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[1] The influence of the solar wind and the interplanetary magnetic field (IMF) on the
luminosity of transpolar arcs (TPAs) is examined by taking into account seasonal
effects. The study focuses on those transpolar arcs that appear after an IMF By sign change
during steady northward IMF. It includes 21 northern hemisphere events identified in a
previous study from global UV images taken by the Polar spacecraft between 1996
and 2000. Sorting the TPA events by sign of the Earth dipole tilt we find that the TPAs
which appear in the dark hemisphere are on average much weaker than TPAs in the
sunlit hemisphere. For the dark hemisphere events, no clear correlation between solar
wind parameters and TPA luminosity is found. However, in the sunlit hemisphere, a clear
dependence on solar wind and IMF conditions is seen. The TPA brightness is strongly
influenced by IMF magnitude, northward IMF Bz and solar wind speed. A weak,
negative correlation with the ion density is found. The TPA luminosity in the sunlit
hemisphere is much more strongly controlled by the magnetic energy flux than by the
kinetic energy flux of the solar wind. This explains the absence of transpolar arcs for
the two By sign change cases for positive dipole tilts with lowest magnetic energy flux
values. The strong influence of the Earth dipole tilt on the transpolar arc luminosity
appears due to the dependence of the ionospheric conductivity on solar EUV emissions.
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1. Introduction

1.1. Solar Wind Influence on Auroral Luminosity

[2] It is generally understood that the auroral pattern and
the auroral activity are strongly influenced by the solar wind
and the interplanetary magnetic field (IMF). The strongest
correlation between auroral luminosity and solar wind
parameters is found for the IMF Bz component. Liou et al.
[1998] observed a linear dependence between southward
IMF and mean auroral power (derived from the auroral
luminosity measurements by the Polar UV imager). The
dependence on northward IMF is more complicated. In the
afternoon sector the auroral power increases slowly with
increasing positive IMF Bz. At the nightside oval the auroral
power is generally very low during northward IMF.
[3] Solar wind velocity and density influence the auroral

brightness as well. Looking at the solar wind velocity effect
on the auroral brightness statistically, a positive correlation
was found [Liou et al., 1998; Shue et al., 2002]. The
statistical dependence on the solar wind density is less
clear. Liou et al. [1998] found no clear correlation for the

afternoon and a negative correlation at the nightside oval.
However, Shue et al. [2002] reported a positive density
correlation in the nightside oval section. Many authors have
reported that sudden pressure pulses cause the aurora to
brighten [e.g., Elphinstone et al., 1991; Zhou and Tsurutani,
1999; Liou et al., 2002]. Liou et al. [2005] showed that a
solar wind pressure pulse can even cause auroral enhance-
ments along a transpolar arc.
[4] In some statistical auroral luminosity studies, the

polar cap area is shown as well. Baker et al. [2003]
examined the dependence of the auroral luminosity on
interplanetary parameters during one winter month. From
their figures it can be seen that the average auroral lumi-
nosity in the polar cap has a similar dependence on IMF and
solar wind as the aurora in the main oval, away from the
nightside sector. Polar cap aurora is shown to correlate well
with northward IMF and solar wind speed. Aweak, negative
correlation is seen for the solar wind density and IMF Bx.
Although not explicitly addressed by Shue et al. [2002],
their figures indicate a negative dependence of polar cap
aurora on the solar wind density during the summer.
[5] Generally the dependence of the auroral brightness on

solar wind density, velocity and season are much more
pronounced during southward than during northward IMF
[Shue et al., 2002]. This difference can be explained by amuch
more efficient energy coupling between the solar wind and the
magnetosphere for southward IMF due to a more favorable
magnetic topology that allows magnetic reconnection along
the dayside magnetopause [Dungey, 1961]. During northward
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IMF the energy transfer takes place through high-latitude lobe
reconnection [e.g., Kessel et al., 1996 and references therein].
While the IMF Bz component determines the location and
efficiency of the reconnection site, the magnetic solar wind
energy flux determines the amount of energy that enters the
magnetosphere [Akasofu, 1980].

1.2. Seasonal Dependence of Auroral Luminosity

[6] The effect of solar wind parameters on the auroral
luminosity is diluted by the strong influence of sunlight on
the ionosphere. The auroral brightness varies considerably
with season. The EUV illumination ionizes the upper part of
the atmosphere, leading to a higher conductivity in sunlit
regions, and thus enhances the production rate of aurora.
[7] For the duskside and dayside oval this is confirmed

by several studies. Although the polar cap is not addressed
explicitly by Shue et al. [2001b], it is clearly seen that the
average auroral luminosity of the polar cap has a similar
dependence on season as does the dayside oval. However,
on the nightside the opposite dependence on season is
observed: Liou et al. [2001] and Shue et al. [2001b] used
Polar UVI images to study seasonal effects on the auroral
brightness. They both found that dayside aurora is slightly
brighter during summer, while the nightside aurora is much
brighter during the winter.
[8] According to Shue et al. [2001a] the different sea-

sonal dependencies of day- and nightside aurora are
connected to the difference between diffuse aurora and
discrete arcs. The summer enhancement of the mainly
diffuse dayside aurora is explained in Shue et al. [2001a]
and Ohtani et al. [2005] by the linear dependence of the
dayside FACs on the ionospheric conductivity, that has been
observed by Fujii and Iijima [1987]. The conductance is
sufficient to satisfy the FAC requirement, and no field-
parallel E-fields are necessary to maintain the current
balance, thus, no discrete arcs appear. As suggested by
Fujii and Iijima [1987] this indicates a voltage generator in
the plasma sheet.
[9] The suppression of discrete arcs in sunlight has first

been reported by Newell et al. [1996]. From the statistical
distribution of accelerated electron events Newell et al.
[1996] concluded that most discrete arcs are concentrated
in the dusk-nightside sector of the oval. They suggested that
the high occurrence frequency of discrete arcs in this region
has to do with an originally extremely low conductivity due
to a lack of particles. The low density in the premidnight
region appears because the hot electrons from the Earth’s
plasma sheet map to the dawnside oval due to curvature and
gradient drifts, leading to a broad region of mainly diffuse
aurora with moderately high conductivity at the dawn oval.
Tomaintain a current system between the magnetosphere and
a low conductivity region, electrons become accelerated and
establish a higher conductivity, as the electron precipitation
ionizes the upper ionosphere. This so-called feedback mech-
anism (first introduced by Atkinson [1970]) can only take
place in a region of upward FACs with a low background
conductivity, such as the premidnight oval sector.

