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1. INTRODUCTION 
 
The cusp position is determined in most studies using 

satellite data [Newell et al. 1989; Stasiewicz 1991; Zhou 
et al. 1999, 2000; Pitout et al. 2006], in other studies 
using auroral activity observations [Moen et al. 1999; 
Bobra et al., 2004; Frey 2007; McEwen et al. 2016]. Also, 
the ULF Pc5 (1.7 - 7 mHz) power at high geomagnetic 
latitudes can be indicative of the polar cusp position. 
Indeed, in a study conducted at stations in a wide 

latitudinal interval in the northern hemisphere, Lepidi and 
Francia [2002] found that in the noon sector the Pc5 
power reaches a maximum at ~75° geomagnetic latitude; 
in addition, it shifts from latitudes slightly lower than 75° 
during local winter (Nov-Dec-Jan-Feb) and for negative 
values of the north-south component of the 
Interplanetary Magnetic Field (IMF, Bz < 0) to latitudes of 
81–82° during summer and for northward IMF conditions 
(Bz > 0). These findings are consistent with the 
dependence of the cusp position on season and IMF 

Article history 
Receveid October 23, 2018; accepted January 2, 2019. 
Subject classification: 
Magnetospheric physics; Structure and dynamics; Geomagnetic field variations and reversal; Solar-terrestrial interaction;  
Space weather

ABSTRACT 
We used ULF geomagnetic field measurements in the Pc5 frequency range (1.7−7 mHz) at two Antarctic stations to statistically investigate 
the longitudinal location of the polar cusp. The two stations are located at the same geomagnetic latitude, ~80° S (just poleward of the 
cusp), and are separated by one hour in magnetic local time. Since at each station the Pc5 power maximizes when the station approaches 
the cusp, the comparison between their Pc5 power allows to estimate the longitudinal position of the cusp and to examine its movements. 
We found that there is a displacement of the cusp depending on interplanetary conditions; in particular, the cusp shifts to later hours for 
negative values of the interplanetary magnetic field and solar wind velocity east−west components (By and Vy), while moves to earlier 
hours for positive values of Vy. Conversely, no dependence of the cusp longitudinal position on positive By values nor on the interplanetary 
magnetic field north−south component (Bz) emerges.



conditions obtained by several authors from satellite and 
optical observations. For example, Zhou et al. [1999] 
related the observed seasonal dependence with the dipole 
tilt angle variations, in that when the dipole tilts more 
toward the Sun, the cusp moves poleward. On the other 
hand, the IMF Bz and By components were found to 
control the latitude and longitude of the cusp, 
respectively, with the center of the cusp moving in average 
from ~80° for positive Bz to ~70° for strong negative Bz 
and toward prenoon (postnoon) sector in the northern 
(southern) hemisphere for negative By, and viceversa for 
By positive; moreover, statistically the Magnetic Local 
Time (MLT) of the footprints of the cusp magnetic field 
lines was found to extend from 0800 to 1600 MLT with 
a mean value of 11.7 MLT [Zhou et al., 2000; Frey et al., 
2002]. A quantitative estimate of the longitudinal shift 
of the cusp due to an IMF By component, linearly 
superposed with the magnetospheric field, was given by 
Stasiewicz [1991] who found that the MLT of the cusp 
can move by a maximum of 0.07-0.15 hr/nT. More 
recently, the average local time change of the cusp aurora 
location for both southward and northward IMF 
conditions was found to be 0.120–0.127 hr/nT of By [Frey 
et al., 2002; 2003]; it is remarkable, however, that, in the 
northern hemisphere, Bobra et al. [2004] observed a 
prenoon location for negative By but a large spread in 
MLT for positive By, suggesting further investigations [see 
the review by Frey, 2007].  

In this study the cusp position was estimated from 
ground-based geomagnetic field data covering the years 
2008-2016; in particular, we used the Pc5 power at two 
Antarctic stations, Mario Zucchelli Station (TNB) and 
Scott Base (SBA), located at the same Corrected Geo-
Magnetic (CGM, https://omniweb.gsfc.nasa.gov/vitmo/ 
cgm.html) latitude but separated by 1 hr in MLT (Table 1 
and Figure 1), to examine the longitudinal shift of the 
cusp for different Solar Wind (SW) and IMF conditions. In 
a previous, recent, study we conducted a similar analysis 
using TNB and SBA data from one year only, 2002; in 
that case we found that the cusp longitudinal position 
was depending on the IMF By component, shifting to 
earlier times for positive By [Lepidi et al. 2018]. The wider 
data set we use in the present study allows to better 
investigate and quantify the dependence on By and, in 
addition, the dependence on SW flow direction. 

