Global characteristics between the equatorial electrojet
and neutral wind in the
Mesosphere-Thermosphere-lonosphere region
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The equatorial electrojet (EEJ) is a huge eastward current which flows at the dayside equa-
torial region of the Earth’s ionosphere, in a narrow channel (+-3~5 degrees in latitudinal range).
The EEJ current is observed as an enhanced magnetic variation of the horizontal component
of geomagnetic field at the dayside magnetic dip equator. The main mechanism of EEJ is an
effect of polarization electric field in the E region of the ionosphere at the dip equator caused
by the horizontal magnetic field at the magnetic equator [e.g., Forbes, 1981]. In a recent study,
many researchers show the results which comes to relationship the neutral wind and EEJ [e.g.,
Fang et al., 2008, Aveiro et al., 2009]. However, lack of the long-term comparison analysis of
geomagnetic field and wind data obtained from ground magnetometer and atmospheric radars,
the detailed relationship between the EEJ and neutral wind fluctuations in the mesosphere and
lower thermosphere (MLT) regions has not yet been revealed.

We compared the long-term variation of geomagnetic field data obtained from ground mag-
netometers which belong to MAGDAS managed by International Center for Space Weather
Science and Education, Kyushu University and neutral wind data obtained from medium fre-
quency (MF) radar which operated by Research Institute for Sustainable Humanosphere, Kyoto
University. These instruments were located at the equatorial region. Figurel shows the map of
instruments which is used in this study.
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Fig. 1. Instruments map.

As a result, we found that the relationship between the variations of zonal wind and the
residual-EEJ showed a clear inverse correlation (Figure2). Here, the residual-EEJ is defined as
the deviation from the second order fitting curve between the EUV flux and the EEJ amplitude.
These results suggest that the vertical current (Jz), which is generated by the dynamo action
due to the zonal wind perpendicularly across to the background magnetic field, changes the
Cowling conductivity derived under the condition of Jz=0. This trend is observed in not only
the Asia Pacific region (close to the radar) but also the South Africa region (far from the radar
site).



5.0-10°

T

|
1.0-10" --.._i,_

I

I

I

I

EUW flux (26
[photons

Res EEJ-dav
[nT]

Year

Fig. 2. Relationship between the variations of zonal wind and the residual-EEJ observed at
Asian region.

Upper panel shows the EUV flux observed SOHO SEM, second panel shows the residual
EEJ amplitude observed at Davao station, third panel shows the zonal wind velocity observed
at Pameungpeuk station, and the bottom panel shows the meridional wind velocity observed
at Pameungpeuk station. We found that the good relationship between the residual EEJ and
zonal wind variation (red dashed line).

We also performed the frequency analysis to quantitatively define the relationship of zonal
wind and residual-EEJ, and found that both of the neutral wind and residual-EEJ have almost
the same dominant frequency (Figure3). In addition, we perform the comparative analysis with
neutral wind data observed from the satellite, and also found the neutral wind disturbance has
the same dominant frequency around the equatorial region.
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Fig. 3. Frequency analysis results between zonal wind and residual-EEJs

In this study, we show the good correlation between the semiannual variation of zonal wind
at mesosphere and lower thermosphere region and residual equatorial electrojet as an observa-
tion result. We concluded that there are some effects upon the electromagnetic environment at
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ionospheric E-layer from the neutral wind, and we observed one of the above effects at magnetic
equator region.
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I'mobasbHBbIE XapaKTEPUCTUKN CBA3U MEXKTY
9KBATOPUAJBHBIMI 3JEKTPOAXKeTaMI 1 HelTpaJIbHBIM
BeTpoM B obJjiactu Me3ocdepa-repmocdepa-uonocdepa
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L Meoicoynapodnmti yenmp uccaedosarus xocmuneckoti no2odv, v 06pasosanis,
Ynueepcumem Kirowy, Pyxyokra, Anorus
2 Hayuno-uccaedosamenveruli uncmumym 60306no6aaemotli cpedvi 0bumanusa weiosexa,
Ynusepcumem Kuomo, fHnonus
3 Omoden ungopmavyuonmnmzs mexnosozuti, Yrnusepcumem Kiowy, Pyrkyoxa, SAnonus