1.3. Solar Wind Influence on the Occurrence
Frequency of Polar Arcs

[10] The polar cap region is often neglected due to its lack
of precipitating particles during geomagnetic active times

when the IMF is southward. The quiet state of the magne-
tosphere prevails for Bz near zero, while for northward IMF
the polar cap becomes active [Gussenhoven, 1988]. During
northward IMF conditions, field-aligned currents (NBZ
currents) can be measured inside the polar cap [Iijima et
al., 1984], and small-scale sun-aligned arcs appear frequently
[Valladares et al., 1994]. Also large-scale polar arcs are a
predominately northward phenomenon [Kullen et al., 2002].
The evolution of polar arcs is strongly controlled by the
direction of the IMF. Valladares et al. [1994] showed that
small-scale polar arcs appear mainly during northward IMF
and negative Bx. Their location and motion depends on IMF
By , Kullen et al. [2002] found a similar relation for large-
scale polar arcs. Dependent on the IMF clock angle,
different types of polar arcs develop. Those polar arc types
that reach a considerably poleward location (denoted in
Kullen et al. [2002] as midnight, moving and multiple arcs)
appear predominantly during positive IMF Bz, negative IMF
Bx, high IMF magnitude and solar wind velocity. No
dependence on solar wind density or pressure was found.
[11] Both, an IMF Bz turn to southward IMF [Newell and

Meng, 1995] and an IMF By sign change during northward
IMF [Cumnock et al., 1997] can trigger large-scale polar
arcs to move to highest latitudes. When the IMF turns
southward during positive (negative) IMF By an arc starts to
bend from the dawn (dusk) oval side into the polar cap
(Kullen et al. [2002], described as the ‘‘bending arc’’ type).
A change from positive to negative (negative to positive)
IMF By causes a rather sun-aligned arc to separate from the
dusk (dawn) oval side and to move over the entire polar cap
(Cumnock et al. [1997]; for nice examples see also Cumnock
et al. [2002]). While Kullen et al. [2002] called this type of
arc ‘‘moving arc’’, most authors use the expression ‘‘theta
aurora’’ or ‘‘transpolar arc’’, which is, strictly speaking, only
true during the time the arc appears in the middle of the polar
cap. In this study, we will use the more common description
‘‘transpolar arc’’ (TPA) to describe polar auroral arcs trig-
gered by an IMF By sign change.
[12] During many events the IMF is highly varying, and

both IMF By and Bz sign changes influence the evolution of
a TPA simultaneously (see e.g., the events presented by
Chang et al. [1998]). This has caused a lot of confusion in
the research community regarding the relative importance of
the different IMF changes. To clarify the role of IMF By,
Cumnock [2005] made a large survey through several years
of solar wind data to identify all time periods with a single
IMF By sign change during several hours of steady north-
ward IMF for which global auroral images from Polar UVI
were available. They were able to detect transpolar arcs in
nearly all cases, which shows that an IMF By sign change
during northward IMF is indeed sufficient to trigger a TPA.

1.4. Seasonal and Solar Wind Dependence of Polar Arc
Luminosity

[13] The seasonal dependence of single auroral arcs
appearing poleward of the main oval has been addressed
by Frey et al. [2004] for localized high-latitude dayside
aurora (HilDA) and by Cumnock [2005] for TPAs. Frey et
al. [2004] observed a maximum occurrence of HiLDAs
during sunlit summer months and an almost complete
absence in the dark winter. Cumnock [2005] found a similar
seasonal dependence of the TPA luminosity. On average,
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summer TPAs are much brighter than winter arcs. However,
they did not find any clear connection between solar wind
parameters and the auroral luminosity of TPAs.
[14] In this study, we continue the work of Cumnock

[2005]. We investigate a possible solar wind dependence of
the TPA luminosity by sorting the events into sunlit (pos-
itive Earth dipole tilt) and dark hemisphere events (negative
Earth dipole tilt) to take seasonal effects into account.

2. Observations

[15] This work is based on a slightly extended list of
northern hemisphere TPAs by Cumnock [2005]. The TPAs
are identified and their luminosity determined with help of
global auroral images from the UV imager on the Polar
spacecraft (Polar UVI), the solar wind conditions are
analyzed using the OMNIWeb data set.
[16] Cumnock [2005] has run a survey through 4.5 years

(1996/04-2000/12) of solar wind data by ACE, IMP-8 and
WIND and selected all time periods with existing upstream
solar wind data where a single IMF By sign change takes
place during constantly northward IMF at least 2 h before
and 3 h after the By sign reversal. The possible occurrence
of a TPA during such solar wind conditions is examined
with the help of auroral images from Polar UVI. Because of
the spacecraft orbit, a global view on the auroral zone
during a significant fraction of time exists only for the
northern hemisphere. We therefore concentrate on TPAs
appearing in this hemisphere.

2.1. Polar UV Images

[17] The UV camera on Polar images the aurora every 37 s
in the ultraviolet region of the spectrum using four narrow
band filters with integration times of 18 and 36 s, respec-
tively [Torr et al., 1995]. In this study we use the LBH short
(149–160 nm) and the LBH long (160–180 nm) filters with
an integration time of 36 s. In the LBH long mode
emissions are not significantly absorbed in the atmosphere,
thus the emission intensity is approximately proportional to
the electron energy flux into the ionosphere [Germany et al.,
1998]. However, this filter is less sensitive than the LBH
short filter and does not resolve faint structures just above
the instrument threshold very well. Although LBH short
wavelengths generally suffer from absorption in the atmo-
sphere, the resulting error becomes negligible for weak
aurorae that are caused by low energy electrons [Germany
et al., 1998]. As predicted theoretically by Germany et al.
[1990], the emissions of low energy electrons peak at high
altitudes where absorption becomes negligible due to a
rapid decrease of absorption with height [Germany et al.,
2001]. TPAs have often very faint structures, with luminos-
ities near Polar UVIs threshold [Kullen et al., 2002] and are
typically caused by particles with low energies [Frank et al.,
1986]. Thus absorption in the LBH short mode should be
negligible. We therefore measure the TPA luminosity in
both wavelength ranges, and compare their results.
[18] The resolution of the UV imager on the Polar

spacecraft is about 0.5� s in latitude at apogee: thus a single
pixel projected to 100 km altitude from apogee is approx-
imately 50�50 km. Away from apogee the imager can
detect even smaller spatial scales. Because of a spacecraft
wobble in one spacecraft direction, the effective pixel size

