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Abstract All-sky imagers located in Asiago, Italy (45.87°N, 11.53°E; 40.7° magnetic latitude) and
Sutherland, South Africa (32.37°S, 20.81°E; —40.7° magnetic latitude) are used to study magnetically
conjugate medium scale traveling ionospheric disturbances (MSTIDs). We present initial results from the
first year of joint Asiago-Sutherland data sets from July 2016 to June 2017. The 630.0-nm airglow
perturbations showing different kinds of waves were frequently observed. Some of these wave events
resemble MSTIDs propagating south-westward in Asiago, typical direction observed at other longitude
sectors in the northern hemisphere. They are mostly observed as single bands propagating through the field
of view of the all-sky imagers. We select and analyze five cases of magnetically conjugate bands associated
with MSTIDs. The bands observed at Sutherland move mainly westward, noticeably different from the
north-west direction of propagation of MSTIDs observed in the southern hemisphere. We compare the
MSTIDs propagation speeds and find that three cases show larger values at Sutherland. When we compare
the zonal speeds all the cases show larger values at Sutherland. On average, the propagation speed at
Sutherland is 20% larger and the zonal speed is ~35% larger. The westward motion at Sutherland is explained
by taking onto account how its magnetic declination (~24°W) affects the orientation of the bands. The larger
speed at Sutherland is due to the weaker Earth's magnetic field in the southern hemisphere and the
particular configuration of the magnetic field lines in this longitude sector.

1. Introduction

Medium-scale traveling ionospheric disturbances (MSTIDs) is the term used to identify propagating band-
like structures in the ionosphere at low and midlatitudes. The term was coined when ionosonde observations
detected the presence of oscillatory patterns in ionospheric parameters that had periods on the order of 0.5 to
~2 hr and wavelengths around 100-200 km (Hunsucker, 1982). These structures were observed in daytime or
nighttime propagating in all directions. In the late 1990s, the first optical observations of nighttime MSTIDs
were performed at the Arecibo Observatory (Mendillo et al., 1997). One of the characteristics of these struc-
tures was that they showed a consistent south-westward motion in the northern hemisphere. Subsequent
observations in the Australian sector (Otsuka et al., 2004) and in the American sector (Martinis et al.,
2006) showed that in the southern hemisphere they move north-westward

In the Asian sector, Shiokawa et al. (2003) showed that nighttime MSTIDs occurred more frequently during
local summer and in general were not accompanied by strong spread F signatures. In the American sector
Martinis et al. (2010) showed that in addition to the main peak in local summer, as observed in the
Japanese sector, there was a similar peak in local winter. This study complemented the study of Garcia
et al. (2000) who had shown peak occurrence during local summer, although no winter observations
were available.

In addition to MSTIDs studies using ASIs, radio measurements have also provided valuable information on
their seasonal characteristics. Kotake et al. (2007) showed a main peak of occurrence during local summer,
with a smaller secondary peak in the local winter in western United States. More recently, a study by Otsuka
et al. (2013), using GPS total electron content data in Europe, showed statistical results indicating peak
occurrence of nighttime MSTIDs during the December solstice with a very small secondary peak in the
June solstice, contrary to the results shown in the American and Asian sectors. The Otsuka et al. (2013) study
does not agree with the results presented by Hernidndez-Pajares et al. (2006) who showed only a peak
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occurrence of MSTIDs during June solstice in the year 2002 using six GPS stations in Europe, and no peak in
local winter.

Significant theoretical work has been done to understand nighttime MSTIDs properties. Originally they
were related to the Perkins instability (Perkins, 1973). This theory seemingly provides the right geometry
for the alignment and direction of propagation. Bands were aligned NW-SE and the instability would max-
imize in the NE or SW quadrants. Further analysis indicated that the growth rate was too small and that the
waves generated by the instability should propagate in the NE direction, contrary to the observations
(Kelley, 2009). This allowed the inclusion of additional mechanisms necessary to explain the generation
and evolution of MSTIDs. During the early 2000s simulations taking into account the coupling between
structuring and instabilities in the E region with the F region were conducive to reproduce the proper con-
ditions for MSTIDs generation and direction of propagation (Cosgrove & Tsunoda, 2004; Makela & Otsuka,
2012; Tsunoda, 2006; Yokoyama, 2014; Yokoyama et al., 2009). Thus, the current state of the art of our
knowledge of MSTIDs involves the interaction between E region structures and the F region. The results
from Martinis et al. (2010) showing a strong peak of occurrence during local winter suggested that weaker
magnetic fields due to the South Atlantic magnetic anomaly in the opposite hemisphere or the presence
of stronger E region perturbations in the opposite hemisphere could lead to increased activity in the local
winter hemisphere. In order to explain the local winter peak in the European sector, Otsuka et al. (2013)
pointed out that in addition to strong E region activity, other factors should be involved in the growth of
the instabilities.

