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Abstract. The occurrence of a sudden stratospheric warmingl  Introduction

(SSW) excites disturbances in the mesosphere-lower ther-

mospheric (MLT) wind and temperature. Here, we haveThe first ever detection of a major SSW in the Southern
examined the high frequency (HF) radar wind data fromHemisphere (SH) occurred during 2002 Antarctic winter
the South African National Antarctic Expedition, SANAE (Baldwin et al., 2003). During this exceptional event the
(72 S, 3 W), a radar which is part of the Super Dual Au- 60° S winds at 10 hPa reversed on the 26th of September, be-
roral Radar Network (SuperDARN). Sounding of the Atmo- fore it returned to a weak flow on about 15th October. The
sphere using Broadband Emission Radiometry (SABER) omprimary cause of the sudden stratospheric warming (SSW)
board the Thermosphere-lonosphere-Mesosphere-Energeti@s thought to be planetary waves originating from the tro-
and Dynamics (TIMED) satellite temperature data and Na-posphere and propagating upwards to the stratosphere and
tional Centre for Environmental Prediction (NCEP) temper- mesosphere lower-thermosphere (MLT) region (Matsuno,
ature and wind data are used to investigate the dynamii971; Holton, 1976; Andrews et al., 1987). These planetary
cal effects of the unprecedented September 2002 SSW iwaves interact with the mean-flow and due to that interaction
the Antarctica stratosphere and MLT. The mean zonal windan upward and pole-ward directed heat and momentum flux
(from SANAE HF radar) at the MLT shows reversal approx- leads to decreasing eastward winds and increasing temper-
imately 7 days before the reversal at 10 hPa (from NCEP)ature in the polar region (Matsuno, 1971; Hoffmann et al.,
This indicates that there was a downwards propagation 02002).

circulation disturbance. Westerly zonal winds dominate the planetary scale waves are generated in the troposphere
winter MLT, but during the 2002 winter there are many peri- by topographic and thermal features, and propagate up into
ods of westward winds observed compared to other yearshe middle atmosphere (Shepherd, 2000). The instabilities
The normalised power spectrums of both meridional andarising from horizontal and/or vertical gradients in the tem-
zonal winds show presence of planetary wavesXdfi-day  perature and wind disturbances can also induce planetary
period) before the occurrence of the SSW. The SABER verwaves. Because of the topography of the Northern Hemi-
tical temperature profiles indicated the cooling of the MLT sphere (NH), planetary wave energy is significantly large in
region before the SSW event. the NH compared to the SH, and hence the usual detection of
the SSW in the NH. Planetary and gravity waves are critical
for mixing processes and for the Brewer-Dobson circulation

