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‘We shortly review our current physical understand-
ing of the physics of polar mesosphere summer echoes
(PMSE) in the scope of our recently updated theory of
reduced electron diffusivity in the presence of charged
ice particles. Based on the available observational data
base from both ground based and rocket borne observa-
tions we critically assess our physical understanding of
PMSE properties like (among others) observed seasonal
variation, signal strength, spectral width, aspect sensi-
tivity, relation to the occurrence of noctilucent clouds,
relation to the occurrence of electron biteouts, electric
fields, and the morphology of mesospheric neutral air
turbulence. Finally, we identify remaining open ques-
tions and discuss the need for future investigations.

URL: http://www.iap-kborn.de
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Simultaneous Observations of
Temperature, PMSE, NLC and
Potassium at Spitsbergen, 78°N
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Between 2001 and 2003 a potassium lidar was in-
stalled near Longyearbyen (78°N) on the north polar
island of Spitsbergen which is part of the archipelago
Svalbard. The potassium lidar is capable of detecting
noctilucent clouds (NLCs) and of measuring temper-
atures in the mesopause region, both under daylight
conditions. At the same place a series of meteorolog-
ical rockets (falling spheres) were launched in during
the ROMA campaign in 2001 which gave temperatures
from the summer mesopause to the stratosphere. The
location of the lidar was close to the Sousy-Radar which
has frequently observed PMSE throughout the summer
periods of 2001 and 2003. We give an overview on the
NLC and PMSE measurements and compare the results
with temperatures in the same altitude region derived
from the meteorological rockets. The NLC and PMSE
appearance with height and season is in agreement with
the climatological variation of water vapor saturation
derived from the temperature measurements.
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Observations of Polar Mesospheric
Clouds and Aurora from the
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Presence of Oxygen Atoms
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Menlo

In the mesopause region, where noctilucent clouds
(NLCs) form and polar summertime echoes are present,
atomic oxygen is the dominant reactive species. Obser-
vations by Gumbel et al. (1998) reveal sharp gradients
and distinctive minima in oxygen atom concentration
coinciding with observed NLC layers. These observa-
tions suggest an interaction between oxygen atoms and
NLC particles. Recent laboratory studies conclude that
the uptake coefficient of atomic oxygen on ice is not
large enough to change the gas-phase concentrations

Cite abstracts as:

in the mesosphere lower thermosphere (MLT) region
(Murray and Plane, 2003). However, the question of
whether or not atomic oxygen can affect the forma-
tion and growth of ice has not been experimentally
addressed. To gain insight into possible interactions
between atomic oxygen and ice surfaces, we directly
measure ice growth rates at temperatures associated
with the summertime mesopause region (110-150 K),
with and without exposure of the growing ice layer to
partially dissociated oxygen. A liquid nitrogen cooled
cryostat is used to control the temperature of a gold
mirror in a high vacuum chamber. Water vapor, either
from the residual background or from an introduced
source, is allowed to condense on the mirror. A mi-
crowave discharge is used to partially dissociate an
oxygen stream, which is sampled into the chamber
through a small orifice facing the gold mirror. Grazing
angle Fourier transform infrared reflection absorption
spectroscopy (FTIR-RAS) is used to monitor the rate
of ice growth. Preliminary results at 130 K indicate
that the ice growth rate in the presence of oxygen
slows when the microwave discharge is activated and
the ratio of water to oxygen is low. For HoO/Oo
= ~0.3 %, at a total chamber pressure of about 7
pTorr, the growth rate reduction amounts to 2449
%. Changes in the FTIR-RAS absorption profile of
the OH stretching vibrations are also noted, which
may indicate changes in ice morphology. Both results
suggest that the presence of atomic oxygen influences
how ice forms and grows, though more extensive ex-
perimentation is required to solidify this conclusion.
This testing is underway and results will be presented
and discussed.

Gumbel, J., D. P. Murtagh, P. J. Espy, and G. Witt,
“Odd Oxygen measurements during the Noctilucent
Cloud 93 rocket campaign,” Journal of Geophysical Re-
search, Vol. 103, No. A10, 1998, pp. 23,399-23,414.

Murray, B. J,
nications, 2003

and J. M. C. Plane, personal commu-

SA51A-0483 0830h POSTER

Polar Mesospheric Clouds as Seen by
the Halogen Occultation Experiment
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Data from the Halogen Occultation Experiment
(HALOE) are being used to study Polar Mesospheric
Clouds (PMCs), their long-term variations with time,
northern and southern hemispheric asymmetries, and
variations with latitude. HALOE has been observing
the polar summer region since the end of 1991, which
has provided 12 northern and 12 southern seasons of
data. HALOE typically makes 2-3 sweeps through the
high latitudes each summer that provide approximately
600 polar observing opportunities each PMC season.
These observations can vary with latitude and time for
each summer season, and since PMC occurrence fre-
quency will depend on latitude and time, the HALOE
PMC observations are normalized to the SME clima-
tology as described by Shettle et. al. (2002) so that
interannual comparisons can be made. We will present
the seasonal PMC occurrence frequency and extinction,
and the seasonally averaged temperature and water va-
por at PMC altitudes for both the northern and south-
ern hemisphere. PMC altitude distributions for each
hemisphere and occurrence frequency with latitude and
time in a season will be shown. Occurrence frequency
results versus time show good agreement with the SME
distribution.

