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be made with in-situ measurements. Similarly, com-
parisons of in-situ plasma density irregularities will be
made with the locations of scintillation predicted by the
model. These studies are part of a validation campaign
for the forecast models prior to launch of the C/NOFS
satellite.

SA31A MCC: 2002-2004
Wednesday 0900h

Van Allen Lecture (joint with SH, SM)

Presiding: D Baker, Laboratory for
Atmospheric and Space Physics,
University of Colorado; R
Strangeway, Institute of Geophysics
and Planetary Physics, University of
California, Los Angeles

SA31A-01 0910h INVITED

New Insights Into Magnetospheric
Physics From Recent Multi-Spacecraft
Observations

Goetz Paschmann1,2 (gep@mpe.mpg.de)
1Max-Planck-Institut fuer extraterrestrische Physik,

Giessenbachstr. 1, Garching 85748, Germany

2International Space Science Institute, Hallerstr. 6,
Bern 3012, Switzerland

Please see abstract paper number SM31D-01 for the
complete abstract.

SA31B MCC: 2006 Wednesday
1020h

Energy and Momentum Balance in
the Mesosphere and Lower

Thermosphere: Results From the
TIMED Mission I (joint with A)

Presiding: J Yee, Applied Physics
Laboratory, Johns Hopkins University

SA31B-01 1025h INVITED

Solar Ultraviolet and X-ray Energy
Deposition and Partitioning in the
MLT

Stanley C. Solomon (303-497-2179; stans@ucar.edu)

High Altitude Observatory, National Center for Atmo-
spheric Research, 3450 Mitchell La., Boulder, CO
80301, United States

Solar irradiance in the far-ultraviolet, extreme-
ultraviolet, and soft X-ray regions of the spectrum is
the primary energy source for the mesosphere and lower
thermosphere (MLT). Recent measurements from the
solar EUV experiment on the TIMED satellite, from the
UARS, SOHO, SNOE, and SORCE satellites, and from
various rocket flights, have greatly increased our knowl-
edge of the intensity and variability of the solar spec-
trum. In this paper, model calculations are combined
with measured solar irradiances to produce a descrip-
tion of ionization, dissociation, excitation, and heating
rates in the MLT. Key issues and uncertainties are dis-
cussed, and a method for efficient computation of these
rates in general circulation models is described.

SA31B-02 1045h

Solar Ultraviolet Variability During the
TIMED Mission

Tom Woods1 (303-492-4224;
tom.woods@lasp.colorado.edu)

Frank Eparvier1 (303-492-4546;
frank.eparvier@lasp.colorado.edu)

Don Woodraska1 (303-735-5617;
don.woodraska@lasp.colorado.edu)

1LASP / University of Colorado, 1234 Innovation Dr.,
Boulder, CO 80303, United States

The TIMED satellite was launched in December
2001 near solar cycle maximum. The solar activity re-
mained at solar maximum conditions during 2002 and

has declined to moderate activity during 2003. As part
of the TIMED mission objective to study the energet-
ics of the upper atmosphere, the Solar EUV Experiment
(SEE) aboard TIMED measures the solar extreme ul-
traviolet (EUV) energy input. The SEE instrument is
measuring the solar UV irradiance with a spectral reso-
lution of 0.4 nm between 27 and 194 nm and with 7-10
nm resolution shortward of 27 nm. The solar UV irra-
diance varies on all time scales, seconds to years, and
this variation is very dependent on wavelength. During
the TIMED mission, the SEE instrument has observed
over 90 flares which last from minutes to hours, over 24
solar rotations which have a period of about 27 days,
and maximum to moderate conditions during the cur-
rent 11-year solar cycle. The coronal emissions, such
as the Fe XVI 33.5 nm emission and X-rays, vary the
most, with variations of a factor of 10 for the larger
flares, a factor of 2 for solar rotation, and a factor of
4 during the TIMED mission (2 years). The transition
region emissions, such as the H I 121.6 nm and He II
30.4 nm emissions, vary less, with variations of a factor
of 1.2 for solar rotation and a factor of 1.4 during the
TIMED mission. The chromospheric and photospheric
emissions vary even less. The variations of the solar
UV irradiance shortward of 194 nm and its effects on
the upper atmosphere above 60 km will be discussed in
the context of the TIMED mission.

