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Abstract. Using absorption data measured by imaging ri- changes of the background wind, temperature and circu-
ometer for ionospheric studies (IRIS) located at the Southation of the winter high-latitude middle atmosphere (20—
Africa National Antarctic Expedition (SANAE), Antarctica 100 km). The primary mechanism behind the SSW relates
(72 S, 3 W), we extracted the parameters of gravity wavesto the growth of the upward-propagating transient plane-
(GW) of periods between 40 and 50 min during late win- tary waves of wavenumber= 1 or s = 2 and their nonlin-
ter/spring of the year 2002, a period of the unprecedentecaar interaction with the zonal-mean flow in the stratosphere
major sudden stratospheric warming (SSW) in the Southerr{Matsuno, 1971). This interaction decelerates and/or even re-
Hemisphere middle atmosphere. During this period, an unverses the eastward zonal wind in the winter stratosphere—
precedented substantial increase of temperature by about 25resosphere system. Moreover, this dramatic phenomena in-
30K throughout the stratosphere was observed. During theluces a downward circulation in the stratosphere, causing
period of the occurrence of the major stratospheric warm-adiabatic heating and upward circulation in the mesosphere,
ing, there was a reduction of both the GW horizontal phaseresulting in adiabatic cooling (Liu and Roble, 2002; Coy et
speeds and the horizontal wavelengths at 90 km. The GWal., 2005; Mbatha et al., 2010).
phase speeds and horizontal wavelengths were observed to The deceleration and reversal of the eastward polar night
reach minimum values of about 7 misand 19 km, respec- jet in the high-latitude stratosphere also changes the filter-
tively, while during the quiet period the average value of ing of internal gravity waves (GW) and allows for increas-
the phase speed and horizontal wavelength was approxing amounts of eastward-propagating GWs from the tro-
mately 23 m s and 62 km, respectively. The observed eventposphere to penetrate into the mesosphere—lower thermo-
is discussed in terms of momentum flux and also a po-sphere (MLT) and break there, while blocking westward-
tential interaction of gravity waves, planetary waves andpropagating GWs (Sathishkumar and Sridharan, 2009).
mean circulation. These GWs are mesoscale phenomena that have impor-
Keywords. Meteorology and atmospheric dynamics (mid- tant gIobaI_ effects on the cjr_culation, temperature struc-
dle atmosphere dynamics) ture, chemistry and composition of the entire atmosphere
(Alexander and Dunkerton, 1999). During the SSW, station-
ary GWs are absorbed by the mean atmosphere as they ap-
proach the zero mean zonal wind level. The interaction of
1 Introduction GWs and winds during the stratospheric warming has sig-
nificant impacts on the structure and general circulation in
The sudden stratospheric warming (SSW) is a dra-the mesosphere.
matic thermo-dynamical event which involves considerable
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There have been several observational studies to exanparisons between the GW parameters extracted from imaging
ine GWs during the SSW period in the past decades. Usingiometer data with those derived from a co-located airglow
temperature profiles measured by Challenging Mini-satelliteimager, and found good agreement between the two instru-
Payload (CHAMP) global positioning system (GPS) occulta- ments. There have been no studies of short-period GWs us-
tions, Ratnam et al. (2004) analysed the GW activity duringing the South Africa National Antarctic Expedition (SANAE,
the 2002 late winter/spring SSW in the Southern Hemispher&/2® S, 3 W) imaging riometer before. Some of the studies
(SH). In their study, they showed that during the SSW pe-which employed this instrument include the observation of
riod the GW energy (potential energy) became three times  energetic electron precipitation at SANAE IV, Antarctica,
higher than usual. Wang and Alexander (2009) used temperady Wilson and Stoker (2002), and spatial structures in en-
ture retrievals from the Constellation Observation System forhanced ionization of the ionosphere observed by absorption
Meteorology, lonosphere, and Climate (COSMIC)/Formosaof cosmic radio waves by Wilson et al. (2001).

