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Velocities of Medium Scale Travelling lonospheric Disturbances (MSTIDs)

Goal

Medium Scale Travelling lonospheric Disturbances (MSTIDs) are ionospheric airglow structuresthatcan
be detected at middle latitudes. They appear as dark bands thatusually move fromthe northeastto the
southwestwhen in the northern hemisphere and fromthe southeastto the northwestwhen in the southern
hemisphere. This projectwas done to provide the firststudy of MSTIDs in the Europe-Africa longitude
sector using All Sky Imagers (ASIs).The ASIs are partofa network run by Boston University’s Imaging
Science Laboratory.
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Figure 1: The fields of view ofthe two imagers.The northern hemisphere imager is located in
Asiago, ltaly, and the southern hemisphere imager is located in Sutherland, South Africa.

Introduction

Medium-scale traveling ionospheric disturbances(MSTIDs) are perturbationsofplasma density thatoccur in
the F region of Earth’s atmosphere, at a heightof approximately 300 km. Those thatoccur during the night
are aresultof electrodynamical forces.Due fo this,an MSTID willappear atthe magnetic conjugate pointof
another MSTID. In addition to the latitude dependence thatmakes themvisible primarily atmiddle latitudes,
they also have seasonal and longitudinal variations. MSTIDs are mostvisible at630 nmdue to reactions
between molecular and ionized oxygen. They are notintense enough to be seen with the naked eye.
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Figure 2: An MSTID traveling to the southwest
observed from Asiago

Figure 3: AW MSTID traveling to the west
observed from Sutherland

Data
Five wave events,allofwhich occurred from Augustto October 0f2016, were found which were visibe

at both Asiago and Sutherland. Two events occurred on the nightof27-28 August2016,and one each
occurred on the nights 0f06-07 September 2016,29-30 October 2016 and 30-31 October 2016.

Results

To yield usefulinformation, the all-sky images were unwarped ata heightof300 km. Ameridional cross-

section and a zonal cross-section were taken downand across the middle ofeach unwarped image

(unless a special cross-secton location had to be chosen so thatthe eventin question will pass through

it). The cross-sections ofeach image in the nightare then assembled according to the time of their
respective images to create a “velogram,” as seen below in Figure 5.

As the MSTIDs fravel, they appear as dark, straightlines on the velograms. The slopes ofthese lines,
which representthe pixels ofangular distance travelled per pixelsoftime, are calculated for both
velograms.These two slopes can then be used to calculate the resultantspeed and direction of
propagation. This “pixels per pixels” speed is multiplied by a conversion factor which convetts itinto
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meters per second. The conversion factor depends on the range oflatitudes and longitudes displayed on

the velogram, as wellas the ime gap between successive images. ltis unique to each location.

Meridional Cross Sections at Sutherland

Figure 6: Compass plots depicting velocity vectors ofallfive events atAsiago (a) and Sutherland (b)
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Figure 7: Compass plotdepicting the
B average velocity vectors and the magnetic
declination angles atboth locations.

Comparison to other MSTIDs

Boston University’s Imaging Science Laboratory also runsASls located in Arecibo, Puerto
Rico and Mercedes, Argentina.Images taken fromthese locations at630 nmrevealed
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Figure 5: The four velograms associated with the nightof27-28 August2016.The bestfit lines
used to calculate the slopes ofevent1 are highlighted.

MSTIDs that appeared atboth locations atthe same time. The MSTIDs also moved
westward and equatorward in both the northern and southern hemispheres. Seasonally,
there is a peak in activity during both the June and December solstice months.

The MSTIDs observed over Asiago and Sutherland also occurred atthe same time,
indicating that they are linked by the magnetic field line. Events from both sites moved
westward as well,butonly the Asiago waves moved equatorward, whereas the Sutherland

waves justmoved westward. There were also many wave eventsfound thatoccurred well
away fromthe solstices, the most active time for MSTIDs.

Conclusions

The MSTIDs detected in the Europe-Africa longitude sector have characteristics
that both match and differ from those detected in the American longitude sector.

1) The northern hemisphere MSTIDs observed Asiago moved in the southwestward
direction,which is the same direction in which the northern hemisphere MSTIDs
observed from Arecibo moved.

The southern hemisphere MSTIDs observed from Sutherland moved in the
westward direction. This differs fromthe northwestward direction in which southern
hemisphere MSTIDs from Mercedes moved.

There is some variation in the speed of MSTIDs, especially atSutherland, butthe
average atAsiago is 103 m/s,whereas atSutherland it is slightly larger,at119 m/s.
All of the events which occurred on clear nights atboth Asiago and Sutherland
happened during the months of August, September, and October,which is a
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Figure 4: Aprogression ofevent1 and event2,which both occurred on the nightof27-28 August2016.The
dark bands next to the number labels generally move southwestward atAsiago and westward atSutherland.

Table 2: Average values,average uncertainties,and standard erorsofthe speed and
direction ofpropagation for the five events atAsiago (left) and Sutherland (right)

surprising resultbecause Otsuka etal.and Martinis etal. found peaks in MSTID
activity over Europe and the Americas, respectively, near the two solstices.
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