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Abstract.

The equatorial anomaly is an interesting and importantufeabf the Earth’s
thermosphere-ionosphere coupling in tropical regionss &n anomalous latitudinal distri-
bution found in both the ionized and unionized part of theadphere. Its equinox config-
uration consists of a minimum near the dip equator flankedway maxima on both sides.
The ionospheric side of this anomaly, often referred to asatagial ionization anomaly
(EIA), has long been recognized since the 1930s. Howeethé@rmospheric counter-
part was only to be glimpsed by the Dynamic Explorer 2 satell the 1970s. A global
picture of it has been rather recently revealed by the CHAM#IEte in 2005. In this
paper, we complement previous studies by investigatingclineatology of the equatorial
mass anomaly (EMA) in the thermosphere using 4 years of CHAMRsurements. Our
analysis has revealed strong variation of the EMA with seaamud solar flux level. The
EMA structure is most prominent around equinox, with a ctegrough ratio about 1.05
for F10.7=150. Near solstices, it is asymmetric about theatjuator. The density crest at-
tains maximum 1-2 hrs earlier and reaches higher valueseirstimmer hemisphere than
in the winter hemisphere. The density in EMA regions variesiiannually, with maxima
near equinoxes. The latitudinal locations of the EMA crestdergo a seasonal variation,
obviously following the movement of the sub-solar pointeTBMA structure has also
been found to become more pronounced at higher solar flutsleBeth the location and
magnitude of the EMA crests closely follow those of the ElIAdorresponding seasons
and solar flux levels, hence demonstrating strong plasméalenteraction. Furthermore,
two seasonal asymmetries clearly present in the globakyamed density, with the density
in March/December being- 15 — 20% higher than that in September/June.

1. Introduction Sharma and Hewens, 1976;Walker et al., 1994;Huang and Cheng,
1996; Tsai et al., 2001;Liu and Wan, 2001;Liu et al., 2006b]. In
The Earth’s thermosphere has been known to be coupled wiibntrast, its thermospheric counterpart has so far lackfitient
the ionosphere. Among various features, the equatoriahafyo study. This may partly be due to the fact that neutral pasicre
is a very interesting and important one, revealing strongraé  more difficult to probe than the charged onégayr et al. [1974]
plasma interaction. This anomaly, whose equinox conflgmat briefly discussed the anomaly in individual atmospheric jcosit
shows a minimum near the dip equator flanked by two maxima diens around equinox and June solstice using a numericakimod
both sides, has long been recognized in the ionospheritr@fec The two density crests of this anomalous structure were show
density and referred to as the Appleton anomaly or the Equatee asymmetric at June solstice, with higher density in thetewi
rial lonization Anomaly (EIA). Its formation has been attrted to  hemisphere. However, these predictions and proposed misos
a fountain effect, mainly driven by the large-scale eastwelec- have so far not been validated by observations. Utilizing ypear
tric field at low latitudes [e.g. see review Bfshbeth, 2000, and observations from the satellite CHAMB et al. [2005] obtained
references therein]. A similar anomaly has been identifiethé a global picture of the equatorial air mass density anonshpie-
thermosphere as well, first in the compositidi [Philbrick and  viated as EMA in the following). This EMA structure has been
Mclsaac, 1972;Hedin and Mayr, 1973], then in the neutral tem- observed to generally appear after 10 local time (LT) andiper
perature and windfaghavarao et al., 1991, 1993], and recently in till ~ 19-21 LT depending on season, being most prominent be-
the total air mass density.fu et al., 2005]. These anomalous lat-tween 11-16 LT. Its formation was speculated to be causedrby i
itudinal distributions in both the ionized and unionizedtp the drag and charge-exchange released chemical heating, footioh
atmosphere demonstrate the strong ionosphere-thermresphie- are related to the EIA structure. However, this hypothesigdd
pling at low and middle latitudes. not be examined from a climatological point of view due to-lim
The EIA structure has been investigated extensively in ##t,p ited data. In addition, the Mass Spectrometer Incohereatt&c
and its morphology is now largely known [e.§homas, 1968; (MSIS) model Hedin et al., 1991], which is widely used for satel-
lite orbital predictions, is currently unable to reprodube EMA
structure eitherlfiu et al., 2005]. Therefore, further studies clari-
fying the climatology of the equatorial thermospheric aabnare
Copyright 2007 by the American Geophysical Union. highly needed for both theoretical and practical purposas.a
0148-0227/07/$9.00 following-up study ofLiu et al. [2005], we investigate in this pa-
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X-2 LIU ET AL.: THE EQUATORIAL MASS DENSITY ANOMALY

