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An Analysis of Polar Mesospheric Cloud Observations from the POAM 11 and
POAM 11 Instruments in the Southern Hemisphere

Alfred, J, Lumpe, J, Shettle, E., and Bevilacqua, R.

Computationa PhysicsInc.
Computationa Physics Inc.
Nava Research Lab.
Nava Research Lab.

Polar mesospheric clouds (PMCs) have been observed with both the Polar Ozone and
Aerosol Measurement (POAM) 11 and 111 instruments. POAM |1 conducted measurements
during the 93/94, 94/95 and 95/96 Southern Hemisphere PM C seasons, and results from the first
two seasons have been previoudy reported in Debrestian et d., 1997. POAM I11 hasbeenin
operation since 1998 yielding PM C measurements for the 98/99, 99/00 and 00/01 Southern
Hemisphere PMC seasons. The two POAM ingtruments are in identicd orbits and are very
amilar in desgn and measurement-capability, although POAM 111 has increased sengtivity due
to a better signa-to-noiseratio. These amilarities alow for the creation of a congstent long-term
PMC data record by combining the two POAM datasets. A common PMC detection agorithm,
which takes into account the different instrument sengtivities, has been used to andyze this
dataset to determine trends in the inter-annua variability of PMC frequency. POAM PMC
probakilities decreased significantly from a maximum in the first two POAM |1 seasonsto a
minimum in the 99/00 season, and increased to near 93/94 vaues in the 00/01 season. The
POAM PMC measurements have aso been andyzed using a geometrical cloud modd to
determine inter-annua variability in cloud thickness, height and extinction. The multi-
wavelength capability of the POAM 111 instrument has been used to study waveength
dependence of the measured dant optical depth. The results of this andys's are compared with
Mie scattering theory to derive upper and lower limits of the moda PMC particle radii.
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Polar Mesospheric Clouds as Observed by the Student Nitric Oxide Explorer and
the Solar Mesosphere Explorer

Baley, SM., Thomas, G.E., and Merkd, A.W.

Hampton Univeraty
Universty of Colorado
University of Colorado

Thefirst climatology of Polar Mesospheric Clouds (PMCs) was derived from observations
by the Solar Mesospheric Explorer (SME) made during 1981 through 1986. SME detected
clouds as it observed the Earth's ultraviolet limb radiance. SME observations showed seasond
variations with atypical PMC season lasting from approximately 90 days beginning 21 days
before summer solstice. The Student Nitric Oxide Explorer (SNOE), like SME, observesthe
Earth's UV limb radiance and thus aso observes PMCs. The instrumentation on SNOE and SME
are nearly identical making the observations comparable. SNOE was launched on February 27,
1998; thus, the combination of SNOE and SME measurements cover a span of nearly two
decades. SNOE continues to operate and to date, has observed four northern and three southern
PMC seasons.

The two nearly identica observational scenarios separated in time by a period of 15 to 20
years dlows usto look at the long term variability of PMCs. Long term variagbility may be the
result of either solar cycle effects or longer term global change. In thistalk we show the first
results of theinitiad comparisons between PMC climatol ogies derived from both SNOE and SME

obsarvations.
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Joint PMSE/Heating experiments using the EISCAT VHF radar and Heating
facility

Bdova E., Kirkwood, S., Chilson, P.B., and Rietveld, M.T.

Swedish Ingtitute of Space Physics, Kiruna, Sweden

CIRES, Universty of Colorado, NOAA Environmenta Technology Laboratory, Boulder, USA
EISCAT, Ramfjordbotn, Norway and Max- Planck- Ingtitut fur Aeronomie, Katlenburg-Lindau,
Germany

Polar mesosphere summer echoes (PM SE) are abnormally strong radar returns that occur
during summer months near the mesopause a high latitudes. Thefirst joint PMSE - ionosphere
heeting experiments using the EISCAT VHF radar and the Heating facility were conducted at the
EISCAT ste near Tromsaduring the period July 9-14, 1999. They were performed during a short
break due to the bad weather conditions in the MIDAS-DROPPS rocket campaign a Andoya,
Norway. An anadyss of radar back- scattered power showed that PM SE were indeed affected by
artificid ionospheric hesting. The echo power fdl during heating in less than 2 seconds. The
decrease of PMSE power during heating is height dependent and varies from one case to another.
This variahility of the heating effect on PM SE power may be related to height- dependence and
case-to-case variation of the eectron temperature enhancements due to ionosphere heating as
well asto changing background levels of PMSE power. The results of experiments for different
heating modulation frequencies and radiated powers will be aso presented. The former can
provide us information about a characteristic time scale of the mesopause plasma phenomena,
which could be respongble for the PMSE formation. The latter dlows usto estimate a "hesting
threshold" to affect PMSE. The possible reation of dectron recombination, diffuson, and
aerosol charging to the observed reduction of PM SE power during heating will be discussed.
Results of the second joint PM SE/Heeting experiment on June 2001 will be aso presented. New
opportunities to sudy PMSE by means of " artificiad ionospheric heating” and possible
coordination with rocket experiments will be discussed.
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Sze distributions of NLC ice particles as described from an multiple
particle system

Berger, U., and von Zahn, U.
Lebniz-Indtitute of Atmospheric Physics, Kiihlungsborn, Germany

A numerica study of the formation processes of ice particles in the high latitude summer
mesopause region has been performed. 1n our model gpproach we describe a multiple particle
systemn containing 2.000.000 smoke particles which act as potentiad condensation nucle ina
supersaturated cold atmosphere. These smoke particles are trangported smultaneoudy by a
Lagrangian scheme in a background atmosphere which is specified by a sdf--consistent data set
of 3-d time dependent horizonta and vertical winds, temperature and water vapor distributions.
While being transported, asmplified microphysical parameterization alows the condensation
nuclei to condensate to ice, then to grow, to sedimentate, or perhaps to sublimate as a function of
actud background conditions.

The entire ensemble shows Satistic characteristics which can be interpreted as large scde
ice cloud events in which the higtory and lifecycle of each individua particle can be investigated.
The modd results imply a strong interaction of ice particles with the background water vapor due
to processes like freeze drying. Polward of 70 N the dtitude of maximum brightness of NLCsis
located at an dmost congtant height of 82.5 km. The size didtributions of ice particlesis closer to
aGaussan norma digtribution than to the commonly assumed log-norma didtribution.

Furthermore, the actua ice cloud features are highly sensitive to eddy diffusion processes.
Finaly, we will compare the structures of smulated ice distributions with observed properties of
NL Cs measured over Alomar (69 N).
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Rocket probing of PMSE — results from the recent MIDASSOLSTICE campaign
Blix, T.

In the period 12-26 June 2001, the MIDASSOL STICE campaign took place at Andoya
Rocket Range (69N, 16E) in Norway. Two MIDAS payloads were launched in two different
salvoes to study the dynamics of PMSE layers. The payloads were equipped with instruments
that measured positive ions, eectrons, charged aerosols and neutrals. Preiminary results from the
campaign will be presented and compared with previous measurements. We will especidly
consder the smal scae structure measured during the passage of PM SE layers. The results will
be discussed in light of different mechanisms put forward to explain the existence of PMSE.
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Mean Seasonal And Diurnal Variations Of Polar Mesosphere Summer Echoes
From VHF Radar Observations At Northern And Central Europe

Bremer, J.
Leibniz-Indtitute of Atmospheric Physics, Kihlungsborn, Germany

Polar mesosphere summer echoes are strong radar echoes from an atitude range of about
80—90 km mainly observed in the VHF range during summer months & polar latitudes. But also
a mid-latitudes such echoes have sometimes been found, they are caled here MSE (mesosphere
summer echoes). Although known since more than 20 years the phenomenon of PMSE and MSE
is not fully understood. Therefore, during the last years PM SE observations have been carried out
at Andenesin Northern Norway (69.3°N, 16.0°E) with two different VHF radars, from 1994 —
1997 with the ALOMAR SOUSY radar and from 1999-2001 with the ALWIN radar both at a
frequency of 53.5 MHz. M SE have been observed at Kihlungsborn (54.1°N, 11.8°E) dso at 53.5
MHz during 1998 and 2000 - 2001.

PMSE are normdly detected near May 20 at fird, reaching their maximum occurrence
probability during June and July and gradualy fade away during August. Near the end of
August/beginning of September last PM SE are observed. The occurrence probability of MSE is
markedly smdler. Only during the months June and July M SE occur during limited periods
ranging from some minutes until some hours.

The diurnd variaion of PMSE ismainly characterized by a maximum near noon and a
marked minimum in the late afternoon, whereas the maximum near midnight and the minimum in
the morning hours are not so pronounced. MSE are normaly observed only during daytime with

amaximum occurrence probability near noon.

The influence of temperature as wdll as of ionization in the mesopause region on PMSE and
MSE isinvestigated to explain a least some parts of their seasond and diurnd variations.
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SAGE |l Observations of Polar Mesospheric Clouds
Burton, S.P, Shettle, E.P., Thomas, G.E., Thomason, L.W., and Olivero, J.J.,

Science Applications Internationa Corporation
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The Stratospheric Aerosol and Gas Experiment (SAGE 11) satdlite instrument measures
Polar Mesospheric Clouds (PMC) utilizing the solar occultation method. Transmisson through
the PMCs as afunction of tangent height is measured dong the Earth's atmaospheric limb during
each sunrise and sunset as observed by the satellite. These measurements are made a seven
waved engths from 385 to 1020 nm, dthough only the thickest clouds are detectable with the
longer wavdlengths. The SAGE |1 instrument was devel oped to measure 0zone, aerosols,
nitrogen dioxide, and water vapor in the stratosphere and upper troposphere, and has been
operationd since shortly after itslaunch in 1984. It was only with the Version 6.0 data, (released
in June 2000) that the transmission profiles were processed to dtitudes above 90 km with
sufficient quality to detect PMCs.

