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Abstract. A mesospheric front was observed with an all- 1 Introduction

sky airglow imager on the night of 9-10 July 2007 at Fer-

raz Station (62S, 58 W), located on King George island According to the definitions currently accepted by the scien-
on the Antarctic Peninsula. The observed wave propagatedific community, mesospheric front is a type of gravity wave
from southwest to northeast with a well defined wave frontwhich presents a frontal airglow emission enhancement or
and a series of crests behind the main front. The wave padepletion that can be followed by a series of wave crests
rameters were obtained via a 2-D Fourier transform of thephase-locked to the leading frorown et al, 2004 Smith
imager data providing a horizontal wavelength of 33km, an€t al, 2009. These kind of frontal events are subclassified
observed period of 6 min, and a horizontal phase speed olmalnly between wall and bore. However, fronts that do not
92msl. Simultaneous mesospheric winds were measuredatisfy all the criteria of a bore or walBfown et al, 2009,

with a medium frequency (MF) radar at Rothera Stationbut present analogous characteristics to these fronts — includ-
(68> S, 68 W) and temperature profiles were obtained from ing a extended frontal pattern and ducting conditions — still
the SABER instrument on the TIMED satellite. These wind can be classified as a mesospheric front, following the crite-
and temperature profiles were used to estimate the propda listed byBrown et al.(2004).

agation environment of the wave event. A wavelet tech- Mesospheric front events have been extensively reported
nique was applied to the wind in the plane of wave propa-at low and mid latitudesTaylor et al, 1995 Smith et al,
gation at the OH emission height spanning three days cen2003 Medeiros et al.2005 Fechine et a).2009. Taylor et
tered on the front event to define the dominant periodicities.al. (1999 described a spectacular bore event observed in four
Results revealed a dominance of near-inertial periods, an@hesospheric nightglow emissions at Hawaii (20Ng during
semi-diurnal and terdiurnal tides suggesting that the ductinghe ALOHA-93 campaign. Intensity measurements showed
structure enab"ng mesospheric front propagation occurredhat the front was characterized by a sudden increase in the
on large spatial scales. The observed tidal motions were use@H brightness and a concurrent decrease in the Ol emis-
to reconstruct the winds employing a least-squares methodsion. Smith et al(2003 reported a large-scale, long-duration
which were then compared to the observed ducting environimesospheric bore over the southern US which was visible
ment. Results suggest an important contribution of large-to the naked eyeMedeiros et al(2009 andFechine et al.
scale winds to the ducting structure, but with buoyancy fre-(2009 have reported a large number of mesospheric bore or
quency variations in the vertical also expected to be impor-‘front” events 60) over northeastern Brazilian*(3) sec-
tant. These results allow us to conclude that the wave frontor over a period of two years.

event was supported by a duct including contributions from In contrast, bores or other front events are relatively un-
both winds and temperature. common events at Antarctic latitudeNlielsen et al (2006

observed five potential bores in four winter seasons, with
only one clear event. That event was seen in airglow images
from Halley Station (75.5S), Antarctica, with responses in

Correspondence tal. V. Bageston three different airglow layers (OH, Na, and)Qpersisted for
BY

(bageston@gmail.com) ~3h, and exhibited a trailing wave crests behind the main
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front, with an increase in the number of wave crests esti-events Dewan and Picardl998. On the other hand, these
mated at~6.6 crestshl. The bore characteristics in this characteristics are required but not sufficient to confirm the
case were determined using a standard 2-D spectral analysigiave front as a bore event as will be discussed later. Zonal
The observed and intrinsic wave parameters were obtainednd meridional winds observed with an MF radar at Rothera
for the three airglow layers. Because they did not have infor-Station (68 S, 68 W), and temperature profiles obtained by
mation about the temperature structure above Halley Stationthe SABER instrument on the TIMED satellite were used
they could neither infer the duct structure in which the boreto characterize the propagation environment. The results
was propagating nor identify the presence of inversion layersshow that the wave front reported here was supported by a
Stockwell et al(2006 applied a S-Transform analysis to the ducting structure, which is a primary requirement for meso-
same event reported INielsen et al(2006 in order to inves-  spheric front eventsigler et al, 1997 Dewan and Picard
tigate the dynamical properties of the bore. They were able td998 Snively et al, 2007 Laughman et a|2009 Simkhada
infer the bore parameters (horizontal wavelength, observeet al, 2009 Laughman et al2011). Our analysis of the wave
horizontal phase speed, and period) and also described itsharacteristics and ducting conditions are discussed in detail
evolution as it propagated. They observed that the horizonbelow.
tal wavelength and horizontal phase speed decreased, and the
bore amplitude increased, as the bore evolved. )

