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Abstract: The wavenumber spectral components WN, at the mesosphere and low thermosphere (MLT) altitudes (70-10 km) and in the
latitude range between +45° are obtained from temperature data (T) observed by the Sounding of the Atmosphere using Broadband
Emission Radiometry (SABER) instruments on board the National Aeronautics and Space Administration (NASA)'s
Thermosphere-lonosphere-Mesosphere Energetics and Dynamics (TIMED) spacecraft during the 11-year solar period from 2002 to 2012.
We analyze in detail these spectral components WNy and obtain the main properties of their vertical profiles and global structures. We
report that all of the wavenumber spectral components WNy occur mainly around 100 km altitude, and that the most prominent
component is the wavenumber spectral component WN, structure. Comparing these long duration temperature data with results of
previous investigations, we have found that the yearly variation of spectral component WN, is similar to that of the eastward propagating
non-migrating diurnal tide with zonal wavenumber 3 (DE3) at the low latitudes, and to that of the semi-diurnal tide with zonal
wavenumber 2 (SE2) at the mid-latitudes: the amplitudes of the A, are larger during boreal summer and autumn at the low-latitudes; at
the mid-latitudes the amplitudes have a weak peak in March. In addition, the amplitudes of component WN, undergo a remarkable short
period variation: significant day-to-day variation of the spectral amplitudes A5 occurs primarily in July and September at the low-latitudes.
In summary, we conclude that the non-migrating tides DE3 and SE2 are likely to be the origins, at the low-latitudes and the mid-latitudes

in the MLT region, respectively, of the observed wavenumber spectral component WN,.
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1. Introduction

The mesosphere and low thermosphere (MLT) is an important re-
gion coupling the lower and upper parts of the atmosphere. Pro-
duced by the gravitational forces of the moon and sun, as well as
the thermal action of the sun, the whole atmosphere presents a
host of large-scale oscillations (Chapman and Lindzen, 1970). Act-
ive atmospheric oscillations in the MLT region, including gravity
waves, atmospheric thermal tides, and planetary-scale internal
waves, propagate through this region, leading to energy and mo-
mentum transportations from lower to higher altitudes.
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Recently, lots of space instruments have been used to investigate
the atmospheric oscillations at the MLT altitudes. For example, a
global measurement of atmospheric tides was obtained by using
temperature observations from the Limb Infrared Monitor of the
Stratosphere (LIMS) instrument on the Nimbus 7 satellite (Hitch-
man and Leovy, 1985; Forbes and Wu D, 2006). The Sounding of
the Atmosphere using Broadband Emission Radiometry (SABER)
instrument on board NASA’'s Thermosphere-lonosphere-Meso-
sphere Energetics and Dynamics (TIMED) satellite has provided
the global structure and climatological (annual and inter-annual
variation) characteristics of the large-scale waves and atmospher-
ic temperature tides (e.g., Garcia et al., 2005; Zhang XL et al., 2006;
Mukhtarov et al., 2009; Xu JY et al., 2009; Pancheva et al., 2010;
John and Kumar, 2011; Gu SY et al., 2013). Previous descriptions of
atmospheric tides have been based also on wind measurements
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from the High Resolution Doppler Imager (HRDI) on board the Up-
per Atmosphere Research Satellite (UARS) (e.g., Burrage et al.,
1995; Khattatov et al., 1997; Huang FT and Reber, 2003). Moreover,
global distributions of diurnal and semi-diurnal tides were ob-
served from the Microwave Limb Sounder (MLS) on the UARS
(Manson et al., 2002). The wind Imaging Interferometer (WINDII)
on the UARS also observed thermospheric wind tidal signatures
and equatorial wavenumber 4 density perturbations (McLandress
et al, 1994, 1996). In addition, TIMED Doppler Interferometer
(TIDl) measurements were analyzed for diurnal non-migrating
wind tides (e.g., Oberheide et al., 2006; Wu Q et al., 2008; Xu JY et
al., 2009).