 

2. DATA 
 
We have used 1-min geomagnetic recordings from 

two fluxgate magnetometers installed at two Antarctic 
stations, the New Zealand Scott Base Station (SBA), 

whose data are available from the Intermagnet site 
(http://www.intermagnet.org), and the Italian Mario Zuc-
chelli Station located at Terra Nova Bay (TNB). The two 
stations are separated by 1 hour in MLT, being located at 
the same Corrected-Geomagnetic Latitude (Table 1 and 
Figure 1). For the purpose of our study, we have computed 
the Power Spectral Density (PSD) of the 1-min horizon-
tal component (H) of the geomagnetic field measured at 
the two stations. Data were differenced (subtracting from 
each measured value the previous one) before computing 
the power spectra in order to reduce lower frequency vari-
ations. We have computed the PSD over 1 hour overlap-
ping intervals, with 20 minutes shift between consecutive 
intervals. We have also used the Bx, By, Bz components of 
the IMF in the Geocentric Solar Magnetospheric (GSM) 
reference system and the Vx and Vy components of the SW 
in the Geocentric Solar Ecliptic (GSE) reference system (1-
min OMNI data, https://cdaweb.sci.gsfc.nasa.gov/in-
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FIGURE 1. Position of TNB and SBA. Dashed and solid lines in−
dicate the geographic and corrected geomagnetic 
(CGM) coordinate systems, respectively.

Station Geog.  
Lat

Geog.  
Lon

CGM 
Lat

CGM  
Lon

MLT  
noon

TNB 74.7° S 164.1° E 79.9° S 306.7° E 20:16 UT

SBA 77.8° S 166.8° E 79.8° S 326.0° E 19:06 UT

TABLE 1. Geographic and IGRF Corrected Geo−Magnetic coor−
dinates and time in UT of the magnetic local noon for 
the stations: Mario Zucchelli Station (TNB) and Scott 
Base (SBA). 
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dex.html/). In order to compare these data with the geo-
magnetic ones, we have computed the running average of 
each component over 1 hour intervals with 20 minutes 
shift between consecutive intervals.  

 

3. EXPERIMENTAL RESULTS 
 
Figure 2 shows the UT-frequency dependence of the 

average PSD at the two stations. We can see that there is 
an evident enhancement of the power around local mag-
netic noon (blue lines indicate the MLT noon from IGRF 
model) at both stations, independently on frequency. For 
that reason, we integrated the power over the Pc5 fre-
quency band (1.7-7 mHz); the average Pc5 power very 
clearly shows the peak around MLT noon at both SBA and 
TNB (Figure 3). The increase (and decrease) of the power 
is due to the approaching to (and moving away from) the 
cusp of both stations, which are anyway located within the 
polar cap; the maximum power is observed when the sta-
tions are at the minimum distance from the cusp, around 
their MLT noon [Francia et al. 2005]. On the basis of the 
Pc5 power peak we can deduce the cusp longitudinal po-
sition with some approximation, since the power peak is 
quite broad, covering a few hours around MLT noon at 
each station; so, in order to define it with more accuracy 
we have computed the ratio R as the average of the ra-
tios between the Pc5 power at TNB and SBA for each time 
interval. Moreover, in order to eliminate any systematic 
difference in power level, due to possible different in-
strument calibration at the two stations, we subtracted 
from R its average value computed over the whole time in-
terval. We expect R to be less than one before MLT noon 
at SBA, greater than one after MLT noon at TNB and 
equal to one at a time T0 when the two stations are at the 
same distance from the cusp. In Figure 4 we show the log-
arithm of R in the time interval 15-24 UT. This parame-
ter is zero (i.e. logarithm of one) at the time T0≈19:35 UT. 
Since R = 1 when the cusp is located at a longitude mid-
way between the two stations, we can consider T0 as in-
dicating the average longitudinal position of the cusp.  

We have investigated the T0 dependence on different 
SW and IMF parameters. In order to eliminate a possible 
effect on the cusp longitude of a non-radial SW flow, we 
evaluated the T0 dependence on the IMF orientation 
restricting only to periods with radial SW flow.  