More recentlyStockwell et al(2011) analized the vertical 2 OPservations
wavenumber squarednf) associated to the bore event re-
ported byNielsen et al(2006, using the observed wave pa-
rameters, hourly wind measurements and MSIS model temp mesospheric gravity waves campaign was carried out
perature. As they used the S-Transform to acess the borg; Ferraz Station (62°B, 58.4 W), located on the King
parameters at distinct times, in the beginning of the observaGeorge Island, Antarctica, from May to October 2007, us-
tions they identified a_free propag_ating. region below 78 kming an all-sky CCD imager. The imaging system uses a
and a evanescent region above this height. Three hours latef’;-n wide band near infrared (NIR) optical filter (715—

they observed a pure evanescent region in the airglow regg nm), with a notch at 865.5 nm to suppress th€00
gion (80-95km). In synthesis, in the work &tockwell 1y emission to measure OH airglow emissions near the
et al. (2011 no signal of a possible Doppler duct has been mesopause~87 km). An exposure time of 20s was used

observed, and the existence of thermal duct could not bg,, a5ch image, yielding a sampling interval e88 s since
assessed because of the lack of observed temperature dajge imager does not have a filter wheel. The original im-

Also, .Sto.c'kwell.et al.(201) estimated thg duct depth and ages (1024 1024 pixels) were not binned, but cropped to
its variability while the bore was propagating and as the boreg15. 512 pixels due to limitations of the optical system

packet evolved the bore duct collapsed. This result was assQpageston et 32009 2011, which produces a useful im-
ciated with the deceleration of the group velocity, the ampli- age inside of 31% 312 pixeyls on the CCD. The quality of

tude attenuation and the dissipation of the bore event. the airglow data and its usage were limited by weather con-
In our observations at Ferraz Station during 2007, moreyitions to clear sky and new moon periods.

than 230 gravity wave events were obserniddeston et al.

2009. The report of only two wave front events (wall event ¢ \he method described in the literatuf@afcia and Taylar
reported byBageston et al(201]) and the present study), 1997 Medeiros et al.2003. Initially, a sequence of images

among a large number of gravity wave events, confirms the, a5 selected in order to analyze the wave event that was pre-
low occurrence rate of bores at high southern latitudes comy;iq sy identified in an animation that contains all the images
pared to lower latitudesechine et 8.2005 2009. The  cqjiected in one night. The star field was subtracted from

event reported here could not be classified as a mesospherig, ., image that was selected for analysis, and flat field cor-
bore according to the criteria used in the literatulbeWan o tions were applied to the image series. Each image in the
and Picard 1998 Smith et al, 2003 Brown et al, 2004 415 set was spatially filtered with a second-order high-pass
Smith et al, 2009. The present observation is comprised g iterworth filter, with cutoff frequencies at 8 and 14 km for
by a mesospheric front having a sharp “front” that extendedyq;ections onto 51 512 km (resolution of 1 km/pixel) and
across the entire all-sky image, with a series of crests folzgg, 768 Kkm (resolution of 1.5km/pixel) images, respec-
lowing the front and an observed phase speed of 92'ms tively. This filtering process was the modification introduced
However, this front did not presented any kind of step func-jj the methodology. Finally, the observed images were pro-
tion and. we were not able to ob.serve the wave .fr0|.’1t at dif--agsed using a 2-D Fast Fourier Transform (FFT) analysis,
ferent airglow layers due to an instrumental limitation (the 54 4 cross spectrum was applied to the sequence of images

imager has only an OH filter). The observed features, esy, gger to obtain the horizontal wavelength, observed phase
pecially the high phase speed, the growth in the number Ofspeed and observed period.

wave crests with time and the presence of a consistent duct
are in agreement with the characteristics expected for bore

2.1 Airglow measurements

Our data analysis used here was a slightly modified version
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Fig. 1. Processed all-sky OH airglow images at three times spanning about 10 min on the night of 9—10 July 2007 showing a mesospheric
ducted wave propagating from southwest to northeast. In the images shown at the top the star field was subtracted, and then the Time
Diference (TD) images process was applied to three different images, skipping the middle image (the used reference time), generating the
presented images, and at the bottom the same TD images corrected for the fish-eye lens format are shown.