Because of itsinclined orhit, the latitude of the SAGE Il measurements changes gradudly
taking about 40 daysto cover afull range from one poleward extreme to the other. This means
that the SAGE Il measurements only reach sufficiently high latitudes for afew periods of oneto
two weeks each during the three-month PMC season, centered shortly after summer solstice. The
timing and exact latitude coverage vary dightly from one year to the next. Because of the strong
dependence of the expected PMC frequency of occurrence on latitude and date, for trend Studies
it is necessary to correct the SAGE 11 PMC observation for these year-to-year changesin
coverage. Thisisdone by normalizing the SAGE data to the expected frequency of occurrence as
afunction of date and latitude based on the SVIE climatology, (1981-1986). We will present
comparisons with other satdllite observations such as POAM, and discuss the variationsin the
PMC frequency and optical thickness over the 16-year period.
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Ultraviolet and Visible Imaging and Spectrographic Imaging of Polar Mesospheric
Clouds

Carbary, J.F., Morrison, D. and Romick, G.J.
Johns Hopkins University Applied Physics Laboratory Laurel, MD

The Ultraviolet and Visble Imaging and Spectrographic Imaging (UVISl) ingrument on the
Midcourse Space Experiment (MSX) satdllite affords an interesting and unique view of polar
mesospheric clouds. From an dtitude of 900 km, the polar-orbiting satellite pointed UVISI's suite
of imagers and spectrographs at the limb and recorded over 20,000 frames of PMC observations
(per sensor) over both the northern and southern poles during the 1997-1999 summer seasons.
Exploiting the stability of the platform (jitter < 10 prad), smdl pixd sze of itsimagers (~400m),
and wide spectra range of its pectrographic imagers (110-600 nm at sub-nmresolution), UVIS
measured PM C dltitudes as functions of latitude, constructed transpolar PMC maps, and
determined the first complete PM C spectrum from the far ultraviolet to the visble. Use of the
middle ultraviolet wavelengths, which do not penetrate the obsfucating atmosphere, permit
separation of "near-fidd" and "far-field" effects, so that the narrow FOV imager (235-263 nm)
could make unprecedented maps of PMC structures on atranspolar scale. Imager observations
confirmed that PMC's have essentidly the same dtitudes in the south and north (82.7+1.3 km)
and that the cloud atitudes remain essentially congtant with latitude. A Lomb periodogram
andysds of the sub-horizon imagery revedsthe trangpolar structure of PMCs at ~3 km spatid
resolution, indicating the existence of PM C features with wave engths ranging from ~100 km to
~3000 km, with most of the wave "power" concentrated between 500 and 1000 km. In spite of
observationa scattering angles differing by ~60°, the northern and southern PMC intengities are
essentidly the same (~12 MR in the mid-UV band). In both hemispheres, the PMC intensities
incressed systemdticaly with latitude, although the southern clouds seemed to increase at afagter
rate. Spectrographic investigations indicate that the clouds have a solar-like spectrum, complete
with Fraunhofer absorption features, from wave engths of 200 nm to 600 nm. For wavelengths
shorter than 200 nm, the PMC intensities decrease to essentialy the atmospheric background
level. For wavelengths longer than ~315 nm, the PMC spectra become confused with ground
abedo effects. Between 200 and 315 nm, the PM C spectra resemble power laws in wavelength
with exponents of -1.0 to -1.5, which differ from the -4.0 expected from pure Rayleigh scattering.
Best fits of the spectrato alog-normal distribution of Mie scetterers indicate amode of ~85 nm
and adispergon of ~1.25 nm, suggesting a somewhet larger particle size but narrower
digtribution than results of scattering angle studies. The distribution of the particlesis
invedtigated as functions of time from solstice and latitude.
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Mayps of Polar Mesospheric Clouds
Carbary, J., Morrison, D., Romick, G., and Meng, C.
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Middle-ultraviolet images, obtained on the limb below the ozone horizon, have been mapped
in latitude and longitude to reved the transpolar PMC fidd in two spatid dimensions. PMC maps
have been congtructed for the southern PM C seasons of 1997-1998 and the northern season of
1999. The clouds closely resemble in many ways tropospheric clouds and evidence structures
reminiscent of weether fronts, cyclonic whirls, occasiona waves, and isolated "blobs™ These
features appear on scales ranging from severd hundred kilometers down to the tens of kilometers.
In particular, PMC patterns often appear gpproximately digned dong congant latitudes. This
zond pattern may indicate large- scale mesospheric winds or D-region convection.
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A Study of Aspect Sensitivity Within Polar Mesosphere Summer Echoes Using
Coherent Radar Imaging

Chilson, P.B., Yu, T.-Y., PAmer, R. D., and Kirkwood, S.

The Esrange VHF radar (ESRAD), located in northern Sweden (67.88N, 21.10E), is
regularly used for investigations of polar mesosphere summer echoes (PMSE). During
July/August of 1998, a specidly designed experiment was initiated, with the central motivation
being to study the dynamic evolution of PMSE with high temporad and spatid resolutions. To this
end, coherent radar imaging (CRI) was employed for the data analys's, and for this particular
application, the Capon method was used. One of the products of such aCRI andysisisan
esimate of the angular brightness distribution within the radar's probing volume. It can be shown
that the brightness digtribution is directly related to the radar reflectivity. Consequently, these
data can be used in turn to investigate the aspect sengtivity of PMSE. In addition to the CRI
andysis, the full correlaion analyss (FCA) has been used to derive estimates of prevailing
three-dimensiona wind associated with the PM SE observations. It has been shown that regions
within the PM SE having enhanced aspect senstivity have corresponding high signd-to-noise
ratio (SNR). Regions of enhanced aspect sensitivity were additionaly shown to correate with the
downward going phase of wave oscillations embedded in the PMSE. The correlation was most
evident when the vertical shear in the horizontad wind was not too strong.

10
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Lidar Studies of The Diurnal, Seasonal and Interannual Variations of
Polar Mesospheric Clouds at the South Pole and North Pole

Chu, X., Gardner, C. S., Papen, G., and Pan, W.
Department of Electricd & Computer Engineering, Univeraity of Illinois a Urbana- Champaign

Polar mesospheric clouds were observed above the North Pole and Coast of Alaskain the
summer of 1999 and at the South Pole in two austral summer seasons from 1999 to 2001 by an
arborne/ground- based Fe Boltzmann Temperature Lidar. Several hundreds hours data of PMCs
collected at the South Pole provide new indghtsinto the diurnal, seasond and interannua

variations of PMCs, and possible hemispherical differences.

A dgriking point of our resultsis the obvious differences of PMC dtitudes in two
hemispheres. the PMCs a South Pole are about 2-4 km higher than typicaly observed
elsawhere. Strong semidiurna and diurnd oscillations of PMC dtitude and backscatter
parameters are aso observed at the South Pole. We dso discuss the seasond trends of PMC
dtitude and occurrence probability in both seasons: PMC height peaks around 15 days after
summer solstice, then gradually decreases by about 64 m/day as the upwelling weakens over the
pole; PMC occurrence probability reaches maximum around 35 days
after summer solstice. Data show that during the 2000-2001 summer season the PMC dtitudes
are lower by about 1 km while the PM C backscatter coefficients are about 60% larger than during
the 1999-2000 season.

11
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Radar and lidar studies of the Arctic summer mesopause region in Alaska
Callins, R.L., Hou, T., Stern, T.E., Mizutani, K., Itabe, T., Viera, JD., and Rasmussen, K.R.

Universty of Alaska Fairbanks
Universty of Alaska Fairbanks
University of Alaska Fairbanks
Communications Research Laboratory
Universty of Cdifornia Los Angeles

Augsburg Callege

Radar and lidar observations of the Arctic mesopause region were conducted in Fairbanks,
Alaska during the summer of 2001. The radar observations were made at the High Power
Aurord Stimulation (HIPAS) Observatory. HIPAS, operating at 4.53 MHz, probed the
mesosphere above Fairbanks from 80 to 90 km with 2 km height resolution and was sengitive to
polar mesospheric summer echoes (PM SE) that occur near noctilucent cloud (NLC) formations.
Two lidars systems were used to make observations at Poker Flat Research Range (PFRR). A
Rayleigh lidar, operating at 532 nm, provided measurements of the atmospheric density and
aerosols in the stratosphere and mesosphere. A resonance lidar, operating at 589 nm, provided
measurements of the mesospheric sodium layer. PMSE were seen for at least 50% of the
observation period. The purpose of the experiment was to create a seasonal database of these
phenomena. We describe the scientific program, discuss the geophysica conditions during the
observations, and present some of the preliminary results.

12



LPMR 2001, Monterey CA
10-12 October 2001

Evidence for a Two-Component Distribution of Positively Charged Subvisible
Particlesin PMSE/NLC Regions

Croskey, C. L. and Mitchdll, J. D.

The Pennsylvania State University Communications and Space Sciences L aboratory, Department
of Electricd Enginearing

As part of the DROPPS (Didtribution and Role of Particlesin the Polar Summer
Mesosphere) coordinated rocket/ground-based program conducted at the Andoya Rocket Range,
Norway, two essentidly identica payloads launched during observed PMSE/NLC events carried
probes to measure associated e ectron/ion/charged particle behavior. We report on Gerdien
condenser measurements of positively charged subvisible particles obtained by the firss DROPPS
payload (flight 21.123), launched at 2336:30 UT on July 5, 1999, during strong PM SE and weak
NLC conditions. The Gerdien condenser was mounted on the front payload deck so that it
operated under ram flow conditions. An attitude control system was used to dign the
ingrument's centra axis to the velocity vector during passage through the NLC/PM SE layered
regions. The collection voltage, sivept between -40 V and +5 V, was sufficient to ensure
collection of low-mohility (subvisble), postively charged particles in addition to more mobile,
gas-phaseion species. For these flights, design enhancements for the Gerdien condenser and
refinements to our data anaysis were redized by computer modeling of the probe's dectric fied
and flow geometries.

Based on our mobility measurements and their associated concentrations, we are able to
identify two very different groups of pogtively charged species. Cdculated reduced mobilities
using the model proposed by H. Tammet [J. Geophys. Res., 103, 13,933-13,937, 1998] indicate
that both mobility groups are suggestive of postively charged particles. Specificdly, we observe
positively charged particles of approximate radii 1-2 nm and 6-10 nm in the PM SE layered
region. In the mesosphere, the concentration of relatively larger particlesincreases with dtitude
(and colder temperatures), becoming comparable to the number density of smdler particlesin the
PMSE region. Interestingly, there is no noticeable presence of gas-phase positive ion species.
Also,our other probe data indicate that the PM SE region is depleted of €lectrons and associated
with this, we observe negatively charged aerosols. We condder the role of charged aerosolsin
mesospheric layering and related PM SE/NLC observations.

13
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22 Years of PMC Observations from SBUV and SBUV/2 Ingruments
DeLand, M.T., Shettle, E.P., and Thomeas, G.E.

Science Systems and Applications, Inc.
Nava Research Laboratory
LASP

Satelite observations of polar mesospheric clouds (PMCs) are extremely useful, because
they provide wide geographic coverage and frequent sampling often unavailable to asingle
ground-based observer. Nadir-viewing SBUV-type measurements pose a challenge for PMC
detection because of ther dativey bright terrestrid background in the mid-ultraviolet and the
competing effects of geophysica ozone variability. We have analyzed 22+ years of continuous
measurements from SBUV-type insruments, beginning with Nimbus-7 SBUV in November
1978 and continuing through the SBUV/2 ingtruments on the NOAA-9, NOAA-11, NOAA-14,
and operationa NOAA-16 spacecraft. We use arevised verson of the agorithm developed by
Thomas et d. [1991] to extract PMC events from SBUV and SBUV/2 data. The nearly identica
design of these instruments alows direct comparison of overlapping data sets for seasonal and
letituding varigtions. In addition, we can evauate the possible influence of solar UV activity
variations during the last 2 complete solar cycles. Additionad SBUV/2 ingruments are scheduled
to fly through 2010, providing the opportunity to develop aPMC climatology covering more than
3 decades.