We defined the angle  
 

 

 

 

 

which is positive (negative) for SW flow directed westward 
(eastward). Figure 5a shows the ΦV values distribution. 
We used ΦV as sorting parameter for radial SW velocity, 
which corresponds to ΦV values close to zero (we chose -
3°≤ΦV≤3° to have a good statistic). 

We investigated the dependence of T0 on the IMF 
orientation, using the IMF clock angle 

 
 

 
 
 

whose distribution is shown in Figure 5b, along with 
those of By and Bz (Fig. 5c and 5d). Figure 6 shows the 
logarithm of R in function of UT for 8 different  sectors, 
corresponding to different IMF orientation in the y-z 
plane (each sector is represented by the black area in the 
polar diagram inserted in each plot). We can see that in 
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FIGURE 2. The UT dependence of the average power spectra in 
the Pc5 frequency range. Blue vertical lines indicate 
the MLT noon from IGRF model.

θ = tan-1 (By / Bz)

Φv = tan-1 (Vy / Vx)
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the sectors corresponding to negative Bz (-180°≤θ≤-90° 
and 90°≤θ≤180°), especially when Bz is dominant (-
180°≤θ≤-135° and 135°≤θ≤180°), R increases more slowly 
from minimum to maximum values (~5-6 hours) with 
respect to positive Bz sectors (~2-3 hours), indicating a 
wider longitudinal width of the cusp.  

For the different θ sectors we estimated the T0 values, 
whose dependence on θ is shown in Figure 7. It can be 
seen that T0 is quite stable, around 19:20-19:30 UT, 
except for the two sectors corresponding to both 
negative Bz and By (i.e. -180°≤θ<-135° and -135°≤θ<-
90°); in particular, it reaches almost 20 UT for dominant, 
negative By (-135°≤θ<-90°).  

We then investigated the dependence of T0 on By; 
we determined the T0 value for different By intervals 
with 2 nT amplitude between -4 nT and 4 nT, and for 
the two extreme intervals By<-4 nT and By>4 nT, 
separately for positive and negative Bz (Figure 8, red 
and blue lines, respectively). We see that T0 is stable 
(around 19:25-19:30 UT) for positive By. Conversely, 
for negative By it shifts to later times for increasing By 
absolute values; the observed shift is greater for 
negative Bz conditions, reaching 20:30 UT for By<-4 
nT. The MLT change of the cusp location can be 
estimated to be about 0.1 hr/nT for Bz>0 and 0.25 
hr/nT for Bz<0.  

FIGURE 3. The Pc5 integrated power for the two stations (TNB blue 
line and SBA green line). The two arrows indicate the 
MLT noon from IGRF model for TNB (blue) and SBA 
(green).

FIGURE 4. The logarithmic average ratio R between the Pc5 
power at TNB and SBA from 15 UT to 24 UT, i.e. 
around MLT noon. The red line indicates T0≈19:35 

UT. The two arrows indicate the MLT noon from 
IGRF model for TNB (blue) and SBA (green).

FIGURE 5. ФV (panel a), θ (panel b), By (panel c) and Bz (panel d) distribution from 2008 to 2016.
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FIGURE 6. The logarithmic average ratio R for radial SW flow and for 8 different θ sectors, corresponding to different IMF orien−
tation in the y−z plane (each sector is represented by the black area in the polar diagram inserted in each plot). The red 
lines indicate T0 and the arrows indicate MLT noon from IGRF model for TNB (blue) and SBA (green).

FIGURE 7. T0 dependence on θ for radial SW flow. Each point 
corresponds to a θ sector of Fig. 6.

FIGURE 8. T0 dependence on By for radial SW flow: the blue 
line shows the cases when Bz is negative, while the 
red line when Bz is positive. 



We lastly investigated the T0 dependence on θV; for 
this purpose we considered only intervals with positive By 
to remove the IMF orientation dependence observed in 
Fig. 8. We determined the T0 value for different θV 
intervals with 1° amplitude between -4° and 4°, and for 
the two extreme intervals θV<-4° and θV>4°. The results 
in Fig. 9 show a systematic increase of T0 for increasing 
θV, from T0≈19:05 for θV<-4° (eastward SW flow) to 
T0≈19:40 for θV>4° (westward SW flow), indicating that 
the cusp longitudinal position changes in response to the 
SW flow direction. Consistently with previous results for 
positive By and radial SW flow, we can observe T0 ~ 19:25 
UT when θV ~ 0. 

