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Abstract : The climatological characteristics of the polar ionospheric currents obtained from the simul-
taneous observations of the jonospheric electric field and conductivity are examined. For this purpose, 43
and 109 days of measurements from the Chatanika and Sondrestrom incoherent scatter radars are utilized
respectively. The ionospheric current density is compared with the corresponding ground magnetic dis-
turbance. Several interesting characteristics about the polar ionosphere are apparent from this study: (1) The
sun determines largely the conductance over the Sondrestrom radar, while the nighttime conductance dis-
tribution over the Chatanika radar is significantly affected by auroral precipitation. (2) The regions of the
maximum N-S electric field over the Chatanika radar are located approximately at the dawn and dusk sec-
tors, while they tend to shift towards dayside over the Sondrestrom radar. The N-S component over Son-
drestrom is slightly stronger than Chatanika. However, the E-W component over Chatanika is negligible
compared to that of Sondrestrom. (3) The E-W ionospheric current flows dominantly in the night hemi-
sphere over Chatanika, while it flows in the sunlit hemisphere over Sondrestrom. The N-S current over
Chatanika flows prominently in the dawn and dusk sectors, while a strong southward current flows in the
prenoon sector over Sondrestrom. (4) The assumption of infinite sheet current approximation is far from
realistic, underestimating the current density by a factor of 2 or more. It is particularly serious for the
higher latitude region. (5) The correlation between AH and J; is higher than the one between AD and Jy,

indicating that field-aligned current affects AD significantly.
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1. Introduction

Since they came into operation in the 1960s, incoherent
scatter radars have contributed significantly in advancing
our understanding of the polar ionosphere, as well as the
solar wind-magnetosphere-ionosphere coupling. In particular,
it is possible to deduce the ionospheric current from
estimates of the electric field and height profiles of the
conductivity by incoherent scatter radar observations.
Brekke et al. (1974) compared the ionospheric current
estimated from the electric field and conductivity from the
Chatanika radar with the ground magnetic variation at
College. They found that the H component of the ground
magnetic variation is in good agreement with the estimated
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east-west current, while the D component disagrees with
the north-south current, thus indicating that the effect of
the field-aligned current should be taken into account.
Kamide and Brekke (1975) made a similar analysis using
the Chatanika radar and showed that the infinite sheet
current model almost always underestimates the current
density by a factor of 2 of more. They noted that the
latitudinal width of the auroral electrojet, the distance
from the center of the electrojet, the latitudinal dependence
(i.e., gradient) of the current density, and the field-aligned
current also contribute to the underestimation. From data
collected by the European Incoherent Scatter (EISCAT) radar
and ground magnetic variation data, Araki e al. (1989)
showed that ground magnetic variations are caused mainly
by the Hall current and the contribution of the Pedersen
current is no larger than 30% that of the Hall current.
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Chapman and Bartels (1940), Brekke et al. (1974) and
Kamide and Brekke (1975) reported that magnetic variations
observed on the Earth’s surface are caused by the effect of
an inducted current within the Earth’s interior. Popov et al.
(2001) attempted to separate contributions to the observed
geomagnetic variations from external (ionospheric) and
internal (induced) sources. Tanskanen ez al. (2001) showed
that the internal contribution peaks at substorm onset
amounted to 40% of the total field, and reaches 10~20%
after the maximum phase to the quiet level.

Ahn et al. (1999) showed the climatological characteristics
of the auroral ionosphere, in terms of the electric field and
ionospheric conductivity, were based on the Chatanika radar
measurements. They reported that the Hall conductance
distribution associated with the eastward electrojet in the
post-noon sector is mainly determined by the Sun, while
the one associated with the major part of the westward
electrojet in the midnight-post-midnight sector was controlled
by precipitating electrons. Thus, they pointed out that the
eastward and westward electrojets are governed by different
physical processes.

However, the study using the Chatanika and EISCAT
radars is confined to only the auroral ionosphere. Fortunately,
since Sondrestrom radar, which has been operated in
Sondre Stromfjord, Greenland, from 1983, is located at a
similar geographic latitude to the Chatanika and EISCAT
radars, but at a higher geomagnetic latitude than that of
the two radar. It is located in the polar cap region as well
as the auroral region depending on the geomagnetic
activity level. Thus, the Sondrestrom radar measurements
including the Chatanika provide us with an opportunity to
study the polar cap and the auroral region at the same
time. Moreover, since the radars were operated over an
extended period, the accumulated data is sufficient to
extract some important climatological aspects of the polar
ionosphere.