sometimes increase up to 50 � 250 km. This is of no
consequence for our purpose.
[19] Dayglow is removed from sunlit images. For those

events where a transparent MgF window was closed to
protect the optics of the imager, the reduction of the image
sensitivity is corrected. For more details see Cumnock
[2005]. Only those cases (19 out of 55 time periods) were
taken into account in their paper, where the entire evolution
of a TPA can be followed on Polar UV images. In the
present study, four additional events are included into the
data set. These TPAs appear during the required solar wind
conditions and form a true theta aurora, but are during part
of their existence out of the view of the imager. As we are in
this study not interested in the entire evolution of TPAs,
these cases are taken into account as well. Those TPAs
where both the transparent image window was closed and
dayglow was removed due to sunlit conditions, are ignored
in the study. The multiplication of both correction factors
results in too large error bars. For this reason, one of the
events presented by Cumnock [2005] has been excluded
from the data set. Another event from the Cumnock [2005]
list is removed, as it does not contain images in the LBH
long mode. For all other TPAs, images in the LBH long
wavelength range exist. The coverage in the LBH short
mode is not as good. They are taken into account as far as
they exist (15 cases). The study contains now altogether
21 events. Note, that the data set includes even two cases
where an IMF By sign change takes place, but no TPA could
be identified on Polar UVI or with DMSP particle data.
[20] The number of events seems small compared to the

examined time period of 4.5 years. One reason is the need
for global Polar UV images from the northern ionosphere
during the time period of interest. The IMF selection
criterion of a single IMF By sign reversal occurring during
at least 5 h of steady northward IMF diminishes the number
of possible events additionally. Solar wind conditions with
extended intervals of northward IMF are rather rare and
occur mainly in connection with magnetic clouds and their
sheath fields. The sheath field consists of high magnetic
fields, the ejecta itself is characterized by slowly varying
magnetic fields, which often have a north-to-south (or vice
versa) rotation to it [Tsurutani and Gonzalez, 1997]. Com-
paring our TPA list with the automatically generated list of
CMEs and CME-like structures by Lepping et al. [1990]
shows that 15 out of 21 TPAs occur within 16 h of the force-
free part of the CME main ejecta. This means, the large
majority of our IMF By sign reversal periods are part of a
CME induced magnetic structure of the IMF.
[21] The intensity of the UV emissions is measured at the

point in time when the TPA has reached the noon-midnight
meridian, forming a true theta aurora. The maximum and
minimum UV emissions along the arc (excluding the oval
connection points) are determined by visual inspection of
the UV images. Despite the use of a dayglow removal
routine, for most summer TPAs the part of the oval near
noon is not visible due to too much dayglow in that area.
Thus luminosity measurements are taken at the visible part
of the TPA only. Some TPAs have an extremely weak
luminosity which makes it difficult to identify the arc at
each point of time. In these cases, particle data from one of
the dawn-dusk orbiting DMSP (Defense Meteorological
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Satellite Program) spacecrafts at 1000 km height are used to
verify the exact position of the arc.
[22] As we are interested in the effect of solar illumina-

tion on the TPA luminosity, we sort the events into sunlit
(positive Earth dipole tilt) and dark hemisphere cases
(negative Earth dipole tilt). The terminator (at 100 km)
separating the sunlit from the dark side of the ionosphere
has been determined for each event. In the majority of cases,
the entire arc lies completely in darkness or sunlight when
the Earth dipole tilt is negative or positive, respectively.
However, for four negative and two positive tilt events, the
terminator divides the TPA into a small sunlight and a large
dark part. This does not cause any problem in the negative
tilt cases. The luminosity has been determined for the dark
side only. In the positive dipole tilt cases the terminator is
too close to the region that appears on the UV imager as
completely covered by dayglow, such that a determination
of the TPA luminosity in the sunlight region is not possible.
Thus for these two cases, the luminosity values are taken on
the dark side as well.
[23] An example of a TPA is shown in Figure 1 in the

LBH long mode (top row) and in the LBH short mode
(bottom row) of Polar UVI. It appears in the northern
hemisphere on 22 January 1998. The Figure shows clearly
the higher sensitivity of the LBH short filter. In that filter,
the TPA is much easier discernable from the background
noise than in the LBH long filter. The minimum and
maximum auroral luminosity values are measured in both
modes along the arc at 9:28 UT and 9:29 UT, respectively.

Around that time, the TPA has reached the noon-midnight
meridian. During the event, the IMF is dominated by its Bz

component. IMF Bz has high values above 10 nT and stays
northward for over 30 h, while the IMF By changes three
times its sign, each time triggering a TPA to move into the
polar cap. The TPA shown in Figure 1 appears in connec-
tion with a last sign change from �5 to +5 nT, that leads to
the separation of the TPA from the dawnside oval and its
motion over the entire polar cap within 8.3 h.

2.2. Solar Wind Data

[24] For an examination of the solar wind conditions
during the TPA events 1-min averaged OMNI data are
used. It is provided on the OMNIWeb (http://omniweb.
gsfc.nasa.gov). The data set consists of solar wind measure-
ments from the solar wind monitor which is closest to the
Earth bow shock. Hence near continuous measurements are
provided. The data are propagated in time to correspond the
solar wind conditions at the Earth bow shock. A detailed
documentation is given by King and Papitashvili [2005].
The OMNI data used in our study consists of measurements
from the satellites WIND, IMP-8, Geotail and ACE.

3. Results

3.1. TPA Luminosity

[25] The seasonal dependence of the TPA luminosity,
reported already by Cumnock [2005], is shown in Figure 2
for our extended TPA list. For each event, LBH short (left