Correspondence td\. Mbatha in the middle atmosphere. The winter hemisphere is dom-
BY (nmbatha@hmo.ac.za) inated by large amplitude stationary planetary waves which
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originate from the troposphere. Intermittently these wavespling events are often preceded by a disturbance in the up-
break, stirring air more or less isentropically across large disper atmosphere. Observations by Hoffmann et al. (2002) and
tances of the stratosphere within a region that has becomeloffmann (2007) showed that mesospheric cooling and MLT
known as the “surf zone”, bounded by sharp gradient of po-zonal wind reversals occur prior to the SSWs.
tential vorticity (PV) and of tracers in the winter subtrop-  Although there are number of MF radars in Antarctica,
ics and the edge of the polar vortex (Plumb, 2002; Sivaku-any available wind measurements, especially from a global
mar et al., 2004). In fact, interactions between planetarynetwork of identical instruments like Super Dual Auroral
waves and the zonal-mean flow in the middle atmospherdRadar Network (SuperDARN) is a desirable option for study-
induce a westward forcing in the winter hemisphere, result-ing wind variations dynamics, atmospheric waves, and as-
ing in deceleration and/or reversal of the eastward winter posociated characteristics in the MLT region. While Dowdy
lar night jet. The deceleration and reversal of the eastwarckt al. (2004) used MF radars with operation frequencies be-
polar night jet in the high-latitude stratosphere also changesween 1.94 and 2.40 MHz in their study, we have used only
the filtering of internal gravity waves and allows increasing one SuperDARN high frequence (HF) radar with operating
amounts of eastward propagating gravity waves from the trofrequencies between 8 and 20 MHz, situated in SANAE base
posphere to penetrate into the MLT and break there, whilg(72° S, 3 W), Antarctica. Origionaly, SuperDARN radars
blocking westward propagating gravity waves (Sathishkumamere designed to study plasma flow in the high-latitude iono-
and Sridharan, 2009). Hence, the eastward forcing due tephere. However, Hall et al. (1997) demostrated that echoes
eastward propagating gravity wave breaking increases andt ranges close to the SuperDARN radars are actually due
may even replace the previously dominant westward forcingto scatter from meteor trails near 94km altitude. There-
in the MLT. This process also changes the meridional circu-fore, the near-range scatter can be utilised to study neutral
lation in the upper mesosphere from pole-ward/downward towinds at meteor heights. Thus, The procedure used to re-
equator-ward/upward (Liu and Roble, 2002). trieve wind data from SuperDARN is different from the MF
Labitzke and Naujokat (2000) classified a SSW as a mi-radars, and to study the unpreceded 2002 September SSW
nor warming if there is a significant increase of temperatureinfluence in the MLT using SANAE SuperDARN radar also
(at least by 25K per week) below 10 hPa levels in any areacontributes to the understanding of the dynamics of the MLT
of the winter hemisphere. This temperature increase can b September 2002. In recent years, we have seen an in-
intense and sometimes also reverse the temperature gradietease in number of studies which utilize the HF radar wind
but they may not lead to wind reversal at/below the 10 hPadata to study the MLT dynamics (e.g. Bristow et al. (1999);
pressure level. On the other hand, a SSW is classified ablussey et al. (2000); Espy and Hibbins (2005); Malinga and
a major warming if at 10 hPa height or below the latitudi- Ruohoniemi (2007) etc.). Due to the unusual behaviour of
nal mean temperature increases pole-ward fromi&tude  the Antarctica stratosphere in 2002, it is expected that the
and an associated wind circulation reversal leads to a chang®ILT wind field measured by SANAE HF radar also exhibits
from the usual dominant eastward directed flow to westwardsimilar behaviour. Espy and Hibbins (2005) proved capa-
directed flow and hence to a splitting of the polar vertex. In bilities of SuperDARN HF radars to study SSW events by
late September 2002, the first ever major SSW observed irxamining meridional winds from Syawo, SANAE and Hal-
the SH occurred in the polar region. ley stations and also the Rothera MF radar in order to assess
In the winter hemisphere, the stratospheric and MLT tem-whether long quasi-periodic oscillations in 2002 has a longi-
perature and wind at high- and mid-latitudes can undergo sigtudinal phase progression characteristic of planetary waves.
nificant changes before, during, and after the occurrence oOur results compliments Dowdy et al. (2004) where the sim-
a SSW (e.g., Walterscheid et al., 2000; Cho and Shepherdlar behavior of the middle atmosphere is experienced when
2004; Liu and Roble, 2005). These changes can range fromising different type of radar. Our present results are mea-
the zonal mean wind reversal (Dowdy et al., 2004) to thesured exclusively from HF radars and is interesting for the
cooling of the MLT temperature (Hernandez, 2003; Liu and first time (based on SANAE) to explore the SSW influences
Roble, 2005). Dowdy et al. (2004) used three medium fre-in the MLT region. We extend our work by inverstigating
quency (MF) radars located at Davis {69 78 W), Syowa  the wave activity before, during, and after the SSW, using
(69 S, 40 W) and Rothera (68S, 68 W) to study the dy-  Fourier analyses technique. We examine zonal and merid-
namics of the MLT during the SH 2002 SSW. In their study, ional wind data from SANAE HF radar to explore the re-
the most noticeable feature was the reversal of the mesosponse of the MLT to the SSW. The details of the HF radar
spheric zonal winds a week earlier before the reversal inare explained in the following section. NCEP reanalysis
the stratosphere, and a different winter mesospheric windemperature and zonal wind data are used to identify the
field in 2002 compared to the other years, primarily due SSW as well as to examine variations of temperature and
to the increase of planetary wave activity during winter. zonal wind in the stratosphere during the SSW event. The
This behaviour shows similarities when compared to studiesSounding of the Atmosphere using Broadband Emission Ra-
of the major SSWs in the NH. According to Baldwin and diometry (SABER) on board the Thermosphere-lonosphere-
Dunkerton (1999), Polar stratosphere-to-troposphere couMesosphere-Energetics and Dynamics (TIMED) satellite is
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used to examine temperature structure in the middle atmoSuperDARN radar network in the NH to study the character-
sphere during the 2002 SSW event. istics of the quasi-two-day wave at meteor heights.