per the EMA variations with season, geomagnetic activity so- hemispheres. The x-axis represents month of the year, aith J
lar flux levels by using 4 years of CHAMP measurements duringary from 0-1, February from 1-2, etc. The interval of 12-43 i
2002-2005. Given the hypothesis ldli et al. [2005], we would 3 repetition of January, plotted here to show the densitycitre
expect these EMA climatological variations to closelydalithose i, pecember and January more clearly. The seasonal meae of th
of the EIA. EMA structures are obtained by averaging correspondingtinson
and shown in Figure 4. These figures reveal the seasonal and ge
2. Methodology and Data Selection magnetic activity variations of the EMA as described beldie
) _words "spring”, "summer”, "autumn”, and "winter” mean |dca
The CHAMP satellite was launched on July 15, 2000 into easons.
near-circular orbit with an inclination o87.3° and an initial al-
titude of 456 km. The precessing rate of its orbital plane-is
1.5°/day. Among various scientific instruments onboard, axiala
accelerometer effectively probes the in-situ air drag,chhyields Main features emerged from the top panels of Figures 3 and
estimates of the air mass density with an accuracy-af@ kg 4 under quiet conditions can be summarized as follows. (1§ It
m™" ata sample rate of 0.1 Hz (Level 2 data). The detailed procgsmeqiately evident that the EMA structure is most pronashc

dure for deriving the mass density from the CHAMP accelerom . : - -
ter has been described iu et al. [2006a]. It improves the one fround equinoxes, with two well-defined density crests. dibst-
to-trough ratio reaches a value of 1.05. Near solstices, it is

given in Liu et al. [2005] by effectively removing the influence . . o
of cross-track wind on the derived density. In the presamtyst asymmetric about the dip equator as expected (better séeig-in
we use measurements during 11-16 LT, where the EMA structutee 4). Both crests shift towards the summer hemisphere bytab
is most prominent. These data are further classified intéettju 10°—15° in latitudes, with higher densities in the summer hemi-
(Kp< 2) and "moderate” § <Kp< 4+) geomagnetic conditions sphere than in the winter hemisphere. (2) The density in EBIA r
(the current 3-hour Kp values are used). Very active penaitls gions varies semiannually, with maxima near equinoxes. d¥ew
Kp> 5 are not analyzed due to possibly increasing error from ifrs notable that the density in September—October peastaime
tLaCk mgnds %ng I'm'teﬁ ”Um.befl of slabmples. The n;onthil%mean fnonth after the September equinox (see upper panel in FajLire
then obtained for each activity level by averaging densitaing agreement with previous observations [&Kgig-Hele and Walker,

into the 11-16 LT sector during each calendar month, forye@er - ) ) .
degrees in corrected geomagnetic (cgm) latitudes. By dsg 1969; Moore, 1983]. A similar delay has also been recognized in

we ignore the relatively small local time variation aroundon  the electron densityHalan et al., 1998]. (3) The locations of the
and focus on the long-term variations with season and sptdec EMA crests (indicated as black lines in Figure 3) undergossea
The number of satellite passes contributing to the averbgach sonal variation, obviously following the movement of thé&solar
month at the equator is shown in Figure 1. Owing to CHAMP’point. Both crests move significantly equatorward in locaiter.
high inclination 0f87.3°, the number of passes varies little withThey are located neat15° cgm latitudes in winter, arountt25°
latitudes within+=60°. Density variations due to changes in or¢gm Jatitude in spring and autumn, and beyargD® in summer.