2.2 Mesospheric front event ering the propagation time of 1 h for the front crossing the
field-of-view one can infer a growth rate of 4 waves/h for this
The mesospheric front was observed fron23:00 to  event. This result is in agreement with previous observations
00:00 LT on the night of 9—10 July 2007 at Ferraz Station at(Fechine et a).2005 Nielsen et al.2006 showing that the
the tip of the Antarctic Peninsula as it progressed from south-number of crests formed behind the fronts could vary from 2
west to northeast. Figutepresents two rows of images with to 12, and more frequently between 2 and 6 crdsexfiine
the same sequence of three processed images (top and bet-al, 2005.
tom) for the event observed in the OH emission. The first Due to the limitation of the imager, which observed the
row (top) show the all-sky images after removing the starwave events with only one filter (OH emission), we were
field and applying the Time Diference (TD) image, i.e. the not able to observe the complementarity effect described by
diference of one image from the previous, separated by abourfaylor et al.(1995, i.e. an anti-phase relation in the bright-
1.3min. The second row (bottom) shows the same imagesiess associated with the wave response seen in different air-
but corrected for the all-sky lens format, i.e. the flat fielded glow layers. Besides this limitation, the imager system is
images projected onto a regular 312 by 312 spatial grid (saman adapted airglow system with a camera that is not back-
pled at 1 km) assuming the OH peak altitude of 87 km. Theilluminated and the system observes the sky in a very small
arrows ahead of the main front indicate the wave propagatiorarea (~312x 312 pixels) without the binning process (that is
direction. used to improve the signal-to-noise ratio). All these limita-
The mesospheric front reported here is ilustated in Eig. tions make that the final images present a low quality, and as
The image at 23:20LT (LT =U¥3) shows the first clear consequence in the event presented here we could not iden-
view of the frontal event with a second crest behind the maintify some kind of step function in the images and neither in
front. While the wave packet evolves, it is seen the growth inthe cross-section profiles through the wave packet (including
the number of wave crests behind the main front, in an analthe main front).
ogous way to the bore events, growing from 1 (at 23:20) to 4 From FFT analysis applied to a set of six images from
crests £23:40) when the wave packet started to show signal23:32 to 23:38 (LT), the following wave parameters were
of dissipation due to the energy dissipated in the wave trairobtained: (a) a horizontal wavelength of 33 km, (b) an ob-
generation itself. It was seen no more than 5 crests (consideserved period of 6 min, and (c) an observed phase speed of
ing the main front) in the wave packet during the propagation92 ms'1. These parameters are very similar to those reported
time inside the field-of-view of the all-sky imager. Consid- for the wave event observed at Halley Statiblie(sen et al.
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2006, especially the horizontal wavelength and period, with 2.4 Mesospheric temperatures

31 km and 6.8 min, respectively, seen in the OH layer. Con-

sidering the above characteristics of the mesospheric fronPuring Southern Hemisphere winter, SABER views towards
and the limitations of imager system we can not qualify thehigh southern latitudes, so measurements are occasionally
wave event reported here as a mesospheric bore, even cofvailable very near FerraR(ssell et al.1999 Mertens et
sidering the consistency of the required duct for this case, ag!l. 2004. For this study, the nearest SABER profile was ob-
will be showed and discussed later in the Sect. 3. Below wetained~1300 km north of Ferraz, and about 140 min before
will show the mesospheric environment (Winds and temper.the wave front was seen. This distance is Iarger than desired,
ature) during the observation time of the mesospheric fronfout it is the only profile sufficiently close to Ferraz to be use-

reported in this study. ful, itis likely much more representative of the thermal struc-
ture over Ferraz than a climatology would be, and the extent
2.3 Mesospheric winds of the wave event noted above is of the order of the imager

