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Abstract. We examined the coast effect in Antarctica along
the 80◦ S magnetic parallel. We used the geomagnetic field
measurements at the two coastal stations of Mario Zuc-
chelli Station and Scott Base, and, as a reference, at the
inland temporary station Talos Dome, during 18 January–
14 March 2008. Spectral analysis in the Pc5 frequency range
(1–7 mHz) revealed large differences between coastal and in-
land stations, such as higher spectral power levels in the verti-
cal component and higher coherence between horizontal and
vertical components at coastal stations. Using the interstation
method on selected active time intervals, with Talos Dome as
a remote reference station, we found that remote reference
induction arrows are directed almost perpendicularly with
respect to their respective coastlines. Moreover, the single-
station analysis shows that at Talos Dome the amplitude of
the induction arrows is much smaller than at coastal stations.
These results clearly indicate that coast effect at a few hun-
dred kilometers from the coastline is relatively small. The
coast effect on polarization parameters was examined, for a
Pc5 event that occurred on 11 March 2008. The results ev-
idenced that the azimuthal angle of polarized signals at one
of the coastal stations is largely different with respect to the
inland station (by ∼ 110◦), while the polarization ratio and
ellipticity attain comparable values. We proposed a correc-
tion method of the polarization parameters, which operates
directly in the frequency domain, obtaining comparable az-
imuthal angles at coastal and inland stations.

Keywords. Ionosphere (wave propagation) – magneto-
spheric physics (polar cap phenomena; storms and sub-
storms)

1 Introduction

Magnetospheric ultra-low-frequency waves (ULF waves,
1.7–5 Hz) driven by the solar wind are successfully studied
using geomagnetic field measurements at polar latitudes (En-
gebretson et al., 2006; De Lauretis et al., 2010; Regi et al.,
2015). Such regions are magnetically linked to the regions
where the solar wind directly interacts with the geomagnetic
field; therefore, they are particularly suitable to investigate
the generation of the ULF waves and their propagation in the
magnetosphere.

In this context, it is important to exclude contaminations
of the signals such as, for example, the effects of the ground
conductivity. Waves transmitted from the magnetosphere to
the ground can be partially reflected by the ground itself,
so that a ground magnetometer measures both the primary
source (the magnetospheric waves) and the variations in-
duced by underground electric currents, which represent the
secondary source (Parkinson, 1959; Banks, 1973). The ef-
ficiency of the reflection increases with increasing conduc-
tivity so that, for a perfect horizontal conductor, the vertical
field component Zin induced by the internal currents cancels
the external field variations Zext. The attenuation of the verti-
cal component and, in addition, an increase of the horizontal
component are predicted for a horizontal uniform conducting
lamina which is representative of the Earth surface (Parkin-
son, 1962). The same result is predicted by Price (1950)
when a spatially uniform external field induces currents in
a half-space of uniform conductivity. It follows that the ver-
tical field Z = Zin+Zext may not be zero if there are nonuni-
form external fields (Banks, 1973) or nonuniform horizontal
ground conductivity (Villante et al., 1998). For example, at a
land–sea interface, lateral conductivity gradients cause large
Z values, inland from the border of the sea, as for example at
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194 M. Regi et al.: Coast effect in Antarctica

observatories on the coastline, since the higher seawater con-
ductivity provides a larger vertical field with respect to the
land. In this case, the variation field still lies in a plane, the
“Parkinson plane”, which is no longer horizontal but is tilted
upward toward the sea (Parkinson and Jones, 1979).

Early investigations in the time domain conducted by
Parkinson (1959) evidenced a clear relationship between the
vertical and horizontal components due to ground-induced
electric currents. The geomagnetic fluctuations, induced by
the ground currents, at periods T less than 1 h (or frequen-
cies higher than 0.3mHz), tend to be confined in the hori-
zontal plane, due to their lower skin depth Dep ∝

√
T ; close

to coastlines, the Parkinson’s plane tends to be inclined (Gre-
gori and Lanzerotti, 1980; Jones, 1981; Wolf, 1982), proba-
bly introducing, on the ground, changes in the polarization
pattern of ULF waves in the horizontal plane.

More recently, experimental observations by De Lauretis
et al. (2005), conducted in the ULF Pc3 frequency range (22–
100 mHz) at the high-latitude stations of Mario Zucchelli (at
Terra Nova Bay, TNB) and Concordia (at Dome C, DMC),
in Antarctica, showed that azimuthal angles are generally be-
tween 45 and 75◦ at TNB, which is located on the coastline,
while they are almost uniformly distributed at DMC, on the
Antarctic plateau, far away from the coast.