Conjugate observations of MSTIDs were presented for the first time by Otsuka et al. (2004). They showed
MSTIDs occurring simultaneously at conjugate locations, a fact that reflects the complex interaction invol-
ving the mapping of electric fields from one hemisphere to another in order to maintain the cohesive beha-
vior of structures occurring thousands of kilometers apart. Martinis et al. (2011) showed conjugate MSTIDs
in the American sector with the typical south-westward (north-westward) propagation in the northern
(southern) hemisphere. In addition they used GPS measurements to show the presence of weak phase scin-
tillations as measured by computing the rate of change of total electron content.

An aspect that has been not carefully studied is the precise direction of propagation of the MSTIDs. It is com-
mon to read in the published literature that, in the northern hemisphere, MSTIDs propagate south-
westward while in the southern hemisphere they propagate north-westward. The theoretical studies predict
that the wave vector of the instability (perpendicular to the frontal phase of the bands) makes an angle of
~30° with the magnetic east direction (Behnke, 1979; Kelley, 2009). After geometrical considerations this
condition is equivalent to have the propagation vector making a ~30° angle with the local magnetic meri-
dian. Then, when the magnetic declination is close to zero the bands will move in the directions
typically observed.

We present here the first results using all-sky imagers operating at magnetically conjugate locations in Italy
and South Africa. These imagers are part of the network of instruments deployed by the Boston University
imaging group (Martinis et al., 2017). As we will show below, the main results of this study are (a) while the
typical NE-SW propagation holds for the northern hemisphere observations, the motion of the southern
hemisphere conjugate structures is mostly westward, not SE-NW as observed at other longitudes, and (b)
the Southern Hemisphere structures seem to move ~20% faster than the conjugate structures observed in
the Northern Hemisphere (although two out of the five cases show similar values). This hemispheric differ-
ence is even larger when the zonal component of the propagation speed is compared (with the five individual
cases analyzed having larger speeds in the Southern Hemisphere), resulting on structures moving on average
~35% faster in the Southern Hemisphere.

2. First Conjugate Point Observations in Europe and South Africa

The first low-light-level, all-sky imaging system using a CCD detector to operate continuously in Western
Europe was field-tested successively at the University of Padua's observatory in Asiago, Italy, in 2010, with
operations beginning in April 2011. The Asiago all-sky imager (ASI) uses a set of four narrowband filters to
observe structures in the ionosphere and mesosphere (see instrument description in Martinis et al. (2017)).
Past studies using Asiago observations of 630.0-nm emission described stable auroral red arcs (Baumgardner
et al., 2013; Mendillo et al., 2012, 2013) that appear at subauroral latitudes during geomagnetic storms.
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Figure 1. (left) Fields of view (FOV) in geographic coordinates for the all-sky-imagers at Asiago, Italy and (right) its con-
jugate point location in Sutherland, South Africa. The circles give FOV for zenith angles 0°-80° for 630.0-nm emission
from an airglow layer at 300 km. The dots mark the locations of zenith at each site, with asterisks showing the mapped
zenith locations of the corresponding conjugate points. Solid black lines show magnetic declination.

Observations of the mesosphere are recorded using filters for OH (A > 695.0 nm) and atomic oxygen
(A = 557.7 nm). Recent findings about mesospheric bore events are described in Smith et al. (2017). Here
we use images at 630.0 nm to conduct our first optical study of MSTIDs over Europe, together with a com-
panion set of images from an identical instrument at its geomagnetic conjugate point, in South Africa.