URL: http://lasp.colorado.edu/see/

SA31B-03 1100h

Comparisons of Solar EUV Irradiance
Variations from Measurements,
Models and GUVI Terrestrial Far
Ultraviolet Dayglow Observations

Judith L. Lean1 (202 767 5116;
jlean@ssd5.nrl.navy.mil); Douglas J. Strickland2

(dstrick@cpi.com); Robert R Meier1

(meier@uap2.nrl.navy.mil); Andrew B.
Christensen3 (Andrew.B.Christensen@aero.org);
Thomas N Woods4

(tom.woods@lasp.colorado.edu); Frank G.
Eparvier4 (eparvier@colorado.edu); Donald
McMullin1 (mcmullin@nrl.navy.mil); Darrell L.
Judge5 (judge@usc.edu)

1E. O. Hulburt Center for Space Research, Naval Re-
search Laboratory, Washington, DC 20375, United
States

2Computational Physics Inc, 8001 Braddock Road,
Springfield, VA 22151, United States

3Space Science Applications Laboratory, Aerospace
Corporation, El Segundo, CA 90245, United States

4Laboratory for Atmospheric and Space Physics, Uni-
versity of Colorado, Boulder, CO 80309, United
States

5Space Science Center, University of Southern Cali-
fornia, Los Angeles, CA 90007, United States
During mid 2002, solar EUV irradiance changed

slowly as the Sun rotated on its axis, and increased
episodically in association with multiple solar flares.
As the TIMED/SEE and SOHO/SEM instruments
monitored the solar EUV irradiance changes directly,
TIMED/GUVI observed concurrent fluctuations in the
Earth’s far UV dayglow. An integrated measure of so-
lar EUV electromagnetic energy shortward of 45 nm,
called QEUV, is derived from the GUVI dayglow mea-
surements and compared with the directly measured
EUV energy and estimates from four different variabil-
ity models, each summed shortward of 45 nm. The val-
ues derived from the GUVI dayglow observations agree
well with both the absolute values and solar rotation
modulation of the NRLEUV model, and do not sup-
port recent suggestions that the solar EUV irradiances
estimated by the model of Hinteregger et al. be in-
creased by a factor of four, nor even a factor of two.
High resolution (hourly) temporal structure present in
QEUV tracks closely the increase in EUV energy during
solar flares, monitored by SOHO/SEM, and documents
a highly radiatively coupled solar-terrestrial system.

SA31B-04 1115h INVITED

High-latitude Energy and Momentum
Balance in the Lower Thermosphere

Arthur D Richmond1 (303 497 1570;
richmond@ucar.edu)

Raymond G Roble1 (roble@ucar.edu)

Young-sil Kwak2 (ys-kwak@hanmail.net)

Wenbin Wang1 (wbwang@ucar.edu)

Alan G Burns1 (aburns@ucar.edu)
1NCAR High Altitude Observatory, P.O. Box 3000,

Boulder, CO 80307-3000, United States
2Kyungpook National University, Department of As-

tronomy and Atmospheric Sciences, Sankyuk-dong,
Buk-ku, Daegu 702-701, Korea, Republic of

The high-latitude lower thermosphere is signifi-
cantly influenced by energy and momentum forcing
associated with magnetosphere-ionosphere coupling.
Electric currents produce a force on the air and dis-
sipate energy through Joule heating. The precipitation
of energetic electrons and ions into the auroral regions
produces additional direct heating, and also influences
the energy balance through production of stored chem-
ical energy, through modification of the concentrations
of radiatively active species, and through modification
of the electrical conductivity. We examine the result-
ing energy and momentum balance of the lower ther-
mosphere with the aid of a thermosphere-ionosphere-
electrodynamics general circulation model.