SA51A-0484 0830h POSTER

Summertime Shuttle Plume Transport
to the Arctic Using Lower
Thermospheric Wind Observations
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Recent observational evidence indicates that space
shuttle main engine water vapor exhaust can travel to
the Arctic and create polar mesospheric clouds (PMCs).

Fos.

If this phenomenon is repeatable, then hundreds of met-
ric tons of water vapor could be ushered into the Arc-
tic lower thermosphere every summer from the shut-
tle and other mid-latitude launches worldwide. The
shuttle-PMC link is a stringent test of our understand-
ing of constituent transport near 110 km. We address
it by compiling satellite observations of lower thermo-
spheric winds from NASA’s Upper Atmospheric Re-
search Satellite (UARS) for use in a parcel advection
model that includes effects of season, altitude, local
time and latitude. We find that satellite wind clima-
tologies yield plume motion in the direction observed
but significantly slower than inferred from our observa-
tions. Reported peak wind speeds from chemical release
experiments are generally higher than those from satel-
lites in the 100-110 km region. If wind speeds are as
high as the chemical release data indicate, the inferred
plume motion can be reproduced. We use recent sum-
mertime shuttle plume observations from a microwave
instrument measuring water vapor in the Arctic to help
constrain the transport.
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Recent work shows evidence that space shuttle wa-
ter vapor exhaust can travel to the Arctic and form
polar mesospheric clouds (PMCs), visible about a week
after launch. A ground-based microwave spectrometer
in northern Norway (69°N) has been measuring wa-
ter vapor in the upper atmosphere since 1995. These
data reveal that several space shuttle plumes injected
in the summer were detected by the microwave spec-
trometer one to three days after launch. To explore
whether each of these Arctic shuttle plumes leads to
PMC formation, we analyze satellite PMC data col-
lected by Solar Backscatter Ultraviolet (SBUV/2) in-
struments following each case where an Arctic shut-
tle plume was observed. Some shuttle plumes lead to
significant observed PMC responses, while others lead
to weaker or no observed responses. Since the orbits
of most SBUV/2 instruments drift in local time and
the PMC lighting conditions evolve during the season
and with latitude, we examine the observational con-
ditions for each case to quantitatively determine the
detection capability of SBUV/2 following each Arctic
plume observation. Using the comprehensive coverage
of SBUV/2 over the polar cap, we will also quantify
the spatial and temporal extent of any burst of PMC
activity following a shuttle launch.
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Two types of rocket-borne probes are described for
detecting charged aerosol particles in the ionosphere.
The first are flat charge-collecting surfaces on the skin
of the rockets that have returned data in four exper-
imental campaigns. The collection surfaces have be-
hind them permanent magnets that shield the probes
from electrons. Some of the probes also have an electri-
cal bias to repel light, positive ions. The current that
is recorded is thus from heavier charged aerosol par-
ticles. This heavy charge carrier current is converted
to a charge number density. The second type of probe,
under development, is an electrostatic mass analyzer in
which different ranges of mass are collected within the
payload on surfaces with different bias potentials

URL: http://debye.colorado.edu/
research.html# Rocket

Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.



SA51A-0487 0830h POSTER

Lidar and Satellite Observations of
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Arctic
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Rayleigh lidar observations have been ongoing at
Chatanika, Alaska (650N, 1470W) since 1997. Noctilu-
cent clouds have been detected by lidar in late sum-
mer since August 1998. These lidar observations have
been made near local midnight during visible noctilu-
cent cloud displays. We report observations in the sum-
mers of 1998, 1999, 2001, 2002 and 2003. The Stu-
dent Nitric Oxide Explorer (SNOE) makes satellite ob-
servations of Polar Mesospheric Clouds over the entire
globe. The SNOE observations have been made near
local midday since summer 1998. We focus on the lidar
and satellite observations in the western Arctic during
the same seasons. We discuss the cloud observations in
terms of local, regional, and long-term environmental
factors (i.e. temperature, water).
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‘We have examined 23 years of SBUV data for
changes in the seasonal distribution of PMC occur-
rence. In the north there are significant increases in
the relative proportion of clouds that occur at the be-
ginning of the season (between 20 and 40 days prior to
solstice) and at the end of the season (60 to 80 days af-
ter solstice). In the south, significant relative increases
are seen at the end of the season (50 to 70 days after
solstice) but not in the beginning of the season. We
found no evidence that the length of the season has
changed. Because the SBUV instruments are sensitive
to the brighter clouds, the results indicate that the rel-
ative number of bright clouds has increased over time
at the beginning and end of the cloud season.
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Backscatter Lidar Depolarization Study
of NLC at Sondrestrom, Greenland
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The spherical shape of NLC particles is often an as-
sumed property without much scientific support. Such
information would impact our understanding of NLC
The
depolarization lidar technique has been used to charac-

formation and interpreting backscatter signals.
terize the degree of depolarization, and thereby deter-

mine the sphericity of ice particles. During the summer
of 2003, Sondrestrom Rayleigh lidar system has been

Cite abstracts as: Fos.
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operated to make depolarization measurements by dis-
criminating the cross-polarized component from NLC
backscatter signals. We will report our initial experi-
mental results and discuss the nonspherical scattering
properties of NLC particles using the T-matrix algo-
rithm.