Satellite Mission 3 (FORMOSAT-3), CHAMP/GPS radio In this study, the UK Meteorological Office (UKMO) as-
occultation profiles and independent temperature retrievalsimilation temperature and zonal wind data are used to iden-
from the EOS satellite High Resolution Dynamics Limb tify the SH 2002 late winter/spring major SSW as well as
Sounder (HIRDLS) and Sounding of the Atmosphere usingto examine variations of temperature and zonal wind in the
Broadband Emission Radiometry (SABER) aboard the Therstratosphere during the major SSW event. The SANAE Su-
mosphere lonosphere Mesosphere Energetics & DynamicperDARN HF radar wind data are to investigate the mean
(TIMED) satellite to investigate the SSW event and accom-wind in the mesosphere—lower thermosphere (MLT) region.
panying GW temperature amplitude in the 2007-2008 North-In the present work, the above-mentioned technique is used
ern Hemisphere (NH) winter. They reported enhancement ofo extract parameters of GWs of periods between 40 and
GW amplitudes in the stratosphere and subdued GW ampli50 min during the 2002 major SSW event (from 11 Septem-
tudes in the mesosphere. Recently, a study by Yamashita dter (day 254) to 11 October (day 284) 2002) in the Southern
al. (2010) showed that the GW forcing controls the patternHemisphere over SANAE. We also compare the 2002 (SSW
and strength of residual circulation and thereby the characyear) results with the results of 2003 (a year without a strato-
teristics of cooling and warming regions. They also showedspheric warming). The SANAE imaging riometer is used for
that the planetary wave forcing in the MLT affects the verti- the first time to study mesospheric GWs signatures, and it
cal depth and magnitude of the MLT temperature anomalieswill be for the first time that any imaging riometer is used to
through further modifying the residual circulation. study GWs during the SSW.

GWs are usually studied using radars, lidars and airglow
imagers. In this study, a technique to extract GW parame-
ters from imaging riometer absorption data first described by?  |nstruments and data
Jarvis et al. (2003) was used. Jarvis et al. (2003) used this
technique for the first time, and performed observations o0f2,.1 SANAE HF radar
GWs using an imaging riometer located at Halley, Antarctica
(76° S, 27 W). The technique uses fluctuations from iono- The SANAE HF radar is part of the SuperDARN radar net-
spheric absorption as a tracer for GWs. Imaging riometersvork, and it is located in Antarctica (75, 3 W). Super-
respond to changes in the absorption of the cosmic radidARN (Greenwald et al., 1995) is a network of HF radars
noise in the ionospheric D region, which enables them tooriginally designed to study plasma flow in the high-latitude
detect the compression and rarefaction~e@0 km altitude  ionosphere. A study by Hall et al. (1997) confirmed that
generated by the passage of GWSs (Jarvis et al., 2003). In thischoes at ranges close to the SuperDARN radars are actually
work, Jarvis et al. (2003) demonstrated that a single wavalue to scatter from meteor trails near approximately 94 km
absorbed in a co-located airglow imager was also present imltitude, except during periods of higty, (an indication of
the central beams of the Halley imaging riometer. The wavegeomagnetic disturbance). Hence, the near-range scatter can
first appeared in the airglow imager at 07:25UTC on thebe utilized to study neutral winds at meteor heights. The Su-
7 June 2000, while it was not apparent in the imaging riome-perDARN radar network consists of a total of about 17 radars
ter data until 08:00 UTC. The work by Jarvis et al. (2003) in the Northern Hemisphere and 9 in the Southern Hemi-
was further extended by Moffat-Griffin et al. (2008), who sphere. The SuperDARN radars operate at frequencies be-
also showed the capabilities of the imaging riometer to de-tween 8 and 20 MHz. Each radar site consist of a 16-antenna
tect short-period mesospheric GWs using the fluctuation ofarray connected to a phasing matrix which permits the sin-
the ionospheric absorption of cosmic radio noise. Moffat-gle beam to be swept through 16 successive positions in
Griffin et al. (2008) presented a detailed analysis techniquencrements of 3.25 covering a sector with a nominal az-
for quantifying these signatures. They demonstrated the eximuth of 52. The azimuthal resolution depends on the oper-
traction of the wave period, horizontal phase speeds and horiating frequency and it ranges from 2.&t 20 MHz to 6 at
zontal wavelengths by applying wavelet analysis to synthetic8 MHz. The peak power is about 10 kW and the range reso-
imaging riometer absorption data. They also performed comiution is 30—-45 km with a typical pulse width of 200—300 ps.
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Measurements are taken every 7s at each of the 16 bear -3 dB contours projected at height 90 km
positions. The backscatter information from these pulses is - - T - - - -
sampled and then processed, giving multi-lag autocorrelation  aoof -
functions (ACFs). The ACFs are thereafter used to deduce
backscatter power, mean Doppler velocity and the width of |
the Doppler power spectrum for each range with significant € * *
returns. The pulse sequence is about 40 ms in duration, antz + Foaler* +
they are separated by 60 ms, resulting in 60 ACFs in each§ 100 +* + .
of the 7 transmitting seconds, which are averaged for each .. + Lkl +
b SR 2