It was Sagawa et al. (2005) and Immel et al. (2006) who first repor-
ted the prominent WN, componentin the IMAGE/FUV observa-
tion. Lin CH et al. (2007) analyzed electron density from GPS radio
occultation measurements of FORMOSAT-3/COSMIC and found
that four electron density peaks exist above 250 km. In addition,
Wan W et al. (2008) studied the seasonal variation of the WN, com-
ponent in the total electron content (TEC). Previous researchers
have suggested that the prominent longitudinal wavenumber
component WN, could be present in almost all the physical para-
meters of the ionosphere and of the thermosphere, including the
F-region airglow (England et al., 2006), E x B drifts (e.g., Hartman
and Heelis, 2007; Kil et al., 2007; Ren ZP et al.,, 2009), upper ther-
mospheric winds (Hausler and Liihr, 2009), the ion density (Kil et
al., 2007), electron density, and the thermospheric zonal wind
(Lahr et al., 2007), to name just a few. Furthermore, Oberheide et
al. (2011) identified a dominant wavenumber component WN, in
the longitude profile of the zonal wind in the MLT region. These
authors related the wave pattern WN, to the eastward-propagat-
ing non-migrating diurnal tide with zonal wavenumber 3 (DE3)
and the eastward-propagating non-migrating semidiurnal tide
with zonal wavenumber 2 (SE2). DE3 and SE2 are produced in the
troposphere by the release of latent heat (Hagan and Forbes,
2002, 2003) and exhibit four wave peaks when seen from a Sun-
Synchronous view.

Recently, using data from the HRDI and WINDII instruments on the
UARS, Wu Q et al. (2008) and Huang FT and Reber, (2004) found
that the zonal wind of DE3 is stronger and occurs primarily
between the June solstice and September equinox near the
equator, while the meridional wind spectral component is relat-
ively weaker and occurs during the March and September equi-
noxes. Similar results have been obtained from analysis of data
from the TIDI and SABER instruments on board the TIMED satel-
lite (e.g., Oberheide et al., 2006; Chen ZY and Lu DR, 2007; Ober-
heide and Forbes, 2008). In addition, Bruinsma and Forbes (2010),
England et al. (2010), Oberheide et al. (2011) and Miyoshi et al.
(2012) demonstrated the importance of the SE2 for generation of
the wave-4 structure at the mid-latitudes. Thus, we suggest that
the observed annual variation of the spectral component WN, in
atmospheric parameters should correspond to that of DE3 and
SE2 tides.

Several studies over the last couple of decades have shown that a
noticeable longitudinal wavenumber spectrum would be present
in the MLT region. Hence, we report results of preliminary studies
of the wavenumber spectrum in atmospheric parameter (7) at the
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MLT altitudes observed by the SABER instruments on board NASA’s
TIMED spacecraft, which was launched on 7 December 2001. Due
to the slow precession of this satellite’s orbit, almost complete loc-
al time coverage is achieved every 60 days. During the last dec-
ade, investigators have studied the climatological (annual and
inter-annual variation) characteristics of atmospheric tides and
planetary waves by accumulating daily SABER temperature data
in a running window of 2 months (60 days) length. In this report,
we suggest that SABER data can reveal meteorological (short peri-
od variation) characteristics of the large-scale waves in the MLT re-
gion, from a new point of view. We use the global observations of
atmospheric parameter (T) from TIMED/SABER to study the longit-
udinal wavenumber spectrums over the mid-low latitudes in the
MLT region. Further, we obtain wavenumber spectrumes, filtered
from the extracted long-period atmospheric parameters, and in-
vestigate their vertical profiles and climatological and meteorolo-
gical characteristic. Our results support the suggestion that the
longitudinal wavenumber spectral components may have their
origin in the non-migrating tides.