The meteor trail echoes occur predominantly in and below
the lowerE region (~95 km) (Hussey et al., 2000), thus ac-
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
and thus a nominal height of 90-95km is assumed. Hourly
, wind averages are computed for each beam direction giving
The SANAE HF radar is part of the SuperDARN Radar net-  jing of-sight wind velocity. Figure 2 depicts the hourly av-
work and it is located in Antarct_lca (73, 3 W). Super- eraged zonal winds observed by SANAE HF radar during
DARN (Greenwald et al., 1995) is a network of HF radars ggntemper 2002. The mean winds were deduced by averag-
prlgmally designed to study plasma flow in the high-latitude ing 4-day time sequence of hourly averaged zonal and merid-
ionosphere. Hall et al. (1997) confirmed that echoes at rangesal wind velocities (see Fig. 3). The 4-day data window is

close to the SuperDARN radars are actually due Fo scatt'e{hen shifted by 1-day at a time and the average of the data
from meteor trails near 94 km altitude, except during P \vindow are attributed to the second day of the interval.
ods of highk, (an indication of geomagnetic disturbance).

Hence, the near-range scatter can be utilised to study neutrgl »  T\MED/SABER temperature data and NCEP data
winds at meteor heights. Greenwald et al. (1995) have re-

viewed the SuperDARN radars and their operation, thus, in, the present study, the vertical temperature profiles are de-
the present work only a brief description of the SuperDARN rjyeq from the version 1.07 of SABER level 2A data (down-
radars is given. loaded from the web sitdttp:/saber.gats-inc.com The

The SuperDARN radars operate at frequencies between §IMED satellite was launched on 7 December 2001 into a
and 20 MHz. Each radar site consist of 16-antenna array cong25 km orbit of 74.2 inclination, and the SABER instru-
nected to a phasing matrix which permits the single beamment began taking measurements in late January 2002. By
to be swept through 16 successive positions in incrementstep-scanning the atmosphere limb, SABER measures height
of 3.28, giving an azimuth extent of52°. The azimuthal  profiles of temperature and selected chemical species in the
resolution depends on the operating frequency and it ranges0—180 km altitude range, with a horizontal resolution along
from 2.5 at 20MHz to 6 at 8MHz. The peak power is track of 400 km. Details about the SABER temperature data
about 10 kW and the range resolution is 30—-45 km with a typ-and SABER sampling are given by Remsberg et al. (2003).
ical pulse width of 200-300 UsS. Measurements are taken for Temperature and wind fields used to follow the evolu-
every 7s at each of the 16 beam positions. The backscation of the SSW event are obtained from the NCEP/NCAR
ter information from these pulses is sampled and then proreanalysis project available on the web httyg:/www.cdc.
cessed giving multi-lag autocorrelation functions (ACFs). noaa.gow. This co-operational project between NCEP an
The ACFs are thereafter used to deduce backscatter poweKCAR provides daily meteorological values on 2l&titude
mean Doppler velocity and the width for the Doppler power py 2 5 |ongitude resolution. The NCEP/NCAR reanalysis
spectrum for each range with significant returns and the pulsejata is formed by the combination of the assimilation of data
sequence is about 40 ms duration, and pulses sequence is sggym different meteorological instruments which are scat-
arated by 60 ms, giving 60 ACFs in each of the 7 transmittingtered globally. In the present study, we have used the NCEP
seconds; and these are averaged together for each measug@mal-mean zonal winds at 88 and 10 hPa pressure levels
ment. (~32km height) and zonal-mean temperature &tS3@&nd

The SuperDARN radars were primarily designed to study10 hPa to examine wind and temperature daily variation dur-
the convection patterns in the high-latitude ionosphere. How-ing 2002 winter period (see Fig. 1).
ever, there are several studies which have proved that Su-
perDARN radars can also be used to study the dynamics
of the MLT region. For example, Hussey et al. (2000) 3 Mean wind results and planetary waves signature
performed a comparison of NH winds using SuperDARN  during the SSW
meteor trail and Saskatoon (5212, 106.6 W) MF radar
wind measurements. In their results, they found good agreeFigure 3 shows the daily averaged zonal and meridional wind
ment between the two radar systems at altitude-85 km. derived from the SANAE HF radar observations from the
Bristow et al. (1999) also compared SuperDARN wind re- start of July until the end of November 2002 (black dashed
sults with those of High Resolution Doppler Imager (HRDI) line), superimposed on the average wind and its standard de-
aboard the Upper Atmosphere Research Satellite (UARSYiation values based on the same observations from 2003
and found that both instruments observed a 2-day wave witho 2006 (gray line). The years from 2003 to 2006 were
wave number-3. Malinga and Ruohoniemi (2007) used theidentified as the period where there is no SSW observed.