Figure 1. Example of a dawn-to-dusk moving transpolar arc, seen on Polar UVI in the LBH long mode
(top row) and in the LBH short mode (bottom row).
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side) and LBH long (right side) UV emissions (measured
when the arc has reached the noon-midnight meridian)
versus Earth dipole tilt are plotted. The cases with a
negative (dark hemisphere) and a positive Earth dipole tilt
(sunlit hemisphere) are shown in separate plots. Each
vertical line corresponds to the luminosity range of one
TPA. The upper and lower ends of the vertical lines
correspond to the measured maximum and minimum val-
ues, respectively. The squares in the middle of each vertical
line mark the average between these two values. They
represent a quite good estimate of the real averaged TPA
luminosity, as in most cases the minimum and maximum
values do not deviate much from each other. For each plot
the correlation coefficients and regression lines are calcu-
lated for the luminosity averages (marked as squares).
[26] Comparing the measurements taken with the LBH

short filter with those from the LBH long filter, the results
look quite similar. Disregarding the brightest TPA, the UV
emissions are only slightly higher in the LBH short mode
than for the LBH long mode. Most of the 21 TPAs have
rather low luminosity values below 300 Rayleigh. With
increasing luminosity, the difference between minimum and
maximum values grows slightly. Only for the brightest TPA
this difference becomes large. That event appears in con-
nection with a magnetic storm recovery, resulting in a wide
and bright oval.
[27] The global Polar UV images show that in most cases,

not only the TPA but also the entire auroral oval is very faint
(see example in Figure 1). The low luminosity values
indicate a quiet state of the magnetosphere. A look at the
AE index quicklook plots on the Kyoto WDC-WEB (http://
swdcwww.kugi.kyoto-u.ac.jp/aedir/index.html) confirms

this: Except for the storm recovery event all TPAs appear
during time periods of absolute quietness or with only
minor AE disturbances. As can be expected for such AE
conditions, the TPA brightness does not vary much. A
slightly enhanced nightside oval connection point is ob-
served for three TPAs, brightenings along the arc are seen in
six cases. However, when the TPA has reached the noon-
midnight line (the time point of our UV emission measure-
ments), all auroral intensifications have disappeared. Except
for three cases where an auroral breakup occurs while the
TPA starts to form, no substorm activity is observed. The
nearly complete absence of substorm breakups in our data
set has to do with the well-known decrease of substorm
activity during extended periods of northward IMF [Kullen
and Karlsson, 2004].
[28] Comparing the negative with the positive Earth

dipole tilt cases of Figure 2, the dependence of the TPA
luminosity on sunlight can be clearly seen: For negative
dipole tilts the TPA luminosity is generally very low, and
the auroral brightness does not dependent on the dipole tilt.
For positive dipole tilt angles the UV emissions are in
average much higher. The good correlation with the dipole
tilt angle shows that in the sunlit hemisphere the TPA
brightness strongly depends on the Earth dipole tilt.

3.2. Correlation Between TPA Luminosity and Solar
Wind Parameters

[29] To find out about a possible dependence of the TPA
luminosity on solar wind conditions, we calculate correla-
tion coefficients between the average TPA luminosity and
different solar wind parameters. The average TPA luminos-
ity is approximated by the mean value between minimum

Figure 2. TPA luminosity measured with the LBH short filter (left two plots) and the LBH long filter
(right two plots) versus Earth dipole tilt. The TPAs are sorted after negative and positive dipole tilts. The
luminosity is measured when the arc has reached the noon-midnight meridian. The ends of each vertical
line correspond to the minimum and maximum luminosity values. Linear regression lines and correlation
coefficients are calculated for the average TPA luminosities, marked as squares at each vertical line.
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and maximum UV emissions at the time when the TPA has
reached the noon-midnight meridian. The OMNI Web solar
wind data are already shifted in time to correspond the solar
wind conditions at the Earth’s bow shock nose. We average
the data over 15 min intervals because of the frequent
occurrence of small data gaps, especially in the IMP-8 data.
To get information about the time it takes until the solar
wind influences the TPA brightness we calculate the corre-
lation coefficients for solar wind values up to several hours
before the TPA has reached the noon-midnight meridian. To
take seasonal effects into account, we distinguish between
TPAs that occur during sunlit and dark conditions.
[30] The solar wind correlation plots have been produced

for both LBH long and LBH short values. As the LBH short
filter is more sensitive, we expect to get more accurate
luminosity values than with the LBH long filter (in 6 out of
15 cases where TPA images exist for both filters, the TPA is
much better visible with the LBH short filter). However, in
our study the results do not improve by using this filter. For
negative Earth dipole tilt cases (containing very low UV
emissions) no correlation with solar wind parameters is
found, independent of which filter is used. For positive
Earth dipole tilts (with slightly higher TPA luminosities),
LBH short and LBH long correlation plots are nearly
identical. This is the reason why the results are shown in
Figures 3 and 4 only in LBH long.
[31] Figure 3 shows the correlation coefficients for the

different solar wind parameters in the dark (left side) and the
sunlit hemisphere (right side) for solar wind values 7.5 min
up to 6 h before the TPA measurements were taken. The
plots in the first row provide information about the IMF.
The plots in the second row show the correlation coeffi-
cients for the solar wind bulk speed, the solar wind ion
density, the dynamic pressure, and kinetic and magnetic
energy fluxes.

[32] As mentioned above, a correlation between solar
wind parameters and TPA is only found for the sunlit cases.
The for all solar wind parameters very low correlation
coefficient values for negative dipole tilts may indicate that
the TPA luminosity is not influenced by solar wind or IMF.
Alternatively, the weak UV emissions in the dark hemi-
sphere may be too low to be correctly measured by the
imager since their values are near the instrument threshold.
[33] In the sunlit hemisphere the TPA brightness is

strongly influenced by several solar wind parameters: TPAs
become brighter for increasing IMF magnitude, IMF Bz, and
solar wind speed. For the solar wind density, a weak
negative correlation with the TPA luminosity is observed.
The solar wind pressure has no influence on the TPA
luminosity. Previous studies indicate an anticorrelation with
IMF Bx. This result is not confirmed in our data set. The
correlation coefficient is constantly negative, but much too
low to confirm a connection between TPA luminosity and
negative IMF Bx.
[34] The results for IMF By have to be interpreted with

care as the events have been selected to contain all a single
By sign change. The correlation between TPA luminosity
and IMF By is negative during the theta formation. For time
shifts greater than 75 min, the correlation shows positive
values. This is connected to the IMF By sign change that has
taken place in average about 90 min before the theta
formation is reached. The curve tells us that TPAs following
a sign change from positive to negative are usually brighter
than TPAs occuring after a By sign reversal from negative
to positive.
[35] Themagnetic energy flux of the solar wind has amuch

stronger influence on the TPA brightness than the kinetic
energy flux. It has a maximal correlation coefficient of 0.9.
The correlation coefficients for other known solar wind
coupling functions such as vBz,v

p
(By

2 + Bz
2), or the transverse

Figure 3. Correlation coefficients between TPA luminosity in the LBH long mode and solar wind
parameters are shown for time shifts between luminosity measurements and solar wind values up to 6 h
back in time. The correlation coefficients are calculated separately for events with negative (left plots)
and positive dipole tilts (right plots). The top plots show the correlations with the IMF, the bottom plots
give the dependence on solar wind speed, density, pressure, magnetic, and kinetic energy flux.
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component of the solar wind electric field (v�B)t give equally
good results as the magnetic energy flux. They are not shown
here as the only small deviations between these makes a
detailed comparison meaningless for such a small data set.
[36] Looking at the shape of the curves for the sunlit

hemisphere events, it is astonishing how little the correla-
tion coefficients change in time for most parameters. Ap-
parently, it is difficult to deduce an exact propagation time
for the given TPA list. This has to do with the selection
criteria of the events: The CME or CME-like structures
during which the majority of these TPAs occur are connected
to extremely stable solar wind conditions that change slowly
within hours. Disregarding the IMF By correlation curve
(result biased by the selection criterion), only the correlation
with solar wind pressure and (connected) kinetic energy flux
vary clearly for different time lags. For the kinetic energy
flux, a maximal correlation of 0.7 is reached for a time lag of
about 40 min.

