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ABSTRACT

The paper presents horizontal wind variation in the relatively magnetic quiet month of September 2003 using wind
data from TIMED and CHAMP satellites. Wind behavior in the lower thermosphere is influenced by external forces
from the lower atmosphere while solar electromagnetic radiations and magnetospheric eectric field act on the
upper thermosphere. The upper thermospheric winds from the two local time sectors are observed to be faster than
the lower thermospheric winds.
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INTRODUCTION

The terrestrial thermosphere and ionosphere foren rttost variable part of the Earth’s atmosphere Téle
thermosphere is often considered in a first appnation as a linear stable dissipative oscillatorgtem, which
suppresses the small-scale and short- term stasctuore effectively than the large-scale and l@mgitones [5].
Much of the sun’s X-rays and UV radiations are absd in the thermosphere. These radiations in iaddib
ionizing radiations from outer space ionize neuspkcies in the mesosphere and thermosphere foraring
embedded region, the ionosphere. On shorter timkescsolar X-ray radiation can increase dramdgicghen a
solar flare occurs leading to increases in the B Brregions ionization [1]. The lower and uppermthespheres
with the embedded ionosphere form a coupled systefluences that originate at one height have elkes
elsewhere in the system. lonospheric dynamo isdrbw neutral winds, but operations of these windbte E and
F-layers are different. The E-layer and F-layemaiyos are linked by geomagnetic field lines, wlkachas highly
conducting ‘wires’ because electrons can move yraking them to neutralize parallel electric figld]. The effect
of molecular diffusion in the thermosphere beconmegortant at heights above about 110km. Above ieight
there is rapid decrease in the densities of heavidecular species.

The dynamics of the thermosphere is mainly drivgnelstreme ultra-violet radiation (EUV). The quiémé
electrodynamics of the mesosphere-lower thermospio@osphere (MLTI) region is believed to be driviey
gravity waves, tides and planetary waves propagatpward from their source regions in the loweragphere [4].
The general heating for the Thermosphere-lonospsgstem comes from the interaction of the solar pidtons
and energetic particles. . Frictional heating a&f treutrals and ions in the high latitudes causeelbgtric field
driven currents is a major source of heat at thgh Hatitudes. Pressure gradients resulting fronrndiuand
latitudinal variations of neutral gas heating tdgetwith Coriolis effect, generate meridional anda winds in the
earth’s upper atmosphere. lon drag resulting fraflisions between ions and the neutral particlestrdoutes in
establishing the general pattern of the winds @apigdn the F-region thermosphere. lon drag whilthhgs about
differential motion between the neutrals and iodizpecies is also an energy source for the thermeosp The
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diurnal, seasonal and solar-cycle variation of upjpermospheric winds is brought about by variaion the
sources of these winds and variations in propagdtimm tides, gravity and planetary waves origingtfrom the
lower atmosphere. Figure 1 shows the interactiotwden the thermosphere/lonosphere system and the
surroundings. lons and atoms which are likely pobsldrom photoionisation and dissociation, and tetecimpact

and ionization may be converted to different speaiethe thermosphere. These species may eventealynbine

in reactions which are exothermic.

The aim of this paper is to present wind variationthe thermosphere during the relatively quiet thoaf
September 2003 using wind data from the TIMED (Tsphere-lonosphere-Mesosphere-Energetics and
Dynamics satellite) and CHAMP (Challenging Minieiéite Payload) satellites. Wind data for the momth
September, 2003 from the TIMED and CHAMP satellt@s been used for this study. The month of Semgmb
2003 was a relatively quiet month. Geomagnetictdinee disturbances are still a relatively weakealep direction

in ionospheric/thermospheric studies. Quiet timgwbances (Q-disturbances) can either be positiveegative.
Positive Q-disturbances occur under slightly enkdnauroral activity when high latitude heating eases and
damps the solar driven poleward thermospheric Eitioun [10].
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Figure 1. Interaction of the high, mid- and low latitudesther mospher e- ionosphere syssemswith the surroundings

Negative Q-disturbances occur under so called gtatate of the thermosphere which corresponds ity lesv
geomagnetic activity with an unconstrained solavedr thermospheric circulation characterized bgtreély strong
daytime poleward wind and relatively low atomic gey concentrations at middle and sub-auroral eig11].

2. Data Sour ces

The TIMED Doppler Interferometer (TIDI) is a windemsuring instrument on board the TIMED satellite. |
measures horizontal wind vector winds in the mesesp and lower thermosphere from an altitude ofnY®&
120km.The TIDI telescopes perform limb scan sinndtzusly in four orthogonal directions: two af 46rward but

on either side of the spacecraft’s velocity veand two at 4%rearward of the spacecraft [20]. An image of the
TIDI geometry is shown in figure 2 below. The TIMEAtellite orbits an altitude of 625 km and thataiclination

is 74.%; TIDI measures the horizontal vector wind fieldtlwan accuracy of 3m/s and a vertical resolutio2lah

[7]. TIDI measures wind by measuring the Doppléftsif the atmospheric emission features.
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Thermospheric wind is obtained from the ‘Spatial-axial Accelerometer for Research’ (STAR) on bodnéd
Challenging Mini-Payload Satellite (CHAMP). The SRAaccelerometer measures the non-gravitational
accelerations acting on the satellite. Figure 3axshthe STAR and spacecraft reference frames. Tihigabplane of

the low Earth orbiting (LEO) spacecraft precessedib of local time (LT) in 11days, thus after 13dyd all local
times are covered [14]. [19] adapted the methodl lse[9] to process the accelerometer datasetdatwsity and
wind datasets. During the month of September, 20@3CHAMP satellite altitude varied between 390knd a
425km. This range falls within the F-region of #rebedded ionosphere.