measurement. The measurements can be taken for up to 72 ok + i Tt + 0+ i
range gates along the beam, where each range gate is equal 5 * f PO 4; *
45 km. Thus, this means that the measurements can be madTg #* i *
from a few kilometres to more than 3000 km in range. g 1oy * \ 1

. . . = + + * +

The meteor trail echoes occur predominantly in and below A #

the lower E region+{ 95km) (Hussey et al., 2000); thus ac- > _sggl * + _
quisition of the winds in the meteor region is accomplished
by using data from the first several range gates of the radar.
The backscatter at this distance is primarily due to meteors, i i
arjd thus a nominal height of 90-95 km is assur'ned.. Hour'ly 300 200 o100 0 00 200 300
wind averages are computed for each beam direction, giv- Yedistance from amay centre [km]

ing a line-of-sight wind velocity. In the present work, these

hourly wind averages are used to study the momentum fluxEig. 1. Projection of the 3dB contour of the 64-element imaging
in the MLT. More details about SuperDARN radars are givenriometer beams onto a horizontal plane at 90 km altitude.

in a study by Greenwald et al. (1995).

2.2 The imaging riometer at SANAE The imaging riometer for ionospheric studies (IRIS) at

. . . , ) . SANAE has 8x 8 antenna arrays and consists of 64 half-
The imaging riometer at SANAE is a 64-element imaging \ayelength crossed-dipole (turnstile) antennas mounted one
riometer based on the design by Detrick and Rosenberg, a e of a wavelength above an artificial ground plane (Wil-
(1990). The instrument was constructed by the Departmengon et al., 2001). Similar to the imaging riometer at Halley,
of Electronic Services, Potchefstroom University, Southiha riometer at SANAE operates on 38.2 MHz and samples
Africa, with continuous operation starting on 10 April 1997. region of over 200 kmx 200 km at 90 km altitude with 49
This design of imaging riometer is an advance on the basic ri,aans every second (Detrick and Rosenberg, 1990). The de-
ometer as it utilizes narrow-beam antenna arrays to spatially,iis of the imaging riometer at SANAE are well explained
sample the region of interest. in contrast with a specially iso—by Wilson (2000). The projection of the riometer beams at
lated measurement from a single wide beam. 90 km altitude as defined by 3 dB beam projections is shown

Basically, riometers measures the intensity of the cosmig, Fig. 1. The separation between the circular beams pro-
radio noise received at the surface of the Earth. As radio ”Ois?ections near the centre is about 22 km, and the separa-

propagates through the atmosphere to the Earth's surface {fo, petween the non-central elliptical beam projections in
suffers absorption because the radio waves excite the '°”'Ze§gnificantly larger.

plasma of the ionosphere, which then loses energy by elec- ‘a5 Gws have periods which are not discrete, it is nec-
tron and neutral air collision. Riometer frequenu_es are UsUgggary to determine first the dominant spectral components
ally between 28 and 40 MHz, and these frequencies results ifyinin the frequency band of interest. For this purpose,
a maximum peak of absorption around the 90 km altitude ingq ey transform of the time series was performed. This
the D region of the atmosphere (Friedrich and Torkar, 1983) 4n4)ysis technique is an established tool for addressing lo-
If there is absorption in the atmosphere, then the intensity.jized variations of power within a time series. The de-

of the cosmic radio noise received at the surface of the Earthy;is anout Fourier transforms are well explained by Priestley
decreases, and hence the absorption can be determined. H°ﬁ7981) and by Torrence and Compo (1998).

