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Abstract. To investigate possible couplings between plan-during NH winter (November—February), the mesospheric
etary waves and the semidiurnal tide (SDT), this work ex-SDT amplitudes at northern mid-high latitudes50—8C N)
amines the statistical correlations between the SDT ampli-are observed to be significantly and positively correlated with
tudes observed in the Northern Hemisphere (NH) mesothe SPW1 amplitudes in the same hemisphere in most cases.
sphere and stationary planetary wave (SPW) with wavenumBecause both the SPW and migrating SDT are large in the
ber S=1 (SPW1) amplitudes throughout the global strato-NH during the local winter, a non-linear interaction between
sphere and mesosphere. The latter are derived from th8 PW and migrating SDT probably occurs, thus providing a
Aura-MLS temperature measurements. During NH summer-global non-migrating SDT. This is consistent with observa-
fall (July—October), the mesospheric SDT amplitudes ob-tions of SDT in Antarctica that are large in summer than in
served at Svalbard (78) and Eureka (80N) usually do  winter. It is suggested that climatological hemispheric asym-
not show persistent correlations with the SPW1 amplitudes irmetry, e.g. the SH and NH winter characteristics are substan-
the opposite hemisphere. Although the SDT amplitudes ob4ially different, lead to differences in the inter-hemispheric
served at lower latitudes<60-70 N), especially at Saska- SPW-tide physical links.

toon (52 N), are often shown to be highly and positively cor-
related with the SPW1 amplitudes in high southern latitudes

) - . .dle atmosphere dynamics; Polar meteorology; Waves and
these correlations cannot be sufficiently explained as evi P y 9y

dence for a direct physical link between the Southern Hemi-tldes)
sphere (SH) winter-early spring SPW and NH summer-early
fall mesospheric SDT. This is because the migrating tide’s

contribution is usually dominant in the mid-high latitude 1 Introduction

(~50-70 N) NH mesosphere during the local late summer-

early fall (July-September). The numerical correlation is Examination of the correlation between the tide and plan-
dominated by similar low-frequency variability or trends be- etary waves (PWs) is an important issue for understanding
tween the amplitudes of the NH SDT and SH SPW1 duringpossible sources of the tidal amplitude variability. Presently,
the respective equinoctial transitions. In contradistinction,such a relationship can be physically interpreted as the
nonlinear interaction between the migrating tide (MT) and

(quasi-) stationary planetary wave (SPW), which produces

Correspondence toX. Xu the non-migrating tides (NMT) (e.g. Hagan and Roble, 2001;
m (xix303@mail.usask.ca) Angelats i Coll and Forbes, 2002; Manson et al., 2009).
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Non-migrating tides have been found to be non-negligible(70° S—70 N) using temperatures from UARS-MLS (1991-
at high latitudes in model studies (Miyahara and Miyoshi, 1997) at heights of 25-86 km and suggested minimal pres-
1997; Miyahara et al., 1999; Yamashita et al., 2002). Ear-ence of semidiurnal s=1 thermal tide at high northern lat-
lier observational studies for non-migrating tides were cen-itudes (their Fig. 11), although the latitudinal structures of
tered on the South Pole (Hernandez et al., 1993; Forbes éMT and “expansion functions” for winds and temperature
al., 1995; Portnyagin et al., 1998). Hernandez et al. (1993do differ. Manson et al. (2004a) concluded that the semidi-
used OH emissions for several winter-years to identify a 12-urnal NMT was weak compared with the semidiurnal MT in
h oscillation of s=1 over the South Pole. A meteor radar atsummer and fall for latitudes near /R using HRDI-UARS
9(° S that used orthogonal antennas provided confirmatiorwind data near 95 km. For the mid-latitudes40° N) and at
of a 12-h NMT with s=1, and their preference for processaltitudes above 80 km, the migrating SDT dominates in the
was non-linear interactions with the local summer SPW withregion of late-summer/fall maximum amplitude (Manson et
S=1 (SPW1) (Forbes et al., 1995). The s=1 semidiurnal tideal., 2006). Overall, the non-migrating tides in the SH are
(SDT) occurs most often during austral summer. With theclearly stronger than in the NH during the summer months
9(* S data and radar data from Scott Base 8 Molodezh-  of each hemisphere. Aso (2007) also suggested that a hemi-
naya (68 S) and Mawson (67S), Portnyagin et al. (1998) spheric asymmetry might then exist in the seasonal variations
found that at the South Pole the 12-h oscillations were con-of the semidiurnal NMT s=1 after discussing the asymmetry
sistent with a NMT of s=1 for spring-summer months. Away of the SPW1 activity between the NH and SH.
from the pole, the 12-h oscillation at Scott Base°(38was There is growing evidence in recent years for the inter-
also consistent with a dominant NMT of s=1 and sharedhemispheric SPW-tidal connections. The model study of Ya-
spring-summer maximum amplitudes with the South Pole.mashita et al. (2002) verified that the nonlinear interaction
In contrast, at~70° S the semidiurnal tides (SDTs) had max- forcing between the SPW1 and the migrating SDT could pro-
imum equinoctial amplitudes and a mixture of MT (s=2) and vide the non-migrating SDT (s=1). Their related calculations
NMT (s=1) was suggested. Consistent with this, the stud-with this tide indicated that, once excited in the NH winter
ies by Riggin et al. (1999) and Portnyagin et al. (2000) con-hemisphere, it could propagate to the polar mesosphere and
cluded that the s=1 semidiurnal oscillation observed at thdower thermosphere (MLT) region of the SH and result in the
South Pole during austral summer may extend equatorwartbcal summer enhancement of the s=1 SDT. Recently, Aso
to somewhat lower latitudes-80° S). And Murphy (2002) (2007) assessed the semidiurnal NMT at polar latitudes us-
has also showed that a combination of s=1 and s=2 modeg a linearized steady and explicit tidal model and confirmed
might explain rapid fluctuations in the phase of the 12-h com-the trans-equatorial propagation of the 12-h NMT with s=1,
ponent of MF radar winds observed at Davis{69 78 E). which is forced in the opposite winter hemisphere. Baum-
Most recently, Murphy et al. (2006) used several Antarctic gaertner et al. (2005) compared the seasonal sequences of
radars to identify a dominant semidiurnal NMT of s=1 (and planetary wave amplitudes with amplitudes of the SDT at
a lesser s=0) during Southern Hemisphere (SH) summerScott Base (78S, 167 E) and pointed out that planetary
equinox months (October—March). The regional average latwaves in both the SH and NH are partly responsible for the
itude was 69 S. Based on four years of radar wind data from seasonal variability of the SH semidiurnal tide via the gener-
Halley (76 S, 26 W) and Scott Base (785, 167 E), Baum-  ation of a s=1 SDT. Based on observations using two radars,
gaertner et al. (2006) demonstrated that the s=1 SDT is oftefocated at Scott Base and at Halley {8 26 W), Baum-
dominant in summer, while in winter a mixture of s=1 and gaertner et al. (2006) further showed that the amplitudes of
s=2 is found. the semidiurnal NMT (s=1) were positively correlated with