field-of-view, suggesting that the ducting environment has a
Winds in the mesosphere and lower thermosphere (MLT|arge horizontal extent. This temperature profile is shown in
~80-100 km) are known to have large influences on grav-Fig. 2b. The implications of this temperature profile for duct-
ity wave and mesospheric fronts propagation in MLT, de-ing and wave propagation will be explored further below.
pending on their propagation direction. Wind measurements An imaging spectrometer was collocated with the all-sky
were not available at Ferraz during the wave event observaimager at Ferraz during the wave front event observation.
tion. However, mesospheric wind measurements were availowever, the field-of-view over which the spectrometer ob-
able with an MF radar at Rothera Statiot¥65km to the  serves the sky as an integrated counting of the OH (6-2) emis-
south, as employed in the study Bageston et al(2011).  sjon is~70 km in diameter about the zenitBggeston et a|.
The Rothera MF radar measures horizontal winds in the MLT2007), that is more than twice the horizontal wavelength of
through analysis of D-region partial reflection echalEis  the wave identified in the all-sky images presented in Eig.
et al, 1999 Hibbins et al, 2007. The radar operates at a This means that the field-of-view on which we calculate the
frequency of 1.98 MHz with a transmitter power of 25kW temperature is larger than the horizontal scale of the wave
and full-width half-maximum pulse width of 25ps, which event. The spectrometer data showed evidence of a small-
corresponds to a height resolution ®# km, with returns  scale wave with period about 10-min, larger than the period
oversampled at 2km intervalsiipbins et al, 2007). Data infered from the all-sky images. Hence, the temperature time

used here are restricted to altitudes below 94 km as severaleries showed no evidence of the 6-min wave period inferred
authors have observed that MF radars tend to underestimatgom the a||-5ky imager data, so the spectrometer data were

wind speeds compared to those observed by meteor radars gt employed in this analysis.
higher altitudes (e.gMlanson et al.2004andPortnyagin et
al., 2004.

Rothera winds surely do not describe the small-scale3 Analysis and discussion

winds over Ferraz, but very similar tidal structures are seen at

sites with similar spacing extending across the Drake Passagh® Investigate the large-scale MLT propagation environment
(Fritts et al, 2010, and large-scale inertia-gravity waves during the wave event observation, we use the Rothera MF

(IGWs) having vertical wavelengths 6f10 km or more im- radar winds and the SABER temperature profile to compute

. . 2 _ . .
ply similar structures somewhat shifted in phase at distancef® Vertical profile ofn®, wherem =2x /5. is the vertical
up to~1000 km or more away. Assuming (as shown below) wavenumber andl; is the local vertical wavelength for pos-

. 2 . 2 . .
that tidal and IGW structures dominate the wave ducting en Ve 7°. The resultingn profile suggests a duct for gravity

. . 2 - .
vironment, Rothera winds will allow us to estimate roughly Waves i aregion where< > 0 that is between two regions
the intrinsic parameters for the wave front event. havingm® <0 (in which the relevant motions are evanes-

Winds along the wave propagation direction obtained with centin the vert|c_al) having sufficient dgpth to cause effective
the Rothera MF radar during the wave event are shown irff@PPing of the disturbance at the"_ maximum. The approx-
Fig. 2a. This profile was obtained by the hourly wind ob- imate dispersion relation, including wind curvature effects,
served during the time duration of the event, interpolatingPUt Neglecting shear effects, is given by
to 1-km vertical resolution, and then averaging over 3km in N2 !

[ > —kﬁ} : 1)

the vertical in order to remove vertical structure expected tom? = 5=

not be coherent over large distances. The dominant structure (wo—c)® Uo—
seen has a vertical wavelength-e10 km and a near-inertial
period (see data analysis and discussion below), suggestingig the direction of the wave propagatiom, is the second
dominant large-scale IGW with perhaps tidal contributions. yarivative of the wind with altitude is theoobserved phase
Further analysis and discussion of these data and their imp”épeedkh — 21/ is the horizontal wavenumber, ang is
cations for the wave environment will be provided below. b horizontal wavelength. This dispersion relation is valid

whereN is the buoyancy frequencyy is the horizontal wind
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Fig. 2. (a) Wind profile in the wave propagation direction obtained by a MF radar at Rothera Station during the wave event observation.

