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Motivation and purpose

= The midlatitude GICs are well correlated with the D-component magnetic
field [Watari et al., 2009] and are subject to diurnal and seasonal variations
[Braendlein et al., JGR 2012]. The GIC has been suggested to be a return of
the 1onospheric currents.

m To understand the GIC in the ionosphere-ground current circuit, we
examined the correlation between the GIC and equatorial electrojet (EEJ) as
well as midlatitude H and D during the quasi-periodic DP2 fluctuations, SC,
Pi2 and so on.

m To explain the flow of the ionospheric currents into the ground, we apply
the magnetosphere-ionosphere-ground transmission line model [Kikuchi,
2014].



Quasi-periodic DP2 magnetic fluctuations at high
latitude and equator correlated with the IMF

Quasi-petiodic DP2 magnetic DP 2 AND INTERPLANETARY FIELD

fluctuations are caused by convection
electric fields controlled by the IMF.

(Nishida, JGR 1968)
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Quasi-periodic DP2 fluctuations caused by
IMF Bz fluctuations
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The am-H and pm-H components
are anti-correlated with each other
at mid latitudes.

EEJ is correlated with pm-H and
anti-correlated with am-H.




Field Strength [nT] Relative Field Strength [nT]

Field Strength [nT]

100[

w
o

|
9]
o

—100L

21

100[

9]
o

o

|
w
(=]

—100L . . . . .
:00 21:30 22:00 22:30 23:00 23:30 24:00

21

100 F

-50F

-100LC N N .
:00 21:30 22:00 22:30 23:00 23:30 24:00

21

o

20061214 D—component

am-D |

20061214 Y—component

pm-D

50 |-

Universa | Time
20061214 YAP—-OKI

EEJ

Universal Time

. . . . . MMB
:00 21:30 22:00 22:30 23:00 23:30 00:0RAK

BOU

Tuc

DP2 currents at mid-

equatorial latitudes
(D/Y-component)

The am-D and pm-D components
are anti-correlated with each other
at mid latitudes.

EEJ is correlated with am-D and
anti-correlated with pm-D.




Field Strength [nT]

GIC in the morning sector during the DP2 event
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The am-H and am-D components
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EEJ is correlated with am-D and
anti-correlated with am-H.




GIC in the morning sector during the DP2 event
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GIC in the afternoon sector during the DP2 event
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GIC in the morning sector during the SC event
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GIC in the morning sector during the Pi2 event
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Induction or wave ?
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Earth-ionosphere waveguide (transmission line)
model for the polar — equatorial current circuit

(Kikuchi et al., 1978; Kikuchi and Araki, 1979)

TMO mode waves carry
electric currents in the
lonosphere and on the ground,
Low which are connected by the
displacement currents on the
wave front.

latitude




DP2 currents flow into the I\/Iagnetosphere-ionosphere-g round

ground from the (MIG) current circuit
magnetospheric dynamo

down the magnetic field lines,

polar-equatorial ionosphere = e

and wave front of the TMO Y agetosphere C

mode waves in the Earth- |

lonosphere waveguide. FAC-2 FAC-1
(-) § (+)
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(Kikuchi, JGR 2014)
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Magnetosphere-ionosphere-ground (MIG) transmission line

Transmission line parameters

d, =80,000 km (length of the FAC transmission line) . .
d, =8,000 km (length of the EIG transmission line) (KIkUChI’ JGR 2014)
w = 2,000 km (width of the FAC and EIG transmission lines)
| =2,000 km (separation of the FAC transmission line)

h =100 km (separation of the EIG transmission line)

V, =1,000 km (Alfven speed)

%, =8 mho (height-integrated conductivity of the polar ionosphere)
%, =0.2 - 30 mho (height-integrated ionospheric conductivity of the EIG)

Transmission line equation
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where Vph2 :% (phase velocity), a=% (attenuation rate).
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lonospheric and ground surface currents
In the finite-length transmission line
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The lonospheric currents are carried by
multiple TMO mode waves propagating
along the finite-length transmission line.
The 1onospheric currents are connected
with the ground surface currents by the
wave front currents of the multiple TMO
mode waves.
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Summary

m The GIC has been suggested to be a return of the 1onospheric
currents [Watart et al., 2009; Braendlein et al., JGR 2012].

m In this paper, we have shown that the midlatitude GIC is well
correlated with the equatorial electrojet as well as the midlatitude
H- and D-components, suggesting that the GIC 1s closely
connected with the global ionospheric currents developing from
high latitude to the equator.

m The magnetosphere-ionosphere-ground transmission line model
[Kikuchi, JGR 2014] helps understand the current flow from the
ionosphere to the ground, which are connected by the wave front
currents of the TMO mode waves propagating in the Earth-
ionosphere waveguide [transmission line].
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