ever, if no absorption occurs, then the intensity of the cosmic’ 5 study by Moffat-Griffin et al. (2008) used the wavelet

radio signal received at the surface of the Earth is cyclic, Withsquared coherence technique (Torrence and Webster, 1999)
the period of a sidereal day; this signal is known as a quielhich effectively measures the cross-correlation between
day curve. Rlomet.ers_are primarily used to measure enhanc.q\-,v0 wavelets’ power spectra, to identify potential wave fea-

ment of the D-region ionosphere by energetic charged partiyreg that occur at the same period and time range in two
cle precipitation driven by magnetospheric electrodynamicsjme series. In the present work, we use the Fourier cross-

(Stauning, 1984). spectrum to determine the dominant spectral components in
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the Upper Atmosphere Research Satellite (UARS) standard

levels from 1000 to 0.316 hPa. The description of the origi-
- nal data assimilation system can be found in the work pub-
lished by Swinbank and O'Neill (1994); the updated version,
which uses a three-dimensional variational data assimilation
d 2520 system, is found in the work by Lorenc et al. (2000) and also
Swinbank and Ortland (2003).

25 km

N
22 km 3 Results and discussion
Pz 3.1 SH 2002 SSW event
—0Y 36 37 38

Figure 3 shows the time—height contour plot of UKMO
zonal-mean temperature at°8® and latitude contour plot
of zonal-mean zonal wind at 6& for the period from
«—— d;,—ee— dy . — 1 June 2002 to 31 October 2002. The SH polar stratosphere
® 2km g 25km @ was relatively quiet until observation of minor warmings
in late August and early September preceding major strato-
Fig. 2.T_he SANAE imaging riometer central beams and their beamspheric warming in late September. The major stratospheric
separations. warming period is indicated by a black rectangle in Fig. 3.
An unprecedented substantial increase of temperature by
about 25-30K throughout the stratosphere is observed in
two time series. The Fourier cross-spectra phase (Priestleyate September. On the day 269 (26 September 2002) the
1981), which is given by the average value of the phase shifiyMO (Andrews et al., 1987) criterion (which was also used
between the two time series is the key parameter requiregor the widely known STRATALERT messages by Labitzke
for extraction of GW using imaging riometer. The projec- and Naujokat, 2000) of a major warming is fulfilled with the
tion of the riometer beams at 90 km altitude as defined byincrease (by more than 25 K) of zonal-mean temperature at
3dB beam peak projections is shown in Fig. 1. Similar to 8o S at 10 hPa pressure level and the reversal of zonal-mean
the work by Moffat-Griffin et al. (2008), we use the riometer zonal wind. During this event the polar vortex also split,
centre beams 20, 28, 36 (northwards beams) and 36, 37, 3&using the normally quiescent Antarctica ozone hole to also
(westwards beams), as labelled in Fig. 2. split into two parts (Baldwin et al., 2003; Bencherif et al.,
The spatial resolution of the imaging riometer puts limita- 2007). The details of the dynamics of the 2002 stratospheric
tion on the I’eSO|Vab|e hOfiZOhta| WaVeIength in SUCh a Waywarming has been reported by authors SUCh as Ba'dw|n et

that any wave that passes through the field of view with hori-3|. (2003), Dowdy et al. (2004), Ren et al. (2008), Mbatha et
zontal wavelengths shorter than the limit would be subjectedy|. (2010) and Azeem et al. (2010).

to spatial aliasing, resulting in parameters obtained being un-

reliable (Moffat-Griffin et al., 2008). Thus, in the present 3.2 GWs parameters

work, we also adjust the phase difference ratio usk®y

(wheren is any integer) until the best match to the beam sep-The times series showing imaging riometer absorption for

aration if found. the five SANAE imaging riometer centre beams labelled in
Fig. 1 are shown in Fig. 4. These riometer absorption sub-
2.3 UK Met Office data figures are for day number 259 (16 September 2002) of the