In this study, we examine diurnal variations in the
ionospheric currents obtained by combining the ionospheric
conductance and electric field from measurements taken
by the Chatanika and Sondrestrom radars, which cover
approximately the entire auroral and polar cap regions.
The ionospheric current density is compared with the
corresponding ground magnetic disturbance.

2. Database
The ionospheric conductivity and the electric field

measurements utilized in this study were obtained from
the Chatanika radar (geographic latitude, longitude: 65.10°N,

147.45°W; geomagnetic latitude, longitude: 64.75°N,
105.00°W) for a total of 43 days between 1977 and 1983
and the Sondrestrom radar (geographic latitude, longitude:
66.90°N, 50.90°W; geomagnetic latitude, longitude: 74.36°N,
42.40°W) for 109 days between 1983 and 1999. The
Chatanika radar takes about 16 min to make a three-
position measurement in the azimuthal direction, while
maintaining an elevation angle somewhere between 60°
and 80°. The electron density distribution within the altitude
range of 90 and 200 km is used to estimate the height-
integrated conductivity, i.e., conductance. Thus, the diameter
of the field view of the radar, corresponding to the spatial
resolution of the data, is about 140 km. The temporal
resolution is about 16 min, the scan period of the radar.
The 43 days of the Chatanika radar measurements in this
study were 14 days in spring (February, March, and April),
7 days in summer (May, June, and July), 12 days in
autumn (August, September, and October), and 10 days in
winter (November, December, and January). The mean Kp
index for the 43 days was 2+~3—. The typical observational
mode of the Sondrestrom radar between 1983 and 1989
was that of a magnetic meridional scan mode along the -27°
azimuth. The temporal resolution is about 5 min. The
Sondrestrom radar between 1990 and 1999 maintained an
elevation angle somewhere between 70° and 80°, while
making a three-position measurement in the azimuthal
direction. The temporal resolution is about 15 min, namely
the scanning period of the radar. The electron density
measurements for deducing the conductance were made
within the altitude range of 90 and 200 km. A total of 109
days of Sondrestrom radar measurements in this study
were 14 days in spring, 35 days in summer, 32 days in
autumn, and 28 days in winter. The mean Kp index for the
109 days was 2+~3—

The magnetic field was estimated based on the IGRF-
1995 model (Barton 1997). The MSIS-90 model (Hedin
1991) was used in taking the neutral densities and tem-
peratures used to drive ion-neutral and electron-neutral
collision frequencies in estimating the conductivity. Besides
the data mentioned above, the daily 10.7-cm solar radio
flux, i.e., Sa values, and Ap index are also used to estimate
the conductivity associated with solar EUV radiation.

The ground magnetic disturbance data to be compared
with the ionospheric currents over Chatanika were from
College, which is located roughly 33 km magnetic south
of the Chatanika radar. The ionospheric currents over
Sondrestrom were compared with those of the Sondrestrom
magnetometer, which is being operated at the same site as
the Sondrestrom radar. Before being compared with the
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currents, the magnetic disturbance data was processed to
average it with the temporal resolution of the radar data.

3. Climatological characteristics of the polar
ionosphere

Ionospheric conductance distribution

The magnetic local time (MLT) variation of the con-
ductance obtained from the radar measurements is examined,
where the conductance is calculated by integrating the
conductivities over the height range of 90 to 200 km.

Fig. 1(a) is the Hall conductance distribution over the
Sondrestrom radar by superposing the entire 109-day
measurements. One can easily see that the sun determines
the conductance over Sondrestrom for the most part, which
varies and maximizes near the local noon sector, although
there is sporadic conductance enhancement associated with
auroral particle precipitation before 0600 MLT and after
1500 MLT.

Fig. 1(b) shows the Hall conductance constructed by
superposing the entire 43-day measurements from the
Chatanika radar. As Ahn et al. (1999) already pointed out
that one can notice that the Hall conductance distribution
associated with auroral particle precipitation is not only
significantly high at night, reaching a maximum around
midnight local time, but also shows an extended region of
high conductance over the morning hemisphere. On the

Hall Conductance (S)

other hand, the Hall conductance distribution is mainty
due to solar EUV radiation in the post-noon sector from
noon to around 1800 MLT.