Moreover, similar results are found at TNB by Regi et al.
(2017) in the Pc1–2 frequency range (100–500 mHz). These
results indicate that the signal power at TNB tends to be
higher along the east–west magnetic component. As sug-
gested by De Lauretis et al. (2005), the polarization charac-
teristics may be affected by ground conductivity anomalies,
due to the closeness of TNB to the coast.

The availability of simultaneous measurements from ob-
servatories at TNB and Scott Base (SBA; data provided by
INTERMAGNET database), allows us to make an interest-
ing comparison, in that the stations are located approximately
at the same geomagnetic latitude (∼ 80◦ S), although near
different coastlines. As pointed out by Schmucker (1970)
and Viljanen et al. (1995) (see also Fujiwara and Tou, 1996;
Beamish, 1982; Vujić and Brkić, 2016), a suitable analysis in
both vertical and horizontal components can be assessed by
using a reference station, which should be ideally far away
from the ground anomalies (i.e., from the coast). In this re-
gard, we used as a reference station the temporary installation
at Talos Dome (TLD, ∼ 80◦ S), deployed during the 2007–
2008 Antarctic campaign at ∼ 270 and 560 km from TNB
and SBA, respectively, and operating during 18 January–
14 March 2008 (Lepidi et al., 2017).

Our statistical investigation shows that, in the frequency
range 1–7 mHz (Pc5 waves), the geomagnetic field measure-
ments at TNB and SBA are contaminated by the coast ef-
fect, clearly identified by the induction vectors, which point
almost perpendicularly to the respective nearest coastlines.
Moreover, by examining a Pc5 case event, we observed dif-
ferent polarization characteristics in the horizontal geomag-
netic field variations at TNB and TLD, which can be due

to the closeness of TNB to the coastline, as suggested by
De Lauretis et al. (2005).

2 Data analysis and methods

Geomagnetic field variations were measured at the three
sites by means of three-axis fluxgate magnetometers along
the northward (H ), eastward (D), and vertically downward
(Z) directions in the geomagnetic reference frame. For this
analysis we used data sampled at 1 min in the time interval
18 January–14 March 2008, and the horizontal components
of the geomagnetic field were conveniently rotated along the
northward (X) and eastward (Y ) direction in the geographic
reference frame. Geomagnetic field variations at SBA were
directly provided in the geographic reference frame, in the
INTERMAGNET database. At TNB the rotated components
X and Y were computed using the measured value of the
declination δ0 = 135◦44′ (IGRF δ0 = 135◦45′) and the hor-
izontal field intensity H0 = 8050nT (IGRF H0 = 7680nT),
while at TLD, δ0 = 137◦ and H0 = 6670nT were obtained
from the IGRF model. Such frequency sampling allows us
to study ULF waves up to a frequency of 8.33mHz. Before
spectral analysis, each time series was high-pass filtered by
removing long period fluctuations, such as Sq variations, by
using the 1 min moving-average procedure over 3 h windows.
We computed 3 h nonoverlapping power spectra by means of
Welch’s method on three 1 h subintervals, with a frequency
resolution of ∼ 0.27mHz. Spectra and cross-spectra were
frequency smoothed by using a 5-point triangular window,
so that the final frequency resolution is∼ 0.83mHz (De Lau-
retis et al., 2010).

The geomagnetic anomalies are investigated in the fre-
quency domain. The ground conductivity anomaly effect on
vertical component can be estimated by means of the follow-
ing empirical relationship (Parkinson and Jones, 1979):

1Zs(f )= As(f )1Xs(f )+Bs(f )1Ys(f ), (1)

which represents the induction effects on vertical component
from the horizontal field variations at a geomagnetic station
(single-station analysis). In this formula, where f indicates
the frequency, the induction effects on the horizontal compo-
nents are negligible (i.e.,1Xs(f ) and1Ys(f ) are the normal
field variations).