SA31B-05 1135h

Observations of High Latitude
Magnetospheric Energy Deposition

Jeff P. Thayer1 (650-859-3557; thayer@sri.com)

Joshua Semeter1 (650-859-4835;
joshua.semeter@sri.com)

1SRI International, Center for GeoSpace Studies 333
Ravenswood Avenue, Menlo Park, CA 94025
At polar latitudes, the highly variable magneto-

spheric energy sources, which manifest themselves as
Joule and particle energy, complicate the energy bal-
ance of the lower thermosphere. The deposition rate of
magnetospheric energy can, at active times and in spe-
cific altitude regimes, rival the deposition rate of solar
VUV energy. The local heating produced by magne-
tospheric sources leads to a divergent wind circulation
and the redistribution of composition over extended re-
gions of the globe. The response of the mesosphere and
lower thermosphere/ionosphere (MLTI) region depends
not only on the magnitude of the magnetospheric en-
ergy source, but also on the altitude and type of energy
deposited. Here, we investigate the vertical distribu-
tion of Joule and particle energy deposition rates as ob-
served simultaneously with the Sondrestrom incoherent
scatter radar. These observed rates will be compared
with solar deposition rates determined from SEE ob-
servations of the solar VUV flux. The concurrent mea-
surements in time and space of the two magnetospheric
energy sources will also be used to investigate whether
Joule energy and particle energy occur concurrently or
illustrate any mutual dependence.

SA31B-06 1150h

Space Weather in the ITM: The
May-June 2003 Storm and NASA
TIMED/GUVI Observations and
TIMEGCM Model Results

Larry J Paxton1 (larry.paxton@jhuapl.edu);

Yongliang Zhang1 (yongliang.zhang@jhuapl.edu);
Geoff Crowley2 (gcrowley@swri.edu); Robert
DeMajistre1 (robert.demajistre@jhuapl.edu);
Hyosub Kil1 (hyosub.kil@jhuapl.edu); Tom
Kusterer1 (tom.kusterer@jhuapl.edu); Daniel
Morrison1 (daniel.morrison@jhuapl.edu); Brian
Wolven1 (brian.wolven@jhuapl.edu); Ching
Meng1 (ching.meng@jhuapl.edu); Andy B
Christensen3 (andrew,b,christensen@aero.org);
Michele Weiss1 (michele.weiss@jhuapl.edud);
William Wood1 (william.wood@jhuapl.edu)

1The Johns Hopkins University Applied Physics Lab-
oratory, 11100 Johns Hopkins Rd., Laurel, MD
20723, United States

2Southwest Research Institute, Building 178 6220
Culebra Rd., San Antonio, TX 78238-5166, United
States

3The Aerospace Corporation, POB 92957 MS254, Los
Angeles, CA 90009, United States
The NASA TIMED mission samples all local so-

lar times every 60 days. As such the coverage of any
particular geophysical event could be at any local so-
lar time. The May-June 2003 storm occurred when
TIMED was in a near a 10AM LST at the ascending
node when the storm began and precessed towards 8AM
LST by the end of the storm. The Global Ultraviolet
Imager (GUVI) on TIMED obtains images at 5 indi-
vidual wavelength intervals simultaneously. From the
TIMED vantage point at 625 km the instrument must
scan from horizon to horizon ( about 120 deg) to form
an image. The integration period for any pixel is about
68 msec - this gives us an instantaneous picture of the
auroral features. The May-June 2003 event was notable
for the magnitude of the high latitude energy inputs -
we see more than 100 ergs/cm2 at times in the GUVI
images. We also report the observations of the southern
hemisphere inputs. GUVI is able to track the response
of the thermosphere to this energy input. We see large
changes in the O/N2 ratio in the dayside images. We
also note significant changes in the nightside electron
density profiles.