3.3. Strength of Solar Wind Influence on TPA
Luminosity

[37] While Figure 3 provides information about how well
the TPA brightness correlates with different solar wind
parameters, it does not tell us about how strong the different
parameters influence the TPA luminosity. This is shown in
Figure 4 for those parameters where a clear correlation with
the TPA brightness was found. The TPA luminosity is
plotted versus IMF Bz, IMF magnitude, solar wind velocity,
ion density, magnetic and kinetic solar wind energy flux.
The plots are done in the same way as Figure 2. The TPAs
are sorted into cases with a negative Earth dipole tilt (upper
row) and cases with a positive dipole tilt (lower row). For
each plot, correlation coefficients and linear regression lines
are calculated for the average TPA luminositiy values
(marked as squares). The solar wind data are averaged over
a 15 min time interval between 45 and 60 min before the TPA
reaches the noon-midnight meridian. As discussed above, the
exact time shift does not matter. Except for the kinetic energy
flux (which has nearly maximal correlation values for the
plotted time shift) the results do not change considerably
within some tens of minutes for the shown parameters.
[38] As already seen in Figure 3, a clear dependence of

the TPA luminosity on solar wind and IMF is found only for
the sunlit cases. Figure 4 shows that not only is the
correlation very high, but also the regression line is quite
steep during sunlit conditions. The best correlations are
found for the solar wind speed and the magnetic energy
flux. From Figure 4 we can see that this correlation holds
even for the most extreme cases. For the two cases with the
lowest solar wind energy flux values, no TPA could be
identified on Polar UV and DMSP data. The TPA which
occurs during a magnetic storm with extremely high solar
wind energy flux values is also the brightest one.

3.4. Intercorrelations of Solar Wind Parameters

[39] As all events appear during similar solar wind con-
ditions (most of them in connection with CMEs or CME-
like structures), the different solar wind parameters may be
correlated with each other. To analyze this, Figure 5 shows the
relation between IMF magnitude and each IMF component,
solar wind speed, density and pressure. The plots are done in
the same way and for the same time interval as Figure 4.

[40] Figure 5 reveals that the IMF has unusually high
values, and is dominated by its north-south component, a
typical characteristics of CMEs. Consequently, a very high
correlation between IMF Bz and IMF magnitude is found.
As could be expected, no correlation is found between IMF
magnitude and the By component (due to the event selection
criterion). For all other parameters, the correlations for the
sunlit and dark hemisphere deviate from each other. For the
dark hemisphere, the IMF magnitude depends only on IMF
Bx and Bz. In the summer hemisphere, there is a clear,
positive correlation between IMF magnitude and solar wind
speed and a negative correlation with the solar wind density.
[41] For the sunlit hemisphere events, the correlations

between IMF magnitude and solar wind parameters
(Figure 5) are very similar to the correlations found between
UV emissions and solar wind parameters (Figure 4). The
question arises, to what extent the correlations found
between TPA luminosity and solar wind velocity or density
are caused by solar wind intercorrelations (correlations
between IMF magnitude and solar wind velocity or density)
rather than expressing a general dependence of the auroral
luminosity on these parameters.

4. Discussion

4.1. TPA Luminosity Measurements Using Different
LBH Wavelength Ranges

[42] The comparison of TPA luminosity values measured
in the LBH short and LBH long wavelength ranges shows
that both filters give very similar results (Figure 2). Only for
the brightest TPA, LBH long and short measurements
deviate strongly. As it is generally observed that TPAs have
low particle energies [e.g., Frank et al., 1986], we assume
that the low UV emissions of our faint TPAs are caused by
low energetic electrons. Assuming this, our results confirm
the theoretical predictions by Germany et al. [1990, 2001]
that low energy electrons appear at such high altitudes, that
LBH short absorption can be neglected.

4.2. Seasonal Dependence of TPA Luminosity

[43] As can be seen in Figure 2, TPAs are on average
much brighter in the sunlit hemisphere than in the dark
hemisphere. As the luminosity values for TPAs in the sunlit
(dark) hemisphere have been determined along the sunlit
(dark) side of the TPA only (except in two cases), Figure 2
shows directly the influence of solar illumination of the
brightness of TPAs. A seasonal dependence of the TPA
luminosity has already been reported by Cumnock [2005],
but was not discussed there in further detail. We pick up at
this point and try to give our understanding of the sunlight
enhancement of the TPA luminosity:
[44] The suppression of aurora in sunlight, as observed by

Newell et al. [1996], holds only for discrete arcs connected to
high-energetic electron beams that appear mainly in the low-
conductivity region of the premidnight oval. As reported by
Liou et al. [2001] and Shue et al. [2001b] the remaining parts
of the auroral oval show the opposite dependence on
sunlight. Shue et al. [2001a] and Ohtani et al. [2005] explain
the positive correlation between auroral luminosity and
sunlight by a linear dependence of FACs on the ionospheric
conductivity which implies a voltage generator in the source
region [Fujii and Iijima, 1987]. An enhancement of the
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ionospheric conductivity in sunlight leads thus to an en-
hancement of the aurora. The TPA luminosity shows the
same seasonal dependence as the main auroral oval, away
from the nightside sector. Thus it is probable that even TPAs
are driven by a voltage generator.
[45] The explanation for the positive correlation between

ionospheric conductivity and auroral brightness is based on
the assumption that the aurora is diffuse. In that case the
conductance is sufficient to satisfy the FAC requirement,
resulting in weaker parallel E-fields and no discrete arcs.
TPAs have been repeatedly observed to consist of discrete
arcs [e.g., Frank et al., 1986]. On the other hand, Hoffman
et al. [1985] reported a TPA where no sign of electron
acceleration occurred. Kullen et al. [2002] observed that
TPA’s can become extremely weak or even disappear during
shorter time intervals on Polar UV images. Unfortunately,
the pixel resolution of Polar UVI is not high enough to
discern between discrete and diffuse aurora. However, these
observations indicate that TPAs do not necessarily consist of
discrete arcs during their entire existence. As our data set
consists of TPAs appearing after hours of steady northward
IMF with very low UV emissions in most cases, it is
probable that diffuse aurora dominates in these cases, which
would explain their similar dependence on season as the
dayside oval. A detailed analysis of particle data from
DMSP is planned to shed more light on this issue.