The situation in the Northern Hemisphere (NH) is shown the NH SPW1 near 1 hPa during the SH summer months, but
to be different. Manson et al. (2009), based upon analysis oflso with the SH SPW1 near 10 hPa during the SH winter
the Svalbard and Eureka tides during 2006/2007, showed thgteriod. During the reviewing process of this paper, it was
at latitudes near 8N the semidiurnal MT (s=2) is dominant learned that Murphy et al. (2009) has used amplitudes of the
in summer, while the semidiurnal NMT with s=1 and s=3 oc- SH semidiurnal NMT s=1 and 3 during summer and early
cur most often during equinoctial or early summer months.fall, obtained from 4 radars, to demonstrate correlations with
Portnyagin et al. (2004) examined the slopes of the tidalthe global planetary wave (S=1) and hence source regions in
phases (time of maximum in UT) versus longitudes and conthe NH. Thus these new results are consistent with those of
cluded that in the southern Arctic (65-°M9) the migrating  Baumgaertner et al. (2005, 2006), who used two radars, as is
tides are dominant for both diurnal and semidiurnal oscilla-our situation in the NH.
tions during all months, but with some indications of NMTin  Recently, Smith et al. (2007) found a correlation between
May—-June. Riggin et al. (2003) also showed that during thevariability of the mesospheric SDT at Esrange®(Big21° E)
summer-early fall months (June—September) the SDT at thand the amplitude of planetary wave number S=1 (PW1,
latitudes of Andenes (BN, 16° E) and Poker Flat (65N, quasi-stationary) in the SH stratosphere and lower meso-
147 W) usually has a zonal wave number 2 (MT) struc- sphere during NH summer and fall. Based on their hypothe-
ture. Forbes and Wu (2006) discussed the global tidal fieldsis, the correlation implied that the non-migrating tide had
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a significant contribution to the tidal variability observed scribed in Sect. 2. In Sect. 3 and Sect. 4 the tidal variability
at Esrange and that the autumn enhancement of the Ess compared with the SPW throughout the global middle at-
range SDT was associated with the growth of the SH PW.mosphere. Section 5 simply discusses the time scale relevant
Their interpretation is that the PW in the SH interacts with to the correlation. Finally a discussion and summary will be
the global semidiurnal migrating tide and produces non-made in Sect. 6, followed by conclusions in Sect. 7.
migrating semidiurnal tides that vary in time in concert with
the SH PW.

Although the differences between the observed tidal am2 Data description and analysis technique
plitudes and the predictions of the Global Scale Wave Model
(GSWM) for summer-autumn may indicate the presence of2.1 Radar data
nom-migrating tides at Esrange (Mitchell et al., 2002), the
migrating SDT usually dominates for nearly all months in The tidal data for this study are taken from MF radars at
the latitudes of~70° N in the MLT region based on the de- Saskatoon (52N, 253 E), Tromsg (70N, 19 E), and me-
scriptions given earlier. In particular the strong early-autumnteor radars at Collm (5N, 13° E), Eureka (80N, 86° W)
enhancement at mid-high northern latitudes is definitely theand Svalbard (78N, 16° E). A detailed description of these
characteristic of the migrating SDT (Riggin et al., 2003) radars can be found in Chshyolkova et al. (2007) and Man-
which experiences favourable winds and refractive indicesson et al. (2009). In this study, the radar data are usually
at these times. Hence, doubts have been cast on the physicaihalysed at 6 height levels centered on 82, 85, 88, 91, 94 and
significance for the correlations found by Smith et al. (2007).97 km. The semidiurnal tides are obtained by a least-squares
On the other hand, the Pearson correlation coefficient is dit of the mean, 48-, 24-, 12-, 8- and 6-h components to the
measure of a linear relationship integrated over an intervahourly mean radar measurements. The fitting uses a window
and over all frequencies; information on the temporal depen-of 4 days shifted by 1 day. It is required that for each fit
dence of variables and time scales relevant to correlationghere be data for 16 or more local hours out of 24 for each
cannot be seen in this integrated analysis. We know that botheight over the window. Tides at 85, 91, 97 km are usually
the SPW and tidal sequences have strong seasonality. THgmilar to tides at 82, 88 and 94 km, respectively. In addition,
strong seasonality would easily lead to a high correlation cothe difference between the meridional (NS) and zonal (EW)
efficient, even though the physical relationship between thecomponents is small for the SDT amplitude (e.g. Manson et
two variables is not real. Therefore, the question, of whetherl., 2009). Hence, to save space, only analyses related to
the correlations found by Smith et al. (2007) implied SPW- the meridional (NS) semidiurnal tides (SDTs) at 82, 88 and
tidal nonlinear interactions or were induced by the numer-94 km are shown in this study.
ical problems of seasonal trend, comes up. Further, if the With two sites at similar latitudes and widely separated
correlation implies that the non-migrating component con-longitudes, it is possible to solve for the amplitude and phase
tributes a significant part to the tidal variability af70° N, of two tides (e.g. Baumgaertner et al., 2006; Manson et al.,
the non-migrating tides could be stronger and even dominat@009). Assuming one of the two tides is a migrating tide (s=2
at Arctic latitudes £80° N) and could be weaker at lower lat- for the SDT), and that the forcing of the NMT neard@0dis
itudes ¢~50° N) based upon the Antarctic data as discusseddue to wave humbers S=1 or 2, pairs of the MT and chosen
above. Then the observed tidal amplitudes at appropriatqdNMT values were calculated (Manson et al., 2009). The lati-
longitudes at Arctic latitudes (lower latitudes) would have tude difference between Svalbard and Eureka is about 2 deg,
stronger (weaker) correlations with the SH SPW amplitudesallowing us to fit a migrating and non-migrating tide with a
The aim of this paper is to clarify this question by further given wavenumber to the data from these two sites. The same
analysis of the relationship between the variability of theis true for the Collm-Saskatoon pair. Manson et al. (2009)
SDT in the NH mesosphere and the global SPW1 amplitudeshowed strong amplitude and phase differences between the
with considerations of the longitudinal and latitudinal varia- semidiurnal tides observed at the two Arctic radars through-
tions of the SDT. out 12 months of 2006/2007 [also for the diurnal tides]. This

