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[1] The standard auroral electrojet (AE) indices are based on magnetic disturbance data
from 10 to 12 northern auroral observatories. Recently, Newell and Gjerloev (2011a)
computed equivalent SuperMAG electrojet (SME) indices using data from around 100
mid latitude to high latitude observatories in the Northern Hemisphere. The SME indices
certainly have advantage over the AE indices in terms of number as well as temporal
resolution of substorm onsets due to better latitudinal and longitudinal coverage. The UT
and seasonal variations of geomagnetic activity have been extensively examined in the
past. However, particularly for the AE indices, these variations have remained elusive due
to sparse distribution of the AE observatories. In this study, we examine what effect the
inclusion of large number of stations would make on the UT and seasonal variations of
the auroral electrojets activities. For this purpose, data for years 1997–2009 have been
considered when consistently many stations (> 70) were available for the computation of
the SME indices. We demonstrate that the SME indices exhibit grossly similar UT and
seasonal variations as observed in the AE indices. However, there are subtle differences
which arise due to difference in number of stations. Our study suggests that most of the UT
and seasonal variations of the AE indices, reported earlier, were mainly not due the sparse
distribution of stations, but rather to the actual physical processes that control them.
Citation: Singh, A. K., R. Rawat, and B. M. Pathan (2013), On the UT and seasonal variations of the standard and SuperMAG
auroral electrojet indices, J. Geophys. Res. Space Physics, 118, doi:10.1002/jgra.50488.

1. Introduction
[2] Ever since the introduction of the auroral electrojet

(AE) indices (AU and AL) by Davis and Sugiura [1966], the
scientific community has widely relied on them for substorm
studies [e.g., Vassiliadis et al., 1995] and their various effects
[e.g., Kamide et al., 1998; Zhou et al., 2011; Singh et al.,
2012a]. However, the suitability of the AE indices for sub-
storm identification has been questioned by several authors
due to the inclusion of a limited number of longitudinally
distributed auroral latitude (� 60ıN – 70ıN) observatories
[e.g., Kamide and Akasofu, 1983; Rostoker, 1972]. On one
hand, during quiet magnetospheric conditions, the auroral
oval contracts poleward and substorms occurring under such
conditions may not be observed by the AE indices [e.g.,
Singh et al., 2012b, and references therein], whereas equa-
torward expansion of auroral oval during very disturbed
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conditions, on the other hand, results in underestimation of
the substorm intensity by the AE indices [Ahn et al., 2000;
Rostoker, 1972].

[3] The AE indices exhibit prominent UT and seasonal
variations. Earlier studies [e.g., Russell and McPherron,
1973; Basu, 1975; Berthelier, 1976] suggested that the diur-
nal and seasonal changes in the effective interplanetary
magnetic field contribute to the UT and seasonal variations
of the geomagnetic activity. Cliver et al. [2000] reported
that the angle between solar wind flow direction and Earth’s
dipole axis contributes to the UT and seasonal variations. As
the global distribution of the standard AE stations is not uni-
form, Ahn et al. [2000] suggested that the combined effects
of large longitudinal gaps between the AE stations and the
equatorward expansion of the auroral electrojets play vital
role for the UT variations. Moreover, changing ionospheric
conductivity with seasons also introduces UT variation of
the AE indices [Ahn et al., 2000]. Lyatsky et al. [2001] stud-
ied the AU and AL indices separately and demonstrated that
the solar illumination of the high-latitude ionosphere has
important implications for the UT variations of geomagnetic
activity.

[4] Owing to the limitations of the standard AE indices,
particularly arising due to sparse latitudinal distribution
of observatories, various local equivalent indices have
been introduced using data from different networks of
closely spaced high-latitude observatories. For example,
IE indices from the International Monitor for Auroral
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Geomagnetic Effects chain in European region [Kallio et al.,
2000; Tanskanen, 2009] and AETH indices from Thermal
Emission Imaging System chain over Canada and Alaska
[Angelopoulos et al., 2008] have been used for substorm
studies. However, these local indices are relevant to the sub-
storms only when the stations used for computation of the
indices were located near the midnight.