(b) Temperature profile obtained by SABER on 9 July 2007 to the north of Ferraz and 140 min prior to the wave obséc)atetical
wavenumber squaredq(z) showing a duct region betweerB4 and~90 km.

for gravity waves propagating in an environment where thethe true ducting environment over Ferraz may have exhib-
effects of horizontal winds and temperature gradients cannotted a different phase structure of the low-frequency motions
be neglected@himonas and Hine4.986 Isler et al, 1997 than observed over Rothera, potentially resulting in a ducting

Fritts and Yuan 1989.

The buoyancy frequencyy, can be estimated using the

structure centered at somewhat higher or lower altitudes than
shown in Fig.2c.

relation @): The observed phase speed of the wave packet estimated
from the 2-D FFT cross spectrum of the airglow images dis-
2_ 8 8 cussed above was 92 m's This is~50 m s'1 faster than the
N°=—| VI + , : SIS .
T C, wind along the wave front propagation direction at any alti-

tude, and~70ms! faster than the mean wind at the center
of the primary ducting region (see Figa and c), where the
maximum values ofz? are implied by the maximum posi-
tive temperature gradients (see R2b). Indeed, temperature
inversions, or thermal ducts, have often been associated with
mesospheric frontsDewan and Picardl998 2001, Smith
horizontal wind and temperature profiles shown in Flg. et al, 2003 She et al.2004 Smith et al, 2005 Narayanan
and b is shown in Fig2c. Sensitivity to the details of the et al, 2009 Laughman et al.2009 2011, Bageston et al.
SABER temperature profile was evaluated by shifting it ver-2011). The intrinsic phase speed along the direction of prop-
tically by £3 km, that showed a consistency of the duct struc-agation implied by the estimated? profile is from~50 to
ture which was also shifted vertically, above and below of the70 m s, depending on whether we take the relevant back-
nominal OH peak, but not changing significantly its shape.ground wind to be the maximum in the direction of propa-
This suggested that the ducting environment is much moregation or that centered in the ducting region (with > 0).
dependent on the structure of the wind profile than on theAssuming the latter is most relevant, we infer a correspond-
temperature profile, with the curvature term being particu-ing intrinsic period o~8 min.

larly important. It is clear from these profiles that the wave In a related studyi-echine et al(2009 performed a com-
front event was supported by a large-scale duct betwe®h  parative analysis of the terms in the dispersion relation for
and 90 km, within which¢? > 0), with evanescent regions a bore observation. They inferred that it was likely sup-
(m? < 0) above and below. These profiles also suggest thaported by a Doppler duct, with apparent influences by the
the duct coincides closely with the altitude of the OH air- semidiurnal tide. Bageston et al(2011) analyzed a meso-
glow layer (Marsh et al. 2006, though we also note that spheric wall event over Ferraz and concluded that it was

where g is the acceleration due to gravity; is temper-
ature, C, = 1005JkgK~! is the specific heat at con-
stant pressurey T, is the vertical temperature gradient, and
c% ~9.5K kg1 at MLT altitudes.

The vertical profile ofn? obtained from Eq. ) for the

www.atmos-chem-phys.net/11/12137/2011/ Atmos. Chem. Phys., 11, 1PAB¥Z-2011



12142 J. V. Bageston et al.: Observation of a mesospheric front in a thermal-doppler duct

70.00
60.00
50.00 |

40.00F
30.00f
20.00F
10.00F
0.00F A
-1000F 4
-20.00
-30.00F

Altitude (km)
Velocity (m/s)

12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00
Hours (LT)

Fig. 3. Contour plot of the Rothera winds in the wave propagation directiohck@kwise from north, from 12:00 LT on 9 July to 12:00 LT
on 10 July. The vertical dashed red line indicates the time when the wave front was at zenith.

supported by a thermal duct, with the winds having little ef- A Morlet wavelet analysisTorrence and Compd 998
fect on the duct configuration. More recent8tockwell et  was used to identify the dominant low-frequency oscillations
al. (201 estimated the bore duct depth and its variability for centered on the day and time of the wave front observation.
the bore event reported for Antarctic latitudésdlsen et al. We used a wind time series at 86 km near the center of the
2008 Stockwell et al. 2006. In the analysis performed by duct extending over-3 days, from 00:00LT on 9 July to
Stockwell et al(2011) no evidence of Doppler duct was ob- 18:00LT on 11 July, for this purpose.
served, and no analysis of thermal duct was conducted since Figure4a shows the result of the Morlet wavelet spectral
they did not have any observed temperature data. analysis of the wind time series presented in Big.(black