Here the SDT data are derived using medium frequencywas argued to be consistent with dominance of semidiurnal
radars (MFR) at Saskatoon (58, 253 E), Tromsg (70N, NMT s=+1 in the spring and early summer, and dominance
19 E), and meteor radars (MWR) at Collm (54, 13’ E), of diurnal NMT s=0 or +2 in the winter and spring. A sig-
Eureka (80N, 86° W) and Svalbard (78N, 16° E). Therel-  nificant disadvantage for the ‘two radar’ scenario, sometimes
ative importance of migrating and non-migrating SDTs atinescapable due to the absence of land mass in the NH, is the
polar latitudes and at high mid-latitudes is estimated basednability to locate the longitude of constructive interference
upon the observations from the Svalbard-Eureka pair andsee Discussion of Sect. 6). Here, given that we are most
the Collm-Saskatoon pair. The Aura-MLS temperature mea-dinterested in the relative importance of MT and NMT, plus
surements with near global view (latitude coveragé 82  that there are other possible choices for the forcing of NMT
82° N) are used to construct the global stationary planetaryat 51/52 N (e.g. Manson et al., 2004a, b), the percentage-
wave field. The data and analysis technique are briefly depower of the MT (e.g. Fig. 12 from Manson et al., 2009)
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is provided as an alternative to providing the MT and cho- correlation coefficient) for the SPW1 amplitudes through-
sen wave-numbered NMT amplitudes. A reviewer had alsoout the global (82S-82 N) stratosphere and mesosphere
raised concerns, in particular regarding the NMT forcing atwith respect to the meridional SDT amplitudes in the NH
middle latitudes, and the study is not harmed by their ab-mesosphere during two 120-day NH summer—fall seasons

sence. (days 181-300; 30 June-27 October, 2006 and 2007). A
The measured value(e.g. of tidal wind), at any longitude summer—fall interval is chosen because the PW activities for
L can be written as the SH occur most often during these months. The sequence

of SDT amplitude is kept constant for each contour plot. Al-
though the plots are shown in global latitudes, the correla-
tions in the SH (the opposite hemisphere relative to the tides
Q=27/24.0,1 is the UT.s is the zonal wavenumber; west- us_ed) _high_-latitude stratosphere and lower mgsosphere are
ward (eastward) prorogation tides have positive (negativefr".narlly dlscuss_e_d. _The NH results are not d|scusse.d due
s, A and¢ are the amplitude and phase (the UT of maxi- o little SPW activity in the NH for July—September. Since

mum northward/eastward tidal wind). For the fitting of sin- Za;::at'meedssqlie;:e ItSh gt;?(l:r::?s;\\//grdi }[’Z"n%?r‘:‘t’sc’;:‘edﬁg’tsiazaet_
gle mode from two sites, pped by Y, p

. pendent, thus reducing the degrees of freedom. In this pa-
Ak Cospg = C1C0sLk)+ Casin(sLk) per, a Monte-Carlo shuffling method (e.g. Ebisuzaki, 1997;
; : Usoskin et al., 2006) is applied to estimate the significance
Ak Singx = —C1SIn(sL CocogqsL . . S
x Siex 1Si(s L)+ Czc08sLk) of correlation. This spectral method ensures that the signifi-
ApcCospp =C1C0SsLp)+CaSin(sLp) cances are appropriate to the degrees of freedom existing in
Apsingp = —C1Sin(sLp)+ C2c0qsLp) ) each of the time sequences and hence correlations.

where data are from sites “K” and “B”, anth = A;COpy; 3.1 SH SPW!1 versus SDT at~80° N

Co = Agsing;. We fit a migrating tide (s=2) to “K” and “B”

tidal parameters by the least squares method and get the mirigure 1 shows the correlations between the meridional SDT
grating tide's amplitudei; and phase,. Empirically we de-  amplitudes observed at Svalbard {R8 16" E) and Eureka
fine the “percentage power in the MT” as\?/(A% +A§), (80° N, 86> W) with the SPW1 amplitudes throughout the
so that a percentage-power with value close to 100% meanglobal middle atmosphere for 30 June—27 October, 2006 and

v=ALCONQs —pr) =Y A,COAnQt +5L —y) (1)

wheren is the frequency in cycles per day=2 for a SDT),

the dominance of the MT. 2007. The top sections of Fig. 2 present the time sequences
of 88 km and 94 km tidal amplitudes at Svalbard and Eureka
2.2 Aura-MLS temperature compared with the SPW1 amplitudes at 10 hPa, 60S6nd

Th dh ion 2.2 d ¢ hat 10 hPa, 55-60N during season 2006/2007.
€ temperatures used here are version 2.2 data from the o gpyyg amplitudes in the stratosphere at the SH high

Z/Ilcrowa\t/.e LlﬂbSSoun(fdr (M_LtS) tpn blc\)lirg Athz Nauort\all latitudes generally show weak positive correlations with the
eronautic and Space Administration ( ) Aura satel- meridional SDT amplitude at 82 km observed at Svalbard

lite. The data are available starting in August 2004 and have,, . - - :
i i —fall of 2 Fig. 1a). I I
latitude coverage from 825 to 82 N. The useful altitude during summer-—fall of 2006 (Fig. 1a). Similar correlation

. . L ) patterns are found with respect to the tide at 88 km, although
range is 316—0.001 hPa-8—-97 km) with precision ranging . .
from 0.6 K in the lower stratosphere to 2.5K in the meso- the values are even weaker (Fig. 1b). Correspondingly, the

h M i " A MLS dat id dSvalbard meridional SDT amplitude at 88 km attains a maxi-
sphere. Vore information on Aura- ata was provided ., j, September, while the simultaneous SPW1 amplitude

in Chshyolkova et al. (2007). In this paper, the temperatureg, v e opposite hemisphere is not large (e.g. red versus black

f’ml} sor_'ieg |n$hceg;wtp?gl_dtrhln Iat|tuq{e ap(LZbOW'OII:th ._in Fig. 2a). This weakens the correlations between them and
i longitude. the Ield 1S then constructed by a FOUrery, ., 5ngicates that this autumn intensification of the Sval-

analysis on a window of 4 days shifted by 1 day, which is bard SDT is not associated with the SH SPW1 activity. As

consistent with the tidal analyses. This technique is reasong posite to the 82km and 88km tides, the Svalbard 94 km

able and reliable for the stratosphere and lower mesospher; DT amplitudes show strong negative correlations with the

given the negligible aliasing effect frO”.‘ non-migratin_g tides_. SPW1 amplitudes in the high-latitude southern stratosphere
Note the PWl is usually shown as being quasi-stationary In(Fig. 1c). However, notice that these negative correlations are
both hemispheres (Leovy and Webster, 1976). statistical artifacts, caused by trends. Figure 2c indicates the
opposite seasonal trends between the 94 km Svalbard SDT
3 Correlation analyses between the SH SPW1 and NH amplitudes and the SPW1 amplitude at 10 hPa, 60S6%he
SDT amplitudes during NH summer-fall former is larger in July—September than in October (black
in Fig. 2c) while the SPW1 is weaker in July—August than in
This section will present the height-latitude contour plots September—October (red in Fig. 2c). In the case of the Eureka
of the linear correlation coefficient (also called the PearsonSDT amplitudes as the locationally fixed sequences, we do
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Fig. 1. Correlation coefficients between the stationary planetary wave 1 amplitude at each latitude/pressure with the amplitudes of meridional
semidiurnal tides observed at Svalbard(RB 16° E) and Eureka (80N, 86° W) for 30 June—27 October, 2006 and 2007. The tidal
amplitude sequence is kept constant for each contour plot. From top to bottom the tidal heights are 82, 88 and 94 km. The black lines
indicate a 95% level of significance.

not see their significant correlations with the SPW1 in highthe meridional component, as derived from the Svalbard-
southern latitudes during this summer—fall (Figs. 1d—f). Lit- Eureka pair for season 2006/2007, are also shown in Fig. 2
tle correspondence is found between the Eureka 88 km an¢solid in sections e—g). It is shown that the migrating SDT
94 km SDT amplitudes and the SPW1 amplitudes at 10 hPagominates for the 94 km in June—July, and then almost ex-
60—-65 S (black vs. red in Fig. 2b and d). clusively for all 3 heights from August through January, ex-
cept for the upper heights in October—-November. The au-