year 2002, and they serve as an example of the SANAE
The UKMO assimilation system (Swinbank and O’Neill, imaging riometer absorption time series used in this study.
1994) is an outcome of assimilation of in situ and remotely All the selected riometer beams show similar behaviour of
sensed data into a numerical forecast model of the stratoabsorption during this day. In order to identify the domi-
sphere and troposphere. The outputs of the assimilation areant period in fluctuations of absorption, wavelet transforms
global fields of daily temperature, geopotential height andwere applied to the absorption time series. Figure 5 shows
wind components (meridional and zonal) at pressure levelshe diagrams of normalized wavelet power spectra of the
from the surface up to 0.1 hPa. The assimilation system usefve centre beams to show the periods of GWs available in
a global 42-level configuration of the unified mode with a the time series. In this figure, the solid black contour en-
horizontal resolution of 25and 3.75 steps in latitude and closes regions of greater than 95% confidence level for a
longitude, respectively, and has been run daily since Octofred-noise process with a lag-1 coefficieay (of 0.72 (e.qg.
ber 1991 to produce near-real-time global stratospheric anaforrence and Compo, 1998). The red lines at both ends indi-
yses at~ 12:00 UTC every day. The analyses are output oncate the “cone of influence”, where the edge effects become

Ann. Geophys., 31, 1709719 2013 www.ann-geophys.net/31/1709/2013/
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UKMO Zonal Mean Temperature at 80-Degrees South

SSW late
inter:,year 2002

Pressure (hPa)
Temperature (K)

r r il r r L r r r
220 230 240 250 260 270 280 290 300
Day

UKMO Zonal Mean Zonal Wind at 60-Degrees South

Pressure (hPa)
Velocity (m/s)

220 230 240 250 260 270 280 290 300
Day

Fig. 3. (a) Daily zonal-mean temperature at°8® for the period from 1 June to 31 October 20(%).Daily zonal-mean zonal wind at 6@
for the same period. The black box indicates the period of the occurrence of the year 2002 SSW.

important (Torrence and Compo, 1998). The same wavelein Fig. 5 are only used to identify the available GW periods
power spectra (not shown in this paper) are computed forof interest in the time series, and the phase shift was calcu-
days before, during and after the stratospheric warming folated using Fourier transform. The important criterion was
the purpose of extracting GW parameters during these peto consider only those periods which had amplitudes above
riods. Because in the present work we intend to focus orthe 95 % confidence level using a chi-square test, assuming
short-period GWSs, a band-pass fast Fourier transform (FFTWwhite noise as background spectrum (Torrence and Compo,
filter was used to filter periods less than 3 min and greater1998), in a normalized Fourier power spectra of the five cen-
than 60 min. What is noticeable is that the spectra of thetre beams. Also, only the days where the disturbance storm
five riometer beams in Fig. 5 show significant GW of peri- time (Dst) value averaged for a day was abe&) nT were
ods greater than 20 min. Figure 6 also shows the normalizedonsidered, because this indicates low magnetic storm activ-
wavelet power spectra for the centre beam number 36 foity (Gonzalez et al., 1984). The Fourier cross-spectrum effec-
the day number 255 (12 September 2002), 267 (24 Septentively measuring the cross-correlation between two Fourier
ber 2002) and 274 (1 October 2002), respectively. These daygower spectra is used to identify potential wave features that
were selected in order to show the GW activity before, dur-occur at the same period and time range in the two time se-
ing and after the SSW. From this figure, it is observed that inries. The Fourier coherency phase difference between these
all the days there is a signature of GWSs of period between 1@oherent features was also calculated. This phase spectrum is
and 50 min. An interesting feature is that of a weaker powerexpressed as
of gravity waves during the period of the occurrence of the
SSW. The same feature was observed with the other days th@g(y (w) = arctar(qu—(w)> , (1)
are not shown in this paper. For the purpose of this study, only Cxy (@)
GW periods between_40 a.nd_50.min are qsed_ because of thejjhere cry () and gy, (w) are co-spectrum and quadrant
dominance after the filter limitations application. spectrum representing the covariance between the coeffi-
For the purpose of calculating the horizontal phase speedients of the in-phase and the quadrature components of the
and horizontal wavelength, the important parameter is theyriginal signalsc (r) andy (¢), respectively (Chatfield, 1989).

phase shift of the wave of interest as observed by the centhe above equation represents the average value of the phase
tre beam used in this study. Therefore, wavelet power spectran;ft {¢+ (@) — ¢y (@)} between the components of the two
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Fig. 4. Radio absorption measured by SANAE imaging riometer centre beams (20, 28, 36, 37 and 28) for day number 259 of the year 2002.

signalsx (r) and y (¢). The information about the distance same period and time. More details about this method are
between riometer centre beams at a given altitude is knowmxplained by Moffat-Griffin et al. (2008).