b't"’}! altitude have been felfUO‘éed ?efggekthe ayerag?]lng, ‘naras Furthermore, two asymmetries are clearly discerniblestFam
malization to a common altitude of 4 m using the NRLM ISalpparent asymmetry exists between the two equinoxes inimagn

model [Picone et al., 2002]. Since CHAMP’s mean altitude at low : . .
and middle latitudes varied within 412-360 km during thergea tudes of the mass density at all latitudes. The mean derrsignd

of 2002-2005 (see Figure 1), the normalization was applifiny March equinox is about — 10% higher than that around Septem-
one scale height. Therefore, errors caused by this proeeater ber equinox. Second, a June-December asymmetry can béclear
expected to be small (within 5% given a similar uncertaimtytie seen at all latitudes below0°, with p in December exceeding
MSIS predicted scale height) and will not seriously compsam in June by a factor of 1.2 in equatorial regions. This asymme-

4.1. Seasonal Variations under Quiet Conditions

the EMA climatology discussed below. try consequently leads to a winter anomaly in the northernrAEM
crest, but not in the southern crest. When averaged oveatall |

3. Longitudinal Variation of the tudes, the thermospheric density near December solstieegisr

Thermospheric Mass Density than near June solstice, being respectivei8 x 10™% kg m™3

and5.33 x 107 '? kg m~3. Therefore, a June/December asymme-
Figure 2 depicts the noon-time mass density distributiogein try exists in the globally averaged thermospheric densitth an
ographic coordinates at 400 km altitude, averaged ovendate asymmetry index of 0.074 when defined% [Mendillo
months of February—April. Density variations due to solaxfev- et al., 2005;Zhao et al., 2005]. This is consistent with the satellite
els have been removed by normalizing all density to a fix dhlar  orbit analysis byKing-Hele and Walker [1969] andBoulton [1985],
level of F'10.7 = 150 x 10~** W m~* Hz" " using the NRLM- which revealegh in December being over 1.3 times of that in June
SIS model (the "observed” values of F10.7 were used durirg thyithin the altitude of 240-470 km. This corresponds to amasy
procedure). The high density bands on both sides of the e'[;lua‘Pnetry index of about 0.13, which is higher than 0.074 obskhye

sandwiching a shallow minimum in between can be clearly rec: . . . . .
ognized. In particular, these bands are well aligned withdfp CHAMP near 400 km height. Given the altitude differencejrthe

equator, which is indicated by the black line in the figure.isTh larger asymmetry index may indicate possible deepeninghef t
alignment clearly demonstrates that the EMA structure igmeéi- June-December asymmetry at lower altitudes. We therefag m
cally controlled. Consequently, in geographic coordigatiee den- speculate that influences from below (i.e., lower atmosghesuld
sity experiences a strong longitudinal variation, patéidy in the play a role in the formation of this annual anomaly.

—90°-0° longitude sector. However, when discussed in geomag-

netic coordinates, the longitudinal variation becomes Egnifi- 4.2. Seasonal Variation under Disturbed Conditions
cant. Therefore, we discuss in the following sections tiraatol-

ogy of the longitudinally averaged EMA structures in geometge [N comparison to quiet conditions, the density increaseun
coordinates. disturbed conditions as seen in the 2nd panels of Figuresl 3 an

But the seasonal variation of EMA remains similar, with sgmai
nual variation and June-December asymmetry. Two new fesitor
note include: (1) the equinox asymmetry grows stronger #eibe
Figure 3 presents the mass density variation with geomisgneten in the lower panel of Figure 4, with the density aroundcila
latitude and month of the year for two different geomagnatie €quinox (ME) about5% —20% higher than that around September
tivity levels at a fixed solar flux level of F10.7=150. The iac equinox (SE). This leads to an asymmetry index of about O0&tw
lines depict the locations of the density peaks in corredpmon defined in a similar manner as for the solstice, be%zﬁ;—gg; 2

4. Climatological Variations
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the density maximum in September—October seems to peak-at &MA crests, which are at similar LT near equinoxes but phase-
lier time with increasing geomagnetic levels, being nearghd of shifted near solstices. The EMA crest in the summer hemigphe
September under disturbed time in comparison to Octobeerundends to occur 1-2 hrs earlier than that in the winter heneisph

quiet conditions. This tendency in LT shift apparently disagrees with thatjmted
by the model. Therefore, the CHAMP observations do not seem t
4.3. The Solar Flux Variation support the model predictions.