Based on the technique described in Sect. 2, time setumn (September) enhancement in the Svalbard and Eureka

quences of the percentage-power of the migrating SDT for

www.ann-geophys.net/27/4239/2009/ Ann. Geophys., 27, 423%5-2009
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Fig. 2. Time sequences of the stationary planetary wave 1 amplitudes (dashed line; scale on left axis; fhed)ain10 hPa, 60—65S

(red) and at 10 hPa, 55-80 (purple) versus the amplitudes of meridional semidiurnal tides (solid line; scale on right axis; showing in
(a—d) at Svalbard (a for 88 km and c for 94 km) and Eureka (b for 88 km and d for 94 km) during 2006/2007. The percentage-power in the
migrating SDT derived from the Svalbard-Eureka pair is shown in the lower sections of the figure (solidliges,

SDT amplitudes for 88 km is clearly a characteristic of the shown to be positively correlated only with the SPW1 am-
migrating SDT, with the power of MT values close to 100% plitudes in the lower mesosphere at high southern latitudes
(Fig. 2f). The presence of non-migrating SDT for the up- (Fig. 1k). Similar SH correlation patterns are found for the
per heights during the equinoctial time (October) is likely to Eureka tide at 94 km, although the correlations are further
be a result of the global forcing of NMT by the SPW (Man- weakened (Fig. 11). The time sequences of the % power of
son et al., 2009) since the October SPW activities in boththe migrating SDT (not shown for 2007/2008) also indicates
hemispheres are often comparable (e.g. red versus purple ithat at 80 N the migrating SDT plays a more important role
Fig. 2). at most times for the 3 heights during 2007/2008.

Moving to the 2007 summer-fall, the stratospheric SPW1 Overall, during these two summer-fall seasons (Fig. 1), the
amplitudes in the SH high latitudes do not provide positive mesospheric SDT amplitudes observed at the NH polar lat-
correlations beyond 95% significance level with the Svalbarditudes ¢80° N) usually do not show persistent significant
meridional SDT amplitudes (Fig. 1g-i). Similarly, the Eu- correlations with the SPW1 amplitudes in the high-latitude
reka meridional SDT amplitude at 82 km is not correlated southern stratosphere. We also repeated the correlation cal-
with the SH SPW1 amplitudes (Fig. 1j). The 88 km tide is culations with variable lags between the time sequences of
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Fig. 3. Correlation coefficients between the stationary planetary wave 1 amplitude at each latitude/pressure with the meridional semidiurnal
tide amplitudes observed at Tromsg (M) 19 E) for 30 June—27 October 2006 (left column) and for 30 June—27 October 2007 (right
column). Otherwise details are as in Fig. 1.

the tidal and SPW1 amplitudes, but do not find clear lag-the existence of NMT during the intervals assessed, but also

values. whether Tromsg lies (by chance) within the longitudes where
the MT and the NMT interfere constructively or destructively
3.2 SH SPW1 versus SDT at70° N (Sect. 6, Discussion).

This subsection looks at the relationships of the SH SPW1 Figure 3 shows the correlation for the SPW1 amplitude
amplitudes in the middle atmosphere with the mesospheriavith respect to the Tromsg NS SDT amplitude as a function
meridional SDT amplitudes measured at Tromsg®°(¥0  of global latitude and height for two 120-day summer-fall
19 E) during the 2006 and 2007 summer-falls. At the lati- seasons (30 June—27 October, 2006 and 2007). The correla-
tudes of~70° N, there are currently no suitable/continuous tions for the SPW1 amplitudes with the Tromsg tidal ampli-
mesospheric wind observations available in the Pacifictude (Fig. 3a—c) are similar to those with the Svalbard tide
Canada longitudinal sector. So the relative importance of mi{Fig. 1a—c) during the 2006 summer-fall. Although signif-
grating and non-migrating tides cannot be directly analysedcant positive correlations are indicated between the SPW1
for this latitude band. Further, the existence of significantamplitudes in a small height range% km) of the polar lati-
correlations, positive or negative, will depend not only upontude southern stratosphere and the Tromsg tidal amplitude at
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Fig. 4. Correlation coefficients between the stationary planetary wave 1 amplitude at each latitude/pressure with the amplitudes of meridional
semidiurnal tides observed at Collm (84, 13° E) and Saskatoon (82, 253 E) for 30 June—27 October, 2006 and 2007. Otherwise details
are asin Fig. 1.

88 km (Fig. 3b), the non-migrating contribution to the vari- ened with respect to the tidal amplitudes at the upper heights
ability of the latter is expected to be not substantial during(Fig. 3e and f). Similar characteristics are found by Smith et
this period based upon extrapolation from the analyses aal. (2007) between the SABER SPWL1 in the SH and the Es-
~80° N (Fig. 2f). range (68N, 21° E) SDT amplitudes for 2002—2005. How-
ever, note that the impact of the non-migrating tide on the

During the 2007 summer-fall months, the SPW1 ampli- Tromsg tidal variability is expected to be smaller than that
tude fluctuations in high latitude southern stratosphere an@f the migrating tide during this interval, by the extrapola-
lower mesosphere are well correlated with the Tromsg tidakion based on the % power of MT analyses~&0° N and
amplitude at 82km (Fig. 3d). The correlations are weak-
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Fig. 5. Time sequences of the percentage-power in the migrating SDT derived from the Collm-Saskatoon pair during 2006/2007.

discussions in Manson et al. (2009). In addition, Portnyaginimportance of the MT/NMT. The wind speed-bias between
et al. (2004) also argued that the migrating tides (diurnal andVIFR and MWR varies with height and season, smaller for
semidiurnal) are dominant in the southern Arctic (65-M» lower mesospheric heights and summer and larger for upper
during all months except for May and June. Examination of mesospheric altitudes and winter (Manson et al., 2004c; Hall
time sequences (not shown here) reveals that the correlatioet al., 2005; Jacobi et al., 2009). So for the upper meso-
is provided mainly by the variability over time-scales-e30 sphere and winter, the bias could produce artificial NMT. To

days or more. reduce the effect of the MFR/MWR bias, the Collm-MWR
winds at 94 km are multiplied by a factor of 0.5 (0.8) for
3.3 SH SPW1 versus SDT at-50° N the winter (summer) months; the MWR winds at 88 km are