URL: http://guvi.jhuapl.edu
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SA31B-07 1205h

Analysis of the Energy Input and Loss in
the Thermosphere During the Auroral
Events Using SABER Infrared Limb
Emission and GUVI Limb Emission

J. R. Winick1 (781-377-3619;
jeremy.winick@hanscom.af.mil); M. G. Mlynczak2;
P. P. Wintersteiner3; F.-J. Martin-Torres4; R. H.
Picard1; L. Paxton5; M. Lopez-Puertas6; C. J.
Mertens2; J. M. Russell7; A. Christensen8; L. L.
Gordley9

1AFRL/Space Vehicles Directorate, 29 Randolph Rd.,
Hanscom AFB, Bedford, MA 01731

2NASA/LARC, MS-401B, Hampton, VA 23681

3Arcon Corp., 260 Bear Hill Rd., Waltham, MA 02451

4AS+M Corp., 1 Enterprise Pkwy., Hampton, VA
23666

5JHU/APL, 11100 Johns Hopkins Rd., Laurel, MD
20723

6Instituto de Astrofisica de Andalucia (CSIC), Apdo.
3004, Grenada E-18080, Spain

7Hampton Univ., Center for Atmospheric Sciences,
Hampton, VA 23668

8Aerospace Corp., P.O. Box 92957, Los Angeles, CA
90009

9GATS Inc., 11864 Canon Blvd., Newport News, VA
23606
The SABER instrument on TIMED is continuously

measuring limb radiance profiles of CO2 ν3 (4.3-µm)
and ν2 (15-µm) and NO (5.3-µm) with unprecedented
sensitivity. SABER provides limb radiances up to
∼130km for the 15-µm channel and ∼140-150km (ap-
proaching 200km during strong auroral events) for the
4.3-µm channel and over 200km (to 300km during storm
conditions) for the 5.3-µm channel. From the SABER
infrared channels and the GUVI FUV we have a mea-
sure of the auroral energy input at high latitudes into
the lower thermosphere and its transport southward
and its radiative loss through NO emission. We have
previously reported that during the April 2002 geomag-
netic storm the 4.3-µm band nighttime emission was en-
hanced dramatically in the high latitude regions. The
NO 5.3-µm band emission also dramatically increased
but it was not limited to the auroral zone. We extend
this analysis to the October 2002 and May 2003 geo-
magnetic storms and to more isolated (short time) but
strong auroral events. We will compare the morphology
and time dependence of the enhancement in the 4.3-µm
and 5.3-µm channels. Examining different situations in
terms of length and strength of energy input allows us
to better determine the lifetime of the enhanced NO
emission (and hence a clue to the NO cooling) and the
contribution of excited NO from auroral chemistry ver-
sus temperature and composition changes.

SA32A MCC: 2006 Wednesday
1340h

Energy and Momentum Balance in
the Mesosphere and Lower
Thermosphere: Results From the
TIMED Mission II (joint with A)

Presiding: J Forbes, University of
Colorado

SA32A-01 1340h INVITED

Some Aspects of the Momentum
Balance in Thermospheric Dynamics

Tim Fuller-Rowell (303-497-5764;
tim.fuller-rowell@noaa.gov)

NOAA Space Environment Center and CIRES Univer-
sity of Colorado, 325 Broadway, Boulder, CO 80305,
United States
In the absence of drag, zonally averaged meridional

pressure gradients drive purely zonal winds. However,
the ions present in a weakly ionized thermosphere are
constrained by electromagnetic forces and introduce a
drag on the fluid. Zonal winds are slowed, and a global
meridional circulation develops that introduces neutral
composition changes and a feedback on the ionosphere.
At high latitudes, where the magnetospheric convec-
tion electric fields force plasma to high velocities, col-
lisions with the neutral atmosphere imparts a momen-
tum source driving winds of many hundreds of meters
per second. In addition, inertial forces introduce large
asymmetries in the wind magnitudes expected in the
dawn and dusk sector of the auroral oval. Sudden
changes in high latitude forcing drive global-scale grav-
ity wave surges. These surges propagate towards the

equator, transmit new pressure fields, and impact the
global wind field. At low latitudes, the Coriolis force
tends to zero, leading to possibility of unforced zonal
winds. Equatorial electrodynamics can move plasma
and produce regions where ion drag is virtually zero,
allowing large zonal winds to emerge.