[5] Gjerloev et al. [2010] carried out a collaborative study
of worldwide geomagnetic data from over 100 SuperMAG
observatories and computed generalized auroral electrojet
indices for 3 years (1999 – 2001). Recently, Newell and
Gjerloev [2011a] computed equivalent SuperMAG auro-
ral electrojet (SME) indices (SMU and SML, respectively,
equivalent to AU and AL) for over three decades using
data from around 100 Northern Hemisphere observatories
in magnetic latitude range 40ı – 80ı. Inclusion of a large
number of observatories for the SuperMAG indices has clear
advantage over the conventional AE indices. Newell and
Gjerloev [2011a] compared around 1100 Polar Ultraviolet
Imager (UVI) substorm onsets with those observed by the
SML and AL indices in 1997–1998. The SML index identi-
fied about 50% more onsets (which were common in Polar
UVI) than the conventional AL index. In addition, major-
ity of substorm onsets were first determined by Polar UVI,
subsequently after around 4 min (median value) by the SML
index and at the last by the AL index after about 8 min
(median value). Therefore, on an average, the SML index
identified onset of substorms about 4 min earlier than the AL
index [Newell and Gjerloev, 2011a].

[6] The SME indices have immediately drawn the atten-
tion of the community due to obvious advantage over the AE
indices [e.g., Newell and Gjerloev, 2011b; Connors, 2012;
Bala and Reiff, 2012; Mitchell et al., 2013]. It would be
desirable to examine whether inclusion of a large number
of stations to the SME indices affects the UT and seasonal
variations of the auroral electrojets activities. In this work,
we carry out a comparative study between the AE and SME
indices with an emphasis on the UT and seasonal variations.
In section 2, details of the data used for this study have been
presented. Section 3 describes the UT and seasonal varia-
tions of the AE and SME indices. In section 4, the UT and
seasonal variations of negative bay onsets in the AL and SML
indices have been described. The discussion and conclusion
follow in section 5.
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Figure 1. The number of stations available for the compu-
tation of SME indices during years 1997–2009.

2. Data
[7] For years 1997–2009, 1 min resolution SME indices

and data of individual standard AE observatories were
taken from the webpage of SuperMAG (http://supermag.
jhuapl.edu/). For the computation of SME indices, data
of individual stations were processed through automatic
computer program (see Gjerloev [2012] for details). How-
ever, sometimes erroneous values may remain in the
indices despite massive data processing. In our analysis, we
removed exceptionally high SME values. It may be noted
that the SME indices are not official International Associ-
ation of Geomagnetism and Aeronomy indices due to the
fact that SuperMAG is not restricted to specific set of sta-
tions for the computation of the indices, rather data of
all the stations in latitude range 40ı – 80ı are included,
when available to SuperMAG. Conventional AE indices of
1 min resolution were provided by World Data Center for
Geomagnetism, Kyoto.

[8] Figure 1 shows the number of stations available for
the computation of the SME indices for each of the days
during years 1997–2009. The number of SME stations was
consistently far more than those used for the AE indices.
However, it may be noted that the number of SME sta-
tions is not constant over the selected period and a dra-
matic drop in the number of stations appears starting with
year 2003.

3. UT and Seasonal Variations of the AE
and SME Indices

[9] In this section, first we examine the UT and seasonal
variations of the AE and SME indices which are, respec-
tively, computed using around 12 and 100 stations data.
However, it should be noted that the distribution of the SME
stations is not uniform in local time. For example, a large
number of stations are available over the American and
European regions, whereas it is not the case everywhere. We
took hourly averages of the AU, AL, SMU, and SML indices
for each of the days of different months during years 1997–
2009. As discussed by Ahn et al. [2000], simple averages at
UT instances would be dominated by the quiet periods (quiet
hours >> disturbed hours).