multiplied by a factor of 0.8 for the winter months. The

In this subsection, the mesospheric NS SDT amplitudes megfatio values are derived from the study of Jacobi (2009)
sured by the Colm (5IN, 13 E) MWR and Saskatoon that compared Collm MWR with Juliusruh (58I, 13° E)
(52°N, 253 E) MFR are chosen to be correlated with the MFR winds. Figure 5 provides the time sequences of the
global SPW1 amplitudes in the stratosphere and mesospherggrcentage-power of migrating NS SDT that are determined
Figure 4 displays the correlations respectively for the twofrom the Collm-Saskatoon pair for season 2006/2007. At
summer-fall intervals. 51/52 N, the dominance of the MT occurred nearly through-
We do not see significant and positive correlations pe-out the whole season 2006/2007 for the 3 heights (Fig. 5a—
tween the Collm meridional SDT amplitude and strato- ©)» €xcept for October—November. The late-summer/early-
spheric SPW1 amplitudes in high southern latitudes during?Utumn enhancementin the SDT amplitude is predominately
the 2006 summer-fall for the 3 tidal heights (Fig. 4a—c). In @ characteristic of the migrating tide.
contrast, the meridional SDT amplitudes observed at Saska- For the 2007 summer-fall, the Collm tidal amplitudes are
toon seem to be well correlated with the SPW1 amplitudesshown to be positively correlated with the SPW1 around
in high latitude southern stratosphere and lower mesosphergo hPa, 65S (Fig. 4g—i). These positive correlations are
during the 2006 summer-fall interval (Fig. 4d—f). Two max- strongest in the case of the 88 km tidal height (Fig. 4h). Fig-
ima of correlation are clearly observed in high southern lat-ure 6 presents the time sequences of the 88km SDT am-
itudes with one between 100-2hPa and the other aroungitudes observed at Collm and Saskatoon, along with the
0.1hPa. These high correlations are due to the generasPw1 amplitudes at 10 hPa, 65°®and at 31.6 hPa, 50—
agreement between long-term variations of the two variables55° N during 2007/2008. We can see that the Collm 88 km
including strong trends during the months of September-tidal amplitude varies in correlation with the SPW1 ampli-
October. We have also calculated lagged correlation coeftude at 10 hPa, 65-7@ on monthly time scales from mid-
ficient between the two variables (not shown) and find thatjuly to mid-October (black vs. red in Fig. 6a). However, no-
these strong positive correlations in the SH high latitudes altice that the Collm tides are also relatively large and vari-
ways exist for time-lags ranging from+10 to —10 days.  able in June and July, when the global SPW1 amplitudes
This also indicates that these correlations are dominated bynd variability are quite minimal. Similar to during the
the low frequency variability in the sequences. 2006 summer-fall, the Saskatoon NS SDT amplitudes at the
Like the Svalbard-Eureka pair, the Collm MWR- 3 heights are all shown to be significantly and positively
Saskatoon MFR pair also allows us to estimate the relativecorrelated with the SPW1 amplitudes between 100-3 hPa
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Fig. 6. Time sequences of the stationary planetary wave 1 amplitudes (dashed line; scale on left axis; shown in a and b) at 10h8a, 6570
(red) and at 32 hPa, 50-55I (purple) versus the amplitudes of 88 km meridional semidiurnal tides (solid line; scale on right axis; showing
in a and b) observed at Collifa) and Saskatoofb) during 2007/2008. The percentage-power in the migrating SDT derived from the
Collm-Saskatoon pair is shown in the lower sections (solid lineg,

and between 1-0.1 hPa, in high southern latitudes during thé&rends relative to the NH SPW1 transition from the early au-
2007 summer-fall (Fig. 4j-1). These correlations are domi-tumn into the early winter (e.g. purple in Figs. 2 and 6), and
nated by the similarity between the long term (monthly time- the characteristic late summer/early autumn variability of the
scales) variations for the amplitudes of the tides and SHtides, the latter associated with seasonal/altitudinal changes
SPW1 (e.g. black vs. red in Fig. 6b). Hence, these correlain tidal Hough-mode composition of the MT (Riggin et al.,
tions also occur over a wide range of time-lags (not shown).2003; Manson et al., 2006).

Time sequences of the percentage-power of the migrating

SDT, as obtained from the Collm-Saskatoon pair for sea-

son 2007/2008, are also shown in Fig. 6. Apparently, in the4 Correlation analyses between the NH SPW1 and NH

NH high mid-latitudes £50° N), the migrating (s=2) SDT SDT amplitudes during NH winter

dominates during all summer-autumn months for the 3 MLT _ ] ] o
heights. The exception is the relative dominance of the non- NiS section presents the correlation analyses similar to those

migrating SDT in October 2007. The MT is usually much in Sect. 3, but for two 120-day NH winters (days 311-430;
stronger or dominant (100%) over the NMT during August— 7 November—6 March 2006/2007 and 7 November—5 March
September when both the Collm and Saskatoon SDT ampli2007/2008). Here the NH (the local hemisphere relative to
tudes are large. Note that in October 2007 the SPW activitiede tides used) results are primarily discussed since the SPW
in both hemispheres (e.g. red and purple in Fig. 6) are proba@Ct'V'“es are mainly confined to the NH during NH winter
bly responsible for what we claim to be the dominance of theMonths (Manson et al., 2009).

NMT by the global forcing, although this has a weak effect Figure 7 shows the correlations between the NS SDT

on the 120-day correlation between the observed SDT an@mplitudes at~80°N and SPW1 amplitudes throughout
the SH SPW1. the global middle atmosphere for winters 2006/2007 and

2007/2008 (days 311-430). For the Svalbard tide at 82 km,

Notice that strong correlations (positive and negative) ap-positive correlations are found in the lower stratosphere in
pearing in the NH in Figs. 1, 3 and 4 apparently have nothe NH mid-high latitudes~50-70 N) for the 2006/2007

physical meaning: they are statistical artefacts caused by theinter (Fig. 7a). These correlations are gradually weakened
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Fig. 7. Correlation coefficients between the stationary planetary wave 1 amplitude at each latitude/pressure with the amplitudes of meridional
semidiurnal tides observed at Svalbard and Eureka for 7 November—6 March, 2006/2007 and for 7 November—5 March 2007/2008. Otherwise
details are as in Fig. 1.

as the tidal height is increased (Fig. 7b and c). During thispositively correlated with the SPW1 amplitudes in the high
winter, the amplitudes of the NS SDT observed at Eurekalatitude local stratosphere (Fig. 7g), although these correla-
are found to be highly and positively correlation with the tions are not seen for the upper tidal heights (Fig. 7h and i).
SPW1 amplitudes in the local mid-high latitudes (Fig. 7d— We also see significant positive correlations between the Eu-
f). Two correlation maxima are respectively observed inreka NS SDT amplitude at 88 km and the SPW1 amplitudes
the local stratosphere and in the local mesosphere for eacim the local hemisphere’s polar latitudes for this winter inter-
tidal height. The strongest are found for the tidal height of val (Fig. 7k). However, these correlations are weakened for
88km (Fig. 7e). Comparison of time-sequences illustrateghe Eureka tides at 82 km and 94 km (Fig. 7j and ).

that the variations of the Eureka 88 km tidal amplitude and ) ) )

the SPW1 amplitude in the local stratosphere show a good Moving to somewhat lower latitudes, Fig. 8 presents
consistency on time scales of approximately5 days dur-  the correlations between the Tromsg (R) NS SDT

ing October—February of 2006/2007 (e.g. black vs. purple in2mplitudes and SPW1 amplitudes throughout the global
Fig. 2b). During the second winter, the Svalbard meridionalStratosphere and mesosphere for winters 2006/2007 and