DkBaTopuUaIbHbI dmekTpomzKeT (DD]) mpepcTaBiusier cobOl OTPOMHBINR TOK, KOTOPHI Te-
9eT B BOCTOYHOM HAIPABJICHUN HA JTHEBHOW CTOPOHE SKBATOPHAJIbHON 0bsacTu moHOCKhEpHI
Bemiu 1o y3komy kKaHany (£(3 ~ 5)° B mmporHoM auanaszone). Tok D]I permcrpupyer-
cd KaK yCUJIeHHAas MarHUTHAs BapHallld NOPU30HTAJIHHON KOMIIOHEHTHI M€OMATrHHTHOIO IOJIS
HA JHEBHOM CTOPOHE MATUHUTHOTO KBaTopa. OcHOBHOU MexaHH3M DI/ - adpdekT moasgpuso-
BAHHOTO dJeKTpuUeckoro nojas B E obiaactu nonocdepbl HA MATHHTHOM 9KBATOPE, BBHI3BAHHOE
rOPU30HTAJBHBIM MArHUTHBIM II0JIEM Ha MarHHTHOM 3SKBaTope |[Hanpumep, Forbes, 1981]. B
pe3ysbTaTe HeJaBHUX MCCAeI0BAHUI MHOTHME YYeHbIe TOBOPSAT O CBSI3W HEHTPAJIHHOTO BETpA U
/1 [manpumep, Fang et al., 2008, Aveiro et al., 2009|.Tem ne MeHee, u3-3a OTCYTCTBUS JOJITO-
CPOYHOI0 aHAJIM3a CPABHEHHUS JTAHHBIX F€OMATIHUTHOI'O TOJS U BETPA, HOJIYICHHBIX ¢ IIOMOIIBIO
HA3eMHBIX MAarHUTOMETPOB U aTMOCKEPHBIX PagapoB, eIle He ObLIa yCTaHOBJIEHA TOYHAS CBA3D
Mexk Iy 99/1 u KosrebaHuIMI HERTPAJIHLHOIO BeTpa B 001acTu Me30chepbl 1 HHxKHEl Tepmocde-
pbt (MHT). Mbi cpaBHIIM MHOTOJIETHIE JAHHBIE BAPHAIIH T€OMATHUTHOTO MOJIs, TTOJY YeHHbIE
C Ha3eMHBIX MAarHUTOMETPOB, KOTOpbie npunaiexar cucreme MAGDAS, ynpasiasemoit Mex-
aynaponabsiM Hernrpom Hayk o Kocmudeckoit noroje n Ob6pasoBanusd yuuBepcurera Koy, n



JAHHBIE COJTHEYHOIO BETPa, MOJyUYeHHbIE ¢ IIOMOIIbIO pajapa cpeaneil yacrorsl (CH), koro-
puiit konrposmmpyer MccnenoBarenbckuit Uncruryr Yeroituusoit ['ymanocdepnt YHUBEpCHTETA
Kwuoro. Dta anmaparypa ycTaHOBIEHA B 3KBATOpHAJILHON obactu. B pesyiabrate Mbl 0OHAPY-
JKHJTH, 9TO B3aMMOCBSI3b MEXKJIY BapHallUgMH 30HAJIBLHOIO BeTpa M OCTATOUYHBIM DI/] mmesa
YETKYIO OOpATHYIO KOPPEeIsaluio. 3ech ocTaTouHbiit 93/1 onpemensercsd Kak OTKJIOHEHHE OT
CTJIAXKHUBAIOINIEH KpHUBOH BTOporo mopsiaka mexkay mnorokom EUV m ammmurymoi 939/1. Dtu
PEe3YJIbTATHI MPEANOJIaraloT, 9T0 BePTHKAJIBHBINA TOK (.J,), KOTODBIH reHepupyercs JeidcTBrem
JINHAMO B Pe3yJIbTaTe 30HATHLHOTO BeTpa MePHeHTHKYIIPHO (DOHOBOMY MarHUTHOMY TOJIIO, Me-
HsIeT MPOBOAUMOCTh KayuHka, moaydennoit upu ycaosuu J, = 0. D1a TeHjeHIUs HADII01aeTCs
He TOJIBKO B A3marckoil yacTn THXO00KeaHCKO 30HbI (6JM3KO K pagapy), a Takxke B HOXKHOI
Adpure (mameko ot pamgapa). Mbl Tak:Ke BBIIOJHUIN YACTOTHBIA aHAIN3, 4TOObI YHCIEHHO
OTIPEIEINTH B3AMMOCBSA3b 30HAJILHOTO BETPA U OCTATOIHOrO DI/ n obHAPY KM, 9TO KAK Heli-
TPaJbHBINA BETED, TAK U OCTATOUHBIH DD/] nMe MpakTHIeCKn OJHY U Ty Ke MPeodIa a0y o
4acToTy ¢ HeGoabmol pasuutieil. K Tomy ke, Mbl BLIIIOJTHUINA CPABHUTE/IBHBIN aHATINAS ¢ JAHHDI-
MU HEHTPAJIbHOI'O BETPa, 3aPErUCTPUPOBAHHBIMHU HA CIIYTHUKE ¥ OOHAPYKHUJIH, YTO BO3MYIICHHE
HEHTPAJIHLHOTO BeTpa UMEeT MOUYTH OJHY U TY Ke IIPeodIaIaIoNIyIo YacTOTY B 9KBATOPHUAJILHOM
obJlacTu.



