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Abstract. Mean winds in the mesosphere and lower thermo-served. Throughout the observations there were eight occa-
sphere (MLT) over Ascension Island®(8, 14 W) have been  sions in which the first westward phase of the MSAO was
measured at heights of approximately 80-100 km by a me-observed. Strikingly, in 2002 there was an event in which
teor radar. The results presented in this study are from theéhe westward winds during the first phase of the MSAO
interval October 2001 to December 2011. In all years, thewere much stronger than normal and reached velocities of
monthly-mean meridional winds display a clear annual os-about—75ms. This event is explained in terms of a previ-
cillation. Typically, these winds are found to be southward ously proposed mechanism in which the relative phasing of
during April-October, when they reach velocities of up to the stratospheric quasi-biennial oscillation (SQBO) and the
about—23ms 1, and northward throughout the rest of the MSAQO allows an unusually large flux of gravity waves of
year, when they reach velocities up to about 16t Jhe large westward phase speed to reach the mesosphere. Itis the
monthly-mean zonal winds are generally westward through-dissipation of these gravity waves that then drives the MLT
out most of the year and reach velocities of up to aboutwinds to the large westward velocities observed. It is demon-
—46ms . However, eastward winds are observed in May-strated that the necessary SQBO-MSAOQ phase relationship
August and again in December at the lower heights observedid indeed exist during 2002, but not during the other years
These eastward winds reach a maximum at heights of aboutbserved here. This demonstration provides strong support
86 km with velocities of up to about 36 m%, but decay for the suggestion that extreme zonal-wind events during the
quickly at heights above and below that level. The meso-MSAQ result from the modulation of gravity-wave fluxes.
spheric semi-annual oscillation (MSAOQ) is clearly apparent
in the observed monthly-mean zonal winds. The winds in
first westward phase of the MSAO are observed to be much

stronger than in the second phase. The westward phase of tHe Introduction

MSAQO is found to maximise at heights of about 84 km with

typical first-phase wind velocities reaching abe®@ mst.  The winds of the mesosphere and lower thermosphere (MLT)
These meteor-radar observations have been compared to ti@ée known to be driven largely by the momentum deposited
HWM-07 empirical model. The observed meridional winds there by dissipating gravity waves launched from sources in
are found to be generally more southward than those ofhe lower atmosphere. Further, the equatorial stratosphere
the model during May—August, when at the lower heightsand MLT host a number of unique dynamical phenom-
observed the model suggests there will be 0n|y Weak|yena. These include the fluctuations in wind associated with
southward, or even northward, winds. The zonal month|y-the stratospheric and mesospheric quasi-biennial oscilla-
mean winds are in generally good agreement, although iffions (SQBO and MQBO), the stratospheric and mesospheric

the model they are somewhat less westward than those ofemi-annual oscillations (SSAO and MSAO), the meso-
spheric annual oscillation (MAQO) and various intra-seasonal
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oscillations (ISOs) (e.gGarcia and Sassil999 Baldwin DATA GAPS IN THE Al METEOR RADAR WINDS (8°S 14°W)

et al, 2001, Babu et al. 2011). Atmospheric gravity waves, 2 TR T
propagating upwards from sources that are mostly inthe tro- ~ 2e2| T ¢ c
posphere, thus encounter background winds that vary sig-_ zzzz \ B o & ; F
nificantly on the intra-seasonal, seasonal and inter-annuag g;;%
timescales as a result of these oscillations. The field of grav-£ s %42
ity waves that ultimately reach the MLT may thus have "~ 2o gg:gé
been significantly filtered by the winds encountered at lower % 5
heights. These filtered waves can, in turn, dissipate in the =~ ** 8
MLT where the momentum they deposit is significant in driv- ot E

ing the mean winds. The result is that the winds and waves JaN | FEB AR aPR | May! Jun | oL | aua! sep oct! Nov! DEC;

of the stratosphere and MLT form a strongly coupled system. TIME (MONTE

In the MLT, the seasonal variability of equatorial winds is Fig. 1. A schematic showing the available data from the radar on
significantly influenced by the MSAO. This oscillation usu- Ascension Island from 2001 to 2011.
ally has peak zonal wind amplitudes of about 40Th sand
these are usually observed to maximise in the upper meso-

sphere at heights near 80—-85km (eBgrrage et al.1996 with those of the HWM-07 empirical model. We also use the
Garcia et al.1997 Huang et al.2006 2008 Ratnam et a). ~ observations to investigate an anomalous MSAQO event that