SDT amplitude at 82 km is also found to be significantly and 2007/2008. During the first winter, significant positive cor-
relations are found throughout the middle atmosphere in the
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Fig. 8. Correlation coefficients between the stationary planetary wave 1 amplitude at each latitude/pressure with the meridional semidiurnal
tide amplitudes observed at Tromsg for 7 November—6 March 2006/2007 (left column) and for 7 November—5 March 2007/2008 (right
column). Otherwise details are as in Fig. 3.

local mid-high latitudes{45—75 N) with respect to the tide  monthly-scale variations of the two variables (e.g. black vs.
at 88 km (Fig. 8b). These correlations are attributed largelypurple in Fig. 6a and b).

to the similar monthly-scale oscillations of two variables (not  Note that strong negative correlations occurring in the SH
shown here). The correlations are weakened for the tides atf Figs. 7 and 8 are statistical artefacts which are caused by
82km and 94 km (Fig. 8a and c). Similar characteristics arethe trend relative to the SH SPW1 transition from the final
found for the 2007/2008 winter, although the strong positivespring warming into the summer (e.g. red in Figs. 2 and 6),
correlations more often occur in the local lower stratosphereand the characteristic variability of the tides, the latter again
(Fig. 8d-f). associated with seasonal/altitudinal changes in tidal Hough-

) ] ] ~ mode composition (Manson et al., 2006, 2009).
For the high mid-latitudes (51/82), the mesospheric

SDT amplitudes observed at Collm and Saskatoon are often

found to be positively and strongly correlated with the strato-5 Cross-spectral analysis

spheric SPW1 amplitudes at similar latitudes (i.e. below the

tidal observations) during winter months (not shown). TheseAs noted above, the correlations obtained in Sects. 3 and 4
correlations are also usually related to the agreement omre often dominated by the low frequency variability based
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Fig. 9. Spectral analysis for time sequences of the stationary planf9- 10- Spectral analysis for time sequences of the stationary plan-

etary wave 1 amplitude at 10hPa, 652Fand the Saskatoon etary wave 1 amplitude at 10 hPa, 5526Dand the Eureka merid-

meridional semidiurnal tide amplitude at 88km during the 120-dayonal semidiurnal tide amplitude at 88km during the 120-day win-
summer-fall interval of 2007. The two time sequences are showrf€r interval of 2006/2007. The two time sequences are shown with

with red and black lines in Fig. 6b and the correlation coefficient purple and black lines in Fig. 2b and the correlation coefficient be-

between them is 0.74 (as included in Fig. 4k). Upper panel: the norfween them is 0.66 (as included in Fig. 7e). Otherwise details are as
in Fig. 9.

malized power (dashed for the planetary wave amplitude sequencér,‘ 9.
solid for the tidal amplitude sequence). Lower panel: coherence
(solid, scale on left axis) and phase (dots, scale on right axis) be-
tween the two time sequences as a function of period. The dashefach segment is tapered with a Hanning window. Spectra
line in the lower panel indicates a 95% confidence level. See texiare then calculated for each segment at each frequency band,
for details. and then are block averaged to form the final spectral esti-
mates. For this example, the two power spectra show a clear
characteristic of a “red” spectrum with a similar slope. Most
on the examination of time sequences. Further, a crossef the energies occur at periods longer than 25 days. The
spectral analysis can determine the correlation coefficient amaximum coherence appears at the lowest frequencies and
a function of the frequency which cannot be seen in the in-the corresponding phase is close to 0 deg, indicating that the
tegrated analysis. Here two examples are chosen for sucborrelation between them is clearly dominated by the low fre-
spectral analyses. quency fluctuationsx25 days). In addition, there is a clear

In Fig. 9, the 120 days of data for the SPW1 amplitude atanti-phase relation between them at periods around 3 days,
10 hPa, 65-70S and amplitude of the Saskatoon NS SDT Which is a negative contribution to the positive correlation.
at 88 km during the 2007 summer-fall (days 181-300), have We next choose two 120-day time sequences that lead to
been used. The two time sequences are shown with red aral high correlation for the winter time. Figure 10 shows the
black lines in Fig. 6b and the correlation coefficient betweensame spectral analyses as Fig. 9, but for the SPW1 ampli-
them s 0.74 as included in Fig. 4k. The upper panel of Fig. Stude at 10 hPa, 55—-80 and the Eureka NS SDT amplitude
presents the normalized power spectra for the two time seat 88 km during the 2006/2007 winter (days 311-430). The
qguences, and the lower panel shows the coherence and phaseo time sequences are shown with purple and black lines
between them as a function of period. These spectral estin Fig. 2b. They also lead to a high correlation coefficient
mates are obtained by direct Fourier transform. Block aver{~0.66) as included in Fig. 7e. In this case, the two power
aging has been used to improve the statistical reliability ofspectra also show a clear “red” behaviour, but the slope of
these spectral estimates and introduce spectral noise for thide spectrum for the tidal amplitude is “flatter” than for the
coherence calculation. The time-sequences are partitioneBPW1 amplitude. The latter illustrates that the high fre-
into 7 segments with 50% overlap between the segmentsquency variability plays a more important role for the tidal
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CMAM-DAS: 88Km Merid. Semi-Diurnal Tide vs. Latitude and Wavenumber
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Fig. 11. Spatial spectral analysis from the CMAM-DAS (Canadian Middle Atmosphere Model with Data Assimilation System) for the
meridional semidiurnal wind at 88 km and for three months (August, September 2006 and January 2007), providing wave number versus
latitude contours of amplitude. Positive (negative) numbers represent westward (eastward) propagation.

amplitude than for the SPW1 amplitude. Also the maximum SDTs at polar latitudes<80° N) and at high mid-latitudes
coherences are observed at long periods, illustrating that thé&~50° N) are estimated based upon the observations from
correlation in this case is also contributed largely by the lowthe Svalbard-Eureka pair and the Collm-Saskatoon pair. At
frequency fluctuations{15 days). the latitudes of Svalbard and Eureka and for the meridional
component, the s=2 (migrating) SDT is often dominant in
late summer time (July—September), while the non-migrating
tide occurs typically during late fall (starting at upper heights

The SDTs used for comparisons in this study are obser-In October and then onto December), late spring (April to

; . . . une), and spasmodically during the winter (associated with
vations made at single stations, which are the sums of] ) P y g (

. : L stratospheric warmings). The favoured NMT wavenumber
all zonal wavenumber components including migrating and . .
o X . for 2006/2007 during such intervals was shown by Man-
non-migrating tides. The extraction and use of zonal

wavenumber components would clearly be of advantage (e son et al. (2009) to be s=1, for zonal and meridional com-
P y 9 'gponents, after full discussion of the limitations of the use

\?vzuzgi%rrggzreritir?l-thjeggl;isl\r:ug??geelzlI\jl.'l"-ez'sct)i?nggl.tes\/\:rrglri of pairs of radars for this purpose (also recall the discus-
sion of wavenumber in Sect. 2 above). At the latitudes of

the use of radars at Eureka and Svalbard, which indicate th%ollm and Saskatoon. the MT dominates during nearly all
dominance of forcing at the SPW1 (Manson et al., 2009), at ' 9 y

. : months except for the October. The relative importance of
lower latitudes near S0there are likely to be other or mul- P P

) MT/NMT is not directly analysed for the latitude of 70
tiple NMT wave number; present (Manson et al., .200.43’. .b’since there are currently no suitable mesospheric wind obser-
2006). For example forcing at wave number S=4 is signifi-

A . ions available in the Pacific-Can longitudinal r
cant there. Thus in this paper we have used the % ratio of M'Iya.to s ava able in the Pacific Ca} adf"‘ 0 gtun_j a sector at
.- : . : this latitude. However, the non-migrating contribution to the
to the semidiurnal tidal variance observed at two locations.

