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Electric fields are observed with the HF Doppler sounder in 
midlatitudes and magnetometers at the equator 

HF Doppler (HFD) sounder in Tokyo 

When the ionosphere moves downward, we 
observe a positive HF Doppler frequency that 
is caused by a westward electric field. 
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SC-1 
Solar wind density and speed 

The magnetosphere is compressed,   
0H∆ >

0vertV >

The ionosphere moves upward. 



SC-1 

The upward motion at 
low latitude and the EEJ 
at the equator are caused 
by the eastward electric 
field propagated with 

ionospheric currents from 
the polar ionosphere. 

EEJ 



SC-2 
Solar wind density and speed 

The magnetosphere is compressed 
(rarefied).   

0 (< 0)H∆ >

The ionosphere moves upward 
(downward). 

0 (< 0)vertV >



SC-2 

The upward (downward) 
motion at low latitude 

and the EEJ (CEJ) at the 
equator are caused by the 

eastward (westward) 
electric field propagated 
with ionospheric currents 
from the polar ionosphere. 

EEJ 



3. PI 4. Transition 

1. Before SC 2. PI 

Counter-
clockwise 
current vortex 
in the morning 
 
 
Upward FAC 
of PI 

SC-1 



5. MI 6. MI 

7. MI 

Clockwise 
current vortex 
in the morning 
 
 
Downward 
FAC of MI 

SC/SI-1 



Magnetosphere

upward motion

compression

Ionosphere

Wave E-field

Potential E-field

N

The compressional MHD waves do not compress the 
dayside ionosphere. The ionosphere is moved upward by 
the electric field associated with the ionospheric currents.  
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PFD and MFD are caused by the dusk-to-
dawn PI and dawn-to-dusk MI electric 
fields, respectively (Kikuchi et al., JGR 
1985). 

HF Doppler observation of the SC electric fields 

Day 

Night 

SC-associated HFD (SCF) is (+ -) in the day 
and (- +) in the night. SCF is composed of 
PFD (preliminary HFD) and MFD (main 
HFD) . 

MFD 

MFD 

PFD 

PFD 



SCF(+ -) 

SCF(- +) 

(Kikuchi et al., JGR 1985) 

Evening anomaly of the SC electric fields 

Day 

SCF(+ -) is observed from 06 
to 22h in local time.  

SCF in the evening is (+ -) same as the 
daytime SCF. 

Evening 



Evening enhancement of the SC electric fields 

0950 MLT 1250 MLT 

1950 MLT 

1950 MLT 

1650 MLT 

1650 MLT 

11 mV/m 3.5 mV/m 

12 nT  7 nT 

35 nT 100 nT  

The electric field is 3 times stronger in the evening than in the day, 
whereas the EEJ is 3 times stronger in the day than in the evening.  

Day Evening 
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Magnetopause currents

earthward motion

Ionosphere
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Electric field at the surface of the conducting ionosphere  
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Global MHD simulation of the PI and MI field-
aligned currents and their dynamos 

From Fujita et al. [2003] 

MI dynamo (blue)

PI FACs MI FACsMI FACs

MI dynamo (blue)

PI FACs

PI dynamo (blue)

Magnetopause dynamo current 

Polarization current 

Field-aligned current 

During the PI, the currents are generated at 
the magnetopause and flow into the polar 
ionosphere down the field lines.  

Blue color refers to JE<0 



The MHD simulation 
reproduces the successive 
occurrence of the PI and MI 
electric fields with 
intensification in the 
evening.  

Global MHD simulation of the SC electric fields 

Evening  

Night 

Day 



Equatorial electric field and global electric potential 
distribution reproduced by the global model 

Equatorial electric field 

Electric potential  

I Jσ φ∇ ∇ = 



(Nopper and Carovillano,  GRL 1978) 

(Senior and Blanc, JGR 1984) 

(Tsunomura, Angeo 1999) 

Published model calculations  
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H

FAC-1
  ( + )

FAC-2
  ( - )

Pedersen currents

Induced currents on the ground

0

Wave front currents of
the TM  mode waves

Dynamo

Inner magnetosphere

Magnetic field line

Low latitude 
 ionosphere

Earth

H

Polar ionosphere

Magnetosphere-ionosphere-ground (MIG) transmission 
line model for the ionospheric electric potential  

Poynting flux
The field-aligned 
currents and the Earth-
ionosphere waveguide 
constitutes a 
transmission line. 

[Kikuchi, JGR 2014] 



Magnetosphere-ionosphere-ground (MIG) 
transmission line 

Electric potential and currents in the 
finite-length transmission line ( )
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 The dayside midlatitude ionosphere moves upward when the 
magnetosphere is compressed. The upward motion is well 
correlated with the ionospheric currents at the equator (EEJ).  

 It is suggested that the ionosphere is moved by the potential 
electric field transmitted with the ionospheric currents from the 
polar ionosphere.  

 With the one-dimensional analytical model, we confirmed that 
the electric field of the compressional wave is severely 
suppressed by the conducting ionosphere and ground. 

 The PI and MI electric fields are in opposite direction on the 
day- and night-sides except in the evening when the electric 
fields are in the same direction as in the daytime and the 
magnitude is enhanced considerably. 

 

Conclusion 



 The PI and MI electric fields and their evening enhancement are 
reproduced with the global MHD model of Tanaka [2007] that 
employs the potential solver at the inner boundary of the M-I 
coupling. 

 The evening anomaly is derived from the asymmetric distribution 
of the global electric potential due to the Hall effects and day-
night inhomogeneity of the ionospheric conductivity.  

 With the magnetosphere-ionosphere-ground (MIG) transmission 
line model of Kikuchi [2014], we explained that the electric 
potential and currents are transmitted by the TM0 (TEM) mode 
waves in the Earth-ionosphere waveguide. 

 The ionosphere is incompressible to the compressional waves and 
the incompressible ionosphere is moved by the potential electric 
fields associated with the ionospheric currents. 

 

Conclusion (contd) 
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