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Nature of dayside ionospheric current system of Pi2 pulsations:  
Comparison between equivalent currents and numerical simulation 
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Pi2 pulsations are defined as damping oscillations of geomagnetic fields with a period of 40 to 150 sec.

1. Few studies investigated the D-component (east-west) magnetic field corresponding 
to north-south ionospheric current, which contributes to ensuring current continuity. 

2. Few studies numerically estimated the dayside ionospheric current system produced 
by nightside field-aligned currents (FACs), including the equatorial region.

In this study, we estimated the ionospheric current system associated with Pi2 pulsations using both equivalent current maps 
produced by ground magnetic data and a numerical calculation by the global potential solver.

As with many types of geomagnetic disturbances, the amplitude of dayside Pi2s is maximized at the magnetic equator. This implies a 
coupling between the polar and equatorial regions. The coupling process is important for the propagation of disturbances from the 
magnetosphere to the equatorial ground.
Previous studies interpreted the H (north-south) component of dayside Pi2s as magnetic oscillations which is caused by zonal 
ionospheric currents [e.g. Shinohara et al., 1997]. This ionospheric current may be driven by the electric field penetrating from the 
polar region in the atmospheric waveguide [Kikuchi and Araki, 1979]. 
However, the following issues still remain: 
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westward current

current continuity equation

following. We start with the Ohm’s law for the weakly ion-
ized gas,

j ¼ s0Ejj þ sPE? þ sH b̂ # E?; ð1Þ

where j is the current density, b is the unit vector along the
magnetic field, Ek and E? is the electric fields parallel and
perpendicular to the local magnetic field, s0 is the parallel,
sP is the Pedersen, and sH is the Hall conductivity.
[13] We adopt the polar coordinate system (q, 8, z), where

q is the latitude directing northward, 8 is the longitude
directing eastward, and z is the altitude directing vertically
downward. The equation (1) at each point in the ionosphere
is rewritten in this coordinate system as

jq′
jf′
jz′

0

@

1

A ¼
sqq′ sqf′ sqz′
sfq′ sff′ sfz′
szq′ szf′ szz′

0

@

1

A
Eq′
Ef′
Ez′

0

@

1

A; ð2aÞ

sqq′ sqf′ sqz′

sfq′ sff′ sfz′

szq′ szf′ szz′

0

B@

1

CA

¼
sP sin2 I þ s0 cos2 I &sH sin I s0 & sPð Þ sin I cos I

sH sin I sP &sH cos I

s0 & sPð Þ sin I cos I sH cos I sP cos2 I þ s0 sin2 I

0

B@

1

CA;

ð2bÞ

where I is the dip angle of the local magnetic field. We denote
the quantities in the three-dimensional system by the prime
in order to avoid the confusion with those in the two-
dimensional system described below.
[14] An important assumption for the thin shell model is

that the net ionospheric current in the vertical direction is
negligibly small ( j′z ≈ 0), which is consistent with the
assumption that the thickness of the ionosphere is much
smaller than its horizontal scales. Here we can derive the two-
dimensional system from the three-dimensional system in the
following way.
[15] By assuming j′z = 0, E′z can be related to E′q and E′8 as

Ez′ ¼ & szq′
szz′

! "
Eq′þ &szf′

szz′

! "
Ef′ : ð3Þ

By using equation (3), the horizontal current in equation (2a)
can be related only with the horizontal electric field,

jq′ ¼ sqq′ Eq′þ sqf′ Ef′þ sqz′ &szq′
szz′

! "
Eq′ þ &szf′

szz′

! "
Ef′

# $

¼ sqq′ þ sqz′ & szq′
szz′

! "# $
Eq′ þ sqf′ þ sqz′ & szf′

szz′

! "# $
Ef′ ; ð4aÞ

jf′ ¼ sfq′ Eq′ þ sff′ Ef′ þ sfz′ & szq′
szz′

! "
Eq′ þ &szf′

szz′

! "
Ef′

# $

¼ sfq′ þ sfz′ & szq′
szz′

! "# $
Eq′ þ sff′ þ sfz′ &szf′

szz′

! "# $
Ef′ ;

ð4bÞ

Then we can rewrite equation (2a) in the following two-
dimensional form,

jq
j8

! "
¼ sqq s!8

s8! s88

! "
Eq
E8

! "
; ð5aÞ

sqq ¼ sqq′ þ sqz′ &sqz′
szz′

! "
¼ sPs0

sP cos2 I þ s0 sin2 I
; ð5bÞ

sqf ¼ sqf′ þ sqz′ &szf′
szz′

! "
¼ & sHs0 sin I

sP cos2 I þ s0 sin2 I
; ð5cÞ

sfq ¼ sfq′ þ sfz′ &szq′
szz′

! "
¼ sHs0 sin I

sP cos2 I þ s0 sin2 I
¼ &sqf; ð5dÞ

sff ¼ sff′ þ sfz′ &szf′
szz′

! "
¼ sP þ sH

2 cos2 I

sP cos2 I þ s0 sin2 I
: ð5eÞ

[16] Another important assumption of the thin shell model
is that the vertical variations of horizontal electric fields are
negligibly small. Under this assumption, we can perform the
height-integration of the above equations independent of
electric field. Then the final form of the Ohm’s law in the
two-dimensional ionosphere is