14
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Nocilucent Clouds Over Canada on 18-19 July, 1990: A Mountain Wave-Driven
Event?

Eckermann, S., Drob, D., and Bacmeister, J.

Naval Research Laboratory
Naval Research Laboratory
Univergties Space Research Association

On 18-19 July 1990, an extensve display of noctilucent clouds (NLCs), covering an
estimated area of 2.7 million square kilometers, was reported by a coordinated network of
ground-based observers in western Canada (Zalcik and Lohvinenko, Bull. Am. Meteor. Soc.,
72,1001, 1991). Despite its brightness and large areal extent, this extended deck of NLCswas
observed a most Stes only during the evening twilight: next morning the NLCs were gone & al
but afew sites on the west coast. Zalcick and Lohvinenko (1990) speculated that upper
mesospheric heating from concomitant aurord activity may have led to the rapid dissipation of
the NLCs.

Here, we use reanalysis winds and temperatures from the Nationa Centersfor
Environmentd Prediction (N CEP), together with the Nava Research Laboratory Mountain Wave
Forecast Modd (MWFM), to ""hindcast" mountain wave activity during this period. We show
that unusua tropospheric weather systems over Canada and Alaska created a well-defined
westward wind channd from the ground up to the mesopause, which alowed mountain waves to
propagate into mesospheric regions over Canada. The channel was transent and peaked over
Canada and Alaska around H\sm$17-18~July, 1990, which corrdates well with the timing of the
NLC event given atypical propagation time of $\am$1~day for typica mountain waves from the
ground to $\am$82~km. Hindcast upper-level mountain wave activity correlates reasonably well
with the estimated extent and duration of the NLC event. Thus, we speculate that transient
mountain wave-induced cooling of this region of the mesopause, ether directly viamesoscae
temperature fluctuations or indirectly viamean upwelling induced by wave bresking, may have
played arolein triggering this NLC display. Since thiswind channd moves rapidly westward
and diminates mountain waves from the Canadian mesosphere aday or so later, it dso explains
the short duration of the event.

If vdid, this finding is noteworthy on severd levels. First, mountain waves are generdly
assumed to be removed from the middle atmosphere by critical levels during summer, and thusto
have no influence on the summer mesosphere. Conversaly, the andlys's here suggests adirect role
for mountain waves in thiswiddy-observed NL C event. Secondly, the hindcast revedls that
rapidly-evolving low-leve tropospheric westher systems were the key ingredient that alowed
thisintermittent burst of mountain wave activity into the mesosphere. Thisimplies an interesting
"teleconnection” here between low-leve tropospheric weather systems and the
formation/sublimation of these particular NLCsin the mesosphere.

15
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Investigation of the Polar Mesosphere with a UV Limb Sounder: The SHIMMER
Instrument on AIM

Englert, C., Cardon, J., Harlander, J., and Roeder, F.

Nava Research Laboratory
Naval Research Laboratory
. Cloud State University
Univergty of Wisconsn

Currently, the Aeronomy of Icein the Mesosphere (AIM) Mission is part of aNASA Small
Explorer concept study. The suite of instruments on the AIM misson indudes the high resolution
UV spectrometer SHIMMER Spatial Heterodyne Imager for Mesospheric Radicals). The
objective of SHIMMER is to provide data about polar mesospheric (PMC) cloud occurrence,
PMC brightness, hydroxyl and water vapor concentrations in the PM C region and synoptic
temperature. SHIMMER will use amonoalithic spatial heterodyne interferometer, anew optical
technique alowing us to address the science objective and fit within the condraints imposed by a
amdl sadlite misson. We present results of the characterization and first laboratory
measurements of the world's first monalithic spatial heterodyne interferometer and an overview
of the AIM-SHIMMER ingtrument.

16
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Equilibrium Temperature of Mesospheric Aerosols
Espy, P., and Jutt, H.

British Antarctic Survey
Embry Riddle Universty and University of Stuttgart

The growth rates of PMC and PM SE particles, their charging rates and the ultimate Szes
they reach al depend upon the temperature of the particles themselves. The radiaive hegting of
aerosols in the rarified atmosphere near the mesopause can overcome the collisond cooling of
the ambient gas, and drive their temperatures above the point where they will begin to sublimate.
Here we extend previous work by using a collisona hesat transfer modd for sphericd particlesin
afree molecular flow regime tha dlows usto incorporate awind field and particle fdl velocity
appropriate for the high-latitude summer mesosphere. Updated optica properties of ice and their
temperature dependence have been used, as have more redigtic radiance data and atmospheric
conditions. The results of these model caculations will be presented, and the resulting infrared
signature of the aerosols will be compared to recent rocket measurements.

17
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Investigationsof PMCswith WINDII and OS RISObservations
Evans, W.F.J
Trent University, Peterborough, Ontario

Findings from our investigations of polar mesospheric clouds (PMCs) from WINDII on
UARS are reviewed. Extensive observations were conducted in January,1994,1995,1996 and
1997 over the southern hemisphere and in July,1992,1993,1994 and 1995 over the northern
hemisphere. The WINDII instrument on the UARS satdllite has an imaging camera with severa
filter channeds after the interferometer. The limb images cover an area 150 km wide and 30 km
high. In the background filter channd a 553 nm, images of scattered sunlight from the earth's
atmosphere can be measured in the daytime from 75 km to 95 km. The presence of noctilucent
cloudsisindicated in most January profiles at southern latitudes above 55S; the occurrence of
PM Cs was mapped for each day from early January until early February. PMCs were dways
observed in the SH in January and were gpparently brighter than in the northern hemispherein
July. Backscatter ratio versus dtitude plots of the clouds indicate that they are very narrow, often
with avertica structure less than 2 km thick; the peak backscatter ratios were often over 10 at 83
km. It was found that lower clouds are brighter. A statistica analysis was conducted for each day
in January. The histogram of the number of occurrences versus backscatter retio often indicates
two peaks, perhaps indicating the presence of two different sizes of ice particles. Thediurnd
variation of brightness has been investigated using data to cover the loca time from 07:00 until
21:00; this andysis indicated only amodest diurnd variation of brightness. Esimates of the
particle Sze were obtained from the 2 fields of view of WINDII; amean radius of about 25
microns was usud. The intercomparison of WINDII with other satellites by cumulative
digributions will be summarized. The measurement of PMCswith OSIRIS observetions will be
discussed.
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Turbulence Dynamics and Implications for Transport and Layering in the MLT

Fritts, D.
Colorado Research AssociatesNWRA, Boulder, CO

Thistak will review recent studies of turbulence generation due to shear ingtability and
gravity wave bresking and itsimpactsat ML T dtitudes. Shear ingtability accompanies |ow-
frequency gravity waves and leads to strong turbulence in confined layers. These layers have
sharp edges and result in strong thermd and velocity gradients that may persist for long times
and have sgnificant radar and in Stu signatures. Wave breaking accompanying higher-frequency
waves leads to turbulence of avery different character. Though the trangition dynamics are much
the same, the effects are very different because this turbulence source follows the phase of the
wave, thus leading to significant trangport but alack of sharp edge regions. Time permitting, the
implications of such turbulence for the formation of strong therma and velocity gradientsin the
MLT will be explored.

19



LPMR 2001, Monterey CA
10-12 October 2001

Arctic Mesopause Dynamics. Wind Measurement with the ALOMAR Sodium Lidar
Gibson-Wilde, D., Fritts, D., Vance, J., Williams, B., Krueger, D., and She, J.

Colorado Research Associates
Colorado Research Associates
Colorado State University
Colorado State University
Colorado State Universty
Colorado State University

A sodium wind and temperature lidar was ingtdled at the Arctic Lidar Observatory for
Middle Atmosphere Research (ALOMAR), Norway, during 2000. The lidar system is collocated
with other mesospheric measurements -- a Raylegh-Mie-Raman lidar, VHF and MF radars, and
arglow ingrumentation. In March 2001 a CSU/CoRA campaign succeeded in obtaining over 50
hours of sodium lidar measurements, including four nights of zona wind measurements of more
than 6 hours duration. We will present results of the andyss of this campaign data and prospects
of future ALOMAR messurements.
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Dropps. A Study Of The Polar Summer Mesosphere With Rocket, Radar And Lidar

Goldberg, RA.
NASA/GSFC, Laboratory for Extraterrestria Physics

DROPPS (The Digribution and Role of Particles in the Polar Summer Mesosphere) was a
highly coordinated international study conducted in July, 1999. It involved two sequences of
rockets launched from the Norwegian rocket range in Andgya, Norway. These sudie s were
designed to investigate the properties of the polar summer mesosphere, particularly relating to
polar mesospheric summer echoes (PM SE) and their possible relationship to particles (aerosol
and dugt layers) and to noctilucent clouds (NLC). Each of the two sequencesincluded a
DROPPS NA SA-Black Brant payload, condsting of an array of insruments to measure the
electrodynamic and optica structure of the mesosphere and lower thermosphere. These were
provided by participants from severa US and European scientific |aboratories. The DROPPS
payloads were each accompanied by a sequence of severa European payloads (MIDAS, Mini-
MIDAS, and Mini-DUSTY) designed to study € ectrodynamic structure of the same region, and
by severa meteorological rockets to provide wind and temperature datain the critica region of
sudy. ALOMAR Lidars, and MF and MST Radars (al located adjacent to the Andgya launch
Ste) were used to continuously monitor the mesosphere for NLCs and PM SES, respectively.
EISCAT VHF radar (Tromsg Norway) provided smilar information about PM SES,
gpproximately 130 km downstream from Andgya. Sequence 1 was launched during the night of
5-6 July into a strong PM SE display with aweak NLC at the base of the PM SE. Sequence 2 was
launched on the early morning of 14 July into astrong NLC, but surprisingly with no PMSE
evident. Differences in the observed measurements during each event appear to help explain how
thismight occur. This overview reviews the program and discusses the current findings with
their possble implications.
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Observations of the Summer High Latitude Mesosphere by CRISTA

Grossmann, K., Gusev, O., Kaufmann, M., and Kutepov, A.