4.3. Comparison With Other Luminosity Studies

[46] Searching for a solar wind dependence of the TPA
luminosity by looking at the entire TPA data set, does not
give any clear results [Cumnock, 2005]. Only by separating
TPAs appearing in the sunlit hemisphere from those of the
dark hemisphere, clear dependencies on solar wind and IMF
are found for the sunlit cases.
[47] Figures 3 and 4 show that the correlations between

TPA luminosity and solar wind are much higher, and the
dependence on the different parameters much stronger in the
sunlit hemisphere than in the dark hemisphere. In fact, for
negative dipole tilts, we did not find any clear connection
between TPA luminosity and solar wind parameters. This is
not confirmed by other studies. On the contrary, a similar
dependence on solar wind parameters as for the sunlit cases
is expected. Baker et al. [2003] observed for the northward
IMF periods during one winter month similar solar wind
dependencies for the polar cap and large parts of the main
oval as our study for TPAs in the sunlit hemisphere. They
show positive correlations with IMF Bz and solar wind
speed, and negative correlations for IMF Bx and solar wind
density. This may indicate that the sensitivity of the LBH
long filter is not high enough to measure correctly the small
differences in the UV emissions of the typically extremely
faint winter TPAs of our study. Unfortunately, the number
of dark hemisphere events taken with the more sensitive
LBH short filter was too small to see any possible correla-
tions. On the other hand, we have to consider that the
luminosity study of Baker et al. [2003] was carried out for
January 1997, a winter month with an extremely strong
magnetic storm containing a long northward IMF phase with
unusually bright and active aurora and many polar arcs
during the northward storm phase. This would support the
scenario that a strong solar wind influence on auroral lumi-

nosity may be possible during the winter only above a certain
level of solar wind energy input into the magnetosphere.
[48] For the sunlit hemisphere events, the correlations

between TPA luminosity and different solar wind parame-
ters, shown in Figures 3 and 4, resemble the correlations
reported for the average auroral luminosity outside the
nightside oval sector. This includes the very good correla-
tions with northward IMF, the transverse component of the
solar wind E-field, the magnetic solar wind energy flux, and
a weak negative correlation with IMF Bx in the afternoon
oval sector [Liou et al., 1998], a negative correlation with
IMF By [Shue et al., 2001b] and positive correlation with
solar wind velocity along the main oval [Shue et al., 2002;
Baker et al., 2003]. Although not addressed by the authors,
in the work of Shue et al. [2002] it can be seen that the
connection between solar wind density and auroral lumi-
nosity in the polar cap is similar to our results for the TPA
luminosity. During northward IMF a negative dependence
on the density can be observed for the summer hemisphere.
[49] It is well-known that aurorae in the southern and

northern hemisphere are influenced differently by IMF Bx.
Not only the auroral luminosity [Liou et al., 1998] also the
occurrence frequency of polar arcs is correlated with IMF
Bx. Small-scale [Valladares et al., 1994], large-scale polar
auroral arcs [Kullen et al., 2002], and HiLDAs [Frey et al.,
2004] appear in the northern hemisphere most frequently
during negative IMF Bx. In the southern hemisphere a
correlation between NBZ current density and positive IMF
Bx is found [Iijima et al., 1984]. The asymmetric effect of
IMF Bx on auroral luminosity, polar arc occurrence and
FACs in the polar cap has been explained by most authors
with more favorable conditions for high-latitude lobe re-
connection due to highly antiparallel B-fields for negative
(positive) IMF Bx in the southern (northern) hemisphere.
[50] A positive Earth dipole tilt has the same effect on the

high-latitude reconnection topology in the northern hemi-
sphere as negative Bx. For a sunward tilt of the north part of
the Earth dipole axis, IMF and magnetospheric magnetic
fields become more antiparallel in the northern hemisphere.
Thus it could be expected, that the TPA luminosity depends
as much on IMF Bx as on season. However, comparing
Figures 2 and 3, we find that the influence of IMF Bx is
negligible as compared to the effect of the Earth dipole tilt
on TPA luminosity. A similar observation has been made by
Crooker and Rich [1993] regarding the influence of IMF Bx

and Earth dipole tilt on the average ionospheric convection
pattern. They reported that the dipole tilt effect completely
dominates over the Bx effect on the ionosphere. This is
probably connected to the dipole tilt controlled UV illumi-
nation of the high-latitude ionosphere, and thus its influence
on the ionospheric conductivity. The stronger dependence
of the TPA brightness on the dipole tilt lets us suggest that
sunlight has a much stronger influence on the TPA lumi-
nosity than a favorable reconnection topology.
[51] The independence of the TPA luminosity on the solar

wind pressure (Figure 3) has been reported for other auroral
regions as well. Neither for the afternoon oval [Liou et al.,
1998] nor for the polar cap aurora in the winter hemisphere
[Baker et al., 2003] a connection with the solar wind
pressure has been found. Only Shue et al. [2002] find a
weak, negative dependence of auroral luminosity in the
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polar cap on pressure during the summer season. It is well-
known that a sharp increase of the solar wind pressure
causes within minutes a brightening of the noon aurora
which spreads along the oval [Elphinstone et al., 1991], and
may even lead to an intensification of a TPA [Liou et al.,
2005]. The sudden compression of the magnetosphere by
shock impact probably causes more particles to enter the
loss cone although the exact mechanism is not known. Zhou
and Tsurutani [1999] suggested that it is connected to wave-
particle scattering, [Liou et al., 2005] proposed a temporal
widening of the loss cone due to a magnetic field line
reconfiguration as a possible explanation for the auroral
enhancement. Whatever the reason, apparently a rapid
pressure jump may enhance the brightness of a TPA for a
short time interval [Liou et al., 2005] while a constantly
high solar wind pressure level has no influence on the TPA
luminosity or on the average auroral brightness along the oval.
Thus the rate of increase or decrease, not the magnitude of the
pressure is important for a change in the auroral luminosity.