The main purpose of the present work is to investigate the longit-
udinal wavenumber spectral component WN, of the atmospheric
parameter (T) in the MLT region, picked up from the TIMED/SABER
observation data sets. Section 2 describes the TIMED/SABER ob-
servation data and the analysis methods. In Section 3 we present
the analysis of the main wavenumber spectral components WN,
and analyze in detail the short period variation of the longitudinal
wavenumber spectrum WN,. In Section 4 we compare the short
period variation of the main spectrum WN, with data regarding
the non-migrating tides. The last section presents our summary
and conclusions.

2. Data Set and Analysis Method

In this paper, we will analyze variations of the wavenumber spec-
tral components WN, and study in detail the day-to-day variation
of the wavenumber-4 spectral component using temperature ob-
servations from the SABER instrument on board NASA’s TIMED
satellite.

2.1 TIMED Observations

Since late January 2002, the SABER (Sounding of the Atmosphere
using Broadband Emission Radiometry) instrument on the Ther-
mosphere lonosphere Mesosphere Energetics and Dynamics
(TIMED) satellite has provided global temperature (T) observa-
tions for the latitudes range 50°N-50°S from the lower strato-
sphere to the lower thermosphere (20-120 km). These data
provide an unprecedented opportunity for studying in detail the
climatological characteristics of the longitudinal wavenumber
spectral components in coupling the lower and upper atmo-
sphere. Over a period of approximately 60 days, as the TIMED
satellite both ascends and descends through orbital nodes, SABER
is able to collect data sampled at almost a full 24 hours of local
solar time. Figure 1 presents a local time (LT) series during a 7-year
interval taken on the ascending (red dots) and descending (blue
dots) orbit nodes at the equatorial latitude and at the 100 km alti-
tude.

The TIMED/SABER observations are downloaded from the Web

Li X et al.: WN4 spectral component
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Figure 1. The LT series of SABER measurements by the TIMED
satellite taken on the ascending (asc) and descending (dsc) orbit
nodes at the equatorial latitude and at 100 km altitude.
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site: http://saber.gats-inc.com/. More details about the instru-
ment and recent results are given by Killeen et al., (2006) and
Remsberg et al. (2008).

In the present study, we analyze Saber data, version 2, from both
ascending and descending orbital nodes in the altitude range
between 70 and 110 km and the latitude range between 45°N and
45°S, collected during 2002-2012.

2.2 Wavenumber Spectrums Analysis

We have developed a technique to decompose the atmospheric
waves of different longitudinal wavenumbers, based on
wavenumber spectral analysis. Using this technique, we express
daily temperature data by the composition of their wavenumber
spectral components WN,, where WN, (¢, z t, d) is the daily aver-
age of temperature (Ty); t indicates LT and d denotes the integer
day numbers (UT days); ) is the longitude and 7 indicates altitude;
¢ denotes latitude; k=(1,2,--,6) denotes the longitudinal
wavenumber; and A, (¢, z t, d) and &, (¢, z t, d) are the amplitudes
and phases of the spectral components WN, (¢, z t, d), respectively:

T\ .zt d) = WNo (@2t d)+ ) WN(p2z1d), (1)

where, WN = A (¢, 2 t, d) - 2T+ Ploztd), (2)
The top plot of Figure 2 is an example of the temperature data
from July 31, 2004, at the equatorial latitude (p = 0) and at the alti-
tude of 100 km, represented as a distribution of longitude ). For a
single-fit-using equation, we use a horizontal grid spacing of 15 or
16 orbits a latitude cycle to extract the spectral components. The
bottom plot of Figure 2 presents the deduced wavenumber spec-
tral amplitudes A, from the top temperature data, represented as
a wavenumber distribution k. It is obvious in Figure 2 that wave
number 4 (k = 4) WN, dominates the wavenumber spectral com-
ponents in temperature (T). As suggested by previous research,
the WN, components are the strongest spectrum components in
the MLT region as well as in the thermosphere and ionosphere
(e.g., Sagawa et al,, 2005; Immel et al., 2006; Wan W et al., 2008; Liu
HX et al., 2009). Hence, among these wavenumber spectral com-
ponents, we are mainly interested in the wave number 4 (k = 4)
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Figure 2. The top plot is the temperature in July 31, 2004, along the
equator and at 100 km altitude; the bottom plot is the wavenumber
spectral analysis. The red line is ascending (asc) node and the blue line
is descending (dsc).

component WN,.