TIDI Viewing Geometry
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Figure 3. The STAR reference frame with respect to the fixed Spacecraft frame [3]
RESULTSAND DISCUSSION

Figure 4 shows the solar and geophysical conditibat prevailed during September 2003 which ispgbeod of
study. The Dst index represents the axially symimelisturbance magnetic field from large-scale negspheric
current systems observed at the dipole equatoneiarth’'s surface [15]. The Dst index varied betw85nT and -
67nT. The global Kp index is the mean value ofdmsturbance levels observed at 13 selected mitiuigistations
during three-hour time intervals. According to asjHogarithmic scale it covers the range from @.t@he highest
Kp index values are recorded betweeff 26d 2. The highest Ap value is observed within thesesdaye F10.7
index which is a measure of the solar radio fluk gt frequency at a wavelength of 10.7cm coreslavell with
solar UV and EUV emissions.The solar flux variedhwininimum values of about 90s.f.u and maximun @alu
going up to about 140 s.f.u recorded towards menth
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Figure 4. Solar (F10.7) and geomagnetic activity (Dst, Kp and Ap) conditions during the month of September 2003

The geomagnetic indices are obtained from the Wddth Center (WDC) for Geomagnetism, Kyoto, while t
absolute solar flux at 10.7cm is obtained from dizi Data center (NGDC).
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Figure5. Zonal wind distribution at (a)90km (b)100km (c)110km and meridional wind distribution at (d)90km (€)100km (f)110km

Figure 5 shows the latitudinal variation of the aloand meridional winds with local time. (a),(b)déc) represent
zonal wind distributions at 90km, 100km and 110lgspectively while (d), (e) and (f) represent mendil wind
distributions at 90km,100km and 110km respectiveBligure 6 shows the zonal wind distribution in tiygper
thermospheric during the early morning sector aai@ lafternoon sector. Our analysis covers the maifith
September, 2003. For zonal winds the positive aghtive components of the presented winds represesivard
and westward directions respectively, while positand negative meridional winds represent equatdnaad
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poleward directions respectively. The meridional dviltustrates clear latitudinal structures. The dgrare generally
equatorwards for most of the day. Polewards windsoaserved for the most of the evening to moriiiagrs. At

high latitudes in the northern hemisphere strongasmward winds are experienced with speeds gobuye
150m/s. Speeds up to 250m/s are experienced at @@kode. The zonal winds do not show any clead§ined

structure at 90 and 100km altitudes.

At high latitudes in the northern hemisphere evgnitnds are eastwards with speeds going above E@HO0km
altitude pre-dawn winds are westwards with spee@sxcess of 200km experienced in some locations.

The CHAMP zonal winds are westward during the mugriiours as shown in the local time sector (030T30%
figure in 6b.

Latitude (Degroes)

(b) Lengitude (Degrees)

Figure6.Latitude/longitude distribution of zonal wind from CHAMP at two hourslocal time sectors. (a) 1500-1900, (b)0300-0700

Early morning winds in this local time sector withihe longitude band (-50 to -150 degrees) in thathern
hemisphere high latitude are eastward with speesisthan 50m/s. Also within this longitude banths North Pole
winds with speeds up to 350m/s are observed invdet direction. Wind direction in the afternooretarly evening
local time sector (1500-1900) is generally westward

Under magnetically quiet conditions at mid-latitadeneridional winds in the lower thermosphere agaegally
equatorward during daytime and poleward at nightfeom the distribution in figure 5, there is soagreement as
the meridional winds presented in the lower theiphese seem to follow this pattern. The F-regionatevinds in
the mid-latitudes are generally westward beforallmoon and eastward in the afternoon, with a tiiglettransition
that occurs during the early morning hours in lagidter and near midnight in local summer [16]. r@inds in the
presented sectors agree with this variation. THayEr and F-layer wind systems are very differ¢iné F-layer
winds being generally faster and having less varstructure than E-layer winds, because of thatgremolecular
viscosity [13]. From our distributions in figuresadid 6 zonal winds in the upper thermosphere asreobd in the
two local time sectors are slightly faster than tBeegion winds observed by the TIMED satelliteddli
components contribute to the high wind values olekin the lower thermosphere. High values obskimethe
upper thermosphere may be attributed to extratelabshenomena like cosmic rays [17].

The lower thermosphere dynamics at quiet time#ferdnt from what is observed at the F-regionadidition to the
difference with optical depth, the lower thermogghis strongly influenced by tides, gravity wavesl lanetary
waves from the lower atmosphere. In the upper thephere circulation is primarily governed by sotdV
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heating at low and middle latitudes. At the higld grolar latitudes it is strongly controlled by idnfts associated
with magnetospheric convection. Under very quietngagnetic conditions, clear thermospheric and iphesc
signatures of magnetospheric processes are ontyasdegh geomagnetic latitudes [(Rees, 1995).

CONCLUSION

Under magnetically quiet times, meridional wind time lower thermosphere is generally equatorwardngur
daytime and poleward at night. The zonal windshim lower thermosphere are generally westward. Eadgning

local time sector upper thermospheric zonal winds eestward, while the late afternoon local timendd are

eastwards.

The upper thermosphere winds in the early mornimylate afternoon local time sectors are fasten #wnal winds
in the lower thermosphere. This is attributed ® léss vertical structure of F-layer winds andrtigegat molecular
viscosity. The datasets used may not reveal a goatparison as data is obtained from the two seggllby two
different methods. Upper themospheric winds fromAGHP are derived from the accelerometer readingdewnhi
Lower thermospheric winds are obtained from the @epinterferometer. Simultaneous measurements tebé
carried out at several points in the thermospherewercome the uncertainty associated with singlellge
measurements. We suggest the use of more predsée@mmeters inorder to reduce uncertainties indvépeed
estimates [18].
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