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Abstract. The solar wind generator contributes in a variable manner to the ionosphere-to-ground potential
difference at sitesin the Polar Regions. It averages ~20% of the contribution of the meteorological batteries at such
Sites. At times of strong solar wind interaction, much larger contributions to the atmospheric circuit in Polar Regions
can occur. Regular measurements of the variations of atmospheric eectric fields performed at Vostok Station (¢ =
78.45° S; A = 106.87° E, devation 3500 m) in Antarctica are compared with the value of solar-wind-imposed
ionospheric electric potential above the station (@i ) derived from a Weimer model. Observed positive correlation

of AEz with @i affirmsthe truth of this statement.

Introduction

At high latitudes, the interaction of the solar wind and the
Earth’s magnetic field imposes on the geodlectric field a
variable dawn-to-dusk potential drop of between 20 and 150
kV. Large-scale (>200 km) horizontal eectric fields in the
ionosphere map into the vertica component of the eectric
field near the Earth’'s surface (Park, 1976b, Hays P.B.,
Roble, R.G., 1979). Frank-Kamenetsky et a., (2001) show
that the geodlectric field at Vostok is modulated by the By
and Bz components of the interplanetary magnetic field
(IMF). Tindey et a. (1998) compared variations of the
surface eectric field, AEz (the observed eectric fied at
South Pole minus the Carnegie curve scaled to the average
of Ez) with variations in the cal culated overhead ionospheric
electric potential inferred using the Hairston—Hedlis modd,
(Hairston and Hedis, 1990). The authors found positive
correlations. Corney et al. (2003) and Burns et al. (2005)
shows linear correlation between the variations of Weimer-
model (Weimer, 1995) calculated potentia above Vostok
and variations of near-ground vertica eectric field for each
hour over bi-monthly intervals, thus demonsrating that
Antarctic polar plateau geodlectric field measurements can
be used to investigate polar convection.

In this paper we will study the correlations between the
electric field variations near the ground measured at Vostok
station, Antarctica (geog 78.466S, 106.838E; mag 83.68S,
54.92E) and Weimer -model (Weimer, 2001) ionospheric
potential for 1998-2001.

Analytical model

We bdlieve that e ectric potential in the polar ionosphere can
be presented as a sum of external (the solar-wind-imposed
potential dgy) and internal (thunderstorm imposed potential
Do) parts. Similarly, surface dectric field can be considered
as the sum of the solar-wind-imposed field (Esw) and
thunderstorm field (Ern). In order to find the solar-wind-
imposed field (Esw) part of the total eectric field measured
near the earth surface (Ez) we need to subtract the
thunderstorm part (Et) from the measured field.

Esw =Ez—Emy 1)
For this purpose we solved the problem of
downward mapping of the ionospheric field.
The equation for eectric potential can be
written in a spherical coordinates as:

1 91 1 ﬂ2j1 (2)
rzsing 1q r’sin’q 2
Wherel (r)=1,6"" |, - the dectric
conductivity near the earth surface
(Atmosfera. Handbook, 1992), R — Earth
radius.
Boundary conditions for solving the equations
(2) are thefollowing:

I =01 l-=1 (na.f),

where ry-the dtitude of the ionosphere and
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i haf)=aAF(o)+a a (Awsjf +B dnjf )P (o)

i=0 = j=2
The eguation (3) we take from Weimer model
(Weimer 1995, 2001). The solution of
equation (2) is sought in the form of an
expansion in spherical harmonics (Jackson,
1962)

¥ i
j(af)=aainxaf)

i=0 j=i
j ij (r) = Gj\/\d (r!q!f )Y'J* (q,f ),dW:S“']qdqdf
(4). Using this expansion, we obtain for
j ;; (r) the equation:
d3 di .
il 2y 10 1y =0,
m=i(i +1),i=0,L2........... (5)