 

4. CONCLUSIONS 
 
In this paper we analyzed the dependence of the lon-

gitudinal position of the southern polar cusp on SW and 
IMF parameters. Most previous studies on polar cusp po-
sition are based on satellite data [Newell et al. 1989; 
Stasiewicz 1991; Zhou et al. 1999, 2000; Pitout et al. 
2006] or on auroral activity observations [Moen et al. 
1999; McEwen et al. 2016], while in our study the longi-
tudinal position of the cusp was determined using geo-
magnetic ground based data. The advantage of our al-
ternative method is the availability of long, continuous 
series of geomagnetic data which cover, with good sta-
tistics, different magnetospheric conditions. In particular, 
using data between 2008 and 2016, we computed the av-
erage ratio between the integrated Pc5 power at two 
longitudinally spaced Antarctic stations at the same CGM 
latitude (-80°S); the time dependence of the logarithm of 
this ratio shows a bipolar behavior, because the two sta-
tions reach minimum distance from the polar cusp in con-
secutive times, passing through zero at a time when the 

cusp longitude is located midway between the two sta-
tions. This time, representing the average longitudinal po-
sition of the cusp, is 19:35 UT; it is slightly in advance 
with respect to the time in the middle between the local 
geomagnetic noon at TNB and SBA (20:16 UT and 19:06 
UT, respectively); consistently, also Frey et al. [2002] 
found that the average cusp position in local time is ear-
lier (11.7 MLT) than the MLT noon. The analysis con-
ducted for different SW and IMF conditions allows to es-
timate the longitudinal movements of the cusp.  

We found that the longitudinal position of the dayside 
cusp depends on: 

1) the azimuthal component of the IMF, shifting to 
later times for increasing negative By (while positive 
By seems to have no effect). The observed shift for 
positive Bz is small (about 0.1 hr/nT) and consistent 
with previous estimates [Stasiewicz, 1991; Frey et 
al., 2002; 2003] while, unlike these, it tends to be 
much greater for Bz < 0 (about 0.25 hr/nT). 

2) the azimuthal component of the SW flow: the cusp 
position shifts of ≈40 minutes for deviation of 
about 10° of SW velocity direction with respect to 
the Sun-Earth direction, consistently with the shift 
of the point where the SW flow impacts perpendic-
ularly on the magnetopause, i.e. toward earlier 
(later) times for eastward (westward) SW flow. 

The position of the cusp, when the influence of By 
and of the SW flow direction is negligible (i.e. for positive 
By and radial SW), is at ~19:25-19:30 UT, in advance with 
respect to its average value of 19:35 UT and then further 
in advance to the time in the middle between the MLT 
noon at the two stations. 

We also found that the Bz component, which is known 
to influence the cusp latitudinal position [Newell et al. 
1989; Stasiewicz 1991; Zhou et al. 2000; Lepidi and 
Francia, 2002; Pitout et al. 2006], does not seem to have 
the predominant role in determining the cusp 
longitudinal position. Conversely, our results suggest that 
Bz influences the longitudinal width of the cusp, which is 
wider for negative Bz; our results are then consistent with 
the MLT extent of the cusp found by Newell et al. [2007], 
i.e. an increase from 2.33 hours for low merging rate to 
3.45 hours for high merging rate.  

The use of ground-based data is then a powerful tool, 
especially for statistical studies, and a reliable alternative 
to satellite data. Making a coordinated study also with 
cusp observations by other means, i.e. spacecraft or 
auroral imagers, when simultaneous observations are 
available, would obviously strengthen the validity of our 
technique. 

 

LEPIDI ET AL.

6

FIGURE 9. T0 dependence on ФV for positive By. 



5. DATA AND SHARING RESOURCES 
 
TNB data can be downloaded from the INGV web 

site: http://geomag.rm.ingv.it/index.php. SBA data can be 
downloaded from the INTERMAGNET web site: 
http://www.intermagnet.org. Solar Wind and Interplane-
tary Magnetic Field data can be downloaded from: 
https://cdaweb.sci.gsfc.nasa.gov/index.html/ 
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