The Pedersen conductance distributions over the
Sondrestrom and Chatanika radars are also examined and
shown in Figs. 1(c) and 1(d), respectively. The patterns of
the Pedersen conductance distributions are similar to those
of the Hall conductance distributions, except that the
magnitudes of the Pedersen conductance are larger than
those of the Hall conductance.

Electric field distribution

The magnetic local time variations of the electric fields
over the Sondrestrom and Chatanika radars are examined
in the same way as the conductance and shown in Fig. 2.
One can see that the scatter from Sondrestrom extremes
are unlike Chatanika because the temporal resolution of
the Chatanika radar measurements is about 16 min, while
that of the Sondrestrom radar measurements is about 5 min,
particularly between 1983 and 1989.

Fig. 2(a) shows the north-south electric field over
Sondrestrom. In spite of occasional large values around
midnight, one can see that the regions of the maximum
southward and northward components over Sondrestrom
tend to shift towards daytime, around 0800-0900 MLT
and 1300-1400 MLT, respectively. And the minimum values
are found in the pre-noon sector, around 1100 MLT. In
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Fig. 1. (a) Diurnal distribution patterns of the Hall conductance estimated from the Sondrestrom radar observations
for the entire 109 days. (b) Diurnal distribution patterns of the Hall conductance estimated from the Chatan-
ika radar observations for the entire 43 days. (c) Same as Fig. 1(a), but for the Pedersen conductance distribu-
tion. (d) Same as Fig. 1(b), but for the Pedersen conductance distribution.
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Fig. 2. (a) Diurnal distribution patterns of the north-south component of the electric field estimated from the Son-
drestrom radar observations for the entire 109 days. (b) Diurnal distribution patterns of the north-south
component of the electric field estimated from the Chatanika radar observations for the entire 43 days.
(c) Same as Fig. 2(a), but for the east-west component of the electric field. (d) Same as Fig. 2(b), but for the

east-west component of the electric field.

Fig. 2(b), the regions of the maximum southward and
northward electric fields over the Chatanika radar are located
approximately at dawn and dusk, around 0400-0500 MLT
and around 1900-2000 MLT, respectively, as reported by
Ahn et al. (1999). The characteristics of the north-south
electric field around midnight of both Sondrestrom and
Chatanika is that the frequencies of the two components
are equal, suggesting the probabilities affecting the positive
electric potential cell and the negative electric potential
cell are generally equal around midnight.

Figs. 2(c) and 2(d) show the east-west electric field over
Sondrestrom and Chatanika, respectively. The maximum
eastward and westward components over Sondrestrom are
found near the local noon sector and around midnight,
respectively, and the strengths of the two components are
nearly equal. On the other hand, the east-west electric
field over Chatanika is generally weak, except for the pre-
midnight sector, around 2200-2300 MLT with ~40 mV/m,
and that is slightly weak by a factor of about 1/4 that of
Sondrestrom.

4. Ionospheric current density distribution

According to the Ohm’s law, the height-integrated eastward
and northward current densities, J; and Jy, can be written
as follows

JE = ZpEE + ZHEN
In = ZpEn — ZyEg

(12)
(1b)

where E; and Ey represent the eastward and northward
components of the electric field, respectively, and Z;; and
Zp represent the height-integrated Hall and Pedersen
conductivities. Since ionospheric conductance is obtained
by integrating from 90 to 200 km, the resulting current
densities are also integrated over the altitude range.

We estimated the ionospheric horizontal current densities
by substituting the equations (1a) and (1b) with the con-
ductance and electric field of Figs. 1 and 2, and showed Ji
and Jy in Figs. 3 and 4, respectively.