Physics Dept., University of Wuppertd, Germany
Max-Planck-Indtitut f|r extraterrestrische Physik, Garching, Germany

During its second mission in August 1997 the Cryogenic Infrared Spectrometers and
Telescopes for the Atmosphere (CRISTA) experiment observed the northern high latitude
mesosphere and lower thermosphere regime up to about 710N in limb scan mode. The
measurements were taken around loca noon and included the infrared emissons of CO2 (4.35m
and 155m bands), CO (4.75m band), O3 (9.65m band), and a single water vapor line near
16.95m. In addition to these molecular emissions broadband signatures from PM Cs were detected
mainly near 115m but are dso found at far infrared wavelengths. Due to the low temperaturesin
the vicinity of the PMCsthe sgnds are weak and some spectra co-adding is required.
Temperatures are retrieved from the 155m CO2 band up into the lower thermosphere using a
non-LTE modd in combination with aline-by-line radiative transfer code. These temperatures
yield the firgt globd digtribution derived from the 155m band in this dtitude regime and reved
the very cold mesopause a high northern latitudes in summer. The same code was used to derive
CO2 and O3 dengities up to 130km and 95 km, respectively. The paper gives an overview about
the CRISTA temperature and trace gase results in conjunction with the PMC recordings.
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The Coupling of lon Chemistry and Particle Charging in the Summer Mesosphere
Gumbd, J., Hulburt, E.O., Rapp, M., Siskind, D.E., and Witt, G.,

Universities Space Research Association

Center for Space Research, Naval Research Laboratory

Leibniz- Institute of Atmospheric Physics, Kihlungsborn, Germany
O. Hulburt Center for Space Research, Naval Research Laboratory,
Department of Meteorology

In the summer mesosphere, ion chemisiry and the presence of neutral and charged particles
are closly inter-related. While the capture of dectrons and ions by particles strongly influences
the ion-chemical reaction scheme, the detailed ion compaosition in turn determines the rates of
particle charging. We present amode that for the first time couples detailed ion chemistry and
charged particles. Case studiesillugtrate this coupling for various mesospheric / ionospheric
conditions. We focus on the cold summer mesosphere where interactions between neutra and
charged processes are intimately involved in phenomenalike NLC and PM SE. It is shown that
the presence of ice particles generdly enhances the growth of cluster ions (proton hydrates). As
these cluster ions are potentid nuclel for the formation of new ice particles, postive feedback can
cause loca enhancements of both particle and charge density. Implications for the formation of
PMSE are discussed.
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Electric Field measurements in Noctilucent Clouds
Holzworth, R., Pfaff, R. and Goldberg, R.

Earth and Space Sciences, University of Washington
Laboratory for Extraterrestrial Physics, Goddard Space Flight Center/NASA
Laboratory for Extraterrestrial Physics, Goddard Space Flight Center/NASA

Two rockets were flown through NL C during the DROPPS experiment from Andoya,
Norway in July 1999. Each was equipped with three axis, double-double Langmuir, high
impedance probes (12 probes each flight), and produced unprecedented resolution of the eectric
potential distribution around the rocketsin and near aweak NLC (DROPPSL) and avery strong
NLC (DROPPS2). Detailed andyss of the vehicle interaction during the weak NLC encounter
dlows an interpretative model for understanding the strong NL C encounter where gpparent fields
reached afew volts per meter. This paper will present the measurements and a discussion of our

work on verifying the fidld measurements.
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Observations During the EISCAT PMSE Campaign, June 2001
Jones O., and Hoppe U.

British Antarctic Survey (NERC), Cambridge, U K.
Norwegian Defence Research Establishment (FFI), Kjeller, Norway

During June 2001, ajoint UK -Norwegian campaign was run using the EISCAT radar to
characterise Polar Mesosphere Summer Echoes (PM SE) in the mid-summer mesosphere. A series
of radar observations were made between 12 June and 25 June, coordinated with the
MIDAS/SOL STICE rocket campaign at the nearby Andoya rocket range. The EISCAT VHF
radar (224MHz) was operated each evening for severd hours around loca midnight to investigate
variationsin PMSE gtrength and structure. A recently-developed radar program was used to
provide information about the spectra characteristics of both the PMSE and the background D-
region. In addition, the EISCAT dynasonde (digital ionosonde) was operated in amode which
provides mesospheric winds and scattered power at 3 MHz. Aswell as perastent PMSE, the
campaign period included a 10 MeV Solar Proton Event on 15-16 June 2001 during which the D-
region ionisation was enhanced and | S spectra were detectable down to dtitudes as low as 65km.
Prdiminary results from the EISCAT radars will be presented.
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Seasonal Climatology of PMSE from Kiruna
Kirkwood, S., Stebdl, K., Barabash, V.
Swedish Indtitute of Space Physics, Kiruna

The ESRAD 52 MHz MST radar has been making continuous observations of the
mesosphere, stratosphere and troposphere since August 1996. During summer PM SE have been
detected each year between late May and mid-August. During August each year since 1998,
noctilucent clouds over the radar site have aso been monitored by automatic cameras placed
about 400 km south of the radar Ste. The PM SE time serels (5 summer seasons) is il too short
to detect any long term trend. However, it provides an excellent database for datistica study of
seasona and other shorter-term variations, such as the strong 5-day modulation which is often
observed.. In this presentation statistica and case studies of PM SE and NL.C are combined with
information on middle-atmosphere winds and planetary waves from globa meteorological
andysis (UKMO). This alows us to examine whether seasona and mullti-day variaionsin
PMSE and NLC can be confidently related directly to dynamical influences propagating up from
below.
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Polar Mesosphere Winter Echoes—PMWE

Kirkwood, S., Belova, E., T. Narayana Rao,T., H. Nilsson,H., Osepian, A., Chilson, P., and
Pdmer, R.

Swedish Indtitute of Space Physics, Kiruna
Swedish Indtitute of Space Physics, Kiruna
Swedish Indtitute of Space Physics, Kiruna
Swedish Ingtitute of Space Physics, Kiruna
Polar Geophysical Indtitute, Murmansk
CIRES, Univ. Colorado

Univ. Nebraska

Polar mesosphere Summer Echoes are well known, strong radar echoes from narrow
reflecting layers located between 75 and 95 km height seen even by rdatively low-power VHF
radars during summer at high latitudes. During winter such radars normaly see no echoes from
the mesosphere. However, during solar proton events narrow layers of enhanced reflectivity can
be seen — these we name Polar Mesosphere Winter Echoes— PMWE. PMWE have been
observed on severa occasions during 2000 and 2001 by the ESRAD 52 MHz radar located in
Kiruna, Sweden. All gppeared during solar proton events or during periods of strong high-energy
electron precipitation. The echoes were confined to thin layers (from less than 300 m to about 2
km in thickness, mogt often filling only 1 range-gate of 300 m or 600 m) with between 1 and 3
layers seen on each occasion (afew km apart). They appeared at heights from 50 — 80 km and
were seen during every major solar proton event between November 2000 and April 2001.

A strong solar proton event in September 2000 did not lead to any visible layers and the very
strong solar proton event in July 2001 did not lead to any enhanced echoes below 75 km (only
dightly enhanced PM SE between 75 and 80 km). PMWE above 70 km dtitude occur &t al times
of the day, PMWE below 70 km gppear only during daylight. Comparison with modelled ion and
electron dengtiesin the rdlevant height intervas indicates a strong dependence on the availability
of free dectrons. Although the echo power in PMWE is 30 dB less than in PM SE, the narrowness
of the layers and their often descending motion is smilar to PMSE. Wintertime radar echoes
were recodred by the high-power Poker FHat MST radar more than 20 years ago. The limited
height resolution of the Poker FHat radar (2.2 km) did not alow identification of these very
narrow layers. Only much broader layers were identified and an explanation in terms of breaking
gravity waves was proposed. The new observatio! ns of the extreme narrowness of the layers and
their sengitivity to free eectrons suggests rather a possible explanation close to that of PMSE —

i.e, charging of pre-existing aerosol layers. The redtriction of PMWE to the winter months
suggests that the proposed aerosol layers are present below 80 km only in winter.
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Mesospheric Turbulence Parameters from Observations of Persistent Leonid
Meteor Trains

Kruschwitz, C.
Corndl University

Pergstent meteor trains have fascinated observers for many years. The heightened
Leonid activity of the last few years has fueled congderable research efforts, much of it
dedling with this interesting phenomenon. Results of the comprehensive study of
persistent trains conducted at the Starfire Optical Range (SOR) on Kirtland Air Force
Base, New Mexico, during the 1998-1999 L eonid showers are reported here. For the first
time, the time-evolution of persgent trainsis used in conjunction with lidar observations of
winds, temperatures, and Na density to determine the eddy diffusion coefficient and
other turbulence parameters a mesopheric heights.
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The Effect of a Solar Proton Event on Polar Mesosphere Summer Echoes Observed
on Svalbard

Kubo, K.

Radio Science Center for Space and Atmosphere, Kyoto Univ., Gokasho UJI,
Kyoto, Japan

Besides neutra atmosphere processes the mesosphere is dso influenced by magnetospheric
processes, such as particle precipitation and electric fields. Phenomen ain the mesopause region
are related to the interaction of neutral dynamics, eectrodynamics and particle physics. Coherent
scatter from the middle atmaosphere resulting from these processes is measured with the VHF
radar technique. Particular examples of these processes are Polar Mesosphere Summer Echoes
(PMSE).

VHF radar observations of PM SE have been made with the SOUSY Svabard Radar at 53.5
MHz (78 degrees N, 16 degrees E) during the mgor coronal mass gection (CME) event on 14
July 2000, cdled the Badtille-11 event. Partidly, the EISCAT Svabard Radar (500 MHz) was
operated aswdl. Thisevent occurred in aperiod of generdly enhanced ionospheric disturbance.

Resulting from this very strong CME on 14 July 2000 a short enhancement of the
electromagnetic noise level occurred. This was followed by a strong solar proton event (SPE)
showing up as a continuous decrease in the cosmic noise leve, which lasted for more than 50
hours. The enhancement of ectron density in the D-region, which causes this absorption, is
primarily due to the ionizing effects of high-energy solar protons down to even the low atitudes
of the upper stratosphere.

In this paper we will discuss the variation of PMSE during the strong geomagnetic/
ionospheric disturbance around the CME Badtille-11. We note two phenomena: (1) A genera
increase of PMSE reflectivity over many days below 85 km, which exceeds levels of eaxlier years
and of times outside this period. (2) A sgnificant reduction of the upper height of the PMSE
layer for a shorter period of about two days following the CME. We will concentrate on the
discussion of (2). PMSE occur when the eectron diffusion is reduced in the presence of ice
particles and aerosols embedded in the ionospheric plasma. Thus, the temperature and ionization
density as well are strongly controlling the PMSE. We estimate the Joule hegting rate due to
increase in ionization and the dectric fidd, which we obtain from plasma dendty and velocity
measurements done with the EISCAT Svalbard Radar. This heating may increase the mesopause
temperature by some Kelvin through loca hesting or heat conduction, which can lead to a
reduction of ice particles. Thisin turn reduces the scatter cross section of PMSE. We aso
edimate the increase of the dectron diffusion when the e ectron density exceeds certain limits.
This results in a reduction of the scatter cross section, too. Both these effects reduce the upper
height of PM SE occurrence, which we observed.