[10] Shown in Figures 2a and 2b are the UT and sea-
sonal variations of the magnitudes of AU and SMU indices,
respectively. The averaged AU and SMU values at each UT
hour for a given month have been color coded. The AU and
SMU indices maximize during local summer months (on Y
axis) and attain lower values during winter. It clearly sug-
gests that the eastward electrojet, which is believed as a
directly driven component of the auroral electrojet activity,
maximizes when the ionospheric conductivity is high due to
the solar illumination in the summer months and minimizes
when the ionospheric conductivity drops during the winter
months [cf. Ahn et al., 2000].

[11] There are important differences in the variations of
the AU and SMU indices in UT (on X axis). Two prominent
maxima are observed in the AU index (Figure 2a) separated
by a minimum around 1500 UT. Although in Figure 2a, such
UT pattern is clearly seen for summer months, when each
month is plotted separately, the pattern remains consistent.
Ahn et al. [2000] and Lyatsky et al. [2001] attributed
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the prominent minimum to the unsuitable location of the
AE stations in dusk hours (where eastward electrojet pre-
vails) around 1500 UT. Mainly, stations Abisko (magnetic
65.5ıN, 101.4ıE) and Leirvogur (64.8ıN, 66.5ıE) would
contribute to the AU index around 1500 UT. These stations
often remain equatorward of the center of the eastward elec-
trojet and hence the computed AU values remain quite low
around 1500 UT. On the contrary, minimum around 1500
UT observed in the AU index, disappears in the SMU index
for all months and broad maximum around 1000–2000 UT
is observed (Figure 2b). It is possible that the inclusion of
data from dense network of magnetic observatories over
the American and European regions (in dusk hours when
SMU maximizes) resulted in change in the UT variation of
the SMU index. It should be noted that the level and range
(represented by the color bars) of the SMU variations are
consistently higher than those of the AU index. This could
be primarily due to overall better representation of the east-
ward electrojet intensity by the SMU index in comparison to
the AU index.

[12] Figures 2c and 2d depict the UT and seasonal varia-
tions of the magnitudes of the AL and SML indices, respec-
tively. It is striking that both the indices exhibit grossly
similar UT and seasonal variations despite the difference
in the number of stations taken into account. In the win-
ter solstice, two prominent minima during 0000–0700 UT
and 2000–2300 UT are observed in the AL as well as SML
and maxima in between (around 0800–2000 UT). It may be
noted that the winter maximum in the SML appears relatively
broader in UT hours and months than the AL maximum.
During the summer solstice, occurrence of the AL maximum
and minimum in UT hours are almost opposite to the UT
pattern in winter season (Figure 2c). However, this fact is
not as obvious in SML as for the AL index, particulary during
0500–1500 UT. Nevertheless, to some extent, relative simi-
larities can be seen. As observed for the AU and SMU, the
level and range of the SML variations are consistently higher
than those of the AL index (see color bars in Figures 2c
and 2d).

[13] The coexistence of the prominent minimum around
0000–0700 UT or 2000–2300 UT during winter months in
the AL and SML indices shown in Figures 2c and 2d, cannot
be attributed to the unavailability of stations [cf. Ahn et al.,
2000]. Several stations over Canada, Greenland, and Europe
would be near midnight during these UT hours and hence
significantly contribute to the SML index. The winter max-
imum in the SML index appears shifted towards early UT
hours in comparison to the AL index, possibly due to excess
stations over the Alaskan region.

