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Long-term variation of ionospheric electric field estimated from the geomagnetic solar quiet daily
variation
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Geomagnetic solar quiet (Sq) daily variation from the polar region to the middle and low latitudes is generated by two kinds
of global ionospheric currents flowing in the E-region of the ionosphere. One is driven by dynamo electric field originating
from interaction between the neutral wind and ionospheric charged particles in the middle- and low-latitude regions of the
lower thermosphere and ionosphere. The motion of the neutral particles is due to heat convection due to solar irradiance and by
tidal force of the sun and moon. The other is driven by the convection electric field carried into the polar and middle-latitude
ionosphere by the large-scale field-aligned currents (FACs). The FAC intensity depends on the solar wind and magnetospheric
plasma conditions. According to Ohm’s law, the ionospheric currents strongly depend on ionospheric conductivity,
polarization electric field and neutral wind. Therefore, the long-term variations in the ionospheric conductivity, electric field
and neutral wind in the lower thermosphere and ionosphere can be detected by investigating the long-term variation in the Sq
amplitude.Using the long-term observation data of geomagnetic field obtained from 69 geomagnetic stations, Shinbori et al.
[2010] reported that a majority of trends in the residual Sq amplitude with solar activity removed showed a decreasing trend
during 1947-2013. This tendency was strong in the eastern part of Canada, Eorpope, and India. In this study, we investigate the
ionospheric electric field estimated from the Sq variation from the polar region to the low latitudes using the long-term
observation data of geomagnetic field. We also clarify the characteristics of the long-term variation of the ionospheric electric
field such as seasonal variation, solar activity and trend. These observation data have been provided by Japanese institutes
participating in the IUGONET (Inter-university Upper atmosphere Global Observation NETwork) project [Hayashi et al.,
2013; Abe et al., 2014; Tanaka et al., 2013] which started in FY 2009. In the present analysis, we used the F10.7 solar flux as a
good indicator of the variation in the solar irradiance in the EUV and UV range as well as geomagnetic field data with time
resolution of 1 hour obtained from more than 100 geomagnetic stations. We determine the estward and northword components
of the Sq variation from a deviation from the value at midnight every day when the Kp index is less than 4. As a result, the
long-term Sq variation showed a clear solar activity dependence at all the geomagnetic stations. The amplitude of the Sq
variation at all the investigated geomagnetic stations is depressed significantly around 2008-2009 (solar cycle minimum 23/24).
This signature is due to a significant decrease of solar EUV and UV radiation responsible for ionization of upper atmosphere
reported by Solomon et al. [2010]. Moreover, we analyzed the long-term variation of ionospheric electric field in the daytime
estimated from the Sq variation using ionospheric conductivity calculation tool [Koyama et al., 2014]. As a result, the zonal
electric field in middle-low latitudes is directed westward and eastward in the morning and afternoon sectors, respectively,
while the meridional electric field is directed northward without local time dependence. The mangintude of the zonal electric
field showed a clear seasonal variation with maximum in the summer and minimum in the winter. The width of the seasonal
variation tended to increase with an increasing solar activity in the morning and afternoon sectors, but the relationship around
noon was anticollreated rather than unclear. The seasonal variation of the meridional electric field was very complicated.

RRI 7 & 1« ARFEEL (T TBURI S 5 MR AR B (Sa) 21k, SRR E sz FICiitin 2 2 FkHO EREEE
MIZE > TEL D, 1 SHIE, BEEE - FEEERIIZ 1T 2 PIERKD RSS9 Bodifie, Ki. A7
E DT N & D KRB EB 03B 2 B & A T EEHIC L > ThEMSN D, b 1203, #AE L EHEE %
Wi D KRB Z2 VR e DT I & > TR BIA EN 7 EIS D B BEE . M OV e BB BRI I S fu7- 5 1T &
STHEIEND, ZOEHZFLIALREAREROBELCOMIL, KERSCHKE O 7 7 X~ BREIKAFL T



