600 S. Clyde-Morris Blvd.,
Daytona Beach, CA 32114, United States

3Space Science Applications Laboratory, The
Aerospace Corporation, 2350 El Segundo Blvd., El
Segundo, CA 90245-4691, United States

4NOAA/NESDIS at EUMETSAT, EUMETSAT,
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We have previously studied how acoustic waves gen-
erated by strong thunderstorms and ocean waves prop-
agate into the thermosphere and heat it. We revisit
this investigation to clarify the physical processes con-
tributing to the overall net heating. Our conclusions
are based on numerical simulations of wave propagation
using a full-wave model that solves the complete lin-
earized equations of continuity, momentum, and energy
for a compressible, viscous, and thermally conducting
atmosphere with arbitrary altitude variations in ther-
mal structure. It is found that acoustic waves heat
the thermosphere through effects of molecular dissipa-
tion, sensible heat flux divergence, and Eulerian drift
work. Only wave-induced pressure gradient work acts
to cool the thermosphere. The net effect of all these
processes is acoustic wave heating of the thermosphere
at all heights. These physical processes act differently
for gravity waves; in particular, gravity wave sensible
heat flux divergence can cool the thermosphere. Acous-
tic waves generated by vigorous convection and storms
in outer planet atmospheres could also contribute to
the heating of these atmospheres.
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Gravity Wave Generation by Equatorial
Inertial Instability
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Timothy J Dunkerton2 (425-644-9660 ex 326;
tim@nwra.com)

M. Joan Alexander3 (303-415-9701 ex 204;
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1University of Toronto, Department of Physics 60 St
George Street, Toronto, ONT M5S 1A7, Canada

2NorthWest Research Associates, Inc, 14508 NE 20
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3Colorado Research Associates, 3380 Mitchell Lane,
Boulder, CO 80301, United States

Gravity waves (GWs) and inertio-gravity waves
(IGWs) are an important means of transferring mo-
mentum from the lower to the middle and upper at-
mosphere. Gravity wave breaking is responsible for
closing off the mesospheric jets and for producing the
summer-to-winter-pole mesospheric circulation. They
also interact with atmospheric tides and affect other
large-scale phenomena in the upper atmosphere. GWs
are generally thought to be produced in the tropo-
sphere by a number of different processes such as topo-
graphic generation, geostrophic adjustment, shear in-
stability and convection. They propagate vertically to
higher altitudes where, due to the reduction in den-
sity, the momentum they deposit can affect a large
change in the background winds. This paper will focus
on a different generation mechanism of GWs; specifi-
cally IGW generation by equatorial inertial instability.
Due to their slow vertical propagation, IGWs may de-
posit their momentum horizontally far from the region
where they were generated. Therefore, IGWs gener-
ated in the tropics by inertial instability may affect
the background winds at midlatitudes. A 3d primitive
equations model will be used to study this generation
mechanism. In this presentation we will focus on the
spectra and launch altitudes of the IGWs and their ef-
fect on the mean flow. Also, because inertial instabil-
ity occurs typically at the smallest resolvable scales, we
will examine the robustness of the results to changes in
resolution and small-scale diffusion, both of which can
affect the scales and the strength of inertial instabil-
ity.
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Seasonal Variation in the Mesospheric
Gravity-Wave Potential Energy Over
the Antarctic Peninsula

Patrick J. Espy1 (+44-1223-221255; pje@bas.ac.uk)
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2University of Illinois at Urbana-Champaign, Depart-
ment of Electrical & Computer Engineering, Ur-
bana, IL 61801, United States

As part of a joint programme between the Uni-
versity of Illinois and the British Antarctic Survey,
Rayleigh and Fe resonance lidar observations have been
made from Rothera Station (68S, 68W) on the Antarc-
tic peninsula. Gravity wave perturbations in both the
vertical density and temperature structure have been
measured, and the seasonal variation of the gravity-
wave potential energy has been compiled. In addition,
the phase change of the waves with altitude has been
used to assess the relative contributions of stationary
mountain waves and horizontally propagating gravity
waves to the overall potential-energy budget. It has
been found that the seasonal changes in the overall
wave energy near the mesopause are consistent with
the filtering of the gravity wave flux by the strato-
spheric winds,. The seasonal variations in the ratio
of mountain waves to horizontally propagating waves
has been correlated to changes in the tropospheric wind
field over the Trans-Antarctic Mountains. The impact
of this partitioning and its seasonal variation on the
forcing of the mesospheric wind field will be discussed.