Satellites, models or very extensive ground-based me Tromsg SDT variability is expected to be less important in
surements é\re required to resolve all dominant wave nurr?!ate summer-early fall based upon the extrapolation from the
. . analyses at-80° N and~5C° N. In addition, the studies of
bers at tropical to polar Iqtnudes (e.g. Manson etal, 2.004aManson et al. (2006) and Riggin et al. (2003) indicated that
Forbes and Wu, 2(_)06; C|erp|k etal, 20(_)3; Angelgts i Coll the migrating SDT is dominant during the mid-high latitudes
and Forbes, 2002; Jacobi et al., 1999; Oberheide et al'(40—65’ N) maxima of August—September: and Portnyagin

2007.)' S_pec_lflcally in this study, the relative contribution et al. (2004) also indicated that the migrating SDT dominates
of migrating tide to the observed (wave number unresolved)

6 Discussion
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at ~70° N during all months except for early summer. Fig-  Further, if the correlations for the Tromsg and Saskatoon
ure 11 shows the wavenumber spectra based on the CMAMtides are due to the non-migrating contribution, then the
DAS (Canadian Middle Atmosphere Model with Data As- observed Arctic tidal amplitudes at appropriate longitudes
similation System; Polavarapu et al., 2005) for the merid-should have even better correlations with the SH SPW am-
ional SDT at 88 km and for three months (August, Septem-plitudes since the relative contribution of the non-migrating
ber 2006 and January 2007). In the NH the migrating SDTtides are larger at Arctic latitudes. However, the SDT ampli-
(s=+2, westward) is clearly dominant in late-summer/earlytudes observed at Svalbard {78) and Eureka (80ON) gen-
fall (August—September) and mid-winter. The CMAM-DAS erally do not provide persistent significant correlations with
provides agreement with our fitting of the MT to the data the SPW1 amplitudes in the high latitude Southern Hemi-
from two radars, and then the determination of the relativesphere for the two summer-fall seasons (Fig. 1; negative cor-
importance of the MT/NMT. relations for the Svalbard 94 km tide are statistical artefacts).
During the two summer-fall seasons, the Tromsg SDT am-Note that due to the longitudinal variation of the phase of
plitudes below 90 km show significant and positive correla-the NMT the tidal amplitude modulation in the presence of
tions with the SPW1 amplitudes in high latitude southernnon-migrating tides is different for stations at different lon-
stratosphere and lower mesosphere (Fig. 3b and d), albeit fagitudes. For example, Baumgaertner et al. (2006) showed
small height ranges. Positive correlations are even more eviin their Fig. 10 that at 78S and 90 km altitude there is a
dent for the tidal amplitudes observed~&80° N. In particu- preferred longitude (longitudinal maximum) for constructive
lar, the Saskatoon SDT amplitudes are observed to be highlinterference between an s=2 migrating SDT and an s=1 non-
and positively correlated with the SPW1 amplitudes in high migrating SDT. Thus at this longitude (call it L) an s=1 tide
southern latitudes (Fig. 4). However, our explanation for thewould cause an enhancement in the total unresolved SDT
correlations differs from the study of Smith et al. (2007). As amplitude (s=1+s=2), and an observed positive correlation
hypothesized by Smith et al. (2007), the NH summer-fall cor-with the SPW1 amplitude. Conversely at L+180 degrees
relation between the amplitudes of the Esrangé [8SDT longitude an s=1 tide will cause a decrease in the total un-
and SH SPWL1 indicated a physical inter-hemispheric link;resolved SDT, and an observed negative correlation with the
the dominance of the non-migrating contribution to the ob-SPW1. At longitudes of £90 degrees there would be lit-
served tidal variability could explain the correlation. How- tle observed effect. However, the situation is different for the
ever, the authors did not provide convincing evidence for theNH. Our analysis clearly indicated that-a80° N the migrat-
dominance of the non-migrating SDT at the latitude of Es-ing SDT is dominant and the non-migrating is weak for NH
range. Here our analyses indicate the non-migrating SDTlate-summer/early fall. Therefore, there should be no signif-
generally plays a much less important role than the migraticant longitudinal variability for the observed SDT of Arctic
ing SDT at mid-high northern latitudes-60-70 N) during latitudes assuming the s=2 SDT amplitude is unchanged. In-
late summer—early fall. Hence, the nonlinear interaction be-deed the height versus time contours of SDT amplitude ra-
tween the migrating SDT and the SH SPW, via the gener+ios for Svalbard and Eureka (Fig. 8 of Manson et al., 2009)
ations of non-migrating SDT, cannot account for the corre-clearly show ratios near unity in late summer/early fall. Thus,
lations found between the observed tidal variability in the the Arctic SDTs observed at other longitudes are expected to
NH mesosphere and the SH SPW. Here our interpretatiorexhibit similar statistical results (i.e. no real correlations with
for the high correlation is that there is usually a similar sea-the SH SPW). This further confirms the small effect of the
sonal dependence between the amplitudes of the NH SDBH SPW on the NH tidal variability in the NH summer-fall
(50~7C° N) and SH SPW1, i.e., being small in early sum- months. The SH-winter SPW is usually much weaker com-
mer and then large in late summer and fall. The correlationgared with their northern counterpart (this paper; Manson et
are usually dominated by the low-frequency variability (usu- al., 2009; van Loon and Jenne, 1972; Aso, 2007). This could
ally >25 days) of the SDT and SPW1 amplitudes. The latebe an important reason why the Antarctic-winter SPW’s driv-
summer and early autumn (August-September) enhancemeirntg of the non-migrating SDT in the Arctic-summer is less
of the SDT amplitude in the NH mesosphere is primarily a significant, and thus less likely to be observed.
behaviour of a migrating tide caused by other mechanisms Note that although we think the local summer tidal vari-
(e.g. the refractive effects suggested by Riggin et al., 2003gbility in the NH is not physically associated with the growth
rather than the SPW-tidal interaction, while the growth of of SPW activity in the opposite hemisphere, the global forc-
SPW activity in the SH stratosphere during austral late win-ing of the non-migrating tide by the SPW is possible in
ter (August-October) is related to the breakdowns of the polaiOctober. Our analyses show that the dominance of non-
vortex and the final stratospheric warming in the SH. While migrating tides usually first appears during this equinoctial
these two events (SH and NH) may be distantly and physitime (October and onto November) while the simultaneous
cally related, at this stage of our understanding and until aSSPW amplitudes in both hemispheres are often comparable.
model such as CMAM-DAS is used diagnostically, no such Chshyolkova et al. (2006) have shown that inter-hemispheric
claims of inter-hemispheric coupling will here be claimed. propagation of planetary waves probably occurs during the
equinox months, which enhances the possibility of NMT
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Fig. 12. Time sequences of the stationary planetary wave 1 amplitudes at 10 hPa; Rb{shed line; scale on left axis, shown in all

panels) versus the Rothera {68, 68 W) meridional semidiurnal tide amplitudes (solid line; scale on right axis) ata®688 (b) and