2008 Kumar et al, 201]) However, an interesting prop- was observed in 2002 and consider the role of the SQBO and

erty of the MSAQ is that there have been a limited numberMSAQ in its forcing.
of episodes reported when the westward winds of its first
phase reached much larger amplitudes than those normall
observed. In these anomalous events, the westward win

l .
Ca?‘ rgach values of Ithg order 9‘8.0”‘1? - Note th?]t this The winds in the MLT over Ascension Island°(8,14 W)
be avuzjur oceurs qny'lnfggnénorgylcsg)gears, bl.Jt as beenWere measured with an all-sky meteor radar. The radar is
rlegp;o?rtg as OCC(;ngng sllg 9 an (&@rcia et al. a “SKiYMET” commercially produced system that was de-
, Darcia and sasst- 9- . .ployed on the island in 2001. The radar operates with a

A number of suggestlons have been mz_ade to expla!n th§eak power of 12kW and operates at a radio frequency of
gnomalous behaviour. The most persuasive explanaupn %35 MHz.Hocking et al.(2001) present a description of the
lies on the role of the SQBO and MSAO in filtering the field SKiYMET radars. The radar has operated since deployment,

o_fbgl;ra:cvny Wa}'i.s tha; re?‘Ch tthe MI;Tb I?\I\f’art'(’:{ﬁlarl'\/l'tsi (;)os- OIbut operation at the site is technically difficult and there have
sible for a reative phasing 1o exist between the aNheen a number of significant interruptions in the continuity
SQBO that allows an increased flux of gravity waves of west-

4 oh q dth q %;data recording. This intermittent operation is illustrated in
ward phase speeds (and thus westward momentum) to rea g. 1, which presents a schematic diagram of the available

the upper meso;phere. The dissipation of thgse waves in the i from the radar. In the figure, intervals during which the
MLT then deposits anomalously large quantities of Westwardraolar was operating are indicated in green. As can be seen

momentum mr;co thﬁ mefan ﬂOW'hIt 'T this adgltlonaldwestward({{om the figure, the radar recorded data from October 2001
momentum that then forces the larger observed westwarg, j,,q 2011, albeit with significant gaps in recording, no-

wir:jd[s) in lIhe Mll_'gs(e.g.Hitc_:hman eiggTL((a;ov,y;Qsa dDglisi _ tably in 2004, 2007 and 2008.

and Dunkerton1988 Garcia .EI al. , arca and >ass The radar measures horizontal winds over the approximate
1999. Further' support for th~|s proposal was prqwdeq in the height range 80-100 km with a typical height and time res-
recent modelling study biPefia-Ortiz et al(2010 in which olution of ~3km and 1h, respectively. A more complete

they presented a change in the strength of the MSAO and t.haescription of the analysis used to derive the winds can be
depth of atmosphere enhanced by the MSAQO. These StUd'ef%und inMitchell et al. (2002

thus indicate that the variability of the MSAOQ is closely cou-
pled to the relative phasing of the MSAO and SQBO.

Here, we present observations of the mean winds in thes Results
MLT over Ascension Island (8S, 14 W) measured by a me-
teor radar over the interval 2001-2011. A particular advan-To investigate the low-frequency~(60-500 days) compo-
tage of observations made by the Ascension Island meteaonents in the radar wind data over Ascension Island, we
radar is that they offer the only low-latitude ground-basedpresent in Fig.2 a Lomb-Scargle periodogransdargle
observations of MLT winds available at longitudes between1989 of these low-frequency components calculated using
eastern Brazil and southern India. We use the observations tdata for all the years available. A low-pass filter (part of the
determine climatological winds in the MLT over Ascension MatLab toolkit) with a frequency cut-off of 60 days was used
Island, and we compare the observed monthly-mean wind$o remove higher frequency waves, such as gravity waves,

Observations
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LOMB-SCARGLE PERIODOGRAM, AMP. VS. PERIOD ZONAL WINDS OVER Al Figure 3 presents the radar observations of the monthly-
10' 4 3 mean meridional winds. The figure presents the individual
years and also a composite year. Note that the monthly-mean
values can mask any short-term fluctuations of less than one
month.