If r »R,a >>g the solution of equation (5)
r

with boundary conditions (3) can be written as
following:
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J (L) )
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Ifa >>? the solution of (6) can be simplified:
: -g2R.
l (r’q’f ) = l— e_a(rl_ R)J (rlaqaf ) (7)
From the expression (7) follows that if
a(r,- R)>>1Ur,- R»60km) the expresson for the
radial (vertical) component of the electric field will be:

T“ -a(r-R)
E =-—=-ae€ r.q.f 8
S j (r,a.f) (8)
Forr=R we will get:
E(=R=-ad & Cyy@)=-aj (at) &

=0 j=0
where:
Y, @.f)= AP’ (cosq)cos jf +B,R’(cosq)sin jf »
P (cosq) - associated Legendre functions.

From the expression (9) we can see that the eectric field
near the Earth's surface is proportional to the potentia of the
eectric field in theionosphere,

Believing that the potential of the ionosphere (®;) can be
presented as

D; = Dy, + Oy Where Oy, — Weimer -modd potential and @,
- potentiad created by thunderstorms, we can rewrite the
equation (1) as

Ez= ETH + adsw (10)

If we have the measured eectric fied (Ez), the caculated
Weimer-modd ionospheric potentid (®g,) the smple linear
regression analysis can give us the thunderstorm part of the
eectric fiddd (Ez) and o — the value proportional to the
conductivity of the aamosphere.

The analysis of experimental data

Theresults of linear regression analysis are shown in fig.1.
Fig.1 represents the diurnal variations of the thundersorm
part of measured electric field for each month of 4 years
(1998-2001).

The average diurnal curves for Antarctic summer and winter
are shown in fig.2. The classical Carnegie curve (Chalmers
1967) is shown on theright panel.

One can see very good agreement of Antarctic summer
(north hemisphere winter) curves with Carnegie curve.

Daily curves of Ery for each month were deducted from the
hourly average values of the measured field in order to gain
a part of the solar-wind-imposed variations (Esw). Diurnal
course of corrdation (R)) coefficients between Ery and g,
for 1998-2001 are presented in fig.3. One can see positive
correlation for dl time intervals with a maximum in the
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geomagnetic morning (03 — 09 UT) and day
hours (09 — 18 UT) (for Vostok 00 MLT~=01
uT)
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Fig.1 Diurnal curves of the thunderstorm part
of atmospheric eectric field measured at
Vostok st. for every month of 1998-2001
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Fig. 2 Daily curves of thunderstorms part of
the atmospheric eectric field for Antarctic
summer and winter (left panel) and Carnegie

curve (right panel).



On the connection between variations of atmospheric electric field as measured at ground surface in the Central Antarctica and ionospheric

potential
Vostok 1998-2001
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Fig. 3 Diurna course of correlation coefficient (R) for 1998-
2001

The average value of regression coefficient (o) = 0.66. Itis
lessthan in Burns et a. (2005), but we used the corrected
values of the field, whilein (Burnset al. 2005) were used the
measured values without correction.

For the case gudy we used the samereference level (Ery)
and calculated Ogy. Some examples are shown in fig.4.
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Examples of simultaneous records of variations of the solar
wind imposed part of the surface electric field (Ez) and the
solar wind imposed potential variations of the ionosphere
(W), calculated by the Weimer modd.

We can see that the variations of the near-surface eectric
field are very close to the variations of the solar wind
imposed ionospheric potential .

Conclusions

We have shown that the ionospheric eectric fields can
penetrate to the earth surface in the Polar Regions and their
contribution to the atmospheric electric field can be more
than 50 % of the mean value.

Linear regression analysis allows to divide the main sources
of variations of surface eectric field and to allocate the
thunderstorm part of atmospheric electric field.

Diurna variation of thunderstorm part of near
ground field coincides exactly with the famous
Carnegie curve for the Antarctic summer
(October-February).

Variations of near-surface eectric field are in
good agreement with variations of the solar
wind imposed ionospheric potential calculated
by the Weimer model both a statistically and
for specific events.
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