Fig. 3(a) is the magnetic local time (MLT) variation of the
east-west component of the current density over Sondrestrom,
which is constructed by superposing the entire 109-day
measurements. The eastward current flows generally in
the afternoon sector including the pre-noon sector, 1000-
1200-1900 MLT, and the westward current flows generally
from the evening sector to the morning sector past midnight,
1900-0000-1000 MLT. To provide climatological char-
acteristics, the average and the corresponding standard
deviation of the east-west component for each MLT is
shown in Fig. 3(b). The hourly mean maximum eastward
and westward currents are found to be around 1300-1400
MLT with a magnitude of around +170 mA/m and around



Characteristics of the Polar Ionosphere

493

Eastward Current (mA/m)

20001

Sondre_sirom

~500
0 3 6 9 12 15 18 21 24
MLT (hour)

Eastward Current (mA/m)

Chatanika

Cr;atqniko

-250}

~-500¢ N . A
0 3 6 9 12 15 18 21 24
MLT (hour)

Fig. 3. (a) Diurnal distribution of the east-west component of the ionospheric current density over Sondrestrom
estimated by combining the conductance and the electric field shown in Figs. 1 and 2, respectively. (b) Hourly
mean value and corresponding standard deviation for each MLT using the entire data set of Fig. 3(a).
(c) Diurnal distribution of the east-west compenent of the ionospheric current density over Chatanika. (d)
Hourly mean value and corresponding standard deviation for each MLT using the entire data set of Fig. 3(c).
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Fig. 4. Same as Fig. 3, but for the north-south component of the ionospheric current density.

0800-0900 MLT with a magnitude of around —140 mA/m,
respectively. It is interesting to note that the east-west current
over Sondrestrom shifts toward the hemisphere, 0600-1200-
1800 ML]T, rather than over Chatanika (see Figs. 3¢ and 3d).

Fig. 3(c) shows the east-west current over Chatanika
constructed by superposing the entire 43-day measurements.
The eastward current flows generally in the evening sector
from about 1000 MLT to about midnight. The westward

current flows generally in the morning sector and its western
boundary expands as early as 2100 MLT. As expected, the
westward current in the morning sector is generally higher
than the eastward component in the evening sector. It is
probably due to the fact that the variability in conductivity
in the westward current is larger than that of the eastward
current. As can be seen in Fig. 3(d), the hourly mean
maximum eastward and westward currents are found to
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be around 1900-2000 MLT with a magnitude of around
+140 mA/m and around post-midnight with a magnitude
of around ~220 mA/m, respectively. The minimum values
are found in the pre-noon sector, around 1000 MLT. Thus,
one can see that the east-west ionospheric current over
Chatanika flows dominantly in the night hemisphere, 1800
-0000-0600 MLT.

The north-south component of the current density over
Sondrestrom is examined during the same time period
shown in Fig. 3(a), and in Fig. 4(a). The entire pattern is
characterized by a strong southward component in the
pre-noon sector, around 0900-1000 MLT. 1t is clearly seen
from Fig. 4(b), showing the hourly mean value, and the
mean maximum southward current reaches around —170
mA/m.

The north-south current over Chatanika during the same
time period shown in Fig. 3(c) is also examined in the same
way as Sondrestrom. The results are shown in Fig. 4(c). The
northward current flows generally in the evening sector
about 1100-1200-2300 MLT. On the other hand, the
southward current flows generally in the morning sector
about 2300-0000-1100 MLT. From Fig. 4(d), which shows
the hourly mean north-south current, one can see that the
mean maximum northward and southward currents are found
around dusk and dawn. The mean maximum magnitudes in
the two sectors are around +150 mA/m and around —120
mA/m, respectively.

Observed H-Variation (nT)

5. The relationship between ionospheric cur-
rent and ground magnetic disturbance

The magnetic disturbances observed on the ground are
the combined result of the ionospheric currents and the
induced current within the earth. The magnetic disturbance
(AB) associated with an infinite horizontal current sheet
above a flat earth is

AB = (1/f ) uy2) J 2

where f denotes the induction effect within the earth. For
non-conducting earth, fis 1, while for the perfectly conducting
flat earth, fbecomes 1/2. If we assume that fis 2/3 (Kamide
and Brekke 1975), the relation between the infinite horizontal
ionospheric current (J) and the observed geomagnetic
disturbance AB can be approximated by AB = 0.95 J,
where J and B are in mA/m and nT, respectively. Recently,
Tanskanen ef al. (2001) showed that the internal contribution
peaks at substorm onset, amounting to ~ 40% of the total
field, and reached 10~20% after the maximum phase to
the quiet level. According to them, the relation between J
and AB during the quiet time is AB = 0.70 — 0.79 J.
The magnetic local time distributions of the ground
magnetic disturbance observed by the magnetometers are
shown in Fig. 5. Fig. 5(a) is the H component measured
by the Sondrestrom magnetometer during the same time
period shown in Fig. 3(a). The northward variation is
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Fig. 5. (a) Diurnal distribution of the H component of the ground magnetic disturbance measured from the Son-
drestrom magnetometer during the same time period shown in Fig. 3(a). (b) Diurnal distribution of the H
component of the ground magnetic disturbance measured from the Chatanika magnetometer during the same
time period shown in Fig. 3(c). (c) Same as Fig. 5(a), but for the D component distribution. (d) Same as Fig.