2 Instruments and method

2.1 SANAE HF radar and data acquisition
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Thereby, the 2003-2006 averages represent the backgroun ! ! ! ! ! ‘ ‘ !
wind patterns. During the period July—November one can  -20f~~r-=--r-rm-io e Moot
see from Fig. 3a that eastward winds are primarily dominant ! ! ! ! ! ! ! ! !
in the polar winter in the MLT particularly during August 950 255 260 265 270 275 280 285 290 295 300
and September. The reversals of zonal mean wind start at Day of vear
?r:‘(c))rl:{llqu tll;]:f:rzgmglr(])%cc:jrr\]eur:)c/;’evg?If:elssgssrﬁxgtzteslg;tvg?nfig' 4. Zonal wind evolutipn in the 'MLT regiorr{94 km') obtained
. . . " by SANAE HF radar (solid black line) during the period from 250
ber. The reversal of the zonal wind which is associated with

i X o to 300 (of year between) 2002-Julian days. The red dashed line
the SSW event is well outside the standard deviation of theyystrates the zonal-mean zonal wind variation at 10 hPa (32 km)

2003 to 2006 average and starts on 18 September (day 263erived from NCEP reanalyses ar@®for the same period of time.
from Fig. 3a) and persisted for a few days before it returned
to eastwards direction on 27 September (day 270) while in
the stratosphere the zonal wind reversed on 25 Septemberonal wind observations from SANAE HF radar (fe®4 km
2002 (Fig. 1) leading to the unprecedented major SSW in theMLT height) are superimposed with a solid black line. The
Southern Hemisphere. This is consistent with results fromSANAE HF radar data is smoothened by a 4-day running
Dowdy et al. (2004). They reported from MF radars at polarmean. The figure shows that the zonal wind started to re-
locations that during the 2002-major warming zonal wind in verse (became westward) in the MLT region on the 261th
the mesosphere became westwards on day 261 (18 Septer2002-Julian day (18 September), i.e., about a week earlier
ber), approximately a week earlier than the 10 hPa windghan the reversal of the zonal wind in the polar stratosphere
turned westwards. The meridional mean winds during 2002at~10 hPa pressure level. The reversal in the MLT reaches a
also show an enhancement during the period of the occurmaximum magnitude of about10 m/s on the 263th day (20
rence of the SSW event and this feature is not seen in th&eptember 2002). The MLT zonal winds reversal lasted for a
other years (see Fig. 3b). Maximum reversals of meridionalfew days and thereafter returned to the eastward direction for
mean winds are seen on day 242 and 270. more than 10 days, before another reversal which starts on
Figure 4 shows the time evolution of the zonal wind at day 282 (9 October) and persists until the beginning of sum-
10hPa {32km) derived from the NCEP at 68 latitude = mer. The reversal in the stratosphere begins on the 268th day
during the period from 250 to 300 Julian days in 2002. Theand reaches its maximum amplitude-e20 m/s on day 270
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before it turns back to the eastward direction on day 273. 1£719- 6. Normalised power spectrum of the zonal wiagland merid-

is noted here that the daily variability of the zonal wind may |or(;al W'Ed (b) 1?}'" 10, "’}T.d 5-day compor:\ents; for SQNAE II-”: |
vary from day to day and time to time, but it is found to be radar. The gray horizontal line represents the 95% confidence level.
within =8 m/s.