The Asiago Observatory is located at 45.87°N and 11.53°E. Its quasi-dipole (QD) magnetic coordinates
(Richmond, 1995) are 40.68°N, 87.09°E. The geomagnetic field line at zenith at 300 km extends to a distance
above the geomagnetic equator (called apex height) of 1.82 Earth radii from the center of the Earth (denoted
as L = 1.82). A geomagnetic conjugate point is defined as the continuation of that L = 1.82 field line into the
southern hemisphere where it reaches 300 km at 32.31°S and 20.31°E. The South African Astronomical
Observatory at Sutherland (32.37°S, 20.81°E) is remarkably close to the Asiago conjugate point, and a second
all-sky-imager was established there in July 2016. The ASI at the South African Astronomical Observatory
uses the same set of filters as used in Asiago plus 589.3 nm (Na) and 777.4 nm (OI). ASI observations started
at Sutherland in mid-July 2016, and analysis of the first year of joint Asiago-Sutherland data sets is now pos-
sible (July 2016 to June 2017).

Figure 1 shows the field of view of the all-sky imagers at Asiago and Sutherland for 630.0-nm emission at
300 km. While the astronomical observatories at Asiago and Sutherland were established to maximize obser-
vations of faint celestial targets, the meteorological and seeing conditions for the Asiago location have dete-
riorated considerably since its founding in 1942. The encroachment of city lights has reduced a once dark-
sky environment, and yet scientific quality all-sky images can still be obtained using narrowband filters
(~1.8 nm) with state-of-the-art CCD detectors. At the South African Astronomical Observatory, light pollu-
tion is nearly zero, and seeing conditions are excellent, thus same-night conjugate point case studies are
essentially determined by the availability of data from Asiago.

In the first 12 months of joint observations (12 July 2016 to 30 June 2017), a total of 326 nights of data were
available for Asiago and 334 for Sutherland. Only two nights per month were excluded due to full moon con-
ditions. The percentage of those nights being clear or mostly clear (mostly clear being those nights that were
not photometric but clear enough to see airglow features in the presence of clouds) totaled 58% at Asiago and
76% at Sutherland. This 12-month period did not include a noteworthy set of solar-terrestrial disturbances.
The average solar flux was characterized by <Fjo7> = 79.8 units, indicative of solar-minimum conditions.

The most frequent departures from uniform airglow were associated with activity attributed to F region grav-
ity waves and MSTIDs. On virtually every clear night, dynamical patterns of moving airglow structures
appear in an airglow image. The observed modulations in brightness are very subtle, in general less than
~10%. These are confirmed as ionospheric structures and not tropospheric features, that is, clouds, or
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Figure 2. Examples of bands observed at (top) Asiago and (bottom) Sutherland corresponding to events 1, 2 (on the same night; left), 3 (center), and 4 (right). The
bands at Asiago are tilted northwest-southeast, while the ones at Sutherland are mainly in the north-south direction. White dashed lines are superimposed to
indicate the structures representing the dark bands that were studied.

leakage through the 630.0-nm filter (from other nightglow emissions related to mesospheric wave activity)
by using images at off-band wavelengths (605.0 nm in both sites). The MSTIDs do not show large
brightness variations nor the typical multicycle band-like structures routinely observed in the American
and Japanese sectors.

During this first year of joint observations 39 nights (out of 189) showed dynamical events at Asiago and 88
nights (out of 254) at Sutherland. These events are thus twice more likely to be seen at Sutherland than at
Asiago. This factor of 2 difference might simply be due to the Sutherland site having more clear nights
(34% versus 20%); a better statistical summary awaits additional years of observations and analysis.

The wave events identified exhibited different directions of propagation—consistent with expectations of
diverse local gravity wave activity in the thermosphere above each site. In general, we do not expect to
observe conjugate signatures from these waves. A subset of wave activity at Asiago revealed large-scale dark
patterns that propagated from the northeast to the southwest, the classic signature of MSTIDs in the north-
ern hemisphere. For these events at Asiago, we then examined the same nights at Sutherland.