4.4. Intercorrelations of Solar Wind Parameters

[52] From Figure 5 we know that in the sunlit hemi-
sphere, the correlations between IMF magnitude and other
solar wind parameters resemble the correlations between
TPA luminosity and solar wind parameters. Because of this
similarity, it cannot be ruled out that the positive (negative)
correlation between TPA luminosity and solar wind speed
(density) may be a secondary dependency arising from the
internal solar wind correlations and that neither the solar
wind speed nor its density have a direct influence on the
strength of the UV emissions. It could also be that the TPA
brightness is mainly controlled by the solar wind speed.
Both parameters, IMF magnitude and solar wind velocity
show very high correlations with the UVemissions of TPAs.
[53] On the other hand, the similarity between our results

and the dependencies found for the auroral luminosity in
major parts of the main oval [Liou et al., 1998; Shue et al.,
2002; Baker et al., 2003] indicates that the solar wind and
IMF dependence of the TPA luminosity may be valid more
general. Note, that both Liou et al. [1998] and Baker et al.
[2003] tested possible solar wind intercorrelations in their
data sets and found no correlations that would explain the
enhancement of the auroral luminosity during northward
IMF for high solar wind velocity or low solar wind density.
Thus their results are not biased by the solar wind distribu-
tion during the covered time period.

4.5. Dipole Tilt Influence on Conjugate Transpolar
Arcs

[54] MHD simulations [e.g., Slinker et al., 2001; Kullen
and Janhunen, 2004] and observations [Obara et al., 1988;
Craven et al., 1991] clearly show that TPAs triggered by an
IMF By reversal occur simultaneously on both hemispheres,
but with opposite dawn-dusk motion. From Cumnock
[2005] and this study we know that the TPA luminosity
strongly depends on the Earth dipole tilt. This would mean
that for large Earth dipole tilts, the TPA in the sunlit
hemisphere would be much brighter than the arc appearing
in the opposite hemisphere.
[55] Observations about this subject are rather confusing

so far. Our study shows that the dipole tilt angle has an
influence on the TPA luminosity while the IMF Bx compo-

nent has no influence. In opposite to what could be expected
from our results, Ostgaard et al. [2003] observed a TPA
occurring after an IMF By sign change in the southern
hemisphere, while no (at least not very clear) TPA was
visible in the northern hemisphere. During that event, both,
IMF Bx and Earth dipole tilt were positive. As pointed out
by Ostgaard et al. [2003], apparently the IMF Bx effect
dominated over the Earth dipole tilt in that case. The clearly
visible TPA appeared in the dark hemisphere, not in the
sunlit hemisphere. Further investigations would be neces-
sary to find out which parameter plays the dominant role
and whether there are other mechanisms to suppress TPAs
in one of the hemispheres.

4.6. Propagation Time Between Solar Wind and TPAs

[56] As seen in Figure 3 for the sunlit cases, the correla-
tion coefficients change very little with time for those solar
wind parameters that show a strong correlation with the
TPA luminosity. Thus an optimal time shift between solar
wind and TPA luminosity cannot be determined from these
parameters. As mentioned above, this is connected to the
only small variations of these parameters during a CME
event. Disregarding the curve for IMF By (its shape is
connected to the By sign change selection criterion) only
the correlations with the pressure and the kinetic energy flux
vary for different time shifts. While the correlation coeffi-
cient values for the pressure are very low for all time shifts,
a dependence on the kinetic energy flux is found for time
shifts between 30 and 60 min. The time shift for which the
highest correlation with the kinetic energy flux occurs
(about 40 min) should correspond to the time needed for
changed kinetic energy flux values to affect the TPA luminosity.
[57] A propagation time of 40 min is in the same order of

magnitude as the by Liou et al. [2005] observed time delays
between 10 and 65 min until a sudden solar wind pressure
jump cause a brightening along a TPA. In their example, an
auroral intensification starts nearly instantly after a sharp
solar wind pressure increase at the dayside oval and spreads
then along the oval to the nightside before the TPA brightens
as well. The reason for such a long time delay is the far tail
origin of the TPA. The similar particle characteristics of main
oval and TPA indicates that both lie on closed field lines
[e.g., Frank et al., 1986]. The main difference is the much
further poleward location of the TPA which means a much
further tailward origin. As shown by Kullen and Janhunen
[2004] a TPA maps to the most tailward part of the closed
field line region that has become extremely expanded in
tailward direction after the IMF By sign change. The source
region of the main auroral oval lies Earthward of it, which
explains why the main oval brightens before the TPA does
[Liou et al., 2005]. Assuming an average solar wind speed of
400 km/s, a time delay of 40 min would mean that the closed
field line region extends 150 Re downtail during the evolu-
tion of a TPA.

4.7. Connection Between TPA Luminosity and TPA
Occurrence Frequency

[58] The solar wind conditions during which bright TPAs
appear in the sunlit hemisphere, are similar to the conditions
for which a high occurrence frequency of TPAs is expected.
Makita and Meng [1989], as well as Kullen et al. [2002]
observed that TPAs (denoted as moving arcs in the work of
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Kullen et al. [2002]) appear most commonly for large IMF
magnitudes and high solar wind speed. Furthermore, Kullen
et al. [2002] found a strong positive correlation with
northward IMF and a negative correlation with IMF Bx.
No dependence on the solar wind pressure, and in opposite
to our study, no dependence on the solar wind density is
seen. Note that Kullen et al. [2002] checked the internal
solar wind relations during the studied period of three
winter months, and found no correlation between IMF
magnitude and solar wind velocity or density, i.e., the
observed solar wind dependencies are not biased.
[59] The occurrence frequency of large-scale polar arcs

was shown by Kullen et al. [2002] to correlate best with a
function, called antiepsilon �vB2cos4(q