3.1. Effect of the Solar Cycle on the UT
and Seasonal Variations

[14] In order to examine the effect of the solar cycle on
the UT and seasonal variations of the AE and SME indices,
hourly indices of each day were binned into two groups
based on the solar activity, (1) years 2000–2005 as high-
sunspot years and (2) years 1997–1999 and 2006–2009 as
low-sunspot years. Figures 3a and 3b, respectively, show
the UT and seasonal variations of the AU and SMU indices
for the high-sunspot years, whereas Figures 3c and 3d show
the same for the AU and SMU indices, respectively, for the
low-sunspot years. Color bars representing the magnitudes

of the AU or SMU indices have been given on the right side
of plots. As expected, the AU as well as SMU values are
higher for active years when compared with those for the
low-sunspot years (see scales on the color bars). The AU
and SMU indices exhibit essentially similar UT and seasonal
patterns as discussed in Figures 2a and 2b, respectively.

[15] The UT and seasonal variations of the magnitudes
of the AL indices for high- and low-sunspot years are,
respectively, shown in Figures 3e and 3g, whereas the
same for SML indices for high- and low-sunspot years
are shown in Figures 3f and 3h, respectively. Other than
differences in magnitudes of indices for different solar
activity phases, characteristics of the UT and seasonal
variations of respective indices remain grossly similar.
It, therefore, suggests that the UT and seasonal varia-
tions of the AE or SME indices are least sensitive to the
phases of the solar cycle. Nevertheless, the overall geo-
magnetic activity responds significantly to the varying solar
conditions.

[16] As mentioned above, the contour plots shown in
Figures 2 and 3 would be dominated by magnetic quiet
periods. In the next section, we examine the UT and sea-
sonal variations of the number of negative bay onsets in the
AL and SML indices as identified by Newell and Gjerloev
[2011a] criteria. Since the westward electrojet, represented
by AL or SML indices, is closely related to the substorm
process [Kamide and Rostoker, 2004; Newell and Gjerloev,
2011a], 1 min resolution AL and SML indices have been
used further.

4. Negative Bay Onsets in the AL and SML Indices
[17] For the identification of negative bay onsets in the AL

and SML indices, we have used Newell and Gjerloev [2011a]
algorithm. A sliding window of 30 min SML (and AL) data of
1 min resolution was examined. An onset time was identified
at time to when the following four conditions were satisfied:

SML(to + 1) – SML(to) < –15 nT (1)

SML(to + 2) – SML(to) < –30 nT (2)

SML(to + 3) – SML(to) < –45 nT (3)
i=29X

i=4

SML(to + i)/26 – SML(to) < –100 nT (4)

Once an onset point to is identified, the algorithm advances
ahead 20 min and selects another 30 min window. The above
criteria insure steep and sustained depressions in the indices,
which are typical of geomagnetic substorms. The same algo-
rithm (equations (1)–(4)) was also applied to the AL index
for identification of negative bay onsets in the AL index.

[18] It should be noted that in equation (4), values of i
vary from 4 to 29 (26 points) instead of 4 to 30 (27 points) as
in Newell and Gjerloev [2011a]. P. T. Newell (personal com-
munication, 2013) confirmed the textual error in [Newell and
Gjerloev, 2011a]. However, their programming code was
the same as given above in equation (4). The list of sub-
storm events available on the webpage of SuperMAG can be
reproduced with the set of equations given above.

[19] The above mentioned criteria identified 24,288 nega-
tive bay onsets in the SML index, compared to 20,578 onsets
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Figure 2. UT and seasonal variations of AE (AU and AL) and SME (SMU and SML) indices for years
1997–2009. (a) AU and (b) SMU indices show profound UT and seasonal variations. Both indices
(AU and SMU) maximize during local summer month; however, there are subtle differences in the UT
pattern. (c) Magnitude of AL and (d) magnitude of SML maximize during 0700–1800 UT in equinox and
winter months. Moreover, prominent minimum is observed during 0000–0700 UT and 1900–2300 UT
in winter.

in the AL index during years 1997–2009. The advantage of
including a large number of stations for the SML index is
clearly evident as around 18% more negative bay onsets
were observed in the SML index than those in the AL index.
It is important to note that the negative bay onsets selected
by the algorithm could be produced by different processes,
namely, the substorm current wedge (mainly in the midnight
sector), the westward convection electrojets (in the dawn and
dusk sectors at higher latitudes), and also poleward boundary
intensifications (PBIs on the poleward branch of the oval).
Therefore, all the identified negative bay onsets may not
qualify the criteria for a legitimate substorm expansion phase
onset [e.g., Rostoker, 2002]. Here, the term “onset” does
not essentially represent the onset of a substorm expansion
phase but rather represents initiation of a negative bay.