We conclude that it is essentid for the investigations of the aeronomy of the polar
mesosphere, and in particular the Polar Mesosphere Summer Echoes, to perform simultaneous
common volume observations with the SOUSY Svalbard Radar and the EISCAT Svabard Radar,
where the latter observes incoherent scatter and coherent PM SE scatter as well.
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Rocket Observations of Low Latitude Mesospheric Layers

Lehmacher, G., Mitchdl, J., Croskey, C., and Goldberg, R.

Western Kentucky University
Western Kentucky University
Penn State University
NASA/GSFC

Electron dengties and fluctuations at the four 1994 MALTED flights launched at Alcantara,
Brazil show avariety of featuresin the D region that could be related to mesospheric layers. The
data were obtained by Langmuir electron probes. The observed structures include steep electron
dengty gradients, layers with fluctuations, and large spikes of unknown origin, mostly between
80-85 km. The observations will be discussed in the context of mesospheric radar echoes and
previous rocket observations.
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The First Detection of Atmospheric Structures with the IR Imager on the Odin
Satellite

Llewdlyn, E.J., Degenstein, D.A., Lloyd, N.D., and McDade, |.C.
ISAS, Univerdity of Saskatchewan, Saskatoon, SK, Canada

The Odin spacecraft was launched on February 20, 2001, from the Svobodny Cosmodrome
in eastern Siheria. The sadlite, which carries both a sub-millimeter radiometer and an optica
spectrograph-infrared imager system (OSIRIS), isin asun- synchronous orbit (ascending node
1800 hours) at an dtitude of 620 km. On May 14 the attitude control system put the OSIRIS
ingdrument into alimb scanning mode for thefirst time. OSIRIS recorded signds from both the
day and night time atmosphere that can be used to infer and derive structures in the atmosphere.
The IR Imager measurements have been used with atomographic inverson procedure to follow
the motion, and structure, of the airglow layers between 40 and 100 km. This paper presents
some of the early results from these observations and clearly demondtrates that limb observations
can dearly identify both horizonta and vertical structurein the layers.
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First Results From the ROMA Project at Longyearbyen, Svalard, in Summer 2001
Ldbken, F.-J, Millemann, A., and Hoffner, J.
Lebniz-Indtitute of Atmospheric Physics, Kiihlungsborn, Germany

The thermd dructure in the vicinity of the summer mesopause a very high latitudes
(>70degrees) is bascaly unexplored. Mode studies and observations of polar mesosphere clouds
(PMC) and polar mesosphere summer echoes (PMSE) indicate that the temperatures around the
mesopause could be even smaller compared to those at high latitudes (<70degrees), but no
reliable measurements of the temperatures exist up to now. In summer 2001 the fild campaign
ROMA (Rocket studies of the middle atmosphere) will be conducted at Longyearbyen
(Svabard, 78N) with a combination of in-stu and round based measurements. A tota of 25
meteorological rockets (faling spheres) will be launched to measure temperature and horizontal
wind profiles from approximately 95 to 35 km. Furthermore, a newly developed potassium lidar
with daylight capability will continuoudy measure (i.e., whenever westher conditions permit)
temperatures in the potassum layer (gpproximately from 85 to 110 km) and will aso be used to
detect noctilucent clouds (NLC). The SOUSY Svabard Radar will observe PMSE and measure
winds within the PMSE layer. In addition the EISCAT Svalbard Radar will be used at some times
for PMSE studies and temperature measurements between 90 and 110 km. First results of these
measurements will be presented in this paper. From this unique set of measurements we hope to
get a better understanding of the thermd structure of the upper aamosphere a very high latitudes
and itsrelaion to layered phenomena, such as NLC and PMSE.
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Global Images of Polar Mesospheric Clouds from the SNOE Spacecr aft
Merkd, A., Thomas, G., and Bailey, S.

LASP, Universty of Colorado
LASP, Universty of Colorado
CAS, Hampton Universty

Polar Mesospheric Clouds (PMC) have been observed from severa spacecraft over the last
three decades. These experiments have shown the seasond behavior of PMCs and have provided
some morphologica information. The Student Nitric Oxide Explorer (SNOE) has been observing
PMCs since 1998 and has successfully measured sx PMC seasons. SNOE is aspinning satellite
in asun-synchronous near-polar orbit at 10:30 am/pm local time. SNOE has a ggnificant
advantage over its predecessorsin thet it is able to observe PMCs globdly each day. In the
summer seasons, the Ultraviolet Spectrometer (UV'S) limb measurements include detections of
PMCs around 83 km. Because SNOE orbits the earth 15 times aday, it obtains globa coverage
of the mesogphere. By combining the 15 orbits, we can produce daily globa images of PMC
observation frequency and scattering retio.

The SNOE measurements show that PMCs start to form at high latitudes (75 degrees and
higher) in the beginning of the PMC season, three weeks before summer solgtice. By the middle
of the season, PMCs form globally down to 50 degrees in latitude and then recede back to higher
latitudes in the latter part of the season. The daily images, shown in amovie format, show the
day-to-day variability in latitude and longitude of the PMC occurrences. The images suggest the
influence of dynamics on the creation and destruction of PMCs.
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Observations of Charged Particles in NLC/PMSE Regions during the DROPPS
Coordinated Rocket/Ground-based Program

Mitchell, J.D. and Croskey, C.L.,

Communications and Space Sciences Laboratory, Department of Electricd Engineering, The
Pennsylvania State University

The NA SA-sponsored DROPPS (Didtribution and Role of Particles in the Polar Summer
Mesosphere) Program, conducted at the Andoya Rocket Range, Norway, was our most recent
opportunity to measure the eectrical environment and related aerosol properties during observed
PMSE/NLC events. The first DROPPS payload (flight 21.123), launched at 2336:30 UT on July
5, 1999, was flown during strong PM SE and weak NLC conditions. The subsequent DROPPS
flight (21.124), involving an essentialy identica payload, was launched at 0328:45 UT on July
14, 1999, during strong overhead NL C conditions and no evidence of PMSEs. Loca
meagnetometers indicated weskly disturbed conditions for the first launch, while the second one
occurred during a quiet geomagnetic period.

Our participation involved instrumenting the two DROPPS payloads with probes to measure
theion, electron, and charged aerosol properties associated with PM SE/NL C-layered regions.
Specificdly, a Gerdien condenser, a DC Langmuir hemispheric tip probe, and two fixed-bias
blunt probes were included with each payload. The Gerdien condenser, mounted on the front
deck to operate under ram flow conditions, measured the region's polar electrica conductivities
and pogitive ion mohilities and concentrations, including smaler charged aerosols. Thetwo
blunt probes, positioned beside the Gerdien condenser, operated with different collection
voltages (+2.5V and -2.5 V) to fadilitate the discrimination of the current component associated
with impacting charged aerosols/dust from the more mobileion species. A sun shidd and
gridded screen at the aperture of each blunt probe established a confined local dectric fidd
geometry to reduce undesirable fringing thet could interfere with other instruments. Findly, the
hemispheric tip probe flown at the &ft (rear) end of the ayload was biased a +5 V to measure
relative dectron dendty and associated large- and smdl-scale
vertical Sructures.

For both flights, electron density bite-outs of about two orders of magnitude were measured
in PMSE/NLC regions. Coincidentdly, the blunt probes indicated the presence of impacting
negatively charged aerosolsin the region of strong PM SEs (83-86 km) during the first DROPPS
flight (21.123). Very smdl mobility vaues measured by the Gerdien condenser are suggestive of
positively charged subvisible particles that gppear to be more prevaent at PMSE/NLC dtitudes.
An overview of these measurement results will be presented with the focus on understanding
their relation to aerosol properties and behavior.
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Laboratory Studies of Atomic Oxygen Uptake on Ice
Murray, B.J. and Plane, J.
School of Environmental Sciences, University of East Anglia, Norwich UK

This paper will describe experimenta and theoretica work on an important aspect of
noctilucent cloud chemigtry: therole of ice particlesin removing atomic oxygen by surface-
catalysed recombination. Rocket- borne measurements, principaly by Witt's group, have shown
that atomic O is severely depleted by 1 - 2 orders of magnitude in the vicinity of an NLC.

We have recently constructed a fast flow reactor, with detection of atomic O by resonance
fluorescence a 130 nm, to study the recombination of atomic O on an ice suface between 100
and 250 K. The results show that the uptake coefficient, g, increases from about 0.001 at 180 K,
to 0.2 & 100 K i.e. atwo order of magnitude increase! We will demongtrate using a 1D
amospheric modd that this result, combined with the typical volumetric surface areaof an NLC
(derived from the 3-colour lidar measurements at ALOMAR), easily explains the observed
atomic O “bite-outs’.

The laboratory experiments were then modified to utilise anove reverse chromatographic
technique: puses of O atoms were injected into the flow tube, and the pul se shape monitored by
time-resolved photon counting. Anayss of the pulse shape provides information on the
residence time of O atoms on the ice surface and the binding energy (ca 30 k¥mal). We then
employ advanced quantum theory calculations of severa ice monolayers to show that the O
atoms bind to single dangling hydrogen atoms at the surface.

Two ramifications of O atom depletion are then congdered. Fird isthe effect on the plasma
around the NLC particles. Reaction with atomic O is the mgor route for eectron detachment
from the negative ions in the upper mesosphere. Hence, when ice-catalysed depletion of O
occurs, the free eectron dengity will be Sgnificantly reduced by the formation of negativeions,
aswdl as dectron atachment to ice particles. The second effect is the modification to the ice
surfaceitself by the condderable energy released by O recombination. The laboratory evidence
isthat this causes Sgnificant annedling of the reactive Stes of the surface (at temperatures above
150 K, g isreduced irreversibly by at least afactor of 10 after prolonged exposureto O). In smdll
particles there may dso be sgnificant evaporation of water molecules, effectively dowing down

the rate of growth of the particles.
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Polar Mesospheric Cloud Observations from Three Satellite Experiments:
Establishing Decadal Trends

Olivero, J, Shettle, E., Thomas, G., and Evans, W.