The contribution of anomalies to the vertical and hor-
izontal geomagnetic field can be estimated by using the
so-called interstation transfer functions (Schmucker, 1964;
Beamish, 1982; Fujiwara and Tou, 1996; Vujić and Brkić,
2016; Harada et al., 2005). Let us assume the following:

– the normal field variation 1Bn(t), produced by the pri-
mary field and by the inducted secondary field due
to normal conducting ground, is measured at a refer-
ence station not affected by ground anomaly, so that
1Bn(t)=1Br(t) (t indicates the time);
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– the anomalous part 1Ba(t), that includes only contri-
butions from lateral discontinuities in geoelectric struc-
tures, is related with the normal field through the lin-
ear relationship between Fourier transforms 1Ba(f )=

M1Br(f ).

From Schmucker (1970) the Fourier transform of geomag-
netic field fluctuations resulting at the anomalous site can
be expressed at a given frequency by 1Bs(f )=1Br(f )+

M1Br(f )+ δB(f ), where δB is the error vector and M rep-
resents the induction tensor (3 by 3 matrix at a given fre-
quency) whose elements represent transfer functions.

Fujiwara and Toh (1996) and Beamish (1982) further sim-
plified the linear system, assuming a negligible1Zr, yielding
to1Xs
1Ys
1Zs

=
C+ 1 D

E F + 1
A B

[1Xr
1Yr

]
+

δXr
δYr
δZr

 . (2)

The transfer functions A, B, C+1,D, E and F +1 of ten-
sor M can be estimated as in Everett and Hyndman (1967)
(see also Banks (1973) and Fujiwara and Tou (1996) for de-
tailed formulas and different estimation methods).

In the present study we estimated the transfer functions
by means of the least-square method over N spectra as in
Everett and Hyndman (1967).

It is worth noting that the errors in transfer functions are
negligible because they are reduced by a factor 1/

√
N , as we

found in a separate analysis by means of a Monte Carlo test.
The third line of Eq. (2) relates the horizontal fluctuations at
the reference site with the vertical fluctuations at the anoma-
lous site:

1Zs(f )= A(f )1Xr(f )+B(f )1Yr(f ). (3)

A second set of equations (from Eq. 2) relates the fluctua-
tions of the horizontal field at reference and anomalous sites[
1Xs
1Ys

]
=

[
C+ 1 D

E F + 1

][
1Xr
1Yr

]
+

[
δXr
δYr

]
, (4)

while Eq. (1) is applicable to a single station, the Eqs. (2)–(4)
refer to the interstation method. By equating Eq. (1) and (3)
and using the relationships (4), we obtain the remote refer-
ence transfer functions (Fujiwara and Toh, 1996):

Ar =
A(F + 1)−BE

(C+ 1)(F + 1)−DE
, (5)

Br =
B(C+ 1)−AD

(C+ 1)(F + 1)−DE
, (6)

which represent the transfer functions As and Bs, obtained
using the horizontal variations at the reference station.

At a given station, through the complex coefficients Ar
and Br, we can define the induction arrow; the real part (<)

Table 1. Geographic coordinates, IGRF08 corrected geomagnetic
coordinates and time in UT of the geomagnetic local noon for the
three stations.

Station Geographic Corr. geom. MLT noon
code coordinates coordinates (UT)

SBA 77.8◦ S, 166.8◦ E 79.9◦ S, 326.1◦ E 19:03
TNB 74.7◦ S, 164.1◦ E 80.0◦ S, 306.7◦ E 20:13
TLD 72.8◦ S, 159.0◦ E 80.4◦ S, 292.4◦ E 21:06

of transfer functions describes the in-phase response, while
the quadrature response is defined by the imaginary part (=),
which is generally characterized by a smaller amplitude and
unclear behavior. The reversed real induction arrow points
towards the anomaly (Wiese, 1962; Viljanen et al., 1995).

The interstation analysis allows us to estimate the normal
field fluctuations, in the frequency domain. Assuming that
interstation transfer functions of horizontal components are
known, by inverting the Eq. (4), and taking into account that
1Xr =1Xn and 1Yr =1Yn, the normal signal can be esti-
mated as follows:[
1Xn
1Yn

]
=

[
C+ 1 D

E F + 1

]−1[
1Xs
1Ys

]
. (7)

Although useful, the above technique requires caution in
computing the transfer functions. Indeed, this method fails if
the plane wave assumption is not valid (Viljanen et al., 1995
and reference therein). Plane-wave events at high latitudes
can be characterized by the following:

– a high correlation of the horizontal components at dif-
ferent stations (i.e., between TLD and coastal stations
of TNB and SBA);

– a low coefficient U = 100σ(χs−χr)/max(|χr|) (%),
where σ(χs−χr) indicates the standard deviation of the
difference between field measurements (χ =X,Y ) at
anomalous and reference stations (see Viljanen et al.,
1995 for details). U = 0 corresponds to a uniform field.