The EMA structure has also been found to become more prg-5 Comparison with Seasonal and Solar Flux
nounced at higher solar flux levels. An example is shown in F'glfariation of EIA

ure 5 for equinoxes case. It presents the average EMA prdfile a

three different F10.7 levels. The number of contributinggsa ~ The CHAMP observations have shown strong seasonal varia-
lite passes for each F10.7 level are 875, 1054, and 594, aespéons of the EMA structure. In particular, the locations foé EMA
tively. Note that the y-axis range in each plot has been #etjum Ccrests move poleward in local summer and equatorward irl loca
show the latitudinal variation more clearly, but the scalmains Winter, following the movement of the subsolar point. The £M
the same. It is not difficult to notice that in addition to theng Northern crest experiences a winter anomaly which doessitie

eral increase of the density with increasing F10.7 at aliuaes, the southern crest. The thermospheric anomalies mentiartee

the EMA double-hump structure becomes more distinct aterighintroduction have been speculated to be caused by the filh
F10.7 levels. The crest-to-trough difference increasesifabout and Mayr, 1973;Raghavarao et al., 1991;Liu et al., 2005]. Given

0.1 x 10712 kg m~3 for F10.7 < 100 to over0.4 x 10~'2 kg this hypothesis, we would expect the climatological vésiatof

m—3 for 150 < F10.7 < 200. In addition, there is a trend for the the EMA to closely follow that of the EIA, particularly its éation

EMA crests to move poleward with increasing F10.7. For insga  21d magnitude. In the following, we examine this specutaby
the crest center shifts from abotR0° for F10.7 < 100 to +25°  comparing with the seasonal and solar flux variations of tide E

- - The seasonal variation of EIA has been extensively invetit
for 150 < F10.7 < 200. Accpmpapy!ng these changes n thqn many studies [e.gThomas, 1968; Sharma and HeNer¥s 1976(!J
EMA, the EIA structure varies in a similar manner as refledted : ) ' !

- . .~~~ Tsai et al., 2001;Liu et al., 2006b]. Here we take the results of
the electron density observed by CHAMP in correspo.ndlngjeon Tsai et al. [2001] about the total electron contents (TEC) for com-
tions. The EIA structure grows more pronounced, with thetere ison -~ Using TEC from the Global Positioning System (GPS)
to-trough ratio increasing from 1.16 to ~ 1.24. The crest center

o g they showed that the EIA high density crests move signifigant
also moved poleward, fromt10° for F10.7 < 100 to £15° for - gquatorward in local winter, down to abatib® geomagnetic lati-

150 < F'10.7 < 200. tudes. While in summer, the EIA density crests was found ifo sh
towards higher latitudes. This seasonal movement of thecEdéts
agrees well with that of the EMA as seen in FigureT3ai et al.
[2001] have also showed that the EIA northern crests expegia
The above analysis of 4 years of CHAMP observations has r&inter anomaly, but the southern crest does not. The same ise
the semiannual variation and June-December asymmetry [€2§€n known to be more pronounced at higher solar flux levéts, w
Boulton, 1985;Jacchia and Sowey, 1968;King-Hele and Walker, 1€ peak-to-trough difference increases [#\glker et al., 1994].
1969;Moore, 1983]. Furthermore, it has revealed valuable climatgtiS behavior again resembles the EMA variation with solax fl
logical features of the EMA, which could not be examined befo I€VE!S, 8 seen in Figure 5. .
due to limited observations. In the following, we comparesth Therefore, both the locations and magnitudes of the EMAtsres

; . . . closely follow those of the EIA in corresponding seasons soidr

features with those predicted by numerical models or sedhen ¢ -
L : - flux levels. This supports the argument that the EIA could lea
EIA, which is the ionospheric counterpart of the EMA. the EMA structure of the neutral atmosphere. The principlgsp

ical processes involved are likely to be the ion drégdin and

Mayr, 1973] and the chemical heating related to charge-exchange
Among various humerical models, the oneNdgyr et al. [1974] ~ process fuller-Rowell et al., 1997]. The ion drag, which is larger

seems to be the only reported model to be able to produce a@n ecitf the EIA crest latitudes due to higher electron densioyysidown

torial anomaly in the thermosphere. Therefore, it is irtting the zonal wind hence the transport of energy and mass from the

to compare their predictions with the CHAMP observatione- pr dayside thermosphere towards nightside. This can leadgtuehi

sented above. Their model predicted an equatorial anonesy nthermospheric mass density in the crest regions. At the siamee