3. Case-Study Events

We identified four nighttime data sets for detailed study in this paper. For the Europe-Africa longitude sec-
tor, nighttime hours span two days of universal time (UT), and thus, observations can start at ~18:00 UT on
day 1 and conclude at ~06:00 UT on day 2. We define an event as the presence of a dark band associated with
MSTIDs that can be observed at both sites. Events 1 and 2 occurred on 27-28 August 2016, with event 3 on 6—
7 September 2016, event 4 on 29-30 October 2016, and event 5 on 30-31 October 2016. Examples of conju-
gate bands from events 1-2, 3, and 4 are shown in Figure 2, with the top images from Asiago and the ones at
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the bottom from Sutherland. Movies for the nights showing events 3 and 4 are provided in the supporting
information. The structures observed are very weak and do not appear well defined as those observed in
the American and Japanese sectors. Dashed white lines are drawn to help in the identification of the dark
conjugate structures.

3.1. Imaging Processing

Each of the ASI systems uses a filter wheel that contains four to six narrow wavelength bands (~1.8 nm) cen-
tered on atmospheric emissions of interest, and one for control images to assess the presence of tropospheric
clouds and background light. Integration times of 2 min are used and thus the sequence of images at a given
wavelength is separated by approximately 7 min at Asiago and ~11 min at Sutherland. Each image is cor-
rected for detector effects, as well as for contamination of background light (Milky Way, stars, and light pol-
lution) by use of the off-band image closest in time. Calibration to brightness units of Rayleighs (R) is
achieved by using a set of known stellar brightness values within each field of view. Finally, observations
using an all-sky lens portray physical space in a “warped” fashion, that is, considerable spatial compression
at large zenith angles. For an assumed centroid of emission for 630.0-nm airglow at 300 km, each pixel (with
its unique zenith angle and azimuth) is mapped to a geographic grid—with the result called an “unwarped”
image. Full details of the image processing protocols used for the Boston University ASI network are given in
Baumgardner et al. (2013) and Martinis et al. (2017).

3.2. Velocities and Directions of Propagation

Using the full sets of all-sky-images in unwarped format (as shown in Figure 2), the procedure for determin-
ing the speed and direction of propagation of bands associated with MSTIDs was as follows. Typically,
images are unwarped to have geographic north at the top assuming a height of 300 km. A vertical (meridio-
nal), 10-pixel-wide scan is taken down the middle of an image and averaged to an 800 X 1 array. This 800-
pixel-long sample of brightness versus latitude pertains to a single image time. Subsequent images spaced
at approximately 7 min at Asiago and 11 min at Sutherland are then stacked to fill a latitude versus time
array. The same process is used with 10-pixel-wide scans taken horizontally (zonal) across the middle of
the image to create an array of brightness on a grid of longitude versus time. We call the resultant meridional
and zonal versus time arrays “velograms” (Martinis et al., 2003). In each velogram the band is identified and
its speed and direction of propagation can be calculated by measuring the slope of the line representing the
projection of the motion of the MSTID as it crosses the central column (zonal velogram) and central row
(meridional velogram). To measure the slope of a given band, the endpoints were selected manually and con-
nected to give an initial guess of the line from which a slope can be computed. For each pixel on this line, the
darkest pixel within a vertical range of +7 pixels centered on the initial guess is found, and a new, least
squares fit line to these pixel coordinates is used to calculate the slope. Uncertainties are calculated from
both the uncertainty in the slope measurements as well as the uncertainty caused by the assumed map
scale (km/pixel).