We now examine the influences of the wind field we have|ine)  The power spectrum describes periods from 4 to 33h
assumed to apply in the present case in greater detail. Figss functions of time. Solid black lines indicate regions where
ure3shows a contour plot for the hourly-averaged wind com-he confidence level is higher than 90 %, while the dashed
ponent along the wave front propagation direction observed,|ck Jines define the region where the results are confident
over 24 hfrom 12:00LT on 9 July to 12:00LT on 10 July excluding the border effects. The white vertical dashed line
2007. The vertical dashed red line at 23:30LT on 9 July de-jngicates the time when the mesospheric front was seen in
notes the time when the mesospheric front was near zenitihe yenith by the all-sky imager. Clearly seen in Hig.is a
in the all—gky imaggs. This figure indicates both shorter- maximum in spectral density centered at a period-@0 h,
period motions (periods ot4 to 6 h) and longer-period mo-  ¢qnsistent with dominance of the wind field by some combi-
tions (likely IGW or semidiurnal tide winds), with the for-  5tion of IGWSs and semidiurnal and terdiurnal tides at this
mer achieving the largest amplitudes prior to observation ofime. Motivated by this result, a band-pass filter was applied
the wave front event. Of the observed motions, we expecty, the original wind time series at 86 km high for periods be-
that only the lower-frequency components would have hadyyeen 6 and 14 h. The filtered time series is shown as a red
the potential to also occur over Ferraz without large phasgine in Fig.4b, and is seen to be consistent with the periodic-
and amplitude variations. This is because large horizontaliies observed in the unfiltered time series in M. These
winds imply relatively large vertical wavelengths and shorter (o its suggest that if the wind was important in defining the
observed periods imply smaller horizontal wavelengths. As‘ducting structure, then the low-frequency IGW and tidal con-
suming that the observed periods are indicative of comparagiputions would have played key roles. The relative impor-
ble intrinsic periods, this would resultin much less coherencegnce of the tidal winds and the thermal structure in defining

at large horizontal distances. Thus, we focus on the longergne ducting environment is discussed further below.

eriod motions hereafter. . A
P In order to assess the tidal contributions to th& pro-

file and potential influences on wave ducting, we employ the
least mean square method, which makes use of the well es-
tablished classical harmonic fitting. Details of this method

Atmos. Chem. Phys., 11, 12131”2147 2011 www.atmos-chem-phys.net/11/12137/2011/
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Spectral Analysis
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Fig. 4. (a)Wavelet spectral analysis of the observed wind at 86 km from 9—11 July showing periods4rtind 2 h. Solid black lines indicate
confidence levels greater than 90 %; dashed black lines show the region uninfluenced by edge(leffédtsd in the wave propagation

direction at 86 km (black line), and a wavelet filtering of the same wind between cutoff periods of 6 and 14 h (red line). Vertical dashed lines

indicate the time when the ducted wave was near zenith.

and the equation employed for fitting the winds (and conse-wind field smoothed as described above after removal of the
quentely to obtain the tidal amplitudes and phases) are fountides. The mean windl{) defined here did not includes the

in the work of Andrioli et al. (2009. Following this method- low-frequency IGW motions, since its periods were not in-
ology we are able to reconstruct the wind profiles by meanscluded in the harmonic fitting.

of the amplitude and phase associated to the tidal modes. In The resultingm? profiles, wind profiles averaged from
our case, it was identified that only the semi-diurnal and ter-23:00 to 24:00 LT on 9 July, and curvature terms are shown
diurnal modes were present around the observation time oin Fig. 5a, b, and c, respectively. In the plots, black lines
the mesospheric front and these periodicities were used tdenote the profiles employing the full wind field as observed
reconstruct the vertical wind profiles near the time in which with the MF radar (which include tides, low-frequency IGWs
the wave was seen in the all-sky images. We did not evaluand other low-frequency motions), dashed black lines in (a)
ate the contribution from the low-frequency IGW apart of the and (c) are related to the calculations usivi§ constant (as
tides, since the winds reconstruction using just the tidal ossshown in doted red line in (c)) but with the observed wind,
cillations produced a good fit in comparison to the observedblue lines denote results using only the mean wind, and red
wind (see Fig5b). The winds reconstruction was performed lines denote results using the tidal winds added to the mean
in two ways, at first the tidal components were included, andwind. The buoyancy frequency squared and the correspond-
later the wind contribution due to the tides was removed ining term in the dispersion relation, assuming the full wind
order to observe the relative contribution of the tides in thefield and the observed temperature profile, are shown in solid
observed duct. Here, the mean wind field was defined as theed and black lines, respectively, in Figd.
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Fig. 5. (a)Profiles ofm? for different conditions, namely wind profiles shown(is): observed wind (black); mean wind (without tides,