The meridional winds in the figure reveal a clear annual
cycle or oscillation. These observations agree very well with
the simple concepts of the large-scale mean meridional circu-
lation of the middle atmosphere in which in the mesosphere
the meridional circulation is a pole-to-pole cell.

Here we observe the meridional winds to be generally
o ] I southward (negative) from June to August and northward
(positive) from December to February. From April-October
the winds are generally observed to be strongest at heights

-1

AMPLITUDE (ms™)
>

MERIDIONAL WINDS

o

107 | of ~93km and to reach velocities more negative than
Pl = e —12ms?! regularly. In contrast, during November—March
PERIOD (DAYS) the winds are positive in the upper heights observed, reaching

Fig. 2. A Lomb-Scargle periodogram of the zonal and meridional yelocmes of~12mstin mc_)St years. Two successive max-
winds at a height of about 90 km over Ascension Island for OctoberiM@ are observed and peak in November/December at heights
2001 to December 2011. of ~91km and again in January at heights 086 km.
The inter-annual variability of the winds will be considered
in Sect. 3.2, where we will investigate the contribution of
tides and planetary waves. From the figure it can be seen thake SQBO to the inter-annual variability of the mesospheric
there are a number of low-frequency oscillations evident inwinds.
both the radar zonal and meridional wind observations. A similar monthly-mean wind analysis was used to pro-
At lower frequencies the wind time series become domi-duce Fig.4, which shows the monthly-mean zonal winds
nated by the signatures of the MSAO and the AO. It is no-for each individual year and the composite year. The figure
table that in these long-term time series the largest amplitudghows a semi-annual oscillation (SAO) of the monthly-mean
component in the zonal winds is the MSAO.The modulation zonal winds. The winds are generally westward (negative)
of the amplitude of the SAO appears as a broadening of theil| year except at lower heights, 83—93 km where the winds
semiannual peak, as can be seen in the zonal wind spectége eastward (positive) May—August. During June—August
shown in Fig.2. This can be shown by analysing the side- the winds maximise at heights of about 86 km in June and
lobe peaks and calculating the QBO period that they wouldreach velocities of up to about 35 mis Further, there is a
be modulated by. From Fi@ and using the following equa- second occurrence of strong eastward winds in December
tion, it was found that frequency of the modulating wave wasof most years, where the winds reach up to about 10Ims
calculated to be about 25 months, approximately the QBOand often extend through the height region observed. The
frequency: 11 — 1/w2=1/w gpo, Wherewq isthe first  winds are strongly westward at the equinoxes, where the
lobe peak (162 days) andy is the second lobe peak (207 strongest winds were observed during March-May, and in
days), andw gpo is the period of the QBO. Therefore the March winds reach velocities of up to about 50M sThis
QBO does seem to modulate the amplitude of the SAO agattern of winds is the well-known MSAO.
the broadening of the peak as suggested by the side lobes onThere is some inter-annual variability evident in the
either side of the SAO in the figure. In contrast, in the merid- monthly-mean zonal winds. The strength of the region of
ional winds the largest amplitude component is the annuakastward winds during June—August varies from year to year.
cycle. We will now consider the AO and the MSAO in more This results in the height at which the wind reverses from

detail. eastward to westward also varying from year to year. For
) ) ) example, in 2002 the eastward winds maximised in July at
3.1 Seasonal mean winds and comparisons with the heights of about 83 km, whereas in 2006 and 2009 the east-
HWM-07 model ward winds maximised in June at heights of about 87 km.