5(b), but for the D component distribution.
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observed generally in the aftemoon sector including the midnight to about 1000 MLT. One can see that the H variation
pre-noon sector, 1000-1200-1900 MLT. The southward  at Sondrestrom is observed in the sunlit hemisphere.
variation is observed generally in the moming sector from  Fig. 5(b) is the H component measured by the College
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Fig. 6. Relationship between the height-integrated ionospheric current (Jg, Jy) estimated from the Chatanika radar and
the corresponding ground magnetic disturbance at College (AH,,, AD,,). Here we represent the relation
between the two physical quantities as the correlation coefficient, r, and the coefficients, a, b, of a linear fit,
AH,, = a Jg + b and AD,,,, = a Jy + b, where is given as the solid line. The linear relations based on the infi-
nite overhead current approximation for f=2/3 (Kamide and Brekke 1975) and 9/10 (Tanskanen et al. 2001)
are also given as the dotted and dashed lines, respectively.
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magnetometer during the same time period shown in Fig.
3(b). The northward variation is observed generally in the
evening sector from 1000 MLT to around midnight. The
southward variation is observed from the evening sector to
the morning sector through midnight, 1900-0000-1000
MLE. One can see that the H variation at College is observed
dominantly in the night hemisphere. The D component of the
ground magnetic disturbance measured from the Sondrestrom
magnetometer is shown in Fig. 5(c). The eastward variation
is observed generally in the pre-noon sector including
noon, and the westward variation is observed generally in
the evening sector. The D component from College (Fig.
5d) is characterized by dominant eastward and westward
variations in the dawn and dusk sectors, respectively.
The relationship between the height-integrated ionospheric
currents (Jg, Jy) estimated from the Chatanika radar and
the simultaneously obtained ground magnetic disturbance
at College (AH;s, ADy,) is examined, and the results are
shown in Fig. 6. Fig. 6(a) shows the relationship between
Je and AH,;,. The relation between the two physical quantities
is placed in a linear relationship: AH,,,=a Jg + b, where it
is given as a solid line. The correlation coefficient r is also
estimated. The correlation coefficients between J; and
AH,, in the westward and eastward current regions are
0.84 and 0.74, respectively. This suggests that the ground
magnetic H disturbances in the auroral zone are caused
mainly by the east-west ionospheric current. However, it
is interesting to note that the correlation coefficients are
different in the westward and eastward current regions.
Moreover, it is also interesting to note that the slopes a’s
are different in the westward and eastward electrojet regions
with a’s being 0.43 and 0.32, respectively. This means that
the contributions of the westward and eastward currents to
AH for the same region are different as 0.43 and 0.32 nT/
(mA/m), respectively. The b values, AH value for J; being
0, are also different in the westward and eastward electrojet
regions with —6.58 and —3.99, respectively. In terms of
comparisons, the linear relations based on the infinite
overhead current approximation for f=2/3 (Kamide and
Brekke 1975) and 9/10 (Tanskanen et al. 2001) are also
given as the dotted and dashed lines, respectively. From
Fig. 6, one can also see that the assumption of infinite sheet
current approximation is far from realistic, underestimating
the east-west current density by a factor of 2 or more. It is
clear that even the extreme approximation (f=9/10) under-
estimates the current density by a large factor. It is more
serious for the eastward current region than in the westward
current region. The underestimate of infinite sheet current
approximation and the deference of the linear relation

between Ji and AH,in the westward and eastward electrojet
regions resulted from the fact that the real ionospheric
sheet current is not an infinite current but one flowing within
a finite range along the auroral oval, and is constructed by
the latitudinal width of the auroral electrojet, the distance
from the center of the electrojet and the latitudinal dependence
(ie., gradient) of the current density.