SA32A-02 1400h

Studies on the Coupling Between the
Neutral Winds and the Ionosphere at
Low Latitudes

Elsayed R. Talaat1 (443-778-3971;

elsayed.talaat@jhuapl.edu); Robert DeMajistre1

(bob.demajistre@jhuapl.edu); Larry Paxton1

(larry.paxton@jhuapl.edu); Goeff Crowley2

(gcrowley@swri.edu); Hyosub Kil1

(hyosub.kil@jhuapl.edu); Jeng-Hwa Yee1

(sam.yee@jhuapl.edu); S. M. Irfan Azeem3

(azeem71d@erau.edu); Andrew Christensen4

(Andrew.B.Christensen@aero.org); Ray Roble5

(roble@ucar.edu)

1The Johns Hopkins University Applied Physics Lab-
oratory, 11100 Johns Hopkins Road, Laurel, MD
20723, United States

2Southwest Research Institute Space Sciences and En-
gineering, 6220 Culebra Road, San Antonio, TX
78228, United States

3Embry-Riddle Aeronautical University Physical Sci-
ences Department, 600 S. Clyde Morris Boulevard,
Daytona Beach, FL 32119

4Aerospace Corporation, Space and Environ. Tech.
Center P.O. Box 92957, Los Angeles, CA 90009,
United States

5NCAR High Altitude Observatory, 3450 Mitchell
Lane, Boulder, CO 80301, United States

The Appleton anomaly is caused by the upward E
x B drift of the equatorial ionospheric plasma and sub-
sequent diffusion along magnetic field lines to lower
altitudes at higher latitudes. The strength and lo-
cation of the Appleton anomaly has been thought to
be controlled mainly by the interaction of the neutral
winds with the electric and magnetic fields. Variabil-
ity can arise from different geophysical processes af-
fecting the neutral dynamics and the background elec-
tric/magnetic fields. In addition, ion drag from the dif-
fering densities between the two peaks of the anomaly
can induce hemispheric differences in the zonal wind
circulation. Recent global observations of the low lati-
tude ionospheric structure revealed by TIMED/GUVI,
TOPEX, and DMSP allow us to investigate the in-
terplay between the neutral, plasma, and background
fields. In this paper we will examine both satellite and
groundbased measurements and interpret the findings
using a global thermospheric/ionospheric model.

SA32A-03 1415h

Gravity Wave Forcing, Interactions, and
Variability in the MLT

David C Fritts (303-415-9701, ext. 205;
dave@cora.nwra.com)

Colorado Research Associates/NWRA, 3380 Mitchell
Lane, Boulder, CO 80301, United States

Numerical studies of gravity wave breaking are re-
vealing dramatic impacts on wave amplitudes, with am-
plitude reductions accompanying instability and turbu-
lence far exceeding previous expectations. Theoretical
studies likewise imply significant effects of strong local
body forcing, while observational studies suggest occa-
sionally strong forcing and considerable variability in
both gravity wave activity and forcing of the large-scale
flow. These effects are believed to be due to variable
sources and to filtering by variable tidal and planetary
wave motions. This talk will examine the likely im-
pacts of these processes for wave forcing, wave interac-
tions, and the parameterization of gravity wave effects
throughout the MLT.

SA32A-04 1435h

Lidar Observations of Instabilities and
Gravity Wave Dissipation in the
Mesopause Region at Maui, Hawaii.