Moreover, the transfer function formulas have a common
dependence on 1/(1− γ 2), as shown in Eq. (2) of Jones
(1981), where γ 2 represents the magnitude squared coher-
ence between horizontal components at a reference site (Xr
and Yr if interstation method is used; Eqs. (4)–(9) in Fuji-
wara and Tou, 1996), or at any site (Xs and Ys if single-
station method is used; Sect. 3.1 in Everett and Hyndman,
1967). In order to avoid instability in transfer functions, we
selected only events showing a maximum coherence of 0.6
(this threshold is sufficiently lower than 1 but is still high
enough to select a significant number of events).

We used TLD as the reference station, since our analy-
sis demonstrated that it is poorly affected by coast effects;
the station is located in the inner Antarctic region (∼ 270 km
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Figure 1. The position of the geomagnetic stations. Dashed lines
mark geomagnetic coordinates.

from TNB and ∼ 560 km from SBA). The three stations are
approximately at the same geomagnetic latitude of ∼ 80◦,
and are located in the polar cap but approach the dayside
cusp and related phenomena around local magnetic noon;
SBA, TNB and TLD are approximately equispaced by 1 h
in magnetic local time (MLT; see Table 1 and Fig. 1). Due
to the larger distance from TLD, SBA should reveal a lower
correlation with TLD than TNB.

3 Experimental results

In Sect. 3.1 we present the spectral characteristics at the
three stations. In Sect. 3.2 we show the transfer functions
resulting from the interstation technique, for vertical and
horizontal components, also showing single-station induc-
tion arrows (SSIAs) and remote reference induction arrows
(RRIAs) at TNB and SBA. Finally, in Sect. 3.3 we investi-
gated the anomalous polarization azimuthal angle observed
at TNB during a Pc5 event that occurred on 11 March 2008.

3.1 Power spectra ratio at coastal and inland stations

We found that the spectral power on the Z component at
TLD shows a different level with respect to the stations on
the coast which, on the contrary, are characterized by a simi-
lar behavior.

Figure 2 shows the time-averaged power spectral density
(PSD) of the Z component (SZ) (panel a), the spectral ra-
tio (SR) between Z and the horizontal X and Y components
(SZ/(SX+SY ) at each station (panel b), and the ratio between
SZ at coastal stations and SZ at TLD (panel c). We found that

the average SZ is higher at TNB and SBA than at TLD and
the difference increases with increasing frequency. The SR
value is much lower than 1 at all stations, as expected for the
conductive ground; however, it is much higher at the coastal
stations with respect to TLD and similar at TNB and SBA.
Moreover, the ratio between SZ at coastal stations and SZ at
TLD is higher than 1 at both stations, with larger values at
SBA, particularly for frequencies > 2mHz. This aspect will
be further discussed later, in the next section.

The clear difference between spectral behaviors at coastal
stations with respect to the inland station suggests that at
TNB and SBA the ULF fluctuations, at frequencies in the
range 0.3–8mHz, can be affected by the high conductivity of
the seawater.

Evidence of a possible relationship between the vertical
and horizontal field variations at each station can be revealed
by estimating the multiple coherence γ 2 between such com-
ponents (Bendat and Piersol, 1971). Figure 3 shows the time-
averaged γ 2 at the three stations, by assuming horizontal
components as inputs and the vertical component as output.
In the examined frequency range, the coherence is higher at
the coastal stations than at TLD, where the vertical and hori-
zontal variations seem to be poorly related, especially at fre-
quencies > 4mHz.

These results suggest that the geomagnetic field measured
at TLD station is the normal field, unaffected by ground
anomalies, so TLD can be adopted as a reference station.

It is worth noting that the differences between the coastal
stations and the inland station tend to decrease with decreas-
ing frequency, probably due to both the effects of a horizon-
tally homogeneous deep lithosphere under all geomagnetic
stations (i.e., also under the sea), which responds to the low
frequencies, and the effects of uniform-inducing ULF waves
at all ground stations, since at low frequencies the wave-
lengths (several Earth radii) are larger than the maximum
distance between stations (∼ 600 km).

3.2 Vertical and horizontal transfer functions using the
interstation analysis

To apply the interstation technique, we need to satisfy two
requirements, as explained in Sect. 2: the source should be
a common plane wave simultaneously observed at coastal
and reference stations, and the coherence between horizon-
tal components at the reference station should be sufficiently
low.