As discussed in Matsuno, (1971), Andrews et al. (1987).the zonal wind power spectra is characterised by dominant
Dowdy et al. (2004), etc., the dynamical mechanisms be'peaks near to periods of 5-day, 10-day and 14- to 16-day
hind SSW generation involves planetary and gravity wave,yaves in the mid-winter. The 5-day and 14- to 16-day waves
propagation from the troposphere into the middle atmospherge a1so seen around 250th of 2002 Julian day (7 September),
where they interact with mean flow. In order to examine 5nq this period is about 2 weeks prior to the occurrence of
wave characteristics in the MLT region from the SANAE HF he SSW. When comparing the year 2002 spectra to the other
radar data, it is necessary to determine the dominant SPe§ears (the figures are not shown) we see that other years do
tral components within the frequency band of interest. Thus,,ot have strong presence of the above mentioned planetary
to do this, we performed dynamic Fourier spectra using ayayes. The spectrum for the meridional wind component
28-day data window that is shifted forward by 1-day at @yhich is shown in Fig. 5b also shows the presence of a 14-
time. The deduced power for a given data window was at-, 16-day wave around 7 September (250th of Julian days).
tributed to a central day given by day 14 of that particular There is also an evidence of a 5-day wave on the spectrum. In
28-day data interval. This long data window results in the Fig. 6 we have plotted the normalised Fourier power spectra
desired frequency resolution of 0.0357 cycles per day (cpd)qf the 14-, 10-, and 5-day waves for (a) zonal and (b) merid-
However, the problem with this frequency resolution is atjgng) components, respectively. The horizontal gray thick
the expense of time resolution. This is mainly important be-jine indicates the 95% confidence level using a chi-square
cause planetary waves with short periods e.g. quasi-two-dayast, assuming white noise as background spectrum (Torrence
waves which is characterised by bursts of activity that variesynq Compo, 1998). From the figure, it is clear that zonal 14-
on scales of several days (Pancheva, 2006; Malinga and Ruo-19. and 5-day waves have a seasonal pattern characterised
honiemi, 2007). Nevertheless, for the purpose of deducingnhance wave activity in winter superimposed by short-term
the signature of planetary waves, the 28-day data window igjyctuations. The winter wave activity tends to be above the
a suitable compromise and has been used where proper in th5o, confidence level. We observe a burst of wave activity
present study. o _ from around day 173 to 229. The zonal 14-day wave activity

The contour plots in Fig. 5 shows the dynamic spectranss the strongest peak in day 213. The meridional component
analysis applied to the zonal and meridional wind compo-p;s the strong presence of wave activity with an exception of
nents of SANAE HF radar wind data. Here, we have only he 5.day wave which is always under the 95% confidence

plotted the normalised power for the period from May to late |evel. The meridional 14-day wave activity reaches its peak
October (150 to 300 Julian days). The sampled height iy gay 250.

~94km. The power has been normalisedd?®/N, where

N is the number of data points and is the variance of
the time series. Using this normalization, white noise would
have an expectation value of one at all frequencies (Torrence
and Compo, 1998). From Fig. 5a it can be clearly seen that

www.atmos-chem-phys.net/10/3397/2010/ Atmos. Chem. Phys., 10, 33922010
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Fig. 3). The polar temperature in late September 2002 was
extremely high, indicating this is an unprecedented event at
least in the past 24 years. Thus, the increase of tempera-
ture which reaches a maximum of 240K at around 32 km
and 280K at around 40 km is uncommon and is associated
with a SSW. Moreover, it can be mentioned that before this
major warming event, which reached its peak on 26 Septem-
— : ber, a few minor warming’s can be seen during the 2002
"o 9B uTizonou oo 6o winter period primarily in mid-July, mid- and late-August
onwards, until the beginning of September (see Fig. 1). At
Fig. 7. Altitude — Temperature contour map obtained from the mesospheric heights, the vertical temperature profiles illus-
SABER data for successive days from 1 to 19 September 2002rate the persistence and the variability of the mesospheric
(244-262 Julian days). The data corresponds to the satellite closesémperature inversion layer during the continuous series of

Aliitude (km)

overpass above SANAE site. SABER measurements. These inversion layers are primarily
observed between 70 and 110km and in all profiles with a
4 Link with temperature variations stronger signature on the 17th, 18th and 19th of September.