[20] Figure 4a depicts yearly distribution of negative bay
onsets observed in the SML index (black bar) and AL index
(gray bar). It is evident that the SML index consistently
shows a larger number of onsets than those detected using
the standard AL index. In Figure 1, it has been shown that the
number of stations for SME indices suddenly drop at the start
of year 2003. Nevertheless, the largest number of negative
bay onsets was observed in the SML as well as AL indices
for year 2003.

[21] The black curve in the figure shows yearly averaged
sunspot number (multiplied by a constant factor 30 for the
sake of visualization) for years 1997–2009. The number of
onsets was clearly very high during the declining phase of
solar cycle. It is well known that the high-speed solar wind
streams originating from the coronal holes during declining
phases of solar cycles result in a larger number of substorms
[e.g., Tanskanen et al., 2011, and references therein].

[22] Corrected geomagnetic (CGM) latitude and magnetic
local time (MLT) of the stations contributing to the SML
index at each minute (ideally one station at a time) are pro-
vided by SuperMAG. However, similar information is not
available for the standard AL index. We extracted the CGM
latitude and MLT of stations contributing at the time of
onset of SML negative bays. Shown in Figures 4b and 4c
(by squares) are, respectively, UT variations of the latitude
and MLT of the contributing stations at the onsets. Although
most of the onsets in Figure 4b were observed between
60ı and 70ı latitude, there were several onsets towards polar
latitudes as well. In addition, at the time of onset of negative
bays, mainly stations located on the night side of the Earth
contributed to the SML variations (Figure 4c).

4.1. UT and Seasonal Variations of the Negative Bays
[23] The negative bay onsets identified in the AL and SML

indices were binned in UT hours for each month and have
been shown in Figures 5a and 5b, respectively. The average
number of onsets within each UT hour for different months
has been color coded. As observed in Figure 2c, here also,
we see clear minima around 0000–0700 UT and 2000–2300
UT and a broad maximum around 0800–1900 UT in winter
season for the AL onsets (Figures 5a). Occurrence of nega-
tive bays in the AL index are persistently lower in summer
season, except for the weak indication of a maximum around
0000–0300 UT (Figure 5a). Grossly similar features are
reflected for the SML negative bay onsets (Figure 5b). How-
ever, there is a certain difference in the AL and SML maxima
during winter season. For the SML onsets, the maximum
appears shifted towards early UT hours and also extends
towards summer (Figure 5b).
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Figure 3. UT and seasonal variations of AE and SME indices for maximum and minimum phases of
solar cycles. (a) UT and (b) seasonal variations of AU and SMU indices, respectively, for solar maxi-
mum years (2000–2005) and (c) UT and (d) seasonal variations of AU and SMU indices, respectively, for
solar minimum years (1997–1999 and 2006–2009). (e, f) solar maximum years for AL and SML indices,
respectively, and (g, h) same as Figures 3e and 3f but for solar minimum years.

4.2. Latitudinal and MLT Characteristics of the AL
and SML Onsets

[24] As the SME indices include stations above 70ı
magnetic latitude as well, several negative bays in the
SML index identified by the Newell and Gjerloev [2011a]
algorithm could be associated with the poleward boundary
intensifications (PBIs) or westward convection electrojets.
Rostoker [2002] showed that PBIs are not only different in
characteristics from the legitimate substorm onsets but also
they initiate in the different region of the magnetotail. More-
over, westward convection electrojets are directly driven and
remain localized towards the dawn or dusk sides at higher
latitudes [Kamide and Kokubun, 1996].