Further, in 2006 and 2009 the region of eastward winds also

Th's sgctlon presents a chmqtology of the seasonal Mean, tends throughout the height observed up to at least 96 km.
winds in the MLT over Ascension Island and then compares ™ . " composite-year plot does not include months

;)r:]Jr:)tl)s?kr‘vanonms V\ll'th t?ienHvl\\/ler;% mrgde:]vx;lngslforngprzrcz; where no data were available. The composite year shows
) aley. de same olcalot .dfo yr'] ca tho 3;‘. hte t'zonal winds reaching~40ms? at about a height of
lohal winds were calculated for each month and height gate. _ g4 m during February—April. However, in 2002 the zonal

winds reached- 80 ms'! at the same height. In Sect. 3.2 we
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MERIDIONAL MONTHLY-MEAN WINDS 2002
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Fig. 3. Monthly-mean meridional winds over Ascension Island for the years 2001-2011 and the composite years. The zero wind contour is
indicated in black, and the white contours are in steps of 2t's
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Fig. 4. Monthly-mean zonal winds over Ascension Island for the years 2001-2011 and a composite year. The zero wind contour is indicated
in black, and the white contours are in steps of 5ths
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MERIDIONAL MONTHLY-MEAN HWWO7 WINDS the radar. Further, the model predicts the southward flow to
100 WS A 20 be strongest in February at heights of about 82 km, in May
B at heights above 100 km and again in August/September at
_ 8 heights of about 86 km. This behaviour is very different from
£ 4 e the radar observations where the flow is, in general, consis-
= god o £ tently southward from April to October at all heights ob-
e 4 2 served and is strongest at the upper heights in June.
T s = Considering the meridional winds quantitatively, it can be
. -12 seen that the southern winds in our observations maximise
. -16 in June at height of about 94 km reaching velocities of about
80— T T T T o T T T Tt -20 —16ms!, whereas the model winds maximise in Septem-
R MoA T%EJ(MSNTQS)S o ND ber at heights of about 86 km reaching velocities of about
—20ms L. Considering the maximum northward winds, it
100l HONTHEEMEAR PRIV MHNDS 40 can be seen in our observations that they maximise in Jan-
| ‘ i 20 uary at heights of about 86 km reaching velocities of about
i . L 10 ms 1. The model winds also maximise in January, but at
. L 0 heights of about 97 km and reaching twice the velocity of the
£ L P10 5, observed winds, about 20 ms These differences could be
T 90 - 0 § because of the difference in period and instruments used to
B SRET % infer the winds. The composite observations from the radar
. r 20 presented here are from the 11-year period of 2001-2011
7 " 20 with one ground-based instrument, whereas the model was
7 i i developed using 50yr of data from many satellite, rocket,
SO’J EMAMGJYJIASOND -40 and ground-based instruments to infer the winds from 1956
TIME (MONTHS) to 2005. The different locations and times may account for

some of the differences in strength and location of the winds.
Fig. 5. Monthly-mean meridional and zonal winds over Ascension Further, some difference can be explained by changes in
Island (7.94 S and 14.37W), from the HWM-07 model. The zero  the general circulation in the MLT occurring over decadal
wind line is indicated in black, and the white lines indicate s_ril’l S timescales. Here we are |ooking at Only one decade, whereas
steps. the model uses multiple decades, and this could mask shorter
term changes in the circulation of the MLT.

Secondly, we consider the HWM-07 zonal winds and com-
will discuss this phenomenon of strong westward winds inpare them to the composite-year observations of4igrom
more detail and discuss the importance of it for understandthe figures, it can be seen that the model winds are gener-
ing the coupling of the dynamics of the atmosphere betweerally in good agreement with our composite-year zonal wind
the SQBO and the MSAO. observations. However, a number of differences are again

We will now compare the climatological meridional and apparent. In particular, during the months June—August the
zonal winds observed near Ascension Island by the radarzonal winds at the lower heights are slightly stronger in the
with the winds predicted by the HWM-07 empirical model. HWM-07 model than we observe. For instance, at the low-
Here, the HWM-07 model has been used to predict theest heights considered the strongest winds around March—
meridional and zonal winds at 7.8 and 14.4W (i.e. the =~ May in the model reach about 35 m’s whereas our obser-
position of Ascension Island) for heights of 80-100 km. vations indicate winds of greater velocity, about 45mh.s