Figure 3 gives an example of a velogram for event 3 on the night of 6-7 September 2016. Asiago results are
shown on the left panel while Sutherland results are displayed on the right panel. For each station, the top
panel shows the zonal velogram and the bottom panel the meridional velogram. At Asiago the red lines
between 20 and 21 UT are used to calculate the slopes. Similarly, at Sutherland the slopes are computed near
21 UT. Once the slopes of the dark band on the velograms are measured, they are used to obtain two com-
ponents of the velocity that are the projections of the MSTIDs speed on the central column and row of the
images, V’,,, and V', respectively, not directly the meridional and zonal speeds. The angle of propagation
is calculated as tan © = V',,/V%. The propagation speed V of the MSTIDs is obtained from 1/V? = 1/
V’m2 + 1/ V'zz. The true zonal, V,, and meridional, V,,, components are V, = V'sin 6 and V,,, = Vcos 6. The
results of the velogram analysis for the five events at both sites are summarized in Table 1. For each event,
the speeds and their azimuths are shown for each station, with the last column showing the difference in the
two azimuths or directions of propagation, that is, A8 = 85, — 645 The average speeds and angles of pro-
pagation are shown in the last row. The average speeds of propagation at Sutherland are about 20% faster
than at Asiago, but we notice that only three out of the five cases show Sutherland speeds larger than
Asiago. The average azimuth of wave propagation at Asiago (~229°) is nearly the anticipated value of 225°
for pure southwestard motion. For Sutherland, the anticipated motion toward the northwest would have azi-
muth around 315°, but the observed direction is considerably different, ~278°, a value that is nearly due west
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Figure 3. (top) Zonal and (bottom) meridional cuts for (left) Asiago and (right) Sutherland during the 6-7 September 2016
(event 3). The event appears as a dark band, indicated with red lines. The spatial and temporal patterns of those lines are
used to derive wave speeds and directions (see text). Clouds in Asiago are observed from 19 UT to ~ 20 UT. The Asiago
meridional scan also shows the presence of waves moving poleward throughout the night. For the zonal scan at
Sutherland, the streaking from left to right results from residuals of the milky way not fully subtracted.

(270°). The events show an average A8 = 44°. The day when the difference in azimuth is the largest (57°)
corresponds to the day where the equatorial geomagnetic index Dst reached —57 nT. A weak geomagnetic
disturbance might have had an effect on the azimuth, something worth to investigate, but out of the
scope of this paper. A graphical summary of the results shown in Table 1 appears in Figure 4 as compass
plots. The left panel shows the velocity vectors for Asiago for the five events analyzed. The arrows show a
clear south-westward motion with velocities varying from ~5 to ~116 m/s. The right panel shows a similar
plot for the Sutherland events. The direction of propagation is clearly strongly westward, a surprising result
considering that one would have expected a north-westward propagation as shown in the published litera-
ture of southern hemisphere MSTIDs. The speeds in the southern hemisphere are between ~93 and 166 m/s.

4. Discussion

ASIs operating at magnetically conjugate locations have recorded the occurrence of waves and MSTIDs
during the period July 2016 to June 2017. The peak occurrence of Sutherland MSTIDs is during

Summary of MSTID Speeds and Azimuths of the Five Events Analyzed in This Study for Both Sites

Event

Asiago Sutherland

Speed (m/s)

Zonal speed (m/s)

Azimuth (°)

Speed (m/s)

Zonal speed (m/s)

Azimuth (%)

A Azimuth (%)

1 (27-28 Aug 16)
2 (27-28 Aug 16)
3 (6-7 Sep 16)

4 (29-30 Oct 16)
5(30-31 Oct 16)
Average

85+2
116 + 4
97 £2
9+5
115+ 8
102 + 11

230 +1
237+ 1
234 +1
219 +2
227 £2
229+3

93 +7
108 + 18
128 +7

94 + 10
168 + 11
118 + 25

93+7
107 + 18
127+ 7
93+10
166 + 11
117 + 25

273 +1
278 £1
262 +1
275+ 1
277 + 1
273 £ 2

43
41
28
57
50
44
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Velocity Vectors for Events at Asiago Velocity Vectors for Events at Sutherland
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| — Event 1 (27-28 Aug 2016) e e Event 1 (27-28 Aug 2016)
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Figure 4. Vector representations of speeds and azimuth for MSTIDs at (left) Asiago and (right) Sutherland. Asiago results
clearly show that the MSTIDs propagate in a direction between 210° and 240°, that is, southwestward, while at Sutherland
they propagate mainly westward, that is, around 270°.

December solstice, while Asiago does not show MSTIDs peaking in a particular season. The Sutherland
result agrees with past studies of MSTIDs occurrence rates in the southern hemisphere (Martinis et al.,
2010). The Asiago result does not agree with the results from Otsuka et al. (2013), who showed peak
occurrence rate during December solstice. Our statistical result is based on only one year of observations
and on a reduced number of nights due to cloudiness conditions, and thus, it does not allow us to provide
conclusive evidence of its validity. We will wait for multiyear observations to perform and obtain a better
statistics.

