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The distributions of the fair weather electric field in the atmosphere above the Earth’s
surface are calculated.

Electric potential distributions typical for quiet and disturbed geomagnetic conditions are
set in the ionosphere.

Electric field disturbances up to 45 V/m are obtained.

1 The Current Continuity Equation
The basic equations for the steady state electric field E and current density j

curlE=0, divj=@Q, j=0dE, (1)
0 - conductivity tensor, () = —div jest, Jeat - €xternal current density. () = 0 in the model.
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Electric potential V', E = —grad V',
Current continuity equation

—div(ograd V) = Q. (2)

2 Separation of Ionospheric and Atmospheric Conductors

The Earth’s ground is an ideal conductor

V‘h:hg(e,gp) = =W, (3)

the value of the constant V will be defined later.

Our model of the topography (Denisenko, Yakubailik, 2015). We define the boundaries
separating the ionosphere:

Atmosphere below h, = 90 km

Magnetosphere above i, = 500 km, nonzero conductivity across B only in plasma sheet
and cusps.

The whole magnetic field line in the ionosphere and

magnetosphere is an equipotential object - 2-D model.

Domain decomposition.



3 Atmospheric conductor, flat 1-D model

Dirichlet boundary value problem (2-4) for the atmosphere that is simulated as a conductor
between two ideal conductors:

V\h:hl =0, V‘h:hg(Q,go) = —W. (4)

Because of the large horizontal scale we use the flat 1-D model instead of the 3-D equation

d d
i (V) =0 VI =0, Vi, = Ve

The value Vj is taken to balance the total fair weather and thunderstorm currents.
The conductance of the atmospheric vertical column with 1m? cross-section between

ground and ionosphere
ho

1/5(60, ) = / dh J o(h). (5)

hg(eaSO)



4 Carnegie data in (UT, months) coordinates

12
Fig. 1. The vertical component
m of the fair weather electric
9 field above the ocean surface
derived from the
Carnegie Cruise VII data.
6 Contours of Ej
with intervals of 10 V/m.
Dashed lines Fy < 120 V/m.

3
March, 14 UT:
0 Above ocean Ey = 160V /m,

current density jp = 5pA/ m”.
0 6 12 18 UT 24 Above ground Fy =235V /m,
current density jo = 3.7pA/m”.

Ground-ionosphere voltage V) = 450kV.
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Fig. 2. Fair weather electric current density [pA/m?] for Vj = 450kV.
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Fig. 3. Fair weather electric field strength [V/m]| for V = 450kV.



The conductance of the atmospheric vertical column between height h and the ionosphere

1/S(h, 6, ) = / " dz/0(2,60,¢)

32(97 @) — Z<97 @)‘/07 EZ('Z) — jZ/U(Z)

E.(0) = VoX/o(0) = Vo/ Hhom
Hpom = 0(0)/% - height of homogeneous atmospheric conductor

Hpom ~ H if 0(2) =0(0)exp (2/H) and hg >> H
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Fig. 4.

Left: height distributions of (h) above ground (bold line) and sea (thin line).
Central: column conductance Y (h) above ground (line) and sea (dot).

Right: height of homogeneous atmospheric conductor Hy,,,(h) above ground (line)
and sea (dot).



5 lonosphere

For the simulations of the ionospheric electric field we applied the Global Self-consistent
Model of the Thermosphere, Ionosphere, and Protonosphere (GSM TIP) (Namgaladze
et al., 1988; Korenkov et al., 1998), which was developed in the West Department of
[ZMIRAN.

This model calculates time-dependent global three-dimensional distributions of density,
composition, temperature, velocities of neutral and charged gases, and two-dimensional
distribution of the electric potential of ionospheric and magnetospheric origins.

The GSM TIP model is driven by solar EUV and UV irradiance spectra (10-1760 ;1),
fluxes and energy of precipitating electrons and spatial distribution of cross-polar cap
potential and Region 2 field aligned currents.

First, we calculated the electric potential distribution for quiet geomagnetic conditions
(16 March 2015). After that we performed GSM TIP model runs for 2015 March St. Patrick
geomagnetic storm (17 March 2015).
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Fig. 5. Electric potential in the ionosphere under quiet geomagnetic conditions |kV].
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Fig. 6. Additional fair weather electric field strength [V/m] under quiet geomagnetic
conditions, |F,| < 11V/m (up to 5%).
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Fig. 7. Electric potential in the ionosphere under high geomagnetic activity [kV|.
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Fig. 8. Additional fair weather electric field strength [V/m] under high geomagnetic
activity, |E.| <46V /m (up to 20%).
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6 Conclusions

Additional fair weather electric field strength because of the potential differences in the
ionosphere under high geomagnetic activity can be up to 20% in the morning and evening
sectors under the auroral zones.

This additional field decreases above mountains and oceans. It is defined by the height
of homogeneous atmospheric conductor

Hyom(0, ) = 0(0)/%,

where ¢(0) - conductivity of air near surface, ¥ - column conductance of the atmospheric
air between ground and ionosphere.
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