Figure5 presents the meridional and zonal monthly-meanMore significantly, during June—August, the eastward winds
winds from the HWM-07 model. Firstly, we will consider in the model reach up te-40 ms ™1, whereas our observa-
the HWM-07 meridional winds and compare them to the tions indicate winds only about half that velocity.
composite-year monthly-mean observations of Bigrrom In summary, the HWM-07 winds are in reasonable agree-
the figures it can be seen that, although there are some sinment with the observations in the case of the zonal winds.
ilarities between the model and the observations, there arélowever, although the HWM-07 predicted peak meridional
also a number of significant differences. In particular, the southward winds during June—August of similar velocity to
model predicts the northward December—February winds tdhose observed here, the model does not show the deep region
maximise at heights of about 98 km and only to extend downof southward winds evident across the full range of heights
to heights of about 90 km, below which the winds reverse toobserved by the radar.
become southward. In contrast, our observational compos-
ite (Fig. 3, lower right-hand panel) revealed the winds to be
northward from October to March at all heights observed by

www.atmos-chem-phys.net/13/9515/2013/ Atmos. Chem. Phys., 13, 99823 2013
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QBO WINDS 2001-2011

HEIGHT k)
=
WIND (M)

= T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
TIME (MONTHS)

Fig. 6. The Singapore radiosonde QBO wind data from 2001 to 2011, with the contours steps of 1@htts:/Avww.cdc.noaa.gov/data/
correlation/gbo.daja

3.2 SQBO and MSAO of the mean winds imum at heights of about 75-85km, peaking at 80 km and
_ _ _ _ _ reaching velocities of about 30 m%
Garcia et al(1997) have previously investigated the link be-  |n order to compare annual variability of the zonal meso-

tween the SQBO and the MSAO. During the westward phasespheric winds, radar data at heights of about 84 km were low-
of the SQBO, it can modulate the MSAQ in favourable con- pass filtered with a cut-off frequency of 60 days, for reasons
ditions. Their data set is from 1990 to 1995 and ther6f0represented previously. Figuipresents the low-pass filtered
pre-dates ours, allowing for this link to be investigated fur- data for the years 2001-2011. Also shown in the figure are
ther. Here we will now investigate whether there is evidencethe maximum eastward and westward monthly-mean equato-
of such coupling in our observations made over Ascensioryia| stratospheric winds present anywhere in the height range
Island, 2001-2011. We have used the Singapore radiosondsf 25-30 km at a particular time. The height of 25-30 km
monthly-mean equatorial zonal winds atlO hPa to deter-  was chosen as it is the height at which the SQBO has great-
mine the phase of the QBO in the stratosphere. est wind amplitudes.

Monthly-mean zonal equatorial wind data at heights of Now we will consider the stratospheric winds at times
~10-70hPa have been used to compare the SQBO wes{yhen simultaneous mesospheric winds were recorded. It can
ward and eastward phase over the Equator with the radar olpe seen that westward monthly-mean equatorial stratospheric
servations. The SQBO data product was obtained from Freigvinds were very weak (actually near-zero) only in 2002, dur-
Univeristat Berlin (FUB). This data set has been produceding the westward phase of the MSAO. During this interval,
from the Singapore radiosonde data, from January 1987 t@ebruary—April 2002, the stratospheric winds had no sig-
December 2011h¢tp://www.cdc.noaa.gov/data/correlation/ nificant westward component and were simultaneously ac-
gbo.daty companied by the strongest westward mesospheric winds ob-

Figure 6 presents the Singapore radiosonde QBO windserved in the entire set of meteor radar observations (speeds
data at heights of about 16-33kny {00-10hPa) for the of ~ —90ms1). In fact, the MSAO winds during 2002 were
years 2001-2011. Figufisshows the characteristic descend- more than twice as strong as the winds observed during any
ing phase of the stratospheric QBO where perturbation windsther time of the westward phase of the MSAO. In other
regularly reach velocities of about 20 m's words, for those times when the radar data were available,