Figure 4 shows the correlation coefficient r (panels a and
b) and the deviation from uniformity U (panels c and d) of
the horizontal components at the pair TNB–TLD (on the left)
and SBA–TLD (on the right) for the whole data set. Plane-
wave events are assumed if r is higher than 0.8 at TNB and
0.6 at SBA, and U is below 30 % at each station. The num-
ber of plane-wave events is ∼ 600 and ∼ 160 at TNB and
SBA, respectively. The smaller number at SBA with respect
to TNB (even using a lower threshold for r) is probably due
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Figure 2. Average spectral density of the Z component (a) and spectral ratio Z/(X+Y ) (b) at each geomagnetic station; spectral ratio of
the Z components at each coastal station and at TLD (c; dashed lines during disturbed magnetospheric conditions).

Figure 3. Average multiple coherence between vertical and hori-
zontal components for inland (red line) and coastal (black and blue
lines) ground stations.

to the larger distance of SBA from TLD. Moreover, panels
e and f show the coherence between the horizontal X and Y

components at TLD for the plane-wave events at TNB and
SBA; we selected only the plane-wave events in which the
coherence is lower than 0.6. The selected events occurred
mostly during high geomagnetic activity, as can be seen from
the comparison between the percentage of selected events
and the AE index for each day (bottom panels). The percent-
age is computed with respect to the total number of selected
events.

In order to take into account only clear events generated
during disturbed geomagnetic conditions, we restricted our
analysis to events corresponding to AE higher than 50 nT.
In this case, the spectral ratio between the Z components at
coastal stations and TLD becomes similar (as can be seen in
Fig. 2c, dashed lines). This suggests that we observe a similar
effect at the two coastal stations.

For the selected events we examined the coherence be-
tween homologous components at reference and each coastal
station. Figure 5 shows the median values of the coherence
at the two stations. It can be seen that the horizontal signals
appear significantly coherent at the TNB–TLD pair (partic-
ularly at frequencies < 5mHz; panels a and c), more than
at the SBA–TLD pair (panels b and d), probably due to the
larger distance of SBA from TLD.

Real and imaginary parts of the estimated remote reference
transfer functions Ar and Br are shown in Fig. 6 as a function
of frequency. The values of the imaginary parts are very low,
close to zero. The real parts of Ar and Br have a similar level
at TNB (panels a and b), while at SBA (panels c and d) larger
values are observed in Ar, suggesting that the induced verti-
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198 M. Regi et al.: Coast effect in Antarctica

Figure 4. First and second row: r and U coefficients for the pair TNB–TLD (a, c) and SBA–TLD (b, d) for the whole data set; plane-wave
events are marked by heavy dots. Third row: coherence between the horizontal X and Y components at TLD for TNB and SBA events (e, f,
respectively); selected events are marked by heavy dots. Fourth row: comparison between the daily number (%) of selected events (pink line)
and the daily AE index (black line), for the pair TNB–TLD (g) and SBA–TLD (h).

cal field at TNB is a combination of the inducing horizontal
fields, while at SBA, the major source is represented by the
fluctuations along the X northward component.

The estimated RRIAs at TNB and SBA are shown, using
the stereographic projection, in panel (b) of Fig. 7 for each
frequency band (indicated in the color scale), together with
the average RRIA (red arrows) computed as

〈I〉 =
1
Nf

Nf∑
i=1

Ii, (8)

where Nf is the number of frequency bands which satisfy
the condition γ 2 > 0.5 (from Fig. 5), and Ii are the real part
of the induction arrow at the ith-frequency band. In Fig. 7,
for a comparison, we also show the SSIAs (panels a and c);

at TLD the arrows exhibit a small amplitude and are ran-
domly oriented. It can be seen that the two different methods
provide similar results at TNB and SBA, consistent with Fu-
jiwara and Tou (1996), with the respective arrows pointing
almost perpendicularly to the nearest coastline.

Regarding the horizontal transfer functions at TNB and
SBA, we show the real and imaginary parts of each transfer
function (Eq. 4) in Fig. 8. It can be seen that only the values
of the real part of the C+ 1 and F + 1 transfer functions are
appreciably different from zero for frequencies lower than
∼ 5 and ∼ 2mHz at TNB (panels a, b, c and d) and SBA
(panels e, f, g and h), respectively; they relate the anomalous
induced field 1Xa, 1Ya with 1Xr and 1Yr observed at the
reference station.
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Figure 5. The coherence between horizontal homologous components at reference and coastal stations as a function of frequency. The
horizontal bar indicates the 99 % confidence level.