Embry-Riddle Universty
Nava Research Lab
University of Colorado
Trent Universty

POAM Il (Polar Ozone & Aerosol Monitor) provided the first detection of Polar
Mesospheric Clouds (PMC) using the transmission of solar radiation in the mid 1990s. Thiswas
surprisng because POAM |1 is somewhat less sengtive to these wesk scattering sSignatures than
other satellite experiments and it only made observations at the boundaries of the accepted PMC
digtribution, in space and time. The POAM |1 PMC observations have been confirmed using the
WIND Imaging Interferometer (WINDII) experiment on the Upper Atmospheric Research
Satdlite (UARS). We have aso compared both of these recent data sets with the extensve PMC
observations made by the Solar Mesospheric Explorer (SVIE) satdllite in the early 1980s - a solar
cycle earlier. These comparisons have been limited to the southern hemisphere. A careful
andysis leads us to conclude that bright PMC are more plentiful at these at these lower latitudes,
in the recent decade, than they were in the prior decade. Thisisin rough agreement with ground-
based observations of Noctilucent Clouds (NLC) over the Northern hemisphere.
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AC Electric Field Measurements Gathered on the DROPPS Sounding Rocket
During Strong PMSE Conditions.

Pfaff, R.F., Goldberg, R.A., and Holzworth, R H.

NASA/GSFC, Greenbdt, MD
NASA/GSFC, Greenbelt, MD
Univ. of Wash., Seattle, WA

Electric field wave measurements gathered on a sounding rocket flown in the presence of
polar mesospheric summer echoes reved adidtinct layer of irregularities between 83 - 86 km
with broadband amplitudes of > 10 mV/m rms. The waves are characterized by bursty, spiky
waveforms with lower frequencies (~ 10 Hz) dominant in the upper portion of the layer near 85
km and broader band emissions, extending to higher frequencies (~ 1000 Hz) dominant in the
lower portion of the layer near 83.5 km. The lower dtitudes correspond to aregion of weak
optical emissions associated with a noctilucent cloud. The waves appear in and around regions
where charged/neutral aerosols (1-10 nm) and large electron density depletions were observed.
Theirregularities likely result from avariety of processes including space charge
inhomogeneities, mixed neutra and plasma motions, and complex effects associated with
charged aerosols of varying sizes. We discuss the results in the context of current theories
regarding PM SE and NL.C wave phenomena.
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NLC and PMSE: Rocketborne Observations and Microphysical Modelling
Rapp, M., Lubken, F.-J., Millemann, A., and Latteck, R.
Lebniz-Inditute of Atmospheric Physics, Kiihlungsborn, Germany

We present rocketborne observations of the thermad structure in the vicinity of NLC and
PMSE. The temperature profiles show sgnificant disturbances with wavelengths ranging from 2-
7 km which are most probably due to the trangence of gravity waves. All smultaneoudy
observed PM SE layers are found to be centered around one of the loca temperature minima, and
inthree out of al 9 cases an NLC was observed at the lower edge of the PM SE. During the recent
MIDAS/Solstice campaign in June 2001 we have launched two sounding rockets into two triple
layer PM SE, the three layers being separated by 2-4 km. Interesting enough the temperature
profiles measured with the CONE sensor onboard the sounding rocket show wavelike
disturbances with comparable wavel engths.

We have usad amicrophysical moded of the formation and growth of ice particlesin the
mesopause region to identify the physical processes relevant for the observed corrdation of
gravity wave induced loca temperature minimaand ice clouds. We find that gravity waves with
periods of more than saven hours amplify NLC with the ice cloud being located in aloca
temperature minimum. Shorter period waves, on the other hand, tend to destroy NLC. Estimating
the amount of charged ice particles as a proxy for PMSE from theice modd smulationsin
combination with an aerosol charging modd we dso find a satiSfying agreement between
caculated PM SE profiles and observations. Findly, we consder if wave disturbancesin the
temperature profile can give rise to multi layer PMSE.
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MF Radar Observations of Semidiurnal Motions in the Mesosphere at High
Northern Latitudes

Riggin, D.
Colorado Research Associates

We present MF radar measurements of winds from Poker Flat, Alaska (65N, 147W) and
from Andenes, Norway (69N, 16E), obtained since October 1998. Based on the data analyzed
thus far, semidiurna motions observed from these high latitude Stes are enhanced in summer and
the amplitudes are highly variable on shorter timescaes year round. Around the summer solstice,
the semidiurna amplitudes can exceed 20 m/s pesk. The summer enhancement in semidiurna
amplitudes is confined to heights above the westward jet (above 88 km). Possible relationships
to summertime conditions (i.e., cold mesospause) are discussed.
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On Modeling The Cold Summertime Mesopause Region
Roble, R.G.
High Altitude Observatory, National Center For Atmospheric Research, Boulder,Co

The cold summertime mesopause region is of considerable scientific interest not only
because it is the coldest place in the Earth's atmosphere but aso because of the unique physica
and chemical processesthat occur in the region. The Thermosphere - 1onosphere - Mesosphere -
Electrodynamics Generd Circulation Modd (TIME-GCM) is used to modd the temperature,
compositiona and dynamic structure of the upper aimaosphere from 30-500 km during December
and June solgtice conditions. The magnitude and height of the temperature minimum in the
summer mesosphere is controlled by the strength of the subgrid-scae gravity wave forcing thet is
parameterized within the model. The mode ca culates two oppositely directed circulation cdls
operating in the vicinity of the summer mesopause. An upward directed cdl below the
temperature minimum that brings water vapor and other lower atmosphere species upward and a
downward directed cdl bringing atomic species down from the thermosphere. The overdl
dynamics, energetics, circulation and compodtiona structure in the vicinity of the summer
mesopause region will be described.
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Comparison of PMSE scatter cross sections: SOUSY Svalbard Radar (53.5 MH2)
and EISCAT Svalbard Radar (500 MH2)

Rottger, J.

Polar Mesogphere Summer Echoes (PM SE) occur in single or mulltiple thin sratifications
and thicker patches. The Sgnd power of PM SE varies subgtantidly as function of time, dtitude
and frequency. Of specid interest isthe latitudina and hemispheric dependence as well. For the
purpose of comparisons of PM SE the signal-to-noise retio (SNR) has erroneoudly been used by
many researchers. We show that instead the comparison of effective scatter cross sections or
reflectivities needs to be done, snce the SNR depends on frequency, diurnd variation of the
skynoise leved, the interference and last not least on the radar system parameters and the analysis
methods applied. We have designed a specid method to obtaining well calibrated reflectivity
estimates for the two radar systems, the SOUSY Svabard Radar and the EISCAT Svabard
Radar, alocated at 78 degrees N. The PM SE reflectivities of these two radars differ by severa
orders of magnitude. We can show that the absolute reflectivities observed on these spatid scales
of 3 m and 0.3 m can be explained by reduced dectron diffusivity comprisng Schmidt numbers
larger than 100. It is suggested that a tandard method for system calibration and estimation of
reflectivities should be adopted.
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40 years of NLC observations near Moscow : Database and some results
Romegko V.A., Ddin PA., and Pertsev N.N.

Space Research Indtitute, Russian Academy of Sciences, Moscow, Russa
A.M.Oboukhov Indtitute of Atmospheric Physics, Russian Academy of Sciences,
Moscow, Russa

NLC near Moscow (55 N, 37 E), Russiaare observing in specidly organized campaigns
every summer season from 1962 up to present time. During this period dl the observers have
been following the same procedure of NLC registration and accompanying comments,,
elaborated by 1962.

Now the group of Moscow NL C observers possesses one of the best NLC local database in
the World. The total number of observations exceeds twenty thousand 15-minute intervals. That
corresponds to 1250 duty nights, including 405 nights with registered NLC. Summarized duration
of NLC vishility is 830 hours. For every 15 minutes of observation the database contains not
only afact of presence or absence of NLC, but aso NLC brightness estimations (on the base of
pecid brightness scale), types of NLC by the morphologica classfication and weather
conditions (percent of twilight sky segment covering by troposphere clouds).

Some datigtica results were obtained from the database. Particular attention was paid to
comparison of different seasona parameters of NLCsto solar indices within severd solar cycles.
Oneof important advantages of the database is an accurate accompanying meteorol ogical
information. It allowed to separate the cases of NLC no-regidtration dueto abresk in
observations or due to bad weather from the cases of NLC real absence during aclear night.
Such separation proved to be substantia for obtaining of geophysicaly sgnificant time series of
NLC parameters. Long-term behaviour for seasona probability of NLC appearence during a
clear night and for seasondly averaged NLC brightness is discussed.
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VHF Radar Observations in the Summer Polar Mesosphere using the SOUSY-
SVALBARD-Radar

Riger, R.

Measurements have been carried out at high polar latitudes in the summer mesosphere using
the mobile SOUSY VHF Radar located a Svalbard (78 N, 16 E). An overview of the height and
time variation of the polar mesospheric summer echoes (PMSE) is presented. The PMSE,
showing a characteristic double layer structure, are used as tracers for studying dynamical
processes at the mesopause region. Mean zond and meridiond background winds at these
heights are characterized by a westward and southward flow, respectively. Waves with periods
greater than 8 h clearly reved the presence of adiurnd aswell asasemidiurnd tide. The latter
one exhibits a pronounced tempora and spatia variability. A temporary anticorrelaion between
the strength of the diurna and semidiurna tide as well as the existence of 14- to 16-h waves
indicate that nonlinear interaction processes may have occurred.
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HALOE Observations of Long-term Changes in the Mesopause Region
Russl 111, JM., Anderson, J., and Wrotny, J.
Hampton Universty, Hampton Virginia

The Ha ogen Occultation Experiment (HALOE) has been operating on the Upper
Atmosphere Research Satdllite without flaw since it was first turned on October 11, 1991. The
experiment uses the broadband and gas filter radiometry instrument techniques and the solar
occultation experiment gpproach to measure verticd profiles of temperature, HCl, HF, O3, NO,
NO2, CH4, H20 and aerosols from the upper troposphere in some cases (i.e. H20, CH4, and O3)
to the lower thermosphere for other parameters (e.g. NO). HAL OE has operated for aimost ten
years and has provided extendve data during spring and summer in the 50 to 75 degree |atitude
range in both hemispheres where PMCs form. We report in this paper on studies of long-term
changes in mesospheric water vapor, nitric oxide and temperature. Methods of PMC
identification and changesin PMCs observed over the life of the experiment will dso be
discussed. Sampling, Sgnd-to-noise and solar effects are epecialy important consderationsin
this high dtitude and latitude region. We will describe the andys's approach and discuss long-
term changesimplied in the data s&t. The Aeronomy of Ice in the Mesosphere (AIM) satellite
experiment now in Phase A development to study PMCs, will be briefly described.
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Satellite Temperature Measurement Validation Using Rocket-borne Falling
Soheres

Schmidlin, F. J.,, Schauer, A., BEdmann, G., and Lingenfdser, G.