Figs. 6(b) and 6(c) show how the relation between Jg
and AH,, changes with magnetic activity. During quiet
periods for Kp < 2+ (Fig. 6b) the slopes, the a’s, are 0.31
and 0.21 in the westward and eastward electrojet regions,
respectively. That is, the contributions of westward and
eastward currents to AH are 0.31 and 0.21 nT/(mA/m),
respectively. On the other hand, during disturbed periods
for Kp 2 3— (Fig. 6¢) the slopes known as the a’s are 0.42
and 0.34 in the westward and eastward electrojet regions,
respectively. This represents the contributions of westward
and eastward currents to AH are 0.42 and 0.34 nT/(mA/m),
respectively. As the magnetic activity intensifies further,
the contribution of the east-west ionospheric current to AH
is larger, and the correlation coefficient becomes larger
although the change of r in the westward current region is
not shown. Thus, the underestimate of the infinite sheet
current density is more serious during the quiet period
with auroral electrojet retreating poleward.

The relationship between Jy and AD,, for Chatanika is
also examined. The results are shown in Fig. 6(d), where the
relation between the two physical quantities fits into a linear
relationship: ADg,,= a Jy + b. The correlation coefficients
between Jy and AD,, in the southward and northward
electrojet regions with —0.47 and —0.35, respectively, are
worse than those between Jg and AH,, (see Fig. 6a),
indicating that the field-aligned current affects AD sig-
nificantly. Moreover, the slopes of a’s showing a linear
relationship are —0.32 and —0.21 in the southward and
northward electrojet regions, respectively, and are therefore
lower than those between J; and AH,,.. If one considers
the fact that the southward current region is nearly the same
for the moring sector as that for the westward currents
region, and the northward current region is nearly the
same for the evening sector as that for the eastward current
region, this means that AD is seen to be considerably weaker
than AH by the ionospheric current over the same region.
In reality, since Jy associated with AD is connected to the
field-aligned current, the ground AD is combined with the
results of Jy and the field-aligned current. In the morning
sector, the region 1 currents on the poleward side flow into
the ionosphere and the region 2 currents on the equatorward
side flow out of the ionosphere. The flow pattern is reversed
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in the evening sector (Iijima and Potemra 1976). In the  weakens the westward AD caused by the northward Jy.
morning sector AD caused by the region | and 2 currents  From Fig. 6(d), we notice that there are points in the first
displays a westward variation, and thereforc weakens the  and third quadrants unlike the case for the relation between
eastward AD caused by the southward Jy. On the other  J; and AH. These points are also considered to be the
hand, in the evening sector AD caused by the region 1 and  result of the field-aligned current. As in the relation between
2 currents an eastward variation is displayed, and it also  J, and AH, for sake of comparison, the linear relations
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Fig. 7. Same as Fig. 6, but for relationship between the height-integrated ionospheric current (Jg, Jy) estimated from
the Sondrestrom radar and the corresponding ground magnetic disturbance at Sondrestrom (AH,,,, AD,).
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based on the infinite overhead current approximation for
J=2/3 (Kamide and Brekke 1975) and 9/10 (Tanskanen et
al. 2001) are also given as the dotted and dashed lines,
respectively. One can see that the assumption of infinite
sheet current approximation for Jy-AD is far less realistic
than that for Je-AH, where the current density is more
underestimated than that for J;-AH. This is the reason for
the gross underestimate for Je-AH and the effect of the
ficld-aligned current.

The change in the relation between Jy and AD,, in
terms of magnetic activity is shown in Figs. 6(e) and 6(f).
The correlation coefficients in the southward and northward
current regions are —0.12 and —0.14 during quiet periods,
respectively, and —0.46 and —0.29 during disturbed periods,
respectively. One can see that, as the magnetic activity
intensifies further, the correlation between the two quantities
becomes better. The sloping a’s in the southward and
northward current regions are ~0.12 and 0.09 during the
quiet period, respectively, and ~0.32 and —0.18 during the
disturbed period, respectively. With the enhancement of
magnetic activity, the contribution of the north-south
ionospheric current to AD increases by a factor of 2 or
more. From Fig. 6(d), it is worthy of notice that during
quiet periods there are large AD values for very small Jy,
indicating that the neutral wind seems to play an important
role particularly when it comes to north-south ionospheric
currents.