Thus, there are signatures of mixing and viscous dissipation

Previous studies have associated the occurrence of SS\Wssociated with turbulence generated by the breaking upward
events with the cooling of the MLT temperature (e.g. Walter- propagating gravity waves in the MLT region. Although ac-
scheid et al., 2000; Hernandez, 2003; Liu and Roble, 2005)cording to Meriwether and Gerrard (2004) the mesospheric
Hernandez (2003) reported a cooling of the mesopause rdnversion layers can appear in the MLT region of the low-
gion over the South Pole during the 2002 SH stratospheridatitude and midlatitude at any time of the year, the meso-
sudden warming. Liu and Roble (2005) used a Global Cir-spheric inversion layers seen in our results over SANAE are
culation Model (GCM) extending from 30 to 500 km to ex- an interesting future which still needs to be investigated in
amine the interaction between planetary wave forcing anddetails.
the evolving zonal mean state during the same event. They
found significant mesospheric effects which include a cool- _ ) )
ing and reversal of the zonal wind prior to the SSW event.5 Discussion and conclusions
Figure 7 shows temperature contour maps obtained from
SABER satellite data plotted for successive days from 1 to 19n the present study, the HF radar data set from SANAE base
September 2002 (244-262 Julian days). The main idea wam Antarctica is used to examine the dynamical structure of
to use those SABER temperature data which are closer téhe MLT region during the unprecedented major SSW oc-
the SANAE base during September 2002. However, SABERcurred in late September 2002. Only MF radars are usu-
obtains profiles from 52S to 83 N during its north-looking  ally used for this purpose both in the southern and North-
mode for 60 days before switching to an analogous southern Hemispheres. This work highlights and strengthens the
looking mode and then repeats that sequence for the subsélea that HF radars enable us to investigate dynamical pro-
quent months (Remsberg, 2003). In this way, the polar cagesses on the MLT region. In our results, we have shown
data is available only in 60-day segments, with no informa-that the mean zonal wind (from SANAE HF radar) through-
tion for the 60 days preceding or following. Thus, only the out 2002 winter at~94 km, display an enhancement due to a
first 19 days of September 2002 are closer to the SANAEseries of large planetary wave amplifications in the strato-
base (72S, 3 W). The 19 profiles used in this work are the sphere during this period. The large amplitude planetary
closest as the satellite overpasses over the SANAE site.  wave produces strong westward forcing in the high-latitude

Figure 7 shows the structure of the altitude variation winter stratosphere. In general, westerly zonal winds domi-
of vertical temperature prior to the occurrence of the ma-nate the winter MLT, but the 2002-winter elucidates obvious
jor SSW which only reaches its maximum on the 26th of differences when compared to other years, with many brief
September 2002. In fact, such warming drive an unusuaperiods of easterly winds observed. The normalised Fourier
dynamical situation resulting in the split of the polar vortex power spectra in Figs. 5a and 6a depicts the presence of plan-
(Baldwin et al., 2003) and transport of air-masses from poleetary waves (5-day, 10-day and 14- to 16-day waves) dur-
to mid- and low-latitudes (Bencherif et al., 2007). The mosting the 2002 austral winter. In addition, Fig. 5b and 6b also
noticeable feature in these temperature profiles is a substarshowes presence of a 14- to 16-day wave in the meridional
tial increase of temperature (at the rate of 5 K/day) through-wind component during winter. The observation of the 14-
out the stratosphere which is visible on the 13th to the 19thday oscillation is consistence with observations reported by
of September. Baldwin et al. (2003) illustrated the daily vari- Dowdy et al. (2004) and other authors.
ation of temperature for the stratosphere at the South Pole The circulation in the stratosphere is characterized by a se-
using NCEP/NCAR reanalysis from 1979 to 2002 (in their ries of planetary wave events in 2002 winter that weakened
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the polar vortex and triggered the SSW in the late Septem- Regarding the observation errors of SABER in the upper-
ber. In Fig. 4, we compare the zonal winds~&84 km from MLT, Remsberg et al. (2008) validated the SABER version
SANAE HF radar with the zonal mean zonal winds from 1.07 kinetic temperature (which is also used in this study).
NCEP stratospheric data (at 10hPa), and the results sho@omparisons with other correlative data sets indicates that
that the reversal event in the MLT took place in a few days SABER temperature-versus-pressuféf)) was low by 2 K
(about a week) prior to the reversal in the stratosphere. Thisn the middle mesosphere. They also found a little difference
behaviour indicates that there may be a downward propabetween the local thermodynamic equilibrium (LTE) algo-
gation of circulation disturbance in the middle atmosphere.rithm results below about 70 km from level 1.07 and 1.06,
Similar results were also reported by Dowdy et al. (2004).but there were substantial improvements for non-LTE results
SANAE HF radar results show similarities to the previous of level 1.07 for the upper-MLT region. The upper-MLT ki-
observations of the major SSWs both in the southern andhetic temperature from level 1.07 also found to be in good
the Northern Hemisphere. Lee et al. (2009) also reportecagreement with upper-MLT values from OH and ©mis-
the same behaviour of the middle atmosphere, where thegions and of the NA lidar return, at least within their mutual
studied the vertical structure and evolution of the wintertimeuncertainties. The above motioned findings from Remsberg
Northern Hemisphere Annular Mode (NAM). In their study et al. (2008) confidence in our results of level 1.07 SABER
they concluded that the time evolution of NAM suggested kinetic temperatures over SANAE base.
that significant NAM anomalies typically appear first in the
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