URL: http://www.isr.sri.com
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The Polar Ozone and Aerosol Measurement (POAM
II and III) satellite instruments were designed to mea-
sure ozone and other trace species in the stratosphere
using solar occultation. However, the POAM instru-
ments have proved to be sensitive enough to measure
Polar Mesospheric Clouds (PMC). Because of its orbit
nearly all the POAM PMC measurements are in the
Southern Hemisphere (SH), where its latitude varies
between 63 and 70 degrees south, during the PMC sea-
son. POAM measures transmission as function of alti-
tude through the earth’s atmospheric limb at 9 wave-
lengths between 355 nm and 1018 nm. POAM II on the
SPOT 3 satellite was operational from October 1993
until November 1996, and POAM III on the SPOT 4
satellite has been operational since April 1998, covering
eight PMC seasons in the SH. Because of the better the
signal-to-noise characteristics of POAM III compared
with POAM TII, especially in the UV channel, our anal-
ysis of the PMC particle sizes will focus on the POAM
III results. The transmission measurements are fit with
a simple cloud model which allows us to determine the
height of the cloud base and top, and the extinction
coefficient. The multi-wavelength extinction measure-
ments have been analyzed to determine the characteris-
tic particle sizes in the PMCs. The modal PMC particle
size typically ranges from 20 to 70 nm, with the largest
sizes being more typical of those clouds, with the great-
est optical thickness. Given our derived values of the
particle size and PMC extinction coefficient, we also
determine the PMC particle number.
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MaCWAVE is an acronym for Mountain And Con-
vective Waves Ascending Vertically. This coordinated
rocket, ground-based, and satellite program was de-
signed to address gravity wave forcing of the meso-
sphere and lower thermosphere (MLT), with launch se-
quences into the polar MLT during summer (July 2002)
and winter (January 2003) conditions. The summer
launch program was conducted at the Norwegian An-
doya Rocket Range (ARR, 69.3N); the winter program
at the Swedish Rocket Range (ESRANGE, 67.9N). Cor-
relative instrumentation included the ALOMAR radars
and lidars (including the new Weber sodium lidar), ES-
RANGE RMR lidar, ESRAD MST radar, radiosondes,
and TIMED satellite measurements of thermal, wind,
and constituent structures. The data are being used to
define the wave field structure, fluxes, and turbulence
generation leading to forcing of the large-scale flow.
During summer, launch sequences coupled with ground-
based measurements at ARR addressed the forcing of
the mesopause environment by anticipated convective
and shear generated gravity waves. These motions were
measured with two 12-hr rocket sequences, each involv-
ing one Terrier-Orion payload accompanied by a mix
of MET rockets, all at ARR in Norway. The MET
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rockets were used to provide large scale meteorology of
the mesosphere and stratosphere. The Terrier-Orions
were designed to measure small scale plasma fluctua-
tions and/or turbulence that might be induced by wave
breaking in the mesosphere. During the summer series,
three European MIDAS rockets) were also launched
from ARR in coordination with the MaCWAVE pay-
loads. These were designed to measure plasma and
neutral turbulence within the MLT. The winter pro-
gram was planned to study the upward propagation and
penetration of mountain waves from northern Norway
into the MLT at a site favored for such penetration.
As the major response was expected to be downstream
(east) of the Norwegian coast, these motions were mea-
sured with rocket sequences similar to the summer cam-
paign, but this time at ESRANGE in Sweden. However,
a polar stratospheric warming just prior to the rocket
window induced stratospheric wind shears, which pre-
vented mountain wave penetration into the mesosphere.
Instead, the observed wave structure in the mesosphere
originated from other sources. A program description
plus preliminary results will be discussed.
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The Weber sodium resonance lidar at ALOMAR
measured sodium density, temperature, and zonal wind
at altitudes from 85 to 97 km in June/July, 2002, dur-
ing the MIDAS/MaCWAVE rocket campaign at the An-
doya Rocket Range (69N,16E). During the first rocket
salvo on July 1, 2003, the sodium lidar measured very
large vertical gradients of temperature, sodium density,
and zonal wind lasting several hours. The tempera-
ture changed by 40K over 1 km in altitude with the
sodium density changing by a factor of 10 at the same
height. The zonal wind also showed a strong gradient,
although not as striking as in the temperature. During
both salvos on July 1 and July 4, 2003, the sodium den-
sity measurements showed great variability at periods
ranging from tens of minutes to tens of hours presum-
ably due to gavity waves and tides. The sodium layer
exhibited large changes in abundance and layer height
with several sporadic layers and sharp bottomside gra-
dients. We will investigate the properties of the waves
and their possible connection to the strong vertical gra-
dients of temperature, wind, and sodium density.
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MaCWAVE: A Survey of Mesospheric
Temperature and Wind
Measurements
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The campaign, Mountain and Convective Waves As-
cending Vertically (MaCWAVE) took place during the
summer from the Andoya Rocket Range in Norway
and during the winter from ESRANGE in Sweden.
The purpose of MaCWAVE was to determine the mor-
phology of gravity waves and their generation from
convection during the summer and mountain wave
activity during the winter. MaCWAVE
large number of meteorological rockets comprised of
26 inflatable falling sphere flights during the summer
campaign and 46 flights during the winter campaign.
Temperature and wind data to approximately 90 km
show summer mesospheric structure having very sim-
ilar profiles although evidence of a diurnal cycle is
apparent. However, the winter mesospheric structure
is quite variable. Identifying mountain wave propaga-
tion of gravity waves is difficult due to easterly winds