Baldwin et aI.(ZOOJ) presented the vertical distribution the strongest westward MSAO winds occurred on|y when
amplitude of the MSAO and SQBO at the Equator. Here wethe stratospheric QBO winds had a very small, aimost zero,
will use the peak amplitude heights presented by Baldwinwestward wind component.
to investigate the MSAO and SQBO furth&aldwin et al. Figure8 presents the data by considering the critical phase
(2000 used observations from over Ascension Island andspeed that would allow waves to propagate and allow the
reported the SQBO to be observed from about 16 to 40kmsQBO to modulate the MSAO. Gravity waves have been
and to peak at heights of about 25 km reaching velocities oimodelled byGarcia et al.(1997 to show a modulation of
about 20 mst. This agrees with the observations presentedthe SQBO to the MSAO. Comparing the years 20012011,

in Fig. 6 and with those which our data set spans. Further, theye can see that the winds were most favourable in the year
MSAO was presented bgaldwin et al.(2001) with a max-

Atmos. Chem. Phys., 13, 9518523 2013 www.atmos-chem-phys.net/13/9515/2013/
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ZONAL WINDS AT 84 km OVER Al AND QBO EASTERLYMWESTEALY MAX
40 L ! 1 1 ! L
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Fig. 7. Comparison of monthly zonal low-passed (60-day cut-off) radar winds over Ascension Island at 84 km (solid line) with the strongest
eastward (short-dashed) and westward (long-dashed) QBO wind data at 25—-30 km for February to April from 2001 to 2011. The double-
headed arrow shows the small difference between the easterly and westerly maximum winds. The circles identify the westward phase of the
MSAO.

2002. Note that in other years (e.g. 2004) the winds may
seem favourable. However, the minimum westward winds
are strong enough to filter the wave from propagating to the
QBO WINDS AT 25-30km FOR FEB-APR,
MINIMUMIMAXIMUM EASTERLYMWESTERLY mesosphere.
2011 4 : | Using the QBO wind data available from the Singapore
] : radiosonde, we observed the link between the westward

2009 - L phase of the MSAO in the zonal winds and the westward-
: dominated SQBO winds. The radiosonde data from 1897 to
20074 : I 2011 have been presented here to allow us to compare them

with our observations here and the results presente@dry
cia et al.(1997). They presented radar winds at 84 km from

2005 L

2003 | L over Christmas Island from 1990 to 1995. During this time
they observed strong MSAO easterly cycles during the years
Il : I 1993 and 1995. These were periods of deep QBO wester-
G agq | : | lies, as can also be seen from Fig&eConsidering all of
é the years of SQBO wind data available (1987—-2011), it can
1997 4 : be seen from Fig3 that the winds were favourable in 1993,

1995 and 2002. This supports the suggestion that deep QBO

ha : I westerlies provide favourable conditions for the MSAQO east-

1993 L erly cycle to be observed. Our observations of the 2002 ap-
: parent coupling support the findings Garcia et al (1997
19814 g r and add another example where the atmosphere behaves as

predicted and modelled3arcia and SassiLl999 Baldwin

: etal, 2001, Pefia-Ortiz et a]2010. Our observations of this

1987 - : L dramatic and very unusual event support the hypothesis of

- - = " U - 20 the strong coupling of the SQBO and MSAO. This is one of
WIND YELOCITY (mis) a handful of observations and adds support to the reports by

Garcia et al(1997).

Fig. 8. The strongest eastward and westward QBO wind data at 25— Figure9 shows a schematic of the proposed filtering mech-

30km for February to April from 1987 to 2011 for the months of gnism for the westward winds in the MSAO. From the left-

February—April. The das_hed line shows duration of the zonal windspgnd panel of the figure, it can be seen that when the back-

observed by the Ascension Island radar. ground flow is greater than the critical phase speed then grav-

ity waves are absorbed by the background flow. This acts as

a filtering mechanism on the gravity-wave propagation. The

1989 L
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ward flows are generally stronger and maximise at heights
b ave fitered and of about 97 km, whereas the observed northward flows max-
: absorbed at imise somewhat lower, at heights of about 86 km, and persist
Skt northward through the height region observed.