Figure 6. Remote reference transfer functions Ar and Br at TNB (a, b) and SBA (c, d); solid and dotted lines indicate the real and imaginary
parts, respectively.

www.ann-geophys.net/36/193/2018/ Ann. Geophys., 36, 193–203, 2018



200 M. Regi et al.: Coast effect in Antarctica

Figure 7. Single-station induction arrows at SBA, TNB and TLD (a, c) and remote reference induction arrows at SBA and TNB using TLD
as a reference geomagnetic station (b), obtained from the real part of transfer functions. Geographic parallels and meridians are shown.

Figure 8. Horizontal transfer functions from interstation method at TNB (a, b, c, d) and SBA (e, f, g, h); solid and dotted lines indicate the
real and imaginary parts, respectively.

Ann. Geophys., 36, 193–203, 2018 www.ann-geophys.net/36/193/2018/
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Figure 9. (a, b) Band-pass-filtered time series of the original horizontal components at TNB and TLD for the examined event; (c, d, f, g, i,
l) polarization parameters from the original horizontal components at TLD and TNB; (e, h, m) polarization parameters using the interstation
method correction procedure at TNB.

3.3 Polarization analysis using the interstation method
correction procedure: a case study of the 11 March
2008 Pc5 event

In order to study the polarization characteristics due to coast
effects, we estimated 1Xn and 1Yn, from Eq. (7), during
a period characterized by high Pc5 activity. We selected the
event on 11 March 2008 (Lepidi et al., 2017) and compared
the polarization patterns at TLD and TNB. The azimuthal
angle θ , the polarization ratio R and ellipticity ε were exam-
ined on the basis of Fowler et al. (1967) polarization anal-
ysis, performed using a moving window of 2 h with a step
size of 1 min. For each time window the Welch’s method
on subwindows of 60 min was used in order to compute
spectra and cross-spectra of horizontal fluctuations; each re-
sulting spectrum was smoothed over 5 frequency bands (fi-
nal frequency resolution of ∼ 0.83mHz): the averaging and
smoothing procedures increase the reliability of the polar-
ization parameters (Bendat and Piersol, 1971; Fowler et al.,

1967). Due to the higher distance of SBA from TLD and
lower reliability of related transfer functions, in this section
we present only the TNB–TLD comparison and discuss fre-
quencies lower that∼ 5mHz, for which anomalous induction
effects are significant, as shown in previous sections.

Figure 9 shows the dynamic polarization parameters ob-
tained from the original data at TLD and TNB; the band-
pass-filtered time series are shown in panels (a) and (b), re-
spectively. It can be seen that polarization parametersR (pan-
els c and d) and ε (panels f and g) are similar; conversely, the
azimuthal angle at TNB (panel l) generally differs from TLD
(panel i) by ∼ 110◦, particularly in correspondence to polar-
ized (R > 0.8 at TLD) Pc5 fluctuations, i.e., during∼ 06:30–
08:30 UT and in the frequency range 2–4 mHz. The results
of the polarization analysis, conducted using data corrected
for the coast effect (Eq. 7), are shown in the right-hand-side
panels of Fig. 9. It can be seen that the polarization ratio and
ellipticity do not change significantly (panels e and h, respec-
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tively), while the azimuthal angle at TNB varies in agreement
with TLD (panel m).

This example clearly shows that the polarization character-
istics (more evident in the azimuthal angle in this case study)
may be affected by ground conductivity anomalies, probably
due to the closeness of TNB to the coastline, as suggested
by De Lauretis et al. (2005) and also observed by Regi et al.
(2017) in the higher Pc1–2 frequency range and evidenced
by the interstation induction arrows at coastal stations.

4 Conclusions

In the present work we studied the coast effect at the Antarc-
tic geomagnetic stations TNB and SBA during 18 January–
14 March 2008, also using the inland temporary station TLD,
more than 200 km from the coast, as a reference station. The
spectral analysis, in the Pc5 frequency range, revealed a sig-
nificant difference between coastal and inland stations.