(see Fig. 2), and also the period of the wave feature and its When examining both the GW horizontal phase speeds
phase difference. With this information available, the hori- and wavelengths, it is observed that the GWSs of periods be-
zontal phase speed and wavelength are calculated. The hotiween 40 and 50 min can go up to a maximum of 29ts
zontal phase speed is determined by Eg. (2), and the horizorand 69 km on a normal period (without the major SSW).
tal wavelength is determined by Eg. (3): On average, the values of GW parameters calculated using
SANAE imaging riometer is in agreement with observations

Vo= ZﬂAx, 2) by Moffat-Griffin et al. (2008), who used both the Halley
ApT imaging riometer and all-sky airglow imager and obtained
GW horizontal phase speeds and wavelengths ranging from
21 Ax 9 to 56 ms?! and from 14 to 60 km, respectively, on ran-
A= A—<pT’ @) dom days of the year 2000. However, an interesting obser-

_ _ ) vation in our results is that during the period of the major
whereAx is the distance between the beamg,is the phase  stratospheric warming (especially from day number 264 to
difference between the beams in radians @né the ob-  270), the GW horizontal phase speed and wavelength had
server Doppler-shifted wave period in seconds. The speciajhe [owest values that could reach minimum values of ap-
resolution of the imaging riometer puts limitations on the re- proximately 7ms?* and 19 km, respectively. When compar-
solvable horizontal wavelength ofA%, and this results in ing year 2002 to year 2003, it is clearly observed that both
the lowest resolvable limit of 45 km for the horizontal wave- ihe phase speed and horizontal wavelength have comparable
length of the centre beam (Moffat-Griffin et al., 2008). Thus, parameters for most of the days of the studied period, but the
any wave that passes through the field of view with a horizon-gjtference is observed during the period of the SSW event
tal wavelength shorter than this limitation will be subject to from day number 264 to 272. In Fig. 8a, SANAE HF radar
spatial aliasing resulting in unreliable calculation of param- ;onal wind (ZW) at the MLT and National Centers for En-
eters. In order to eliminate this complication, Moffat-Griffin y;ironmental Prediction (NCEP) zonal-mean zonal wind at

et al. (2008) developed a method that requires a wave feaighpa, respectively, was plotted against SANAE imaging
ture to be detected in three linearly adjacent beams over the

Ann. Geophys., 31, 1709719 2013 www.ann-geophys.net/31/1709/2013/
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Fig. 5. Normalized wavelet power spectrum of radio absorption measured by SANAE imaging riometer centre beams (20, 28, 36, 37 and 28)
for day number 259 of September 2002. The solid black contour encloses regions of greater than 95 % confidence leveb(redrvdise
The red lines at both ends indicate the cone of influence.
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bars) day number from 254 to 282. The standard deviations are also included.

riometer GW phase speeds for the period of late winter of~ 10 hPa pressure level. This behaviour indicates that there
the year 2002. The SANAE HF zonal winds is made up of may be a downward propagation of circulation disturbance
an hourly 4-day data window which was advanced by 1 dayin the middle atmosphere. Similar results were also reported
at a time, and the average of the data window was attributedby Dowdy et al. (2004). In this study, the GW phase speeds
to the second day of the interval. The 4-day mean was conealculated from SANAE imaging riometer are also plotted
sidered to be acceptable if at least 60 % of possible hourlyagainst the MLT and stratospheric zonal wind. The influ-
wind values were recorded. Below it (Fig. 8b) is the plot for ence of the stratospheric warming in the GW phase speeds
the imaging riometer horizontal wavelengths for the sameis apparent (see Fig. 8a). The same is observed in the GW
period. Figure 8a is an improvement of the previous studyhorizontal wavelengths (see Fig. 8b). Both of these GW pa-
by the author (Mbatha et al., 2010), where the zonal windrameters are observed to commence their reduction in about
is indicated at 10 hPa, as derived from the NCEP during thehree to four days before the reversal of the mean wind in
period from day 250 to 300 in 2002 and superimposed thethe stratosphere, indicating the usually reported downward
zonal wind observations from SANAE HF radar (f6®4km  circulation disturbance in the atmosphere associated with the
MLT height). In their study, they showed that the zonal wind major stratospheric warming.