Jq
Jf

! "
¼ Sqq Sqf

Sfq Sff

! "
Eq
Ef

! "
; or J ¼ S • E

¼ S • &rFð Þ; ð6aÞ

Sqq ¼
Z

sqq ¼
Z

sPs0

sP cos2 I þ s0 sin2 I
; ð6bÞ

Sqf ¼ &Sfq ¼
Z

sqf ¼ &
Z

sHs0 sin I

sP cos2 I þ s0 sin2 I
; ð6cÞ

Sff ¼
Z

sff ¼
Z

sP þ sH
2 cos2 I

sP cos2 I þ s0 sin2 I

! "
; ð6dÞ

where J is the height-integrated current density, S is the
height-integrated conductivity tensor, E is the electric field,
and F is the electric potential, in the two-dimensional
ionosphere.
[17] The ionospheric horizontal current J is related to the

FAC, via the current continuity relation, as

r • J ¼ jjj sin I ; ð7Þ

where, jk is the density of the FAC (positive for downward).
From (6a) and (7), we finally obtain

&jjj sin I ¼ r • S •rFð Þ: ð8Þ
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dimensional system described below.
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that the net ionospheric current in the vertical direction is
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height-integration of the above equations independent of
electric field. Then the final form of the Ohm’s law in the
two-dimensional ionosphere is

Jq
Jf

! "
¼ Sqq Sqf

Sfq Sff

! "
Eq
Ef

! "
; or J ¼ S • E

¼ S • &rFð Þ; ð6aÞ

Sqq ¼
Z

sqq ¼
Z

sPs0

sP cos2 I þ s0 sin2 I
; ð6bÞ

Sqf ¼ &Sfq ¼
Z

sqf ¼ &
Z

sHs0 sin I

sP cos2 I þ s0 sin2 I
; ð6cÞ

Sff ¼
Z

sff ¼
Z

sP þ sH
2 cos2 I

sP cos2 I þ s0 sin2 I

! "
; ð6dÞ

where J is the height-integrated current density, S is the
height-integrated conductivity tensor, E is the electric field,
and F is the electric potential, in the two-dimensional
ionosphere.
[17] The ionospheric horizontal current J is related to the

FAC, via the current continuity relation, as

r • J ¼ jjj sin I ; ð7Þ

where, jk is the density of the FAC (positive for downward).
From (6a) and (7), we finally obtain

&jjj sin I ¼ r • S •rFð Þ: ð8Þ
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current density electric field

grid size : 514 (longitude) x 513 (latitude)
(The grid size of the figure is reduced by 1/8)

Thin shell  model [e.g., Nakamizo et al., 2012]
Numerical calculation by global potential solver

Discussion: interpretation of asymmetry of current
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Polarization charges generated by Hall currents deform the potential pattern.  The secondary 
current (Total Hall currents and Pedersen currents produced by Hall polarization electric field) 

contribute to asymmetry of the current system.  [Yoshikawa et al., 2013]

Distribution of potential

0LT

12LT

6LT18LT

solving

substituting     into Ohm’s raw

We calculated the distribution of a conductivity tensor, using the same method as 
Nakamizo et al. [2012] with input parameters at 2320UT on 13 February 2012.

Charges at the dusk terminator 
are opposite in sign to charges 
provided by the FAC  

Potential fields produced 
by the FAC are confirmed 
in the polar region.

Potential fields produced 
by the FAC penetrate 
equatorward

!
• The current is enhanced at the equator.  
• The dayside current system shows the asymmetry which the meridional 

component of currents in the prenoon sector is larger than in the postnoon sector.

Downward FAC Upward FAC

C h a r g e s a t t h e d a w n 
terminator are same sign as 
charges provided by the FAC  

Both the observation and the numerical calculation showed the meridional component of 
current connecting to an equatorial zonal current. The dayside current system appears to be 
asymmetric, which the meridional current in the prenoon sector is larger than in the 
postnoon sector. This prenoon-postnoon asymmetry is explained by the deformation of 
potential fields due to polarization charges along the terminator.

We conclude that dayside Pi2s 
along major axis can be interpreted 
by magnetic oscillation induced by 
the oscillatory ionospheric current 
system produced by a pair of 
nightside FACs. 

We analyzed the equivalent currents which cause magnetic oscillations with a period of 40 to 
150 sec. Equivalent currents are estimated by rotating the vector of horizontal magnetic 
perturbation ((ΔD, ΔH), where ΔD and ΔH are bandpass filtered H- (north-south) and D-(east-
west) component data, respectively, with a period of 40 to 150 sec) to 90 degrees clockwise. We 
consider equivalent current distributions at the times that the intensity of the equivalent current 
system reaches a local maximum. We define here these times as local maxima of the horizontal 
amplitude (               ) at ASB station as a representative of all stations. The estimated 
equivalent current vector are depicted on the map in IGRF geomagnetic coordinate.
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http://magdas.serc.kyushu-u.ac.jp
http://www.intermagnet.org
http://geomag.usgs.gov