included a

from a stratospheric warming inhibiting westerly flow
over the mountains. In situ and remote observations
obtained during similar time periods are examined for
similarities and differences. Time series, while limited
over time, show the cyclic nature of the mesospheric
temperature and wind data.
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We present results from rocket borne in situ mea-
surements of mesospheric turbulence obtained in the
course of the international MIDAS/MacWave project.
‘We apply a new data analysis technique based on
wavelet analysis and identify turbulent layers with ver-
tical extents from 100 m up to several kilometer. Our
observations show that we observed the mesopause re-
gion in an extremely untypical dynamical state, in par-
ticular characterized by the fact that strong turbulence
was observed below an altitude of 80 km. Evidence
for this extraordinary behaviour is further identified in
wind and temperature profiles obtained with meteoro-
logical rockets that accompanied the launches of the
instrumented sounding rockets. Finally, we discuss our
observations in the scope of current understanding of
the role of breaking gravity waves for the dynamical
and thermal structure of the mesopause region.

URL: http://www.iap-kborn.de
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Case Studies of Mesopheric
Gravity-Wave Breaking in Lidar Data

Patricia Franke (217 244-5503; pfranke@uiuc.edu)
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Lidar derived temperatures reveal dramatic
episodes of gravity-wave breaking on every night during
several campaigns at the Starfire Optical Range (SOR)
in New Mexico, USA. Potential temperatures,derived
assuming hydrostatic balance, reveal vertical parcel
displacements of greater than 10 km over timescales of
hours, as well as breaking events that create isentropic
layers of kilometer thickness.
from complex interactions between intermediate period
waves and the tidally determined background state.
Both synoptic and spectral analyses will be presented
that give insight into the dynamics of these events.
Estimates of wave-associated vertical heat and momen-
tum fluxes, calculated using lidar-doppler velocities,
will also be shown.

These events results
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Generating Nonmigrating Tides in the
Mesosphere
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We demonstrated with the Numerical Spectral
Model (NSM) that nonlinear interactions between plan-
etary waves (PW) and migrating tides could generate
in the upper mesosphere nonmigrating tides having am-
plitudes comparable to those observed. The NSM in-
corporates Hines’ Doppler Spread Parameterization for
small scale gravity waves (GW), which affect in numer-
ous ways the dynamics of the mesosphere. The latitu-
dinal (seasonal) reversals in the zonal circulation and
temperature variations above 70 km, largely caused by
GWs (Lindzen, 1981), contribute to the instabilities
that generate the PWs as well as filter them. The PWs
in turn are amplified by the momentum deposition of
upward propagating GWs, as are the migrating tides.
The GWs thus affect the migrating tides and PWs, the
building blocks of non-migrating tides. We present here
the results of two computer experiments, which indicate

Cite abstracts as:

that the GWs also contribute significantly to the pro-
cess of nonlinear coupling between PWs and tides. In
one, we turn off the GW source to show the effect on
the nonmigrating tides. In the second case, we demon-
strate the effect on the stationary non-migrating diur-
nal tide by selectively suppressing the GW momentum
source for zonal wavenumber m = 0.
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A time evolution of the response of the minor
species and the OH airglow to a dissipating gravity
wave packet can be simulated with a 2-dimensional,
time-dependent, fully nonlinear OH model developed
recently by Huang and Hickey [2002]. The wave packet
was simulated using a spectral full-wave model de-
scribed by Hickey et al. [2000] and Hickey and Walter-
scheid [2001], and then input to a 2-D chemistry model
to study the secular variation of the minor species and
OH nightglow. Previous studies of OH nightglow at
high latitudes show strong secular variations of minor
species and also of the OH brightness induced by wave
transience and dissipation [Huang and Hickey, 2002].
We plan to employ the same models to study the sec-
ular variations of minor species and the OH nightglow
at mid- and low-latitudes. The latitudinal dependence
of the secular variations can thus be deduced. Satellite
observations reveal much larger OH brightness at mid-
latitudes compared to those at high and low latitudes.
Therefore, we expect greater secular variations induced
by the same wave packet at mid-latitudes.
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Breaking of Thunderstorm-Generated
Gravity Waves as a Source of
Short-Period Ducted Waves Observed
at Mesopause Altitudes

Jonathan B. Snively1 (jbs231@psu.edu)

Victor P. Paskol (vpasko@psu.edu)

lcossn Laboratory, Penn State University, 204 EE
East, University Park, PA 16802, United States