3. Results

SABER\TIMED observations provide the daily temperature data
analyzed here; these data have horizontal and vertical resolution
of 2.5° latitude by 2 km height. In addition, for each local time ¢
and each day number d, the amplitudes A, of the wavenumber
spectral components WN, are then derived from the daily temper-
ature data.

3.1 Wavenumber Spectral Components

Figure 3 shows the mean distribution of the amplitudes A, of the
main wavenumber spectral components, which are further aver-
aged among different years (2002-2012), as a distribution in the
plane of latitude ¢ vs height. From top to bottom and from left to
right the plots refer the wavenumber k = (1,2, 3,4,5,6), respect-
ively. It is also obvious in Figure 3, as well as in Figure 2, that the
wavenumber spectral component WN, is quite remarkable among
the different spectrum components in temperature (7).

It should be noticed that the wavenumber components WN; in
temperature present the convergent tendency, that is, wavenum-
ber spectral amplitudes A, decrease as the wavenumber k in-
creases, as shown in Figure 3. In addition, the wavenumber com-
ponent WN, are obvious, as illustrated in the bottom left plot of
Figure 3. The wavenumber spectral amplitudes A; are a little lar-
ger, as seen in the top right plot of Figure 3, which would be con-
sistent with the WN; of the total electron content (TEC) in the EIA
region (Mu WF et al.,, 2010).

As seen in the top plots of Figure 3, the wavenumber component
WN, is strongest at the altitudes range from 84 to 90 km around
the equator; it is stronger at £30°. The amplitudes at high-mid lat-
itudes are larger than that at low-latitude. The amplitudes A, of
the second wavenumber component are largest at 85 km along
the equator. Next, the wavenumber component WNj; is strong
from 100 to 110 km at mid-low latitudes in the northern hemi-

Li X et al.: WN4 spectral component
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Figure 3. The average amplitudes A, from 2002 to 2012 of the main wavenumber spectral components are presented as height z vs. latitude .

The wavenumbers k = 1, 2, 3,4, 5, 6, are presented in order from top to bottom.

sphere. As shown in the bottom left plots of Figure 3, the
wavenumber component WN, is stable and strong around 100 km
altitude and at the low-latitudes; i.e., the amplitude may reach to
1.2 K, and the (relatively weak — it may reach only to 0.8 K) peak
amplitude occurs at 80-90 km. The wavenumber components
WN;s and WN are weaker in the MLT region.

Hence, among these wavenumber spectral components, we are
mainly interested in the wavenumber component WN,. The met-
eorological (short period variation) characteristics of the
wavenumber spectral component WN, will be presented in the
next section.

3.2 Wavenumber-4 Spectral Component Wn,

In this paper, we focus on wavenumber spectral component WN,
in the atmospheric parameter (7). For lack of daily temperature
data, previous research into annual and inter-annual temperature
variation focused on analysis of the climatological characteristics
of the wavenumber components. Now, we reverse that approach
by taking the component WN, for example, presenting its climato-
logical (annual and inter-annual variation) and meteorological
(short period variation) characteristics by using the now-plentiful
daily temperature data. Figures 4 and Figure 5 show the yearly
variations of the component WN,; Figures 6 and 8 illustrate the
component WN, which is smoothed with a running window of 1-
month'’s length; finally, Figures 7 and 9 show the day-to-day vari-
ation of WN,.

Take the spectral component WN, at 100 km altitude for an ex-
ample; the short-period variations of the wavenumber spectral
amplitudes A, in temperature (T) at 100 km altitude, from 2002 to

2012 each year, are illustrated in Figure 4. As can be seen in Fig-
ure 4, as well as in the left bottom plot of Figure 3, the wavenum-
ber spectral amplitudes A, present a remarkable annual variation
at the low-latitudes: A, is larger in J-months (May, June, July and
August), i.e., the spectral amplitudes A, may reach 6 K in August,
as shown in the third-row plot of Figure 4. Similar to Figure 4, the
short period variations of the wavenumber spectral component
WN, in temperature (T) along the equator are shown in Figure 5.
The amplitudes A, of the component are larger around 100 km
altitudes, especially during J-months, as illustrated in the left bot-
tom plot of Figures 3 and 5.