450 km altitude, which was obvious in the atmospheric compoghemical heating fueled by the charge-exchange betwéeard

tion of [N»], and weakly discernible if0]. This anomalous struc- 92 OF N2 occurs when charged particles fall down along geomag-

ture was shown to be symmetric about the equator aroundequif'€tic field lines Fuller-Rowell et al., 1997]. Itis especially effec-
and asymmetric at June solstice, with higher density in timgen t!ve |ntt;1e Eé(r)%glon agd the rele?lse?hentﬁrgy IS eqhwvalti:mraaaMa-t
: . : : ion at\ = nm. Consequently, the thermospheric temperature
gﬁngze;&\znggotgtegzg?g;prlﬁ;igS(?&R?;idi)f%gg [é\(g?] ats increases and the atmosphere expands correspondingle Bia
NN N o footprints of the EIA crests in the E region are at ab©20° mag-
should result in similar structures in the total mass dgnstiich

. ) . netic latitudes, this chemical heating process seems toilsote to
can be approximated by6[O] + 28[N2]. Comparing with the to- the latitudinal offset between EMA and EIA.

tal mass density observed by CHAMP, we immediately notiee th g nerposed on the ion drag and chemical heating effect, the
discrepancy between the prediction and observations & S0l  |51e-scale meridional wind circulation [e.Boble et al., 1987]
stice. The hemispheric asymmetry in the individual commsi 4y also influence the EMA formation. Being usually poleward
shown by the model leads to a higher total mass density in tfte Wat gay and equatorward at night, the meridional wind may ecéa
ter hemisphere than in the summer hemisphere. However, GPiAlhe EMA structure by transporting energy and mass from thia-eq
has observed the opposite, with higher density in the surhevai-  tor to middle latitudes at day and suppress it at night by sjteo
sphere (see Figure 4). _ transportation. This regulation may have contributed etérmi-
Furthermore, the model d¥layr et al. [1974] predicted a LT nation of the EMA at night. Interestingly, as shown in Figére
shift between the two density crests in two hemisphereslstic® the EMA seems to persist longer4a&20/21 LT at equinox, but ter-
with the one in the winter hemisphere occurring 1-2 hrseaii  minates earlier at solstices-{7/18 LT). This tendency agrees with
LT than that in the summer hemisphere. To examine this featuthe switching time of the meridional wind, which has beemfibto
contour plots of the CHAMP observed density distributioerolT  occur around 20 LT at equinoxes but shift to earlier time t®es
and geographic latitudes are presented in Figure 6. We see fWawamura et al., 2000]. However, we cannot evaluate this point

5. Discussion

5.1. Comparison with Model Predictions
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directly here due to the lack of simultaneous meridionaldvitea- Boulton, W. J. (1985), The determination and analysis ofitteét of Nim-
surements from the CHAMP satellite. Another mechanisntedla  bus 1 rocket, 1964-52b: the semi-annual variatio in air digfrem June
to heating by precipitated energetic neutral atoms fronraéa- 1968 to August 1974Planet. Space i, 33, 1417-1431.

tion belt was proposed byinsley [1981]. Such precipitation has FuIIer-R_oweII, T.J. (1998),_The thermospheric spoon: A hagism for the
been shown bygorbo et al. [2006] to peak at the magnetic equator  Semiannual density variatiod, Geophys. Res., 103, 3951-3956.
during quiet times, but to develop a second peak away from-equruller-Rowell, T. J., M. V. Codrescu, B. G. Fejer, W. Borer, Mfarcos,
tor which can reacB5° magnetic latitude in the growth and main ~ @d Et)' Na'g‘.dterstf”d(lggg.)tt Dg‘aAT'CS (;fthegzw"aé'i”‘igm%rxge:
phase of magnetic storms. Consequently, if these pretggditzeu- H c?.u'iag 'ZL:_: g :\:/lon : 'fg7é :ADS' e;r. yst | ’f th - t.
tral particles produce sufficient heating, it would lead tesmsity erilanl’néutr'e'alat?]erm'osbh;)g éeoph));s sge;gc igggﬂlggl @nequato-
maximum at the equator under quiet conditions, and W.Ith eq}tc Hedin, A. E., etal. (1991), Revised global model of therntesp winds us-
density enhancement on both sides of the equator duringetiagn