started to reverse (become westward) in the MLT region on The low values of both the GW phase speeds and hori-
day 261 of 2002 (18 September), i.e. about a week earliezontal wavelengths during the occurrence period of the SSW
than the reversal of the zonal wind in the polar stratosphere aas observed by the SANAE riometer may not be a surprise

Ann. Geophys., 31, 1709719 2013 www.ann-geophys.net/31/1709/2013/



N. Mbatha et al.: Extracting gravity wave parameters 1717

80 L T
o e e e e e e i iy —w— ZW at MLT
60 — ao-A | I --Ac- 7Wat10hPa ||
,,A ~A~A*L K,FA~A‘A 1 GW Phase Speed
z 2ops’ | = I
E 40 i < SSW lat
- AN inter: 2002
T —_— == A =T " -
g 20 1 = =Q§~1 . L/ N AAA
| A A - A"
7) =B A p A"
N - N A e A Ac
0 ‘_._*3(\1(—1 ,A’ i
[ A K 1
=20 | SRR U o
250 255 260 265 270 275 280 285
80 r r
rEmm——— T mmm———— - { GW Horizontal Wavelength

Vawi A T
ok 4 e
I L _:

0
250 255 260 265 270 275 280 285
Day of Year

v

[
=]

Wavelength (km)
=
=

Fig. 8. (a) Time evolution of zonal wind (ZW) at the MLT (cross symbols) and at 10 hPa (triangle symbols), and GW phase speeds (square
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indicate the period of the occurrence of the year 2002 SSW.

because the mesopause region may be the region whemontal wavelength). It was also the first time for the imag-
the wave breaking occurred, and thus the loss of the wavéng riometer to be used to study the SSW event. We first
momentum. This wave breaking led to the cooling of the identified the unprecedented year 2002 stratospheric warm-
MLT and also the reversal of the mean circulation in the ing by using the UKMO stratospheric wind and temperature
MLT in late September 2002 (Dowdy et al., 2004; Mbatha fields. More details of the 2002 major stratospheric warming
et al., 2010). This finding is consistent with the work pub- can be found in studies by Baldwin et al. (2003), Dowdy et
lished by Ratnam et al. (2004), who studied the enhanceal. (2004), Mbatha et al. (2010) and others. The mean circula-
ment of GW activity observed during the Southern Hemi- tion in the stratosphere was characterized by a series of plan-
sphere stratospheric warming by Challenging Minisatellite etary wave events in the 2002 winter that weakened the polar
Payload (CHAMP) global positioning system (GPS) mea-vortex and triggered the SSW in late September (Baldwin
surements at high latitude region. In their study, they showecet al., 2003; Dowdy et al., 2004; Cho and Shepherd, 2004;
that the potential energy of GWs seems to decrease duringencherif et al., 2007; Mbatha et al., 2010). A quasi-10-day
the major SSW occurrence period in the height region bewave of wavenumbesr = 1 travelling in an eastward direc-
tween 25 and 30 km. This may be due to the interaction betion was identified as responsible for triggering the occur-
tween GW and the dominant planetary waves of a period ofrence of the 2002 major SSW (Dowdy et al., 2004). Even
10-16 days which was observed in the stratosphere duringhe analysis of ozone from GOME showed that the ozone
the 2002 winter (Baldwin et al., 2003; Dowdy et al., 2004). enhancement led to the smaller size of the Antarctica ozone
hole in September 2002 (Baldwin et al., 2003; Allen et al.,
2003). This was primarily due to the existence of higher tem-
peratures than normal, and the disturbance in the mean cir-
culation. This disturbance of the mean circulation and tem-

In this study, the SANAE imaging riometer was used for the Perature was also detected in the MLT heights (Cho and
first time to extract GW parameters (phase speed and horiohepherd, 2004; Mbatha et al., 2010).

4 Summary and conclusions
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