[25] We divided the SML negative bays onsets into two
groups: (1) above 70ı magnetic latitude and (2) below 70ı
magnetic latitude. Hourly UT distribution of the SML onsets
(or intensifications) above and below 70ı magnetic lati-
tudes have been shown in Figures 6a and 6b, respectively.
As evident from the figure, onsets below 70ı latitude are
about 2 – 3 times higher when compared with those occur-
ring above 70ı latitude. Moreover, the UT variations of the
two groups of onsets are quite different, particularly dur-
ing 15–23 UT. The primary maximum for negative bays
occurring above 70ı latitude is observed during 15–18 UT
(Figure 6a). On the contrary, a distinct minimum is observed
in the same UT interval for onsets below 70ı latitude
(Figure 6b).

[26] During 15–18 UT, the Russian landmass would be
in the magnetic midnight region. As most of the stations
over Russia are equatorward of 70ı magnetic latitude,
it is very unlikely that the stations around the midnight
would contribute to the primary maximum observed around
15–18 UT (in Figure 6a). In order to confirm this, we exam-
ine the MLT distribution of the SML negative bays observed
poleward and equatorward of 70ı latitude. Figure 6c clearly
demonstrates that most of the negative bays above 70ı
latitude occurred around dawn hours in addition to sig-
nificant contribution from pre-midnight sector. It is likely
that the westward convection electrojets flowing towards
the higher latitudes in the dawn and dusk meridians con-
tribute to the maxima appearing in Figure 6c. Onsets below
70ı are predominantly localized towards the midnight (see
Figure 6d) in conformity with earlier studies [e.g., Wang
et al., 2005].

[27] We further examined the UT and seasonal variations
of the legitimate substorm expansion phase onsets which are
believed to occur around MLT midnight and equatorward
of 70ı magnetic latitude [Rostoker, 2002]. We accordingly
selected the SML negative bay onsets occurring below 70ı
magnetic latitude during 2100–0300 MLT. Since the MLT
and latitude information at each minute for the SME indices
were made available by SuperMAG, we could easily filter
out legitimate substorms in the SML index by automatic pro-
gram. However, for the identification of legitimate substorm
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Figure 6. UT variations of SML onsets (a) above 70ı latitude and (b) below 70ı latitude. In addi-
tion to subtle differences in the UT patterns, onsets above 70ı latitude are about 2–3 times less than
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onsets in the AL index, we recalculated AL index and
retained the MLT of the contributing station by taking data
of all available standard AE stations from SuperMAG for
years 1997–2009. As all the standard AE stations (except
Cape Chelyuskin) are located equatorward of 70ı latitude,

we considered each AL negative bay occurring during
2100–0300 MLT as a legitimate substorm.

[28] The UT and seasonal variations of the onset of
legitimate substorms observed from the AL and SML indices
have been shown in Figures 7a and 7b, respectively.
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Figure 7. UT variations of (a) substorm onsets identified in AL during MLT midnight (2100–0300 MLT)
and (b) substorm onsets in SML during MLT midnight (equatorward of 70ı latitude).
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The total number of substorm onsets at each UT hour for
a given month has been color coded. Typical UT and sea-
sonal characteristics of the AL and SML onsets as discussed
above in Figures 5a and 5b, respectively, are evident in
Figure 7 as well. In addition, for the legitimate substorms
in the AL and SML indices, the UT and seasonal vari-
ations of substorm onsets are quite similar and the shift
of SML maximum (in Figure 5b) towards early UT hours
almost disappears.

5. Discussion and Conclusion
[29] Newell and Gjerloev [2011a] used around 100 Super-

MAG stations data (in latitude range 40ı – 80ı) to compute
equivalent auroral electrojet (SME) indices, whereas only
10–12 stations (mainly between 60ı –70ı latitude range) are
taken for calculating standard AE indices. Inclusion of var-
ious closely situated stations for the SME indices had clear
advantages over the AE indices. The substorm onsets deter-
mined by the SML index (and simultaneously confirmed by
the Polar UVI) were about 50% more in number and about 4
min earlier in time than those identified by the conventional
AL index [Newell and Gjerloev, 2011a].