: ; 2 ing satellite and ground-based observatiah§eophys. Res., 96, 7657—
storms. However, since the observed EMA under quiet caniti 7388. 9 pvS

shows density minimum instead of maximum at the dip equatQjyang, v.-N., and M. Cheng (1996), Solar cycle variationshef equato-

such precipitation is unlikely to contribute to the EMA faatron. rial ionospheric anomaly in total electron content in thia@segion,J.
The CHAMP observations thus seem to offer little supporeng Geophys. Res,, 101, 24,513-24,520.
dence for this proposed mechanism. Jacchia, L. G., and J. W. Slowey (1968), Diurnal and seadatiaidinal

Finally, we would also like to add a few words about the equino  variations in the upper atmospheRéanet. Space ci., 16, 509-524.
asymmetry in the thermospheric density. As described itigec Kawamura, S., Y. Otsuka, S.-R. Zhang, S. Fukao, and W. Le®(000),
4.2 and better seen in Figure 4, a clear equinox asymmetsiseri A climatology of middle and upper atmosphere radar obsemst
the thermospheric mass density, with higher values in Mérah of thermospheric winds). Geophys. Res., 105, 12,777-12,788, doi:
in September at all latitudes. A similar trend has been neigeg ~_ 10-1029/2000JA900013. _ _ _
by Balan et al. [1998] in the daytime electron density near andting-Hele, D. G., and D. M. C. Walker (1969), Air density at aight
above the F region peak using MU radar observations at middle g;t‘:;meknggf‘g’fgxpjlgggag’o;éﬁgcian%N'l%y?fgfg' from the orbhef t
latitudes 35° N). They attributed this asymmetry to the merid-L. H. H. Lahr V. H o qW. K"'r’ﬂ ’(2005) Gll bakstiibution of
ional neutral wind, which was northward bsti0% ( ~20 m s') 1 e T DUNG V. TTenze, and T Romer , 2I0DaSIAOUNON O

. . b . the thermospheric total mass density derived from CHAMBeophys.
weaker near March equinox in comparison to September eguind o 110 A04301. doi:10.1029/2004JA010741.

This would keep the March equinox HmMF2 at a higher altitudg, . Lihr, S. Watanabe, W. Kohler, V. Henize, and Rsér (2006a),
where the recombination rate is low, hence leads to higres-el  zonal winds in the equatorial upper thermosphere: decomgaise so-
tron density than at September equinox. Though the reldigebp  lar flux, geomagnetic activity, and seasonal dependendieSeophys.
ical processes may differ, we find this difference in the dienal Res., A09S29, doi:10.1029/2005JA011415.

wind may also be invoked to explain the equinox asymmetrién t Liu, L., and W. Wan (2001), The evolution of equatorial trbugf iono-
thermospheric mass density observed by CHAMP. Accorditiggo ~ spheric f-region ionizatioriTerr. Atmos. Oceanic Sci., 12, 559-565.
"spoon mechanism” proposed IRuller-Rowell [1998], a stronger Liu, L., W. Wan, B. Ning, O. M. Pirog, and V. I. Kurkin (2006bgolar
meridional wind would lead to a stronger mixing of the atnivae activity variations of the ionospheric peak electron dgmsi Geophys.
in September. This would increase the mean molecular mess, r Res. A08304, doi:10.1029/2006JA011598. _

sulting in a reduced atmospheric scale height. Consequehd Mayr, H. G., A. E. Hedin, C. A. Reber, and G. R. Carignan (19Bipbal
thermospheric total mass density at a fixed altitude wouttive characteristics in the diurnal variations of the thermesjaitemperature
smaller in September in comparison to March. This equingrnas _2nd composition). Geophys. Res, 79, 619-628. .

metry has been observed by CHAMP to become stronger at higl%?nd'no' M., C.-L. Huang, X. Pi, H. Rishbeth, and R. Meie0O(), The

. L . Ly global ionospheric asymmetry in total electron contédnftmos. Solar-
geomagnetic activity levels (see Figure 4), hence may atdie Terr. Phys,, 67, 1377—1387.

stronger equinox asymmetry in the me”d'o_na! W'nd_' l\éoore, P. (1983), The semi-annual variation in air dengityf974-1978
In summary, the EMA shows strong variation with season and fom the orbit of 1972-05bPlanet. Space Sci., 31, 1501-1515.