Alan Z Liu1 (2173336982; liuzr@uiuc.edu)

Feng Li1 (fengli@uiuc.edu)

Gary Swenson1 (swenson1@uiuc.edu)
1University of Illinois at Urbana-Champaign, 1308 W

Main, Urbana, IL 61801, United States

Gravity wave dissipation in the mesopause region is
closely related to stabilities of the atmosphere. The

relations between the convective and dynamic insta-
bilities and gravity wave dissipation are investigated
using measurements made from a high-resolution Na
wind/temperature lidar at Maui, HI (20.7 N, 156.3 W).
It is found that the stabilities are modulated by the
strong tidal perturbations in this low latitude site. Un-
stable layers appear as gravity waves pass through low
stability regions that are formed by tides. Strong wind
shear tends to occur in regions with high convective
stability. There is also a clear correlation between the
stabilities and gravity wave energy. The implications of
these results on gravity wave dissipation and its impact
on the mean atmosphere will be discussed.

SA32A-05 1450h INVITED

Elements of the energy budget of the
mesosphere as revealed by the
SABER experiment

Marty Mlynczak1 (757-864-5695;
m.g.mlynczak@nasa.gov); F. Javier
Martin-Torres2 (f.martin-torres@larc.nasa.gov);
Christopher Mertens1

(c.j.mertens@larc.nasa.gov); Manuel
Lopez-Puertas3 (puertas@iaa.es); James M
Russell4 (james.russell@hamptonu.edu); Jeremy
Winick5 (Jeremy.Winick@hanscom.af.mil); Richard
Picard5 (Richard.Picard@hanscom.af.mil); Larry
Gordley6 (larry@gats-inc.com)

1NASA Langley Research Center, 21 Langley Boule-
vard, Hampton, VA 23681-2199, United States

2AS+M Corporation, 1 Enterprise Parkway, Hamp-
ton, VA 23666, United States

3IAA, Apartado 3004, Granada 18080, Spain

4Hampton University, 21 Tyler Street, Hampton, VA
23666

5AFRL, Hanscom AFB, Hanscom, MA 01731, United
States

6G + A Technical Software, Canon Blvd., Newport
News, VA 23606, United States

The energy budget of the terrestrial mesosphere re-
mains a frontier of scientific inquiry. Many processes
including direct deposition of solar energy, exothermic
chemical reactions, and radiative emission by species
such as carbon dioxide and ozone influence the energy
balance and hence the thermal structure. The Sound-
ing of the Atmosphere using Broadband Emission Ra-
diometry (SABER) experiment now operating in or-
bit on the Thermosphere-Ionosphere-Mesosphere Ener-
getics and Dynamics (TIMED) satellite has been de-
signed to provide measurements of virtually the entire
set of solar, chemical, and infrared radiative sources
and sinks of energy in the mesosphere. In this paper
we present the first assessment of these many sources
and sinks of energy. We focus on the processes of solar
energy deposition and conversion of energy to heat by
exothermic chemical reactions, including an accounting
of the loss of energy by airglow and chemiluminescence
that reduces the amount of energy available for heat.

SA32A-06 1510h

Oxygen-Hydrogen Chemistry and
Emissions in the Mesosphere:
Modeling and SABER Observations

Anne K Smith1 (3034971876; aksmith@ucar.edu)

Daniel R Marsh1 (marsh@ucar.edu)

James M Russell2

(JAMES.RUSSELL@hamptonu.edu)

Martin Mlynczak3 (m.g.mlynczak@larc.nasa.gov)
1Atmospheric Chemistry Division, NCAR PO Box

3000, Boulder, CO 80303, United States

2Hampton University , P.O. Box 6075, Hampton, VA
23668, United States

3NASA Langley Research Center, Mail Stop 420 21
Langley Blvd., Hampton, VA 23681, United States

Chemical reactions of the oxygen and hydrogen fam-
ilies control trace species such as mesospheric ozone
and emissions by the dominant airglow features. In
this study we focus particularly on the chemistry that
affects the OH Meinel band emission of the upper meso-
sphere, which is measured by SABER. We compare
model simulations with SABER emission data and ad-
dress the following topics: the processes that maintain
the vertical structure of the volume emission rate, the
role of atomic oxygen transport in the structure and
variability of emissions, and how tides and other dy-
namical processes affect the mean height and emission
rate.