blue) and tidal winds plus the mean wind (red), and constant buoyancy frequency (dashed black line) as l&beléz) urvature terms

due to the winds irfb). (d) N2 (red, upper axis) varying with the temperature (solid line) and its mean value (constant dashed line), and the
buoyancy term contribution ta2 (black, lower axis) due t&v2 varying with the temperature (solid line) and? constant (dashed line) for
comparison with panelg) and(c).

Comparing the various profiles in Fifa, we see that all and curvature terms in the dispersion relation, provided that
exhibit a region of maximum (positivey? at altitudes~84 some portion of the implied increasei? due to the wind
to 90km, despite the varying contributions of wind mag- field coincides with the stability enhancement betwed
nitudes, curvature terms and buoyancy frequency squaredand 90 km. We should notice that atmospheric tides can af-
This latter implies a significant role of the large and sus-fect the wind structure as well as the temperature field and
tained temperature gradient spanning these altitudes in defirairglow brightness (see evidences of semi-diurnal tide pre-
ing the ducting structure. We also see much smaller differ-sented bySmith et al, 2006, but in our study it does not ap-
ences between the solid black and red profiles in panels (apear that the temperature enhancement (inversion layer) seen
(b), and (c) than between the solid black and blue profilesin Fig. 2b have been induced by the same tidal components
The blue and dashed black profilesot suggests that there identified in the horizontal wind (Fig& and4). This should
is no evanescent region adjacent to the duct at lower altitudedye true for some basic reasons: first, the average temperature
and that this structure may not support ducted or mesospheriprofile (not shown here) withir-7/+7 h centered in the wave
front responses at all. It is also observed that the relative im-event time did not show similar temperature structure (pres-
portance of the tidal winds and the varying temperature pro-ence of inversion layer) as the one seen in Rly. second,
file (or N2 profile) to them? are equivalente, and besides that we did not see any evidence of tidal effects in the time se-
it should be noted that when any of these two imposed condifies of the OH rotational temperature and airglow intensity
tions, tides or varyingv?, is removed from the:? dispersion  as measured by the airglow spectrometer, and third, the tem-
relation the actual duct condition disapears, as can be seen pperature structures at high latitudes are less affected by tides
the blue and dashed black profiles in Fag. and likely at distinct harmonic components, when compared

These combined results indicate that the tides and IOW_to the horizontal winds according with the classical theory

frequency motions make a significant contribution to ducting(Chapm""n and Lindzerl.970.

structure enabling mesospheric fronts or other ducted waves In order to compare the relative importance of the Doppler
propagate for |ong distances at mesospheric heights’ partid&hift and the wind curvature in the dispersion relation, we
ularly in combination with enhanced stability (and tempera- can just analyze the second term on the right hand side of the
ture gradient) at the ducting level. Even if the wind field over Ed. (1), that is shown in Fig5c for different wind profiles.
Ferraz was somewhat different in phase (and altitude) thafror example, the Doppler shift:§ — ) for a wind veloc-
measured over Rothera, we expect the low-frequency IGW!y of about 40 ms* (observed wind at about 82 km) gives a
and tidal motions to impose ducting structure similar to thatvalue of~—52ms%, while the curvature termy/ (uo—c) is
shown in Fig.5, given the apparent importance of the wind ~ 1.5x 10~/ and so we could infer thadg ~ 1078, showing