In order to analyze, in detail, the day-to-day variations of the
wavenumber spectral components in the MLT region, as well as to
compare the annual variation of the wavenumber spectral com-
ponent WN, with results of previous research, the component WN,
is smoothed with a running window of 1-month. Similar to Fig-
ures 4 and 5, Figures 6a 6b, 8a, and 8b show the wavenumber
spectral component WN, at 100 km and along the equator; i. e,,
the amplitude A, and the phase &,, respectively.

As illustrated in Figure 6a, the spectral component WN, are strong
at the low latitudes during the period of boreal summer to au-
tumn, and present a weak peak in March at the mid-latitudes. Ob-
viously, the yearly variation of the wavenumber spectral compon-
ent WN, at the low-latitudes is highly dependent upon the non-
migrating tide DE3; this observation agrees with previous studies
(e.g., Wu Q et al., 2008; Friedman et al., 2009; Oberheide et al.,
2011). Additionally, the peak of the wavenumber spectral com-
ponent WN, in summer is obviously divided into two peaks. For in-
stance, the spectral amplitudes A, are larger in July and Septem-

Li X et al.: WN4 spectral component
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Figure 4. The wavenumber spectral amplitude A, at the altitude of 100 km. From top to bottom are data for years = 2002, 2003,..., 2012,

respectively.

ber. Additionally, a weak peak of the WN, occurs in March at the
mid-latitudes, which matches the variation of SE2 at the MLT alti-
tudes (Pancheva et al., 2010; Oberheide et al, 2011). As to
Figure 6b, the spectral phases ¢, are stable when the correspond-
ing amplitude is strong enough (i.e., in a J-month), but it is much
noisier when amplitudes are weaker. This phenomenon is similar
to the variation of DE3 in the MLT region (Wan W et al., 2010). In
addition, as shown in Figure 6b, the spectral phases have a cycle
of about two months.

As seen in Figure 8a, the spectral amplitudes A, along the equat-
or are larger above 100 km altitude; and in April, June, and July;
i.e., we observe that the amplitude reaches 4 K in July 2008 at
100 km. In addition, as illustrated in Figure 8b, the spectral phases
&, are stable at the MLT altitudes, especially in J-months. The
wave length along the equator is about 30 km, as shown in
Figure 8b.

In this work, the day-to-day variation of the wavenumber spectral
component WN, is represented by the difference between suc-

cessive daily averages, smoothed with a running window of
1-month, of the daily WN, component. This day-to-day variation of
the smoothed average wavenumber spectral component WN, is
shown in Figures 7a, 7b, 9a, and 9b; i.e., the amplitude A, and the
phase &,, respectively. As seen in Figure 7a, the amplitudes of the
day-to-day variation are also obvious in J-months and at the low-
latitudes. We report that the day-to-day variation has peak amp-
litudes in September at the low-latitudes in the southern hemi-
sphere. Also, as Figure 9a indicates, the day-to-day variation of the
wavenumber spectral component is most remarkable around
100 km along the equator.

4. Discussion

From the above analysis of data from the TIMED satellite over a
range of the atmospheric parameter (7), we conclude that the
most prominent feature of the wavenumber spectrum is the four-
peaked longitudinal structure (WN,). The observed yearly vari-
ation of the spectral component WN, in Figures 3 and 4 were al-
most fully emulated by DE3 at the low-latitudes and by SE2 at the

Li X et al.: WN4 spectral component
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Figure 5. Same as Figure 4 but for the wavenumber spectral amplitude A, along the equator.

mid-latitudes.