SA14A-04 1625h

Theoretical Simulations of the Martian
Ionosphere and Comparisons to
Observations

Paul Withers1 (+1 617 353 1531; withers@bu.edu);
Carlos Martinis1; Luke Moore1; Jody Wilson1;
Joei Wroten1; Michael Mendillo1

1Boston University, Center for Space Physics 725
Commonwealth Avenue, Boston, MA 02215, United
States

Approximately 2000 profiles of ionospheric electron
density between 100 and 200 km altitude have been
generated by the Radio Science Experiment on Mars
Global Surveyor and publicly released on the PDS. We
have developed a theoretical ionospheric model to help
us analyse these observations. Our model includes pho-
tochemistry and diffusion of ions, solar fluxes from the
SOLAR2000 model, and a simple fixed neutral atmo-
sphere. We will compare each electron density profile to
a predicted profile and investigate how well such basic
parameters as the altitude, electron density, and layer
width at several ionospheric peaks, total electron con-
tent, slab thickness, and topside scale height are pre-
dicted. We will compare variations in observed electron
density to variations in predicted electron density due
to day-to-day changes in the solar flux to test the hy-
pothesis that solar flux variations are responsible for
most ionospheric variations on that timescale. Martian
ionospheric variabilities attributed to solar flux varia-
tions will be compared to terrestrial E-region variabili-
ties. By adjusting the variation of neutral atmospheric
density and temperature with altitude in our model,
we are able to investigate how the properties of the
thermosphere influence and control those of the iono-
sphere. As noted by Bougher and colleagues, tides in
the thermosphere can cause the altitude of ionospheric
electron density peaks to vary with longitude. We shall
investigate whether other basic parameters extracted
from the electron density profiles are also coupled to
the thermosphere and show these tidally-induced vari-
ations. We shall vary the neutral atmospheric proper-
ties in our model to further investigate the effects of
thermospheric tides on the martian ionosphere.
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Investigating tidal effects on
mesospheric temperature and airglow
emission altitudes
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An important aspect of wave coupling into the
mesosphere and lower thermosphere (MLT) region is
the propagation of atmospheric tides. Tides are known
to have the large effects on wind and temperature vari-
ability. Tides also affect the airglow emission inten-
sities and peak altitudes of the emission layers. This
paper focuses on two aspects of tidal effects on OH/O2
airglow emission rotational temperature and peak emis-
sion altitudes. First we summarize the results of a cor-
relative study of OH rotational temperature measured
using Mesospheric Temperature Mapper (MTM) with
simultaneous SABER measurements from the NASA
TIMED satellite showing best agreement when care
is taken to use the appropriate emission altitude as
measured by the satellite. Secondly, we utilize coin-
cident temperature measurements by Na temperature
lidar and MTM to investigate temporal variability in
the altitudes of the emission layers due to long period
gravity wave/tidal perturbations. In both studies, the
measurements were made over Hawaii (20.8oN, 156oW)
as part of the Maui-MALT and NASA TIMED coordi-
nated ground-based study.
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Interpretation and Observation of
Mesospheric Gravity Waves From
Earth and Space III Posters (joint with
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Simultaneous Imaging and Lidar
Measurements of a Breaking Internal
Gravity Wave in the Mesosphere
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(jeffreyb@bu.edu); Michael Mendillo1

(mendillo@bu.edu)

1Center for Space Physics Boston University, 725
Commonwealth Ave, Boston, MA 02215, United
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2National Astronomy and Ionosphere Center Arecibo
Observatory, HC3 Box 53995, Arecibo, PR 00612,
United States
A large wave event was observed in the three upper-

mesospheric (80 to 105 km) airglow emissions of O(S),
Na and OH by the Boston University all-sky imager at
the Arecibo Observatory during the night of 2/3 May
2003. Simultaneous measurements of the 80 to 105 km
height region were made by two co-located potassium
and sodium resonance lidars. The K lidar measure-
ments indicated the presence of a large temperature in-
version (possibly the largest recorded in the mesopause
region to date) of 90 K peak-to-peak between 88 and 96
km during the zenith transit time of the disturbance.
Strong vertical motions were observed to occur in the
K and Na layers during the passage of the disturbance
- the top and bottom sides of both layers increased in
height by 3 to 5 km. The instability exhibited several
characteristics of a bore - a non-linear disturbance com-
monly observed in rivers, oceans, and the lower atmo-
sphere, and recently identified in the mesosphere. How-
ever, the vertical phase variation suggested that it was
a large downwardly-propagating internal gravity wave
that was in the process of breaking, causing overturning
and turbulence, probably as a result of interaction with
a large coincident temperature maximum. The behav-
ior of the disturbance was very similar to that of a so-
called ”wall”-type event (Swenson and Espy, 1995) and
the event suggests that ”wall”-type events and bores
are different manifestations of a single type of distur-
bance.

SA21A-02 0830h POSTER

A Survey of All-sky Imaging
Measurements of Bore- and
”Wall”-like Disturbances in
Mesospheric Nightglow.

Steven M Smith (smsm@bu.edu)

Center for Space Physics Boston University, 725 Com-
monwealth Ave, Boston, MA 02215, United States

All-sky imagers regularly record quasi-
monochromatic (QM) gravity wave activity in the
various night-time mesospheric emissions (Taylor et