We have presented five cases of simultaneous observations of MSTIDs. While the ones observed in the north-
ern hemisphere show the typical southwestward motion, the ones at Sutherland move primarily in the west-
ward direction. The average speed of the MSTIDs is larger in the Southern Hemisphere, but this result needs
to be validated with more case studies to provide statistically meaningful conclusions. Figure 5 shows the
average velocity vectors for the five events at each site. In this plot the magnetic field declination angles
for zenith at both sites (red line for Asiago and green line for Sutherland) are also indicated. The difference
in magnetic declination between the two sites is substantial, almost 30°. The large magnetic declination at
Sutherland might be the cause of the almost-westward motion of the MSTIDs. This can be explained by
recalling the conditions at midlatitudes that can lead to an instability in the F region. A plasma layer at mid-
latitudes can be supported against gravity by a southward wind or an eastward electric field (Perkins, 1973).
If an eastward wind or northward electric field is present, the equilibrium is broken and the system is
unstable. The growth rate due to a northward electric field is found to be proportional to sin a * sin
(¢ — a), where ¢ is the angle between the total electric field and magnetic east direction and « is the angle
between the k vector of the wave and magnetic east direction (Garcia et al., 2000; Shiokawa et al., 2003).
The theoretical analysis and numerical simulations show that the maximum growth rate occurs if o = ¢/2
and unstable k vectors are either in the NE or SW quadrants in the northern hemisphere, or NW and SE
in the southern hemisphere (Behnke, 1979). The bands associated with MSTIDs are perpendicular to the
¢/2 direction. The efficient direction for generation and propagation of waves triggered by the Perkins
instability or by combined Perkins and E region instabilities is usually ~20-30° from the magnetic meridian
(Garcia et al., 2000; Kelley, 2009; Perkins, 1973; Shiokawa et al., 2003). This fact could then explain why
MSTIDs at Sutherland tend to move mainly westward, instead of north-westward. The magnetic declination
at Asiago is very small, only 3°E, meaning that the ~ 30° tilt with respect to the magnetic meridian puts the
frontal phases moving to the SW quadrant, or between ~210° and 240°. The magnetic declination at
Sutherland is 24°W; therefore, the motion should be toward ~250° and 290°, that is, toward the west. This
asymmetry could be easily removed if the motions were considered in a magnetic coordinate reference sys-
tem. Past studies have always stated that MSTIDs moved north-westward (south-westward) in the southern
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Sutherland

= 24°W

270° e

0° (northern) hemisphere. There are no studies investigating precise
directions of propagation at places with different magnetic declinations.
For example, Garcia et al. (2000) showed that MSTIDs at Arecibo, where
magnetic declination is 10°W, had a southwestward motion with angles of
propagation of ~235°-240°. More recently, Takeo et al. (2017) used
16 years of ASI data over Shigaraki, Japan (where magnetic declination
is 7°W), to show that MSTIDs moved primarily southwestward, that is,
between ~215° and 240°. Figueiredo et al. (2018) studied 10 nights with
MSTIDs in Cachoeira Paulista (where magnetic declination is 21 W) and

6Asiago =3E

90°

-

concluded that they moved north-westward, although their Figure 4
shows almost-westward motion in most of them (in agreement with
our explanation).

Another result obtained here shows that the propagation speed is on
average larger by ~20% in the southern hemisphere. This difference origi-
nates basically from three of the cases shown in Table 1 (events 1, 3, and
5). No studies comparing magnetically conjugate speeds of MSTIDs have
been published to date. This is our first attempt to do this with a limited
number of cases. The velocity of a wave originated by a Perkins

> Asiago
> Sutherland

| 180° instability-like process is the (E x B)/B* drift component parallel to k

(Kelley, 2009). The larger values at Sutherland could be attributed to

Figure 5. Average velocity vectors for Asiago (red arrow) and Sutherland  the presence of the South Atlantic magnetic anomaly. In this region the