Similarly, the analysis demonstrates that DE3 is intimately connec-
ted at low latitudes with the longitudinal distribution, by topo-
graphy and land-sea difference, of the predominant wavenumber,
which is wavenumber 4. (e.g., Forbes et al., 2006; Pancheva et al.,
2010; Oberheide et al, 2009, 2011). As suggested by previous
studies, the longitudinal wavenumber spectral component WN, in
the ionospheric F region may originate from longitudinal modula-
tion of the latitudinal symmetric modes; the main contributing
tide is believed to be the DE3 tide (Wan W et al., 2010). Compar-
ing our work with the above results, we note that the yearly vari-
ation of the spectral component WN, is completely consistent
with that in the temperature fluctuations of DE3 at the low latit-
udes.

Moreover, observational evidence supports the hypothesis that
SE2 may be an important source of the wavenumber-4 structure
at the mid-latitude in the ionosphere and thermosphere (e.g.,
Oberheide et al., 2007; Forbes et al., 2008; Hagan et al., 2009; Eng-
land et al, 2010; Héusler et al., 2010; Oberheide et al., 2017;

Pancheva and Mukhtarov, 2012; Chang LC et al., 2013). Our res-
ults above suggest that the mid-latitude peak of the spectral com-
ponent WN, may correspond to the SE2 tide at the middle latit-
udes.

Hence, we suggest that the wavenumber spectrum WN, is de-
termined primarily by the DE3 tide at the low-latitudes and by the
SE2 tide at the mid-latitudes. In addition, the abundant observa-
tion data available from the TIMED satellite have allowed analysis
of the local time (LT) variations of the wavenumber spectral
phases ¢, at the MLT altitudes. Statistical analysis of these data
finds that the phases of the component are regular when the
amplitudes are strong. Figure 10 shows two examples of the aver-
age phases @,, represented as a distribution of LT. The top plot of
Figure 10 presents the phases @, at the altitude of 100 km along
the equator in the J-months (May, June, July and August); the bot-
tom plot presents phases in March at the 110 km altitude at 30°N
latitude. As seen in Figure 10, in an LT period the phase variation
is obviously linear. We suppose that the wavenumber component
WN, may originate mainly from the longitudinal modulation of
one single mode. In addition, as illustrated in the top and bottom

Li X et al.: WN4 spectral component
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Figure 6. (a) Same as Figure 4 but for the wavenumber spectral amplitude A, at the altitude of 100 km, smoothed with a running window of
length equal to one-month of daily data. (b) Same as Figure 4 but for the wavenumber spectral phase @, at the altitude of 100 km, smoothed
with a running window of length equal to one-month of daily data.
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Figure 8. (a) Same as Figure 4 but for the wavenumber spectral altitudes A, along the equator. (b) Same as Figure 4 but for the wavenumber
spectral phase @, along the equator.

Li X et al.: WN4 spectral component



Earth and Planetary Physics  doi: 10.26464/epp2020040 445

WI*H T t:sl PEN M«T mr ﬂ
1»'\ (l: 1P Vi 3 1] A
B e o O e o e T T

‘!M"j‘i('{%}d%. A% "-Ptn 1 I.Ill‘g{‘:’ 114

I

(a)
’

‘r

Height (km)

A
/44?‘

R A ]

¥ 1 ;J“Il;‘

7
B
TR o
)0
7 ‘y' “""*W 1 ”4'; : ’w\ T{;’h W P i) ?*/r :‘mﬁ'!‘
W et
7‘[ A,,)‘t‘l 1‘/“ dﬂ "/J' i{, !yp “J/ l“ (M‘qr.\! "' |
A 4'\" ."A'
i w Nv T
4’ w i BT ,.w
¥ 4 - V\( "l V"

R

Height (km)

M P

410 WAl ‘v o g/?m ‘ T
.. ,‘l:h" 119}"1 ;4«? "/ “4“‘:'1" ;_f.ﬂ'{?ﬁ "f)‘d.)'ii" ‘11 m
s A y . lY P ‘ 77 .,
ﬁn“t,' If»;jff ﬂ,') '/ W’"'& ) 'jﬁ"“&’ 1,\4 ,4-“ AWH
il D
.l{*‘t' ”\,’ AJIV ,4.‘“7/ ,()}4,,%