Atmospheric gravity waves with periods of 5 to 8
minutes have been observed at airglow altitudes [Tay-
lor et al., GRL, 22, 2849, 1995; Walterscheid et al.,
JASTP, 61, 461, 1999; Hecht et al., JGR, 106, 5181,
2001; and references cited therein]. These waves are
believed to propagate as thermally-ducted wave modes,
trapped in the Brunt-Viisili frequency minimum of the
upper mesosphere and lower thermosphere [e.g., Wal-
terscheid et al., 1999]. Many of these recently observed
waves have been traced to thunderstorm activity lo-
cated hundreds of kilometers from the point of observa-
tion. However, these gravity waves would be evanescent
in most regions of atmosphere, where their frequency
exceeds the local Brunt-Viisala frequency. It is there-
fore improbable that the observed waves with short pe-
riods (7=~5 min) would be able to propagate freely from
a tropospheric convective source to the lower thermo-
sphere. Thunderstorms are known radiators of gravity
waves, with typical forcing periods of 10 to 16 minutes
(approximately equal to the Brunt-Viisild period of
the upper troposphere) [e.g., Pierce and Coroniti, Na-
ture, 210(5042), 1209, 1966]. Recent numerical studies
have demonstrated that the breaking of low frequency
gravity waves can excite harmonic secondary waves,
with frequencies and horizontal wavenumbers approx-
imately twice that of the primary waves [e.g., Franke
and Robinson, J. Atmos. Sci., 56, 3010, 1999, Zhou et
al., JGR, 107(D7), doi:10.1029/2001JD001204, 2002].
It has also been proposed that these radiated secondary
waves may be subject to ducting near the breaking re-
gion [Vadas et al., J. Atmos. Sci., 60, 194, 2003]. It
can thus be predicted that if thunderstorm-generated
gravity waves, with periods of 10 to 16 minutes, were
to break near mesopause, they may excite secondary
waves with short periods of 5 to 8 minutes. These
waves would be trapped in the lower thermospheric
duct. Using a high-resolution, two-dimensional, non-
linear numerical model, we examine this process in a
thermally-realistic atmosphere for a tropospheric oscil-
latory source modeling the effects of convection. Simu-
lated results demonstrate that breaking thunderstorm-
generated gravity waves may be able to excite quasi-
monochromatic, short-period, thermally ducted wave
modes at airglow altitudes. These results will be com-
pared with linear mechanisms (such as “kissing” modes

Fos.

[e.g., Walterscheid et al. JGR, 106, 31825, 2001]); the
applicability and limitations of the different mecha-
nisms will be discussed.
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Planetary Scale Inertio Gravity Waves
in the Mesosphere
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In the polar region of the upper mesosphere, hor-
izontal wind oscillations have been observed with pe-
riods around 10 hours. Waves with such periodicity
are generated in our Numerical Spectral Model (NSM),
and they are identified as planetary scale inertio grav-
ity waves (IGW). In addition to stationary waves for
zonal wavenumber m = 0, eastward and westward prop-
agating waves for m = 1 to 4 appear above 70 km,
which grow in magnitude up to about 100 km and have
periods between 9 and 11 hours. The m = 1 west-
ward propagating IGWs have the largest amplitudes,
which can reach at the poles 30 m/s. The IGWs are
intermittent but reveal systematic seasonal variations,
with the largest amplitudes occurring generally in win-
ter and spring. The IGWs propagate upward with a
vertical wavelength of about 25 km. Without the mi-
grating tidal excitation sources, the IGWs are differ-
ent but still appear with comparable amplitudes. Like
the planetary waves (PW) in the model, the IGWs are
apparently produced by instabilities that arise in the
mean zonal circulation. When the solar heating for m
= 0 is turned off, the IGWs, and PWs, essentially dis-
appear.
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Mesosphere Thermosphere Experiments
for Coupling Studies

Nanan Balan! (4+44-114-222-5234;
B.Nanan@sheffield.ac.uk); S. Kawamura2; T.
Nakamuraz; M. Yamamoto? S. FukaoZ H.
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1Control and Systems Engineering, University of
Sheffield, Sheffield S1 3JD, United Kingdom

2Radio Science Center for Space and Atmosphere ,
Kyoto University, Kyoto 611-0011, Japan

The mesosphere lower-thermosphere (MLT) and
thermospheric F regions at low-mid latitudes are stud-
ied simultaneously by operating the MU radar (SSON,
136°E) continuously in alternate meteor and incoher-
ent scatter modes, for the first time, under a project
called MTEC-S (mesosphere thermosphere experiments
for coupling studies). Four long MTEC-S campaigns of
duration 7 to 10 days were conducted, one in each sea-
son in 2000-01, when solar activity ranged from medium
to very high (F10.7 = 130 to 270), and a major morn-
ing storm (Dst reaching -360 nT, Kp reaching 9 and
Ap rising above 120) and another moderate nighttime
storm occurred during a campaign at March equinox.
The campaigns provide zonal and meridional wind ve-
locities at MLT altitudes (80-95 km), meridional wind
velocity in the upper thermosphere (220-450 km), and
electron density, peak height and plasma drift velocity
in the ionosphere (150-600 km) with time resolution of
1.5 hours. The observed directions of the meridional
wind velocity in the lower and upper thermospheres un-
der quiet and active conditions seem to be consistent
with those expected from solar driven thermospheric
meridional circulation and auroral driven equatorward
wind [Roble et al., 1977; Richmond, 1978; Rishbeth, 1998].
The response of the ionosphere to the major morning
storm is found to be dominated by the direct effect of
the storm-time neutral wind during daytime and its in-
direct effect at night. The data sets are spectral anal-
ysed to identify the tides and waves present at different
altitudes. The seasonal, solar activity and magnetic ac-
tivity dependencies of these tides and waves, through
which the upper atmospheric regions could be dynam-
ically coupled, are also presented.
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Quantum Mechanical Investigations of
H+0> and O+4+OH Reactions

Balakrishnan Naduvalath! (702-895-2907;
naduvala@unlv.edu)