NASA Goddard Space Hight Center, Observationa Science Branch

Science and Engineering Services, Inc.,Walops FHight Facility, NASA Langley Research Center
Physic Dept, University of Wuppertd

Science Applications International Corp., NASA Langley Research Center

Temperature measurements from small meteorologica rockets have been used for the
vaidation of avariety of satdlite-borne instruments. Following the launch of the Upper
Atmosphere Research Satdllite, UARS, a significant number of rocket-borne falling spheres were
launched in conjunction with the UARS overpass for the validation of the various remote
instruments. Upper stratosphere and mesosphere temperatures measured with the HRDI and
HALOE ingtruments on UARS, and the CRISTA ingrument were vaidated with inflatable
spheres launched from Wallops Idand, Brazil, Hawaii, Norway, and Sweden. Vdidation
measurements of the HRDI instrument occurred at Wallops Idand when it passed within 20
minutes and 330 kilometers of the launch ste; vaidation time and space differences of other
satdlites varied, for example HAL OE overpasses ranged to within "5 days and in some cases
spatia differences of up to 30 degrees longitude occurred. Falling sphere measurements mostly
obtained between 1991 and 1995. CRISTA validation measurements were made within minutes
and afew kilometers of the satellite overpass resulting in temperature differences between the
remote and in Situ instruments of better than 0.5°C. The CRISTA validationoccurred in
November 1994 and again in August 1997. Falling sphere temperatures near 70 kilometers
dtitude have abias toward lower temperatures, but availability of improved software and anew
atmospheric modd helped reduce this bias. The vaidated remote instrument measurements
permitted a new perspective of atmospheric structure to be formed, not possible with the limited
number of falling sphere measurements. Fegtures of the remote measurement temperature
profileswill be discussed.

The agreement found between the clusters of falling sphere temperatures and remote
temperatures is quite good and begs the argument, what is validation? What does it mean? And,
what is the proper method to be employed to achieve the highest scientific return from remote
ingdrument validation or comparison? An effort is made to identify the usefulness of close-in-time
and close-in-space vaidation measurements as well as the vaue of asmple comparison of the
data regardless of relatively large time and space separation.
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Compar ative Behaviour of Oxygen and Hydroxyl Airglow Emissions as Observed
by WINDI|

Shepherd, G.
Centre for Research in Earth and Space Science (CRESS) Y ork University Toronto, Canada

The WINDII instrument on the UARS spacecraft observes the atomic oxygen O(1S),
molecular oxygen O2 Atm (0,0) and hydroxyl Meind (8,3) airglow emissons which appear at
adtitudes of about 97, 94 and 87 km respectively. Despite the smdll differences in dltitude, these
emissons a times show dragticdly different behaviour patterns, providing information on the
dynamics occurring at these dtitudes. Observations are presented and discussed in terms of
different dynamicd influences.
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Longitudinal Variations of Mesospheric Temperature - the WINDII Perspective
Shepherd, M.G., Rochon, Y., Evans, W.F.J., and Shepherd, G.G.

CRESS, York University, Toronto, Canada

Meteorologica Service of Canada, Toronto, Canada

Dept. of Physics and School of Environmental Science, Trent University, Peterborough, Canada
York University, Toronto, Canada

Longitudina variations of mesospheric temperatures observed by the Wind Imaging
Interferometer (WINDII)will be presented and discussed. The study will examine globa day-to-
day and year-to-year varidbilitiesin the height range of 65 to 95 km. Planetary scale perturbations
andysed employing LM S spectra techniques will also be presented and discussed.
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Long-term Observations of PMCs from Satellite Platforms
Shettle, E.P.
NRL

The firg reported observations of Polar Mesospheric Clouds [PMC] from a satellite platform
were from the Orbiting Geophysical Observatory [OGO 6] in 1969, [Donahue et d. 1972]. In the
three-decades since then, there have been anumber of different satellite instruments, for which
PMC measurements have been reported. These include SME, WINDII, MSX, POAM 11 & 11,
HALOE, SNOE, METEOSAT, SBUV & SBUV/2, and SAGE II. Mot of these instruments
have only made measurements over a period of afew years. However, in the past year or so,
andyses of two satellite data sets covering more than an elevenyear solar cycle have become
avallable. These arethe SAGE Il data covering from 1984 to the present, and the SBUV and
SBUV/2 series of datathat covers from 1978 to the present. Both of these will be discussed in
Separate papers at this workshop, as will most of the other satellite measurements. | will discuss
some of the time trends that can be derived from these and the various other satellite instruments.
Examining an extended time period utilizing asngle satellite insrument or a series of essentidly
the identica instruments minimizes differences that might impact any trends. However, PMC
measurements from different instruments [each only covering afew years] can be placedina
common framework, which alows them to be combined, effectively producing alonger time-
series. | will discuss an example of this approach, which has been applied by Shettle et d. [2001]
to compare PMC observations from POAM Il and WINDII with those from SME a decade
exlier.
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Analysis of an NO Climatology for the Summer Mesopause Region: Inference of
lonization Rates

Siskind, D.E., Stevens, M.H., Bailey, SM., Russl 111, JM., and Eparvier, F.G.

Naval Research Lab
Nava Research Lab
Hampton University
Hampton University
LASP, University of Colorado

Eight years of HAL OE data are combined to produce a climatology of nitric oxidein the
summer mesopause region. The NO data are placed on a magnetic coordinate system asa
function of latitude and longitude and are binned according to geomagnetic activity levd. A
clear aurora-like ova is seen in the polar plots for dtitudes as low as 80 km. In addition,
mesopause NO densities are enhanced by factors of 2-3 during geomagnetically active periods
relative to quiet periods. Photochemical modd calculations are presented to compare with the
observed NO. The mode is driven by climatological ionization rates from the NOAA/Medium
Energy Proton and Electron Detector (MEPED) dataset. By comparing the mode with averaged
NO profiles from various locations, we can infer spatia and tempord variations of the ionization
rate. Of interest are the ionization rates a the locations where PM SEs are commonly observed
(e.g. Poker Flat Alaska, St. Georges Idand). These comparisons may be relevant to explaining
observed geographic variationsin PMSE intensity.
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Charged Aerosol Collection Inside a PSME by a Magnetically Shielded Probe
During MIDAS/'SOLSTICE 2001

Smiley, B., Horanyi, M., and Robertson, S.

A charged aerosol detector was flown during the MIDAS/SOL STICE rocket campaignin
June 2001 over Andoya, Norway. The probe is a graphite collection surface with a permanent
magnet underneath to deflect eectrons and light ions. This probe was first used on a sounding
rocket over White Sands, NM in 1998, where it measured a sharp positively charged layer at
86.5km, followed by a broad negatively charged layer which extended afew kilometers lower.
The flights aboard the two MIDAS payloads were the second  use of the probes. The first
MIDAS launch was into atriple layered PM SE which extended from 82 to 90km. On upleg, the
probe measured a broad region of negatively charged particlesinside alocd ion and dectron
biteout at approximately 85km. Cloud cover prevented lidar support. The second launch was
fired into avery srong sngle-layered PM SE. On upleg, the probe measured another
broad region of negative particles within the PMSE. On downleg, more negatively charged
particles were seen in the PM SE, thistime in abroad region with a very sharp upper boundary.
During both flights the probe aso measured a positively charged background which was well-
corrdlated with an onboard positive ion probe. Also seen was a photoel ectron signa due to solar
UV. These other signa's show that the probe functioned as expected during flight. Further
andysisis underway. Thiswork was funded by NASA.
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Collision Cross Section Measurements of Small Water Clusters
Sternovsky, Z., Horényi, M., and Robertson, S.
Physics Department, University of Colorado at Boulder

An apparatus has been congtructed that generates water clusters. The first experiment was to
measure the collison cross section of small water cluster molecules [H2O]N. In the experiment a
controlled mixture of water vapor and argon gas expands into vacuum producing neutral weter
clustersin a supersonic molecular beam. The clusters undergo collisonsin a scattering cdl with
target gases Ar, N2, and He. After the attenuation, the clusters areionized by 70 eV eectron
impact and detected by a quadrupole mass spectrometer. The cluster ions are proton hydrates
H+[H20]K. The gpparent collison cross sections determined from the attenuation measurements
are gpproximately 3° 10-18 m2 for Ar and N2 target gases, and 10-18 m2 for He. Additiona
data, with a beam having smaller proportion of heavy clusters gives the same cross section of the
K = 3 dudter that suggests that there is one dominant channe for the generation of ions from
clusters. The apparatus may be used to calibrate rocket-born detectors.
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OH and Ice Above 92 kmin November: New Results From MAHRS 1
Stevens, M.H. and Englert, C.R.

The Middle Atmosphere High Resolution Spectrograph Investigation (MAHRS))
smultaneoudy measures OH(0,0) solar resonance fluorescence near 309 nm and Rayleigh or Mie
scattered sunlight from the atmosphere at a spectra resolution of 0.02 nm. In November 1994,
MAHRS flew on the CRISTA-SPAS (Cryogenic Infrared Spectrometers and Telescopes for the
Atmosphere- Shuttle Pdlet Satdllite), which was deployed and retrieved by the space shuttle for
eight days of observations at an dtitude of about 317 km and an orbital inclination of 57°.
Nominaly, MAHRSI scansthe limb to infer OH dengty profiles where the pointing accuracy of
CRISTA-SPASIis+ 0.3 km at the tangent point. On one orbit, however, MAHRSI was
commanded to stare at a tangent dtitude of 87.0 km, where OH can be produced by
photodissociation if water vapor is present.

Throughout most of the orbital day, no measurable sgnd from OH was observed and the
background brightness was very low. However, near 60° N latitude and at the end of the orbital
day, more than 200 unambiguous OH spectra were measured during nine minutes of observations
with peak intengities near 50 kR indicating that alarge cloud of water vapor was present.
Because the tangent height was fixed, the cloud was between 87 km and the MAHRS orbital
dtitude and we will condrain its height by caculating the temperature from the rdeive intengty
of the OH rotationd lines that are described by Boltzmann gatistics. During the observation of
high OH radiances, the background intensity also became significantly enhanced and pesked later
inthe orbit. Weinfer that this background signd is due to Mie scettering from water ice in the
atmosphere above 87 km. Possible sources of water vapor at these dtitudes will be explored as
well as the conditions required for ice to form.
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A Search for Mesospheric Clouds at Unusually Low Latitudes
Taylor, M.
Space Dynamics Laboratory

Noctilucent clouds (NLC) are a beautiful, high-latitude, summertime phenomenon that was
first reported over 100 years ago. They are seen during the hours of twilight by the scattering of
sunlight from sub-micron sized ice crygds that form in the vicinity of the cold mesopause
region. NLC are quite distinctive, often appearing slvery-bluein color. In recent years there has
been a marked increase in the frequency of occurrence of these mesospheric clouds possibly due
to an increase in mesospheric water vapor and/or to a cooling of the mesopause region prompting
speculation that they are "harbingers' of potentialy serious amospheric changes. In concert with
this trend there are dso agrowing number of cloud sightings at significantly lower latitudes than
expected. Since June 1999 when NLC were observed as far south as ~40°N we have conducted a
survey of the twilight summertime skies from Logan, Utah in search of ther sgnatures. In this
paper we present the results of our survey, including observations of NLC at unusudly low
latitudes (<50°) recorded over the past few years and discuss anomal ous mesospheric cloud
sghtings reported in the literature.
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Arctic Mesospheric Cloud Observations and Characterization by the Sondrestrom,
Greenland, Rayleigh Lidar from 1994 through 2000

Thayer, J., Rapp, M., Gerrard, A., Gudmundsson, E., and Kane, T.