Month

Figure 9. (a) Same as Figure 4 but for the day-to-day variation of the wavenumber spectral amplitude A, along the equator. (b) Same as Figure 4

but for the day-to-day variation of the wavenumber spectral phase &, along the equator.
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Figure 10. The average phases &, of the wavenumber 4 component are presented in the plane of local solar time. The top plot is the J-month
average phases along the equator at the altitude of 100 km, and the bottom plot is the March average phases in 30°N at 110 km altitude.

plots of Figure 10, the estimated period of 24 LT and 12 LT, re-
spectively, demonstrate that the single mode should be a diurnal
tide and a semi-diurnal tide, which exhibit four wave peaks when
seen from a Sun-Synchronous view.

Therefore, we conclude that the eastward propagating diurnal
tide with zonal wave number 3 (DE3), at the low-latitudes, and the
eastward propagating semi-diurnal tide with zonal wave number
2 (SE2) at the mid-latitudes, are the primary explanation for the
wavenumber spectrum WN,. Similarly, our analysis demonstrates
that DE3 and SE2 are intimately connected with the predominant
wavenumber 4 longitude distribution of topography and land-sea
difference at the low-latitudes (e.g., Forbes et al., 2006; Oberheide
et al., 2009, 2011; Pancheva et al., 2010) and at the mid-latitudes.
(e.g., Oberheide et al., 2007; Forbes et al., 2008; Hagan et al., 2009;
England et al., 2010; H&usler et al., 2010; Oberheide et al.,, 2011;
Pancheva and Mukhtarov, 2012; Chang LC et al., 2013).

5. Summary and Conclusions

In the present work, TIMED\SABER observation data have been
used to obtain longitudinal wavenumber spectral components
WN, of the atmospheric parameter (T) and to investigate the
wavenumber-4 spectral component WN, at the MLT altitudes
(70-110 km). We report that the most prominent wavenumber
spectral component is the component WN,. The main results are
outlined as follows:

(1) The variations of the wavenumber spectral components WN; in
Temperature (T) are observed to be strong in the MLT region and
at the low-latitudes. Among the components, WN, is strongest;
WN, is second-strongest. WN, is stronger around 100 km altitude
and at the low-latitudes. The wavenumber spectral amplitudes A
are larger along the equator and at mid-latitudes in the altitude

range of 80-90 km.

(2) Using long duration temperature data, the climatological (an-
nual and inter-annual variation) characteristics of the wavenum-
ber spectral component WN, are presented. The yearly variations
imply the possibility that the component WN, in temperature is
dependent at the low latitudes primarily on the diurnal, eastward,
wavenumber 3 nonmigrating tide DE3, and on the semi-diurnal,
eastward, wavenumber 2 nonmigrating tide SE2 at the mid-latit-
udes. In addition, we find that the wavenumber spectral compon-
ent WN, undergoes a remarkable short period variation: the peak
spectral amplitude A4 in temperature occurs primarily in boreal
summer and autumn at the low-latitudes and above 100 km alti-
tudes.

From the above results, we conclude that the climatological char-
acteristic of the wavenumber spectral components is consistent
with that of the non-migrating tides in temperature. In addition,
the meteorological characteristic of the wavenumber spectral
component WN, shows two peak amplitudes during the boreal
summer and autumn, i.e.,, July and September, which may origin-
ate from the longitudinal modulation of the DE3 tide at the low-
latitudes and shows a weak peak amplitude in March, which may
originate from the longitudinal modulation of the SE2 tide at the
mid-latitudes. Thus, we suggest that the non-migrating tides DE3
and SE2 should be acknowledged as the origins of the observed
longitudinal wavenumber spectral component WN, at, respect-
ively, the low- and the mid-latitudes in the MLT region.
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