In particular, the Pc5 power of the vertical component at
the coastal stations is higher than at the reference station, and
the spectral ratio between vertical and horizontal components
is similarly high. Moreover, the multiple coherence of the
horizontal components with the vertical component reveals
higher values at SBA and TNB with respect to TLD. These
results suggest that the sea–land interface affects measure-
ments at coastal stations, and confirms TLD as a suitable ref-
erence station, since the amplitude of the induction arrows is
generally 20 times smaller than at coastal stations, in agree-
ment with Hitchman et al. (2000) and Vujić and Brkić (2016)
observations at lower latitudes.

We proposed a method for estimating directly, in the fre-
quency domain, the normal field variations at coastal sta-
tions, by inverting the linear relationship between horizontal
field measurements at coastal and reference stations. As an
example, we showed the Pc5 event on 11 March 2008, for
which we observed different azimuthal angles at TNB and
TLD. When corrected by means of our method, the azimuthal
angle at TNB changes, becoming similar to the angle at TLD,
while the polarization ratio and ellipticity do not change sig-
nificantly. These results indicate that the azimuthal angle of
polarized ULF waves at the coastal station of TNB is prob-
ably affected by horizontal ground conductivity anomalies,
attributable to the sea saltwater, as suggested by De Lauretis
et al. (2005).

Most of the geomagnetic stations installed in Antarctica
are situated close to the sea, and so geomagnetic measure-
ments could be affected by local coast effects. This work
can be regarded as a useful reference in order to remove lo-
cal effects: for example, without considering coast effects, a
comparison between polarization parameters at coastal and
inland stations could be misleading, leading to incorrect con-
clusions. In addition, the spectral techniques shown here
could be used not only to study anomalous variations at
coastal stations, where the anomaly is persistent, but also to

detect possible anomalous effect due to sporadic changes in
ground conductivity.
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Vujić, E. and Brkić, M.: Geomagnetic coast effect at
two Croatian repeat stations, Ann. Geofis., 59, 0652,
https://doi.org/10.4401/ag-6765, 2016.

Wiese, H.: Geomagnetische Tiefentellurik Teil II: die Streichrich-
tung der Untergrundstrukturen des elektrischen Widerstandes,
erschlossen aus geomagnetischen Variationen, Pure Appl. Geo-
phys., 52, 83–103, https://doi.org/10.1007/BF01996002, 1962.

Wolf, D.: Comment on “Geomagnetic depth sounding by in-
duction arrow representation: A review” by G. P. Gre-
gori and L. J. Lanzerotti, Rev. Geophys., 20, 519–521,
https://doi.org/10.1029/RG020i003p00519, 1982.

www.ann-geophys.net/36/193/2018/ Ann. Geophys., 36, 193–203, 2018

https://doi.org/10.1029/169GM10
https://doi.org/10.1016/0031-9201(67)90005-2
https://doi.org/10.1016/0031-9201(67)90005-2
https://doi.org/10.1029/JZ072i011p02871
https://doi.org/10.5636/jgg.48.1071
https://doi.org/10.1029/RG018i001p00203
https://doi.org/10.1002/eej.20035
https://doi.org/10.1071/EG00052
https://doi.org/10.1029/RG019i004p00687
https://doi.org/10.5194/angeo-35-139-2017
https://doi.org/10.1111/j.1365-246X.1959.tb05776.x
https://doi.org/10.1111/j.1365-246X.1959.tb05776.x
https://doi.org/10.1111/j.1365-246X.1962.tb02992.x
https://doi.org/10.1029/RG017i008p01999
https://doi.org/10.1093/qjmam/3.4.385
https://doi.org/10.1186/s40623-015-0180-8
https://doi.org/10.1186/s40623-017-0738-8
https://doi.org/10.1186/s40623-017-0738-8
https://doi.org/10.5636/jgg.15.193
https://doi.org/10.1111/j.1365-246X.1995.tb06446.x
https://doi.org/10.1111/j.1365-246X.1995.tb06446.x
https://doi.org/10.1046/j.1365-2478.1998.00082.x
https://doi.org/10.4401/ag-6765
https://doi.org/10.1007/BF01996002
https://doi.org/10.1029/RG020i003p00519

	Abstract
	Introduction
	 Data analysis and methods
	Experimental results
	Power spectra ratio at coastal and inland stations
	Vertical and horizontal transfer functions using the interstation analysis
	Polarization analysis using the interstation method correction procedure: a case study of the 11 March 2008 Pc5 event

	Conclusions
	Data availability
	Author contributions
	Competing interests
	Acknowledgements
	References