Atmos. Chem. Phys., 11, 121322147 2011 www.atmos-chem-phys.net/11/12137/2011/



J. V. Bageston et al.: Observation of a mesospheric front in a thermal-doppler duct 12145

that the Doppler shift is much higher than the wind curva- together with the winds contribution in order to have a well
ture. The observed results showed that the contribution oflefined duct, i.e. the thermal-Doppler ducting analyzed here.
the curvature term for the? was similar to the term of the  Future observations at Ferraz Station will benefit from local
buoyancy frequency squared. wind measurements by a new meteor radar recently installed
Concurrent observations of airglow temperature and windsat that site.
together with modelinggnively et al, 2007 Simkhada et a|.
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4 Conclusions Edited by: W. Ward
We described a wave front event, followed by a set of ducted

waves, observed by an all-sky airglow imager over Ferraz
Station on the night of 9—10 July 2007. The ducting environ-
ment was assumed to be of large spatial exte_nt, given the e)sﬁndrioli, V. F., Clemesha, B. R., Batista, P. P. and Schuch, N. J.: At-
tent of the front itself across the full field-of-view of the im- mospheric tides and mean winds in the meteor region over Santa
ager. We thus employed winds measured at Rothera Station maria (29.78 S; 53.88 W), J. Atmos. Sol-Terr. Phys., 71, 1864—

to the south of Ferraz and a temperature profile measured by 1876,doi:10.1016/j.jastp.2009.07.008009.

SABER on TIMED to the north, and somewhat earlier than Bageston, J. V., Gobbi, D., Tahakashi, H., and Wrasse, C. M.: De-
the wave observation, to evaluate the environmental factors velopment of Airglow OH Temperature Imager for Mesospheric
likely to have enabled the ducted waves propagation. Our Study,http://www.scielo.br/Braz. J. Geophys., 25, 27-34, 2007.
analysis revealed that tidal motions and low-frequency IGwBageston, J. V., Wrasse, C. M., Gobbi, D., Takahashi, H., and
were likely responsible for the wind structure contributing to ig:wzdzn?é ;B:'é rggs:;‘t’:lc;ir:::fsr;?;?ggri:n%rag&‘é":)‘l’ses ;; Co-
the ductln_g_ environment, but thaF a maximurmii (_jue toa 2593_2598d0i:10.5194/ange0_27_2593_’20®09_ b
large positive temperature gradient40 K extending over

" . Bageston, J. V., Wrasse, C. M., Hibbins, R. E., Batista, P. P.,
~6km) also contributed to the duct supporting the meso- Gobbi, D., Takahashi, H., Andrioli, V. F., Fechine, J., and Denar-

spheric front propagation. The observed wave front event inj c. M. Case study of a mesospheric wall event over Fer-
could not be qualified as a bore event due to the lack of addi- raz station, Antarctica (625), Ann. Geophys., 29, 209-219,
tional observational evidence. Specifically, a clear step func- doi:10.5194/angeo-29-209-2012011.

tion in the main front was not identified, and the observationBrown, L. B., Gerrard, A. J., Meriwether, J. W., and Makela, J.
of the event in other airglow layers was not possible since J. All-sky imaging observations of mesospheric fronts in Ol
the imager has only an OH filter. In particular, the winds 557.7 nm and broadband OH airglow emissions: Analysis of
were found to be essential in defining the ducting environ- fronFaI structyre, atmospheric background conditions, and po-
ment in this case, in contrast to other front events where the tential sourcing mechanisms,J. Geophys. Res., 109, D19104,
temperature structure alone appeared to be sufficient to erEth"10'1059/2?105_‘]3004%308()4' AL heric tides: th | and
able ducting. Earlier published work, has shown that vertical apman, . and Lindzen, 1. >.- AIMOSPheIc tides. thermal an

in wind ler d hich Id gravitational. D. Reidel Publishing Company and Dordrecht-
structures in winds can generate Doppler ducts which wou Holland, 200 pp., 1970.

be able to support mesospheric fronts. However, for the evengnimonas, G. and Hines, C. O.: Doppler Ducting of Atmospheric
considered here, we have shown that the winds alone could Gravity-Waves, J. Geophys. Res., 91, 1219-1230, 1986.

not generate consistent ducts. In the present study it wapewan, E. and Picard, R.: Mesospheric bores, J. Geophys. Res.,
necessary to include the contribution of the thermal structure 103, 6295-6305, 1998.
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