solar flux levels. It is most prominent around equinox at fglar  pjjprick, C. R., and J. P. Mclsaac (1972), Measurementgnobspheric

flux levels. The latitude variations of EMA crests closeljldw composition near 400 kn§pace Research, 12, 743-750.

those of the EIA, hence adding supporting evidence for the imjcone, J. M., A. E. Hedin, D. P. Drob, and A. C. Aiin (2002),

portant role of EIA in the EMA formation through ion drag and NRLMSISE-00 empirical model of the atmosphere: Stati$timm-

chemical heating. However, previous studies have also 1stiloat parisons and scientific issues, Geophys. Res., 107, 1468, doi:

unlike the EIA which persists till postmidnight, the EMA st 10.1029/2002JA009430.

ture becomes indiscernible at nighi(i et al., 2005]. This feature Raghavarao, R., L. E. Wharton, N. W. Spencer, H. G. Mayr, anti.L

seems to apparently deviate from a simple EIA-EMA causeeeff ~ Brace (1991), An equatorial temperature and wind anomalpW(),

relationship. Superposed on the EIA effect could be thelaegu  Geophys. Res. Lett,, 18(9), 1193-1196.

tion by the meridional wind. Blowing poleward/equatorwat Raghavarao, R., W. R. Hoegy, N. W. Spencer, and L. E. WhattaJ),

day/night, it could enhance/suppress the EMA structurendsid- Nfeutrsl t?mpiratgre eri]norréaly erettthezce)qlulatolrgazléhignzqgsphersource

ional transportation and potentially contribute to the ENX&Ami- Ri ?]bviq 'CS Wé%o% e_?_f] yS St' : I"fl ( ) i anziz A
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Figure 1. Number of satellite passes contributing to the
monthly means in Figure 3 for two different geomagnetic ac-
tivity levels. The line on the top represents the sateflitaan
altitude in corresponding months.

CHAMP Kp=0...2 11-16 MLT  Mar. Equinox

_60 1 1 1 1 1 1
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
Geog. Longitude

Figure 2. Distribution of the dayside thermospheric mass den-
sity (in units of 10'*kg m™3) over geographic coordinates
under quiet geomagnetic conditions for a solar flux level of
F10.7=150. Smoothing was applied to emphasize only the
large-scale variations. The black line indicates the digatay.
Note the high density bands on both sides of the dip equator.
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Figure3. The mass density (in units of I&?kg m~3) variation
with geomagnetic latitude and month of the year at 400 km al-
titude for a fixed solar flux level of F10.7=150. The black 8ne
depict the locations of the density peaks in correspondémgih
spheres. The x-axis represents month of the year, with danua
from 0-1, February from 1-2, etc. The interval of 12-13 is a
repetition of January, making it easier to recognize thesitign
structures in December and January.
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Figure 4. The EMA latitudinal profiles at 400 km altitude for
different seasons at a fixed solar flux level of F10.7=150. The
profiles are averaged over February—April for March equinox
(ME), August—October for September equinox (SE), May—July
for June solstice (JS), and November-January for Decenober s
stice (DS).
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Figure 5. The average latitudinal profiles of the neutral mass
density and the electron density at 400 km for differentsola
flux levels around equinoxes. The profiles are averaged leetwe
11-16 LT. Heavy lines: the neutral mass density; light lirike

electron density. The number of contributing satellitesgagor
three F10.7 levels are 875, 1054, and 594, respectively.



X-10 LIU ET AL.: THE EQUATORIAL MASS DENSITY ANOMALY

Geog. Latitude Geog. Latitude Geog. Latitude

Geog. Latitude

March Equinox Kp=0...2

0 4 8 12 16 24
June Solstice Kp:O...2

: Qj 5. 7169 i
7 ( 93
qu D %lg @

8 12 16 24
Dec. Solstice Kp=0...2

s a5
(. 4.1766 13 5\
— L L

0 4 8 12 16 20 24
LT

Figure 6. Distribution patterns of the thermospheric total mass
density (in units of 10'2kg m~3) over LT and geographic lat-
itudes in different seasons under quiet geomagnetic dondit

A double-hump structure can be recognized after about 10 LT
and before about 18-21 LT depending on season.