LT %, A—LOEANC KX, BEEEERIL. EREEREEE, oES. B LR REERO 3 FBEO
WRIA=ZKFT D, Lo T, Sq JBOWBAF~D Z LIZ K- T W) b PRI 2 2 EREE - T
EEE O 7T A~ B, BRI ERKUR R EORMEEB OV 7V AR D Z L3 TE S, Shinbori et al. [2014]
M. PEREEE o 69 BHSIZRBIT D KEETE B Sy & FRZE L 7= Res-Sq # OIRNE b L > KO KERSY )Y 1947 4£-2013 £ D
)60 FRITHA F LU RERL, FRC, AFHHE, 9 —r vX A2 R ColEkTix, ZoMmpsmnc &
ZRH L7, L2 L. Shinbori et al.[2014]DHFZETiL, Sq 35 DIRNE % b 2 EEEEES O R AENCE B L - fifr
EIToTELT, TOZEMOMCEMEEFIEICOWTH LN E o> TRV, £ Z TARBFIETIL, 2009 4 H
S5BAE L72 IUGONET 71 ¥ =7 M#EEB KA EMET O LM v s U —27 8 - HF5F) [Hayashi et al., 2013;
Abe et al., 2014; Tanaka et al., 2013]D B NIKZ: « #EB D BRI SN D B CTHr oL B o MK T — % 2 VT,
Sq S DR D RAES i 2 EHEEES ORMAZE(FE, KGEE, R ML FRE)ZHLMNTT 5, Kifth
TR L7287 — 215, UV, EUV SEI O KEEAG R OFREE & L CToOKE; F10.7 5%, 100 sLL E o> g <isl
BELHHELNT-HER 1 KEETH S, Sq LOEBAZRIET HICHiz> TET, MK Kp HROMEERIC 1
HZBUTEDED 4 R CTHLIHEZHBEAHEE E L TCRELZ, TORELZBIZERY T HEBHSICBT
LMK T — & 2 L, 1, FEALRs IC oW TEEFOED D OEB S 2 LRI OWTHE L, 0%
Bo\g— % Sq ke L, D 1y A ERDIZ, RITORE., 2 TOMBKBINSIZBIT 5 Sq HoRME
X, 11 FEOKBFFENARFE L TE(L L, F10.7 5% s FEBIREMR 2 /R L=, £72. KBV A 7 /L 23/24 Fi N
(2008 —2009)IZ VT, Sq & D HRIE Y4 T OB A THIKG YA 27 AN & B _T 10—20% L Tz, =
®Z &1, Solomon et al. [2010] CHEENTWDH L 92, BEREKRKOERIZBELRT 5 K EUVIUV B FEEE
ZDOKBYA 7 23124 K/ NIZ BN TR D /INEL o TWEZ & ARBT 5, S50, EEtEESEEE
¥ —/L[Koyama et al., 2014]% JH\ T, Sq Z#EH 6 RAE S O 5 BRI 51T 5 BEEEES O KA ®) Ot 217
ST, ZORER, PIMEE O RWR Y OES T, TR, FREITHERE, KME ThoTz, —FH. ™
by OBEEIEL, HGRFIEAETICAb 2 Tz, Bl G ESRE L, FE2FHZ bE R L, ZhEh
HEIRKR, AF RN ThoTo, LT, ZOFHEOEIX. PRI & FRERANZI W TRBEEI D RH- & &
HIZRKRE L DM Z /R LD, EFAE T, T LAKBEE & WHB 2R LT, ALy o L EL, 2
RO BHETH T,

References

Abe, S., N. Umemura, Y. Koyama, Y. Tanaka, M. Yagi, A. Yatagai, A. Shinbori, S. UeNo, Y. Sato, and N. Kaneda, Progress
of the IUGONET system - metadata database for upper atmosphere ground-based observation data, Earth, Planets Space, 66,
d0i:10.1186/1880-5981-66-133, 2014.

Hayashi, H., Y. Koyama, T. Hori, Y. Tanaka, S. Abe, A. Shinbori, M. Kagitani, T. Kouno, D. Yoshida, S. UeNo, N. Kaneda,
M. Yoneda, N. Umemura, H. Tadokoro, T. Motoba, and IUGONET project team, Inter-university Upper Atmosphere Global
Observation NETwork (IUGONET), Data Sci. J., 12, WDS179-WDS184, 2013.

Koyama, Y., A. Shinbori, Y. Tanaka, T. Hori, M. Nosé, and S. Oimatsu, An Interactive Data Language software package to
calculate ionospheric conductivity by using numerical models, Computer Physics Communications, 185, 3398-3405,
d0i:10.1016/j.cpc.2014.08.011, 2014.

Shinbori, A., Y. Koyama, M. Nose, T. Hori, Y. Otsuka, and A. Yatagai, Long-term variation in the upper atmosphere as seen
in the geomagnetic solar quiet daily variation, Earth, Planets Space, 63, 10.1186/s40623-014-0155-1, 2014.

Solomon, S. C., T. N. Woods, L. V. Didkovsky, J. T. Emmert, and L. Qian, Anomalously low solar extreme - ultraviolet
irradiance and thermospheric density during solar minimum, Geophys. Res. Lett., 37, L16103, doi:10.1029/2010GL044468,
2010.

Tanaka, Y., A. Shinbori, T. Hori, Y. Koyama, S. Abe, N. Umemura, Y. Sato, M. Yagi, S. Ueno, A. Yatagai, Y. Ogawa, and Y.
Miyoshi, Analysis software for upper atmospheric data developed by the IUGONET project and its application to polar
science, Adv. Polar Sci., 24, 231-240, doi:10.3724/SP.J.1085.2013.00231, 2013.