Fig. 7 shows the relationship between the height-integrated
ionospheric currents (Jg, Jy) estimated from the Sondrestrom
radar and the simultaneously obtained ground magnetic
disturbance (AHgy, AD,) measured by Sondrestrom magne-
tometer. In Fig. 7(a), showing the relation between J; and
AH,s, the correlation coefficients between the two physical
quantities for Sondrestrom are 0.57 and 0.46 in the westward
and eastward current regions, respectively, and smaller
than those for Chatanika (see Fig. 6a). Moreover, the
slopes displaying the linear relationship are 0.26 and 0.15
in the westward and eastward current regions, respectively,
and smaller by a factor of about 2 than those for Chatanika.
That is, the contribution of east-west ionospheric current
over Sondrestrom to AH is smaller by a factor of about 2
than that at Chatanika. This suggests that underestimation
of the infinite sheet current approximation is more serious
for Sondrestrom than for Chatanika.

Figs. 7(b) and 7(c) show the change in the relationship
between J; and AH,,, in terms of magnetic activity. The
correlation coefficients between the two quantities in the
westward and eastward current regions are 0.61 and 0.55
during quiet periods, respectively, and 0.53 and 0.42 during

disturbed periods, respectively. As the magnetic activity
level increases, the correlation between Jz and AH for
Sondrestrom deteriorates unlike the case for Chatanika
becoming better with the enhancement of magnetic activity
(see Figs. 6b and 6¢). The sloping a’s in the westward and
eastward current regions, are 0.30 and 0.17 during the quiet
period, respectively, and 0.23 and 0.15 during the disturbed
period, respectively. With enhancement of magnetic activity,
the contribution of the east-west ionospheric current to AH
for Sondrestrom becomes lower unlike the case for Chatanika.

Fig. 7(d) shows the relationship between Jy and AD,,,
for Sondrestrom. As expected due to the effect of the field-
aligned current, one can see that the correlation between Jy
and AD and the slope are lower than those between Jg and
AH (see Fig. 7a). And they are also lower than those
between Jy and AD for Chatanika (see Fig. 6d).

The change of the relationship between Jy and ADg,
with magnetic activity for Sondrestrom is shown in Figs.
7(e) and 7(f). One can see that the correlation coefficient
and the slope decrease with the enhancement of magnetic
activity unlike the case for Chatanika, which becomes
higher according to the activity level.

6. Summary and discussion

The climatological characteristics of the polar ionosphere
are examined in terms of the ionospheric conductance and
the electric field. For this purpose, 43 and 109 days of
measurements from the Chatanika and Sondrestrom inco-
herent scatter radars are utilized, respectively. By combining
these two quantities, it is possible to deduce the overhead
ionospheric current distributions. The ionospheric current
density thus obtained is compared with the corresponding
ground magnetic disturbance. Also estimated is the effect
of the field-aligned current on the ground magnetic dis-
turbance, particularly on the D component. Several interesting
climatological characteristics about the polar ionosphere
are apparent from this study. (1) Ionospheric conductance
in the dayside is dominated by solar EUV radiation. The
sun determines largely the conductance over the Sondrestrom
radar, while the nighttime conductance distribution over
the Chatanika radar is significantly affected by auroral
precipitation. (2) The regions of the maximum N-S electric
field over the Chatanika radar are located approximately
at the dawn and dusk sectors, while they tend to shift
towards the dayside over the Sondrestrom radar. The E-W
component over Sondrestrom is slightly stronger than
Chatanika. However, the E-W component over Chatanika
is negligible compared to that of Sondrestrom. (3) The
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E-W lonospheric current over Chatanika flows dominantly
in the night hemisphere, 1800-0000-0600 MLT, while
flowing in the sunlit hemisphere, 0600-1200-1800 MLT
over Sondrestrom. The N-S current over Chatanika flows
prominently in the dawn and dusk sectors, while a strong
southward current flows over Sondrestrom in the pre-noon
sector. (4) The assumption of infinite sheet current approx-
imation is far from realistic, underestimating the current
density by a factor of 2 or more. It is particularly serious
for higher latitude regions and during quiet periods with
auroral electrojet retreating poleward. And the induction
effect from the earth is probably very small, 10~20%
(Tanskanen ef al. 2001). Thus, one should be cautious in
inferring ionospheric current distribution from ground
magnetic disturbance data, (5) The correlation between AH
and Jg is higher than that observed between AD and Jy,
indicating that field-aligned current significantly affects
the AD. During quiet periods, neutral winds seem to play a
decisive role, particularly in the case of the N-S ionospheric
current.
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