[30] In this study, we investigated the UT and seasonal
variations of the standard AE indices and generalized SME
indices. Simple averages of the AE and SME indices at each
UT hour, as well as the onset of sharp negative bays in the
AL and SML indices have been examined. The AU and SMU
indices maximizes during local summer months. However,
the prominent AU minimum around 1500 UT [see Ahn et al.,
2000; Lyatsky et al., 2001] disappears in the SMU index for
all the months. Rather, a broad maximum around 1000–2000
UT is observed in the SMU index (Figure 2b) possibly due
to the contribution from the American and European obser-
vatories to the SMU index. Fairly similar UT and seasonal
variations of AL and SML indices (Figures 2c and 2d) rule
out the possibility of sparse distribution of stations contribut-
ing to the prominent UT (and seasonal) variations; instead,
our results support the hypothesis of Lyatsky et al. [2001],
which suggests that the solar illumination of the auroral
ionosphere is an important factor controlling the UT and
seasonal variations of the westward auroral electrojet. How-
ever, some differences in AL and SML variations, e.g., shift
of SML maximum towards early UT hours, could be due to
the distribution of stations.

[31] The level of geomagnetic activity definitely is mod-
ulated by the solar cycle. Magnitudes of the AE and SME
indices are observed to be higher during the high-sunspot
years of the solar cycle than those observed during low-
sunspot periods. Moreover, characteristics of the UT and
seasonal variations of respective AE and SME indices remain
grossly similar for low- and high-sunspot periods (Figure 3).

[32] Newell and Gjerloev [2011a] developed an algorithm
to identify sharp depressions in AL and SML indices which
are typical of geomagnetic substorms. In this study, we used
the same algorithm to identify negative bay onsets in the AL
and SML data for years 1997–2009. Over the selected dura-
tion, about 18% more number of negative bay onsets were
observed from the SML index when compared with those
observed from the AL index.

[33] The number of AL as well as SML onsets clearly var-
ied over solar cycle. A relatively large number of onsets were

observed during the declining phase of the solar cycle, which
is in agreement with earlier studies [e.g., Tanskanen et al.,
2011]. The SML onsets were predominantly observed pole-
ward of 60ı latitude and on the nightside. The negative bay
onsets in the SML index occurring poleward and equator-
ward of 70ı latitude exhibit different UT and MLT patterns.
It could be primarily due to the difference in the nature of
physical processes occurring at different latitudes, e.g., legit-
imate substorms below 70ı latitude and PBIs and convection
bays at higher latitudes [Rostoker, 2002].

[34] There is considerable evidence that the magnetic sub-
storms and related processes are suppressed in the sunlit or
summer hemisphere [e.g., Newell et al., 1996; Wang and
Lühr, 2007; Singh et al., 2012b]. The UT and seasonal varia-
tions of the AL and SML onsets (in Figure 5) show prominent
reduction in the onsets during summer months in conformity
with the previous evidence. The UT variations of AL and
SML onsets in different seasons are fairly consistent with the
reports of Lyatsky et al. [2001]. The nighttime (2100–0300
MLT) negative bay onsets in the AL index and nighttime
negative bay onsets in the SML index below 70ı mag-
netic latitude are very likely generated by substorm current
wedge and hence can be considered as legitimate substorms.
The UT and seasonal variations of these AL and SML sub-
storm onsets, shown in Figure 7, exhibit UT pattern which
is again consistent with the hypothesis of Lyatsky et al.
[2001]. It clearly suggests that the UT and seasonal varia-
tions of the substorm activity, represented by the AL index,
is not due to the sparse distribution of standard AE stations,
rather primarily controlled by the solar illumination of the
auroral ionosphere.
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