Renat A. Sultanov! (sultano2@unlv.edu)

lDepartment of Chemistry University of Nevada Las
Vegas, 4505 Maryland Parkway, Las Vegas, NV
89154, United States
The reaction O+OH— H+4Og has received signifi-
cant attention in connection with OH chemistry in the
mesosphere. Its reverse process H4+Oo — OH4O is
generally considered to be the most important reaction
in combustion chemistry and it is the rate-limiting step
in combustion and flame propagation processes. Here,
we report quantum mechanical investigations of both
processes with an aim of computing accurate values of
reaction rate coefficients. The presence of two heavy
oxygen atoms and long-range interaction in the O+4+OH
channel make the calculations extremely challenging.
‘We will determine the sensitivity of the rate coefficients
to details of the interaction potential by comparing re-
sults obtained using two different potential energy sur-
faces for the HOqg system.
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An Optimization/IT Theory Approach
to the HOx Dilemma, Data, and
Modeling

Gregory Smith! (650-859-3496;
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Measurements of chemically active species in the
mesosphere and upper stratosphere - O3, OH, HO2 -
are poorly predicted by model calculations; the result-
ing HOx dilemma usually underpredicting O3 and HO2
but overpredicting OH. Some rate constant changes
have been proposed for improvement. We have used
results from the LLNL 2-D atmospheric model to per-
form a rigorous analysis of the coupling between rep-
resentative MAHRSI, IR balloon, and microwave mea-
surements and the sensitive rate parameters. By con-
sidering estimated observational and rate parameter er-
ror limits, our procedures compute which groups of ob-
servations are mutually inconsistent within the space
of permissible kinetic variations. Possible kinetic re-
visions to optimize selected model predictions are also
determined. This IT analysis procedure forms a ba-
sis to codify, sort, and analyze groups of representative
data for atmospheric photochemical (or other kinetics)
systems, and provides a means to reduce modeling er-
ror. The results require exclusion of 6 of the 39 target
observations, particularly some low altitude (40 km)
observations, and significant modifications to oxygen
and ozone photolysis rates and the OH+O, OH+HO?2,
and O+HOZ2 rate constants. Research supported by the
NASA ITM Program. Thanks to Dr. Peter Connell of
LLNL for providing his model results.
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Atmospheric Effects of Solar Maximum
to Minimum UV Variation: In the
Light of New Developments in
Atmospheric Chemistry

Sheo S. Prasad (925-426-9341;
ssp@CreativeResearch.org)

Because they are entwined, considerable attention has
been given to the understanding of the atmospheric
effects of solar activities so that we may more clearly
understand and more reliably predict the effects of hu-
man activities on the atmosphere. The talk, therefore,
will present a new modeling study of the effects of solar
maximum to minimum UV variability on the Earth’s
mesosphere and stratosphere. Several striking devel-
opments have taken place in atmospheric chemistry,
since the previous modeling studies of the effects of
solar UV variability. For example, a new source of odd
nitrogen (NOyx = NO + NOj) directly from the Og

and Ng principals rather than their O(ID) and NoO
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derivatives have been found. This source is driven by
solar UV with A < 205 nm. As another example, it
has been found that photodissociation of Oz at A193
nm (or less) produces O(IS) and that this production
significantly modifies the middle atmospheric source
strength of the OH radicals. These new molecular
processes directly amount to new mechanism to link
the variable solar UV to the middle atmospheric trace
species concentration, O3, heating rates, dynamics
etceteras. Without the extra OH production via the
O(1S), the new sources of NOx tend to widen the
gap between the model predictions and observations of
middle atmospheric O3 changes in response to solar
maximum to minimum UV variation. The effect of the
additional OH production is currently being modeled.
The presentation will include discussions of both. Fur-
thermore, what needs to be done in the laboratory,
modeling, and observational data analysis will also be
discussed.
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Diurnal Variations of the Mesopause
Temperature Structure by Tides and
‘Waves as Observed by Potassium
Lidar at Different Latitudes

Cord Fricke—Begemannl (+49-38293-68-0;
fricke-begemann@iap-kborn.de)

Josef Hoffner! (hoeffner@iap-kborn.de)

1Leibniz-Tnstitute of Atmospheric Physics, Schloss-
Str. 6, Kiihlungsborn 18225, Germany

Investigating the diurnal temperature structure of
the mesopause region (80-105 km) requires continuous
measurements over complete 24-h cycles. The Leibniz-
Institute of Atmospheric Physics operates two potas-
sium temperature lidars which have been upgrade since
2000 for daytime observations. Measurements have
been carried out at various locations at low (28°N),
mid (54°N) and high latitudes (78°N). Decomposi-
tion of the serial temperature profiles into diurnal and
higher harmonics allows the determination of tidal am-
plitudes and phases. Regularly, dominate semi-diurnal
components with amplitudes of 10 K and more are ob-
served. Single campaigns with continuous lidar mea-
surements of more than 100 hours provide a reliable
data base to study the influence of gravity and plane-
tary waves on the mesopause temperature structure.
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Observation and Modeling of
Mesospheric Frontal Events, Bores,
and Nonlinear Waves

R. H. Picard?! (781-377-2222;
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M. Dewanl; S. H. Seo? E. Cohen® J.R.
Winick?!
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Hanscom AFB, MA 01731-3010