(green arrow). Also shown are the magnetic declinations at both sites
(green line, Sutherland; red line, Asiago). The colored ovals represent bands
oriented ~30° with respect to magnetic meridian at each site.

magnetic field is very weak: using the IGRF-12 model (Thébault et al.,
2015), its intensity at 300 km at Sutherland is 23,800 nT, while at its con-
jugate point, near Asiago, is 41,400 nT, a difference of ~40%. Then one
could expect larger drifts in the southern hemisphere. This effect has
been observed when comparing zonal drifts from the motion of irregularities associated with equatorial
spread-F events using GPS techniques in the American sector, where zonal velocities were found to be
~30% larger in the southern hemisphere (Sobral et al., 2009). A significant difference in the configuration
of the Earth's magnetic field exists between the American and African sectors. In the South American sec-
tor, low-magnitude field values are due to field lines stretched apart (i.e., separated) mainly in the longitu-
dinal direction, whereas over South Africa the magnetic field lines are stretched apart more in the
latitudinal direction (Laundal & Richmond, 2017). As a consequence, in South America, the main differ-
ences when comparing speeds in both hemispheres exist for the zonal speeds, while in the African sector
the main difference is for the meridional speeds. This could explain why a 20% difference in the MSTID
total velocity could exist, even though the magnetic field intensity at Sutherland is ~40% weaker than the
intensity at Asiago. The MSTIDs at Sutherland are moving mainly westward, so no strong meridional com-
ponent exists. When we compare the zonal speeds at both sites, all the events show that the Sutherland
structures move faster than the Asiago structures, on average 35% faster.

It remains to be investigated why the brightness variations related to MSTIDs observed at Asiago and
Sutherland are so weak and why they do not resemble well-formed band-like wave structures. This is in
contrast with observations in the Japanese and American sectors, where MSTIDs are clearly identified as
banded multiwavelength structures, with percentage variations in airglow brightness reaching 20-30%. A
fact that could help to explain the weak brightness variations and bands not well formed is that the mag-
netic inclination angles of the two stations used in this study are large, between 60 and 65°. This value is
close to the limit value found in the Otsuka et al. (2013) study, who found that MSTIDs were not present
in Europe at geographic latitudes higher than 55° (~62° magnetic inclination). The studies in the
Japanese sector involved ASIs located at stations with smaller magnetic inclination, around 45-50°, similar
to those studies in the American sector that involved station with magnetic inclination around 40-45°. A
large magnetic inclination means that the vertical component of the E x B/B* is small and it cannot pro-
duce significant upward or downward perturbations in the F region. In addition, if one explains the origin
of MSTIDs based on the coupling between the F region and E region structuring, that is, E; layers, wind
shear in the E region does not produce strong E; layer under large magnetic inclination at
midlatitude conditions.
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5. Summary

All-sky imagers located in Asiago, Italy, and Sutherland, South Africa, are used to study magnetically con-
jugate MSTIDs. Asiago cloudy conditions render a limited number of clear skies during the first year of data
presented here. At Sutherland, conditions are much better, with almost no pollution and a larger number of
nights with clear skies. During the first year of operations airglow perturbations showing different kinds of
wave activity were observed frequently. Some of these wave events resemble MSTIDs propagating south-
westward in the Asiago ASI. The five cases analyzed here showed that the corresponding magnetic conjugate
bands observed in the southern hemisphere at Sutherland tend to move mainly in the westward direction.
The large magnetic declination at Sutherland indicates that the frontal bands should be oriented almost
in the geodetic north-south direction with a direction of propagation perpendicular to the front, that is,
mostly geodetic westward. The large magnetic inclination at both sites could be the cause of weak and not
well-defined banded structures, contrary to the observations in the American and Japanese sectors. A com-
parison of the speeds of propagation shows that three out of the five cases move faster at Sutherland (~20%
on average). When the zonal velocities are compared we observe that the five events show faster values at
Sutherland (~35% on average). The anomalously weaker magnetic field in the southern hemisphere and
its particular configuration above South Africa could be responsible for the higher speeds observed.
Further analysis including more simultaneous cases is needed to provide statistical significance to justify
the larger speeds observed at Sutherland.
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