2
). The clock angle q

is defined as the angle between the projection of the IMF
vector on the yz-plane and the positive z axis ranging from
0� for pure northward to 180� for pure southward IMF. This
means basically, polar arcs appear most commonly for a
high solar wind energy flux during northward IMF

conditions. A similar function, �* = B2
y þ B2

z
ð0:5Þ cosðq

2
Þ

was inferred by Iijima et al. [1984] as it correlates well
with the current density of the dayside NBZ currents in
the polar cap. Unfortunately, it is not possible to study
the influence of these solar wind coupling functions on the
TPA luminosity as the role of the IMF clock angle cannot
be examined here. Because of the selection criterion of a
single IMF By sign change during northward IMF, the
IMF clock angle values are nearly identical for all events.
However, we know that the magnetic energy flux strongly
influences TPA occurrence frequency [Kullen et al.,
2002]. Probably, the low occurrence rate of TPAs for
low values of the solar wind magnetic energy flux is
connected to the extremely low TPA luminosity during
such solar wind conditions. The best example for this
assumption is the observation that of all 21 By sign change
cases studied here, TPAs were absent in only those two
cases where the solar wind energy flux had lowest values.
[60] Kullen [2000] suggested that the spatial evolution of

TPAs can be sufficiently explained by the large-scale
topological changes in the magnetotail caused by an IMF
By sign change during northward IMF. This semianalytical
model was later on confirmed by several MHD simulations
[Slinker et al., 2001; Kullen and Janhunen, 2004; Naehr
and Toffoletto, 2004]. Kullen and Janhunen [2004] showed
in detail that such solar wind conditions lead to a rotation of
a twisted magnetotail that starts at the flanks of the near-
Earth region and propagates then inward and downtail such
that during an intermediate state, near-Earth and far tail are
oppositely twisted. The region of closed field lines becomes
strongly deformed and tailwardly stretched during this
transformation period. Mapping from the tail plasma sheet
to the Earth results into a bifurcation of the closed field line
region in both hemispheres. The most tailward part of the
closed field line region maps to a ‘finger’ moving from one
oval side to the other, but in opposite direction for northern
and southern hemisphere. Assuming TPAs lie on closed field
lines [Frank et al., 1986] the ionospheric end of the bifurcated
closed field line strip corresponds to the location of the TPA.
[61] While the expected motion of the bifurcated closed

field line strip over the entire polar cap occurs in the

simulations, the MHD models are not good enough to
recreate fine- scale FAC structures in the polar cap. In the
study by Kullen and Janhunen [2004], no FACs occur
poleward of the main oval, in the work of Naehr and
Toffoletto [2004], FACs occur during a few minutes, but
do not coincide with the bifurcated closed field line strip.
Hence strength and origin of FAC’s causing the TPA,
cannot be analyzed with MHD simulations and no con-
clusions can be drawn regarding the brightness of TPAs.
[62] The results of this study help to close this gap: The

similar dependence of TPA frequency and luminosity on solar
wind conditions combined with the above described MHD
results, lets us conclude that the magnetic topology necessary
for the development of TPAs always occurs after an IMF By

reversal during northward IMF. However, during solar wind
conditions with an extremely low magnetic energy flux, the
aurora is not bright enough to be detected on global auroral
imagers, alternatively the FAC connected to the bifurcated
closed field line region are too weak to produce aurora.
[63] It should be pointed out that most TPAs do not occur

during as ideal conditions as the ones selected for this study:
Auroral breakups, caused by internal magnetospheric insta-
bilities such as substorm onsets (often in connection with
IMF southturns), or pressure pulse related auroral bright-
enings influence the brightness of TPAs as well. The latter
mechanisms cause much stronger, and more varying auroral
light than continuously strong, northward IMF and a high
solar wind speed.

5. Summary and Conclusions

[64] A unique set of TPAs, all occurring after an IMF By

sign reversal during constantly northward IMF is examined
with respect to a possible connection between auroral
brightness and solar wind conditions.
[65] As reported by Cumnock et al. [1997] and more

clearly shown by Cumnock [2005] such solar wind con-
ditions trigger the separation of a large-scale auroral arc
from one side of the oval which moves then across the polar
cap. When having reached the noon-midnight meridian, it
has transformed into a true theta aurora, spanning from the
nightside oval until its dayside part. The brightness of the
TPA is measured at this stage of its development.
[66] Due to the requirement of at least 5 h constantly

northward IMF around the IMF By sign change, auroral
breakups are nearly entirely suppressed, and the TPA
brightness varies hardly along the arc. Note, that this is
not very common: polar arcs often show strong luminosity
variations, and auroral intensifications that appear frequently
at the oval connection point often spread along the arc
[Kullen et al., 2002]. Thus the selected TPAs represent a
unique data set: the solar wind influence on the TPA
luminosity can be studied without dilution of substorms or
other auroral intensifications that typically appear during
southward or near zero IMF Bz conditions [Kullen and
Karlsson, 2004].
[67] The influence of season and solar wind conditions on

the average auroral luminosity of the main oval have been
studied extensively in previous studies. With the present
work, we are able to add information about the luminosity
of auroral arcs inside the polar cap:
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[68] The brightness of TPAs occurring after an IMF By

sign change during constantly northward IMF shows the
same dependence on season as the dawn-, dusk-, and
dayside part of the main oval: Sorting the TPA events after
the sign of the Earth dipole tilt, shows that TPAs are in
average much brighter in the sunlit hemisphere than in the
dark hemisphere [see also Cumnock, 2005]. TPAs that
appear in the sunlit hemisphere are influenced by IMF
and solar wind in a similar way as the aurora in the main
oval, away from the nightside sector: high solar wind speed,
strongly northward IMF, high IMF magnitude, and low
solar wind density increase the TPA brightness consider-
ably. IMF Bx, solar wind pressure, and the kinetic energy
flux seem to have an only marginal influence. The TPA
brightness is mainly determined by the magnetic energy
flux of the solar wind. The reason why no correlation with
solar wind parameters is found for the negative dipole tilt
cases is probably connected to the very low TPA luminosity
in the dark hemisphere. The weak UV emissions cannot be
resolved very well, as they are close to the instrument
threshold of the Polar UV imager.
[69] These results combined with observations that an

IMF By sign reversal during northward IMF is connected to
the occurrence of a TPA [Cumnock, 2005], that the proba-
bility to observe a TPA is high when the magnetic energy
flux is large [Kullen et al., 2002], and MHD simulations
results showing that the spatial evolution of an IMF By

change triggered TPA is enforced by large-scale topological
changes in the magnetotail [Kullen and Janhunen, 2004],
leads us to suggest the following scenario: An IMF By

change during northward IMF always causes a magneto-
spheric topology that makes the occurrence and motion of a
TPA possible, but a certain amount of energy input into the
magnetospheric system is necessary for the aurora to be
visible on global auroral imagers, alternatively, for aurora to
occur at all. Because of the dependence of the ionospheric
conductivity on solar illumination, the TPA luminosity is
also strongly influenced by the angle of the Earth dipole tilt.
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