2Utah State Univ., Center for Atmospheric and Space
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We describe and categorize observations of meso-
spheric frontal events in OH Meinel and atomic-oxygen
green-line airglows from mid- and low-latitude sites.
Such extensive and long-lasting displays were first ob-
served by Taylor and co-workers in the ALOHA-93
Campaign and attributed by Dewan and Picard to the
existence of an internal-wave undular bore, a transient
phase motion in a mesospheric wave duct. Prior ob-
servations of internal-wave bores had been made on
ducts in the atmospheric boundary layer and the upper
ocean, and such disturbances have been found to de-
velop into solitons under certain conditions. We exam-
ine how wave ducts supporting bores can be formed by
atmospheric temperature and wind structure near the
mesopause and carry out calculations of the dynamics
of bore propagation and of the airglow response, com-
paring the result of calculations to the observations.
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Numerical Simulation of Atmospheric
Tidal Variability and Modulation in
the Mesosphere and Lower
Thermosphere

Niranjan Sharmal (303.735.3154;
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Jeffrey Forbes! (303.492.4359; forbes@colorado.edu)

1 University of Colorado at Boulder, Aerospace Engi-
neering Sciences, Boulder, CO 80027, United States
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Considerable research interest exists in studying at-
mospheric tidal variability and modulation in the meso-
sphere/lower thermosphere (MLT) region of the atmo-
sphere; presumably these modulations are due to strong
wave-wave interaction between planetary waves, tides
and gravity waves. Time scales of such variability are
observed to be in days to years. Observational evi-
dence exists of tidal modulation at periods of 10 and
16 days, a regular feature of MLT dynamics at high
middle latitudes. Various theoretical and observational
studies outline nonlinear interaction among tides, plan-
etary and gravity waves as being the dominant process
in supporting observed tidal variability. Our research
work seeks to extend current modeling capabilities to
simulate nonlinear interactions of planetary scale waves
and atmospheric tides with effects of gravity waves in
order to better understand the tidal amplitude modula-
tion by planetary waves via strong wave-wave nonlinear
interactions in the MLT region. We also anticipate sig-
nificant modeling advances in support of the TIMED
mission.
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Interannual Variability of Diurnal
Tropospheric Heating and Diurnal
Tides

Dennis M Rigginl (303-415-9701 x208;
Tiggin@colorado-research.com)

Ruth S Liebermanl (303-415-9701 x212;
ruth@colorado-research.com)

1 Colorado Research Associates Div NorthWest Re-
search Associates, 3380 Mitchell Lane, Boulder, CO
80301, United States

We present analyses of tropospheric diurnal heating,
and middle atmosphere diurnal tides. Our study high-
lights interannual variations, which have received com-
paratively little attention in the literature compared
with seasonal studies. Analyses of 12 years of data
from the Kauai MF radar and 8 years of data from the
Christmas Island MF radar reveal significant interan-
nual amplitude enhancements in the diurnal tide, par-
ticularly during 1992 and 1997. The amplitude max-
imum in 1997 is correlated with above-average tropi-
cal tidal heating due to IR absorption by water vapor.
The tidal heating was derived using the NASA Water
Vapor Project (NVAP) climatology. Examination of 10
years of monthly averaged tropospheric diurnal water
vapor heating reveals an interannual component that
maximizes over the Indian and tropical central Pacific
oceans. This component explains over 40% of the to-
tal variance in the 10-year diurnal climatology of water
vapor heating. We also explore the role of convective
heating in modulating tropospheric diurnal forcing.
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Coordinated Remote Sounding and
Local Measurements of Water Vapour
in the Middle Atmosphere
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IDept of Meteorology, Stockholm University, Stock-
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A complete snapshot of the water vapour distribu-
tion from the tropopause to the mesopause has been
obtained from simultaneous in-situ rocket and balloon
measurements conducted from Esrange on the morn-
ing of December 16, 2001 within the Odin validation
programme. An active optical technique based on the
dissociation of water molecules by Lyman alpha radia-
tion generated by an on-board multicapillary Ly-alpha
lamp and the subsequent detection of the optical emis-
sion from the resulting electronically excited OH rad-
ical produced outside the rocket shock front was used
by the rocket borne payload Hygrosonde-II. A similar
instrument was carried on the stratospheric SKERRIES
balloon. A continuous vertical water vapour profile ex-
tending from 8 km to about 80 km has been compiled
from the combined up- and downleg rocket measure-
ment and the balloon sounding. Meteorological rock-
ets (falling spheres) provided by NASA were flown be-
fore and after the Hygrosonde-IT and SKERRIES flights
to provide temperature, density and wind profiles in
the upper stratosphere and mesosphere. Additional in-
formation on the density profile is available from the
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Rayleigh lidar at Esrange operated by Bonn Univer-
sity. The lidar provides a mean state profile in the
stratosphere and mesosphere up to 95 km altitude for
the Hygrosonde-II campaign period as well as profiles
before and after the rocket and balloon flights. Mete-
orological data for the stratospheric analysis have also
been obtained from the ECMWF analysis. An analy-
sis of the obtained distribution of middle atmospheric
water relates its details to the large-scale motions and
the dynamics of the region (Khaplanov et al., Mid-
dle Atmospheric Water Vapour and Dynamics During
the Hygrosonde-2 Campaign, 16th ESA-PAC Sympo-
sium, 2003). At the time of the Hygrosonde-II measure-
ments the Odin satellite was configured in aeronomy
mode and provided continuous water measurements us-
ing sub-mm limb sounding. A comparison of these re-
motely sensed measurements during Odin passes over
Esrange with the local Hygrosonde-11/SKERRIES mea-
surements will be presented.
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Global Measurements of the
Atmospheric Effect of the Leonid
Shower
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United States
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The nadir-viewing Global Ozone Measuring Exper-
iment (GOME) UV/VIS spectrometer from ERS-2 is
used to study the temporal variations of the column
densities of metal species, including neutral/ionized
Mg, Fe, and neutral Si. ERS-2 orbits the Earth 14
times per day at 795 km with an equatorial crossing
time of 10:30 AM. GOME has a spectral range of 237
to 793 nm, with a wavelength resolution of 0.2 nm in
the 237 to 316 nm region, and measures all wavelengths
simultaneously, performing a complete spectral scan in
1.5 seconds. There are 5 wavelength channels. The 2
channels comprising the 237 to 316 nm range are in-
tegrated for 12 seconds giving a spatial resolution of
100 by 960 km. All other channels are integrated for
1.55 seconds giving a spatial resolution of 40 by 20
km. Metal data are examined from November 1996
to delineate changes in the mesospheric and thermo-
spheric abundance of meteoric material resulting from
the Leonid meteor shower. Global data from the month
of November are analyzed before, during and after the
shower to sort out Leonid effects from other temporal
effects. In order to better quantify column amounts of
different neutrals and ions and resolve the identity of
unidentified spectral features, simulations of individual
spectra are conducted and compared to actual data.
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Statistics of meteor-head echo
observations using the Jicamarca 50
MHz radar