90 km(c) for 2006/2007.

presence. However, this SPW-NMT link in October has abeing within a longitudinal maximum of the observed tide.
weak contribution to the 120-day correlation between the ob-The Arctic SPW amplitudes are generally much larger than
served NH SDT and SH SPW1. those in the Antarctica during the winter of each hemisphere.
During NH winter-centred months (early November to SO the Arctic SPW, via interacting with migrating tides, is
early March), the mesospheric SDT amplitudes observed afore likely to account for the local summer enhancement of
northern middle/high latitudes~50—-80 N) are often ob-  Antarctic non-migrating SDT.
served to be significantly and positively correlated with the This study does not explain what drives the high variabil-
SPW1 amplitudes in the local hemisphere (Figs. 7 and 8)ity of the observed SDT, especially for the late-summer/early
These correlations are also usually dominated by the lowfall enhancement. This is a very complex subject. Riggin et
frequency variability (usually-15 days) for the SDT and al. (2003) listed various mechanisms and focused on the re-
SPW1 amplitudes. Because both the SPW and migratindractive effects. A detailed analysis for all possible sources
SDT are often large in the NH during NH winter, the SPW- of the tidal variability would require more efforts and is be-
MT non-linear interaction probably occurs in the NH, pro- yond the scope of this paper. In addition, note that some
viding the non-migrating s=1 SDT which could then propa- differences are shown in the correlation plots between the
gate into the SH and lead to the local summer enhancementvo years, which might be due to the effect of the quasi-
of the s=1 NMT in the SH (e.g. January 2007 in Fig. 11, biennial oscillation (QBO) that has opposite phases in the
58-87 S). Our Fig. 2 shows that departure from MT domi- two years (e.g. Espy et al.,1997; Jacobi et al., 1998; Hib-
nance occurs spasmodically from mid-December through tdins et al., 2007). The relation between interannual varia-
April. Corresponding to this, the height versus time contourstions in the SPW and tides has been presented in the most
of SDT amplitude ratios for Svalbard and Eureka (Fig. 8 recent study (Xu et al., 2009).
of Manson et al., 2009) clearly show large ratios for those
months. That is consistent with the studies of Yamashita et
al. (2002) and Baumgaertner et al. (2006), and suggested by Conclusions
Manson et al. (2009).

The aforementioned discussions reveal little evidence thaThe SDTs observed at NH high/Arctic latitudes failed to
the summer-fall variability of the Arctic SDT is associated exhibit any real correlation with the Antarctic SPW1 in
with the Antarctic SPW of austral winter. In contrast, as NH summer-fall, in contrast with the claims of Smith et
noted above, during NH winter the Arctic SPW driving al. (2007). The correlations for the Tromsg and Saskatoon
the Antarctic non-migrating SDT is possible (also Murphy tides are considered at this time to be due to the trends of
et al., 2009). Figure 12 provides good agreement for thethe tides and SH SPW1 amplitudes during the respective
amplitude variability between the NH stratospheric SPW1equinoctial transitions. Although such individual trends will
and the meridional SDT (86—90km) observed at Rotheraencompass physical processes that have a global dimension,
(68 S, 68 W) during December-February of 2006/2007. without diagnostic assessment of an excellent GCM sim-
The Rothera-correlations are consistent with this locationple causality involving SPW and SDT cannot be provided
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at this point. During austral winter the PWs at Antarctic lati-  the semi-diurnal tide over Antarctica, J. Atmos. Solar-Terr. Phys.,
tudes are usually weaker than their Arctic-winter counterpart, 68(11), 1195-1214, 2006.

which possibly prevents the occurrence of strong wave-tideChshyolkova, T., Manson, A. H., Meek, C. E., Avery, S. K.,
interactions and the generation of the non-migrating tides. Thorsen, D., MacDougall, J. W., Hocking, W., Murayama, Y.,
The SH interaction driving the NH non-migrating tides might ~ @nd 19arashi, K. Planetary wave coupling processes in the mid-
occur merely, for example, for the austral winter of 2002 that 4!€ atmosphere (30-90km): a study involving MetO and MF

was historically unique due to the presence of a major SSW, radar data, J. Atmos. Solar-Terr. Phys., 68, 353-368, 2006.
y g P | Chshyolkova, T., Manson, A. H., Meek, C. E., Aso, T., Avery, S. K.,

and unusually high PW activity. Conversely, during NH win- Hall, C. M., Hocking, W., Igarashi, K., Jacobi, C., Makarov, N.,
ters the PWs are often strong, which probably supports the itchell, N., Murayama, Y., Singer, W., Thorsen, D., and Tsut-
extensive occurrence of strong SPW-migrating tide interac- sumi, M.: Polar vortex evolution during Northern Hemispheric
tion. The latter could then, given good propagation condi- winter 2004/05, Ann. Geophys., 25, 1279-1298, 2007,

tions, lead to the summer enhancement of the NMT in the http://www.ann-geophys.net/25/1279/2007/

SH. Cierpik, K. M., Forbes, J. M., Miyahara, S., Miyoshi, Y., Fahrutdi-

The “percentage power in the MT” from the pair of radars ~ nova, A., Jacobi, C., Manson, A. H., Meek, C., Mitchell, N. J.,
was used as an additional factor in the physical assessment 2nd Portnyagin, Y. Longitude variability of the solar semidiurnal
of the correlation: a value close to 100% indicates the dom- tide in the lower thermosphere through assimilation of ground-

inance of the MT, and smaller values indicate the increasing 61‘2823 p:ﬁgafgfgv,vz'gggi%fggﬂe';tosg);' Geophys. Res., 108(A5),

presence and at tlmes dominance of NMT. This §trategy Wa%bisuzaki, W.: A method to estimate the statistical significance of a
shown to be effective, as the MT was shown simply t0 be  cqrrelation when the data are serially correlated, J. Climate, 10,
dominant in the Arctic from mid-summer to early fall. Are-  2147-2153, 1997.

viewer had expressed concerns that the otherwise desirabespy, P. J., Stegman, J., and Witt, G.: Interannual variations of the
“zonal wavenumber resolved NMT”, which can be numer- quasi-16-day oscillation in the polar summer mesospheric tem-
ically obtained from radar pairs, may be problematic espe- perature, J. Geophys. Res., 102(D2), 1983-1990, 1997.

cially at non-Arctic latitudes. We discussed this matter in Forbes, J. M., Makarov, N. A., and Portnyagin, Y.: First results
this paper, agreed to differ to some degree, but did not pro- from the Meteor radar at South-pole —A large 12-hour oscillation

vide figures with NMT of particular wavenumber. with zonal wave-number one, Geophys. Res. Lett., 22(23), 3247—
3250, 1995.
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