The most unusual event in our observations is the in-
creased amplitude of the MSAO during March 2002 when,
during the MSAQ's first westward phase, the winds reached
speeds more than twice as large as in the other years ob-
served. The relative phasing of the winds of the SQBO and
0 oy 50 a, ey MSAQO during this event indicates that it is similar in charac-

ter to those reported in a number of earlier studies and pro-
Fig. 9. A schematic diagram of the mechanism proposechiycia posed to originate during times when the stratospheric winds
and Sass{1999 for the filtering of gravity wave by the westward at |ow latitudes do not have strong westward velocities at
winds of the MSAO. The upward oscillations show wave propagat-gny height. These winds then allow a large flux of westward-
ing in the atmosphere, where the circle-ended waves are filtered anﬁropagating gravity waves to reach the mesosphere, where
absorped by the background flow and thg arrow-ended Waves ProRheir dissipation then deposits westward momentum into the
agate into the atmosphere. The dashed linesshows the critical mean flow and so drives the large westward winds observed
wave velocity. in the MLT (e.g.Burrage et al.1996 Garcia et al. 1997,
Garcia and Sassl999 Huang et al.2008 Pefia-Ortiz et a).

right-hand panel shows the waves being allowed to propagat@?19- This phenomenon is a striking demonstration of the
upwards freely. Free upward propagation can occur when thimportance of gravity waves in driving the winds of the
background flow is less than the critical phase speed. Thug'€Sosphere.

the gravity waves can reach the mesosphere and modulate

the MSAOQ. This was observed here during February to April .

of 2002 and in 1993 and 1995 IBarcia et al(1997). 5 Conclusions

Wave filtered and
. absorbed.

Zonal and meridional winds in the MLT have been observed
4 Discussion by meteor radar over Ascension Island in the interval 2001—

2011. The meridional winds are found to be dominated by
The monthly-mean zonal and meridional winds we observedan annual oscillation in which during most years the winds
over Ascension Island are generally similar to those reportedire southward from April to October and northward at other
from other low-latitude sites across a wide range of differingtimes. In contrast, the zonal winds are found to be dominated
longitudes. In particular, the seasonal cycle in meridional andoy a semi-annual oscillation in which the winds are westward
zonal winds resulting from the superposition of MAO and around the equinoxes but eastward at other times. We have
SAO appears to be a common feature of observations of theompared our observed meridional and zonal winds to the
equatorial MLT (e.gHitchman and Leovy1988 Delisiand ~ HWM-07 model. The model generally predicts the merid-
Dunkerton 1988 Allen and Vincent 1995 Burrage et al.  ional winds to be more northward than observed. Further,
1996 Garcia et al. 1997 Garcia and Sassi999 Baldwin the well-defined alternating southward/northward pattern of
et al, 2001 Huang et al.2006 Antonita et al, 2008 Huang  the observed winter/summer winds is not well represented in
et al, 2008 Ratnam et a).2008 Babu et al, 2011, Kumar  the model. The zonal winds of the model are generally more
et al, 2011 Li et al,, 2012. Setting aside the anomalous similar to the observed winds, although they tend to be rather
zonal-wind events of the sort described above and discussemhore eastward than observed.
below, the relatively small differences between these various A striking eventin 2002, during which the westward winds
observations probably result from a combination of inter- of the first phase of the MSAO were observed to be much
annual variability when observations are made in differentstronger than normal, has been explained in terms of a modu-
years and measurement biases between different techniqudation by the winds of the SQBO of the field of gravity waves
such as meteor radar and medium-frequency radar. reaching and then dissipating in the mesosphere (a mech-

The zonal winds of the HWM-07 model are in reasonableanism first proposed bgarcia et al.(1997). The SQBO

agreement with our radar observations. However, the modelinds appear to allow a strong flux of gravity waves with
indicates zonal wind speeds to be larger than we observedestward phase speeds to reach the mesosphere. When these
in June and then smaller throughout the rest of the year. Irwaves then dissipate, the westward momentum they deposit
contrast, the HWM-07 meridional model winds do not re- into the mean flow drives the large westward flow observed.
produce the clear seasonal changes observed by the radd@me particular SQBO phasing required did indeed occur dur-
where the winds are southward from April to October anding 2002, and our observations thus provide strong support
northward for the rest of the year. Further, the model’s north-for the mechanism proposed lyarcia et al.(1997 and
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indicate a strong coupling between the winds of the meso-Hitchman, M. H. and Leovy, C. B.: Estimation of the Kelvin wave
sphere and the SQBO. contribution to the Semiannual Oscillation, J. Atmos. Sci., 45,
1462-1475, 1988.
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