Jorge L. Chaul (chau@jro.igp.gob.pe)
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We present the statistical results of recent obser-
vations of meteor-head echoes obtained with the high
power-aperture Jicamarca 50 MHz radar. Our obser-
vations were concentrated at the beginning on Leonids
events, specifically 2001 and 2002, nonetheless we have
recently started observations at different seasons in
2003. Statistics are presented for most of the meteor
parameters we are able to estimate, including among
other the absolute velocities, azimuth and elevation of
velocity vectors, and decelerations. So far we have not
seen any evidence of Leonids signatures. Moreover,
the velocity distribution of the meteors with respect
to the Earth’s frame of reference is clustered around
the Apex, within £10° transverse to the Ecliptic and
no more than a few degrees in heliocentric longitude
in the Ecliptic plane. Preliminary estimates of meteor
fluxes, based on the meteor decelerations, are compared
to the Arecibo estimates and those obtained with opti-
cal instruments.
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MAGIC Collector - Direct Sampling of
Meteoric Dust in the Mesosphere
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Recondensation of evaporated meteoric material is
thought to form particles in the nanometer size range.
Notwithstanding the lack of direct evidence of these
particles, it has been suggested that these small parti-
cles of meteoric origin may play a key role in a number
of mesospheric processes related to noctilucent clouds,
polar mesosphere summer echos, charge balance and
neutral chemistry. We will present a recently developed
instrument, MAGIC (Mesospheric Aerosol - Genesis,
Interaction and Composition), designed for in situ col-
lection of neutral nanometer-size particles in the meso-
sphere. The instrument will for the first time allow
us to bring these particles from the mesosphere into
the laboratory and to study their properties in detail.
The MAGIC instrument is intended to be carried on a
sounding rocket and with a mass of less than 1.5 kg, the
collector is completely self-contained and requires no
telemetry. MAGIC collectors are currently being built
at NRL, and two rocket flights in collaboration with
the Virginia Polytechnic Institute and the University
of Stockholm, are scheduled in the spring of 2004 from
Wallops Island, Virginia, and in the winter of 2004/5
from Esrange, Sweden.
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Metal and ion layers observed by
resonance lidars and incoherent
scatter radar at Arecibo
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Observations of the mesopause-region potassium
and sodium layers using the resonance lidar technique
have been carried out at the Arecibo Observatory
(18.35°N, 66.75° W) for a number of years. These ob-
servations have often coincided with E-region observa-
tions by the incoherent scatter radar. In this presen-
tation, we examine the seasonal and diurnal variability
of K/Na/ion layer content and height. In particular,
we have found that sporadic layers are far more preva-
lent in summer than other times of year. We have also
developed algorithms to study the layer structures in
detail, including the densities and trajectories of thin
metal layers. The neutral metal layers will be compared
to the ion layers to reveal whether and how the two
phenomena are dynamically and chemically linked.
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Observation and Modeling of
Mesospheric Potassium Over Arecibo
Observatory
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Nighttime observations of the atmospheric potas-
sium layer were performed at the Arecibo Observa-
tory using lidar to determine the seasonal variation in
the concentration of the potassium metal atom layer.
The K layer shows nightly and seasonal variation; the
nightly variation was due to the presence of sporadic
layers. The seasonal variability is less in the layer
width, while the column abundance exhibits a semian-
nual variation. To understand the seasonal behavior of
the K layer a one dimensional model has been devel-
oped. The model includes a meteoric deposition, verti-
cal transport through eddy diffusion, and a full chemi-
cal scheme. To identify molecular reservoirs and sinks
for the K atom, ab initio calculations were performed
to estimate the thermochemistry. Rate constants for
the reaction between the metal bicarbonate and atomic
H, as well as ion-molecule reactions, were obtained by
considering detailed balance mechanism and transition
state theory. Reactions KO+ + N2, K4+x02 4 O,
K+ x02 + N2, and KHCO3 + H can be considered as
routes that may cycle species, which can play a role as
major sinks of potassium ion or neutrals in the meso-
spheric cycle. These studies of the metal layer con-
tribute to a better understanding of chemical and dy-
namical changes that affect atmospheric composition.
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