SRI International, Menlo Park, Cdifornia, USA

Leibniz-Inditute of Atmospheric Physics, Kiihlungsborn, Germany

College of Agriculture and Technology a Morrisville, State Universty of New Y ork,
Morrisville, New York, USA

Danish Meteorologicd Instutute, Observation Department, Copenhagen, Denmark
The Pennsylvania State University, College Park, Pennsylvania, USA

Since 1994, Rayleigh lidar measurements of the arctic middle atmosphere have been
conducted at the Sondrestrom atmospheric research facility near Kangerlussuag, Greenland
(67.0N,50.9W). The summer lidar observations typicaly cover the mid-June through late August
period. From these observations, 220 hours of noctilucent clouds (NLC) have been detected by
the lidar spanning 16 hours of locd time. Gravity wave Sgnatures are often observed in the cloud
detections. The basic characteristics of cloud centroid height, full-width-half-maximum
(FWHM), and peak volume backscatter coefficient (VBC) show no clear locd solar time (LST)
dependence between 18 and 10 L ST, once the variable performance of the lidar sysem s
considered and removed. Organizing the cloud characteristics over these loca times revedsthe
most common cloud height to be 82.5 km, the most common FWVHM to be 0.7 km, and the most
common peak VBC to be 20 * 10-11 m-1sr-1. We found the backscatter strength to increase with
decreasing cloud height while the cloud thickness decreased with decreasing cloud height. A
determination of the mean time rate of change of cloud height illustrates downward motion at al
heights with amean rate of 15 crm/sec at 85 km decreasing to lessthan 5 crm/sec at 81 km.
Together this mean NLC behavior supports the classc growth-sedimentation mode
representative of a particle population with a mean radius of 50 nm falling through a
supersaturated region within the mesosphere. To help support this result, smulations from the
Community Aerosol and Radiation Model for Atmospheres (CARMA) model were performed
under summer mesospheric conditions with and without gravity wave activity. Upon including
gravity wave activity the modd smulation produced results smilar to the observations.
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Science Objectives Of The Aim Satellite Mission To Study Pmc's And Thelr
Atmospheric Environment

Thomes, G.
Laboratory for Atmospheric Physics University of Colorado

The Aeronomy of Icein the Mesosphere (AIM) has been sdected for a Phase A Study by
NASA inits Smal Explorer Program. The overall god of AIM isto resolve why Polar
Meospheric Clouds (PMC) form and why they vary. By measuring PMC's and the thermd,
chemica and dynamicd environment in which they form, we will quantify the connection
between these clouds and the meteorology of the polar mesosphere. AIM includes four
insruments. SOFIE (Solar Occultation for Ice), an infrared solar occultation radiometer; CIPS
(Cloud Imaging and Particle Size Experiment), a panoramic UV imager; SHIMMER (Spatid
Heterodyne IMager for MEsospheric Radicas), anear-UV inteferometer; and CDE (Cosmic Dust
Experiment), an in-Situ dust detector.

The coordination of the various experimentsis vital in making common volume
measurements needed to congtrain the environmental parameters controlling PMC (such as
temperature and water vapor).This paper will describe the observationa strategy needed to
satisfy the science gods of AIM.
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New Lidar Observations of NLCs from ALOMAR and Svalbard
von Zahn, U.
Leibniz-Indtitute of Atmospheric Physics, Kilungsborn, Germany

We report on new observations of NLC parameters and characteristics as
observed by the ALOMAR Rayleigh/Mig/Raman lidar a8 ALOMAR (69°N) and our potassum
lidar at Longyearbyen, Svalbard (78°N). At ALOMAR, we have continued our studies of the
NLC particle size digtributions through 3-color lidar observations. Furthermore, we have
obtained afirst lidar measurement of the depolarisation caused by NLC particles which points
towards a non-spherica shape of the scattering particles. The occurrence frequency of NLCs
during the summer 2000 (= solar activity maximum) was unexpectedly high. We aso report on
observations of anumber of "very high dtitude’ scattering layersin which the ALOMAR RMR
lidar seemsto detect particle ensembles with median radii as smdl as 10 nm. Our firgt lidar
observations of NLCs above Svalbard in summer 2001 indicate (so far) an dtitude of NLCs
smilar to that measured & ALOMAR.
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Dynamics of the Cold Summer Mesopause
Walterscheid, R.
Space Science Applications Laboratory, The Aerospace Corporation

Gravity wave transports of momentum, heet, energy and minor congtituents have a profound
effect on the seasond-latituding variations of the generd circulation. The most notable
meanifestation of the wave control of the generd circulaion inthe MLT isthe deceleration of the
zond winds and the reversd of the latitudina temperature gradients above the mesospheric jets,
with the coldest temperatures in the atmosphere being at the mesopause over the summer pole,
contrary to radiative equilibrium. Wave control of the generd circulation in the upper
mesogphere and lower thermaosphere is accomplished by wave trangport of momentum and by the
wave-induced resdud circulation (which provides a mechanism for wave stresses to cause
temperature changes). Observations show momentum fluxes that agree with the forcing required
to maintain the observed meridiona temperature gradient. In addition, Smulations indicate that
forcing by planetary waves may play a sgnificant role in maintaining the cold summer
mesopause. The mechanisms of wave forcing of the seasond ariation in the mesopause region
will be reviewed (including nonacce eration conditions and the residud circulation). The
goplication of present theory, the state of observations and the requirements for future
measurements will aso be discussed.
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Physical Details of |Ice Particle Formation in the Summer Mesosphere
Witt, G.
University of Stockholm

Mesospheric sub-micron particles are formed under extreme conditions regarding
temperature, dengity, chemica environment and the available supply of condensable métter.
Whereas the physica properties of optically detectable particles in the 30-80 nm size range are
known, the presence of smdler particles or water clustersin not well established. Nor have the
initia steps been fully identified. Asto the composition of these particlesit is generdly agreed
upon that the materid is solid H20. Until recently, this had to rely on plausibility arguments.
However, water ice features conspicuous spectra featuresin the IR spectrum, notably the O-H
gretching vibration at 3267 cm-1 or 3.08 microns and it has been suggested (Witt, 1969) that an
IR radiometric measurement of noctilucent clouds would deliver the desired proof. In a recent
experiment, P Espy (2000) has performed this kind of measurement that provided this proof.
Moreover, in recent studies from two spacecrafts, CRISTA and MSX (Gumbe & a, 2001)
therma radiation from NLC layers could be identified as afurther proof. The therma emisson
itsef is of interest as it determines the equilibrium temperature of the particles and hence the
conditions of particle growth and sublimation. The therma properties of NLC particles
illuminated by the Sun and the ground depend crucialy on the refractive index and to some
extent on the shape of the particles. This problem has been analyzed earlier (Witt,1868 ; Fiocco
& Grams, 1973) and shows that the temperature of ice particlesis higher than the ambient, the
temperature excess being determined by the Sze, the ambient pressure and the accommodation
coefficient. A smple model study indicates that the temperature excess presents a limitation to
the growth rate and maximum particle size that can be attained. The particle temperature needs
therefore to be accounted for in modeling mesospheric clouds. This contribution discussesthe
physica details of ice particle formation on the basis of current knowledge from theory and
laboratory experiment, in particular the shape, and optica properties of than particular type of ice
in question. As to mesospheric water vapor, some of the firgt results from the Summer
Mesosphere mission of the Odin satellite now in orbit will be presented.
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An Investigation of Scattering Mechanisms and Dynamicsin PMSE Using
Coherent Radar Imaging

Yu, T.Y., PAmer, R.D., and Chilson, P.B.
NCAR/ATD

In thiswork, coherent radar imaging (CRI) was implemented using the ESRAD (ESrange
RADar) system in Kiruna, Sweden (67.88N, 21.10E) in the summer of 1998. For the fird time,
horizonta structures of polar mesosphere summer echoes (PM SE) are studied with high tempord
and angular resolution using CRI. Frequency jumps, which represent sudden changesin radia
velocity, were observed in severd regions during this experiment. Spectrograms and the
horizonta structures of PM SE provided by CRI during two cases of frequency jumps, suggest
that the frequency jumps were caused by reflecting points originating from a horizontally
stratified layer which was modulated by awave. It was further verified usng Smulated data and
shown that the vertical amplitude of the wave must have exceeded a particular threshold for a
given transmit beamwidth. The horizonta waveength and phase velocity of the proposed wave
were estimated to be on the order of 25-34 km and 50- 70 mV/s, respectively. Additionally, the
vertical amplitude of this wave was up to 400 m, covering severa range gates. A hypothesis of
phase synchronized multiple layers perturbed by wavesis proposed to explain the presence of the
frequency jumps a severd dtitudes Smultaneoudy.
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Properties of Mid-Latitude Mesosphere Summer Echoes

Zecha, M., Latteck, R., Singer, W., Hoffmann, P., and Bremer, J.
Lebniz-Inditute of Atmaospheric Physics, Kiihlungsborn, Germany

Mesosphere summer echoes (MSE) a mid-latitudes are arare phenomenon in contrast to the
polar mesosphere summer echoes (PM SE) at arctic latitudes. Studies of MSE characteristics are
therefore more seldom than studies of PM SE. During the summers 1998, 2000 and 2001 MSE
observations were performed with a53.5 MHz VHF radar system at K™ hlungsborn (54.1N,
11.8E). Mesosphere Summer echoes occur in summer in the height range of about 80 km to 90
km, but MSE are restricted to daytime in contrast to PM SE. We discuss aspect sensitivity,
gpectral width and related parameters (scales of the scatterers) as main characteristics of MSE
radar echoes. The measured spectra width is often dominated by beam broadening. The MSE
layers are characterized by a high aspect sengtivity described by the width of the polar diagram
of backscatters with |'s vaues between 3 and 5 degree. Findly, the results are compared with
smilare observations at polar latitudes.
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