Monitoring Traveling lonospheric Disturbances
with a Global Mobile Device Network

Anthea Coster!, Victor Pankratius?, Ryan
Kingsbury?, Andrew K. Kennedy?, Frank Lind?t,* Phil
Erickson?', John Noto®, Juanita Riccobono?, Larisa
Goncharenko?!, Shunrong Zhang?

1. MIT Haystack Observatory, Westford, MA
2. MIT
3. Scientific Solutions, Inc.

IES - 2015



OUTLINE

‘ Review — Why TIDs?
s Mahali Project
m TID Campaign: 10 -22 April 2015



What 1s a TID °?

Traveling Ionospheric Disturbance:

* Moving variation in ionospheric density

» First reported in a letter to Nature in

1948 by G. H. Munro.
Reported a quasi periodic disturbance.

o Active area of research ever since

Fig. 2. F region echoes from spaced fransmitbers observed at R,
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Short-Period Changes in the F Region
of the lonosphere

Rap1o observations designed to detect horizontal

spheric regions and to in-
vestigate the relation of these to previously obsarved
changes ocourring above a single observing point have
been in progress for some months in the vicinity of
Sydney, New South Wal The present system uses
thres transmitters (T, T'5, T'y) placed st the apexes of
a right-angled triangle with its shorter sides approx-
imately north-south and east—west and of length
13 miles and 27 miles respectively (Fig. 1). The
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Fig. 1

opersted on the aame frequency and
with the mmu ropotition frequency, and are so
phased, by cither mains synchronization or pulse
triggering mclunquu that the three pulses are spaced
about 50 lm, apart on a normal type of time base
such aa is used for ivnospheric observations. 1t is
thus possible to record the three sets of echoes
simultaneously on a single film, Standard 35-mum.
film iz used, moved continuously with a film speed of
§ inch por minute. Obsorvations ean bo taken at one
ar moro of three points, two being at the most widely
spaced transmitting sites (R, and R,), and a third
at a point approxiumstely midwsy between these (K,).

Assuming that a reflexion point is vertically above
a point on the ground midway hetweon transmitter
and receiver, we have sight possible points for check-
ing uniformity of motion.

During sevon months of opsration (November 1947~
May 1948), it has been obsarved very frequently that
severnl types of clearly defined changes which ocour
in schoes from the F region show a time difference of
occurronce at the spacod points,
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Fig. 3. Comparison of ‘splits’ observed at point Ry

Fig. 2 shows a particularly cloar example of one
type recorded at Ky, In this case the traces are pro-
duced by applying the signal to the msfior
electrode only of the cathode ray tube. The uniform
lines are height marks spaced 100 km. apart. The
top trace is the F region echo from transmitter T'y.
The time base and height marker are initiated by
this transmitter, s0 that the changes in virtual
height are real.
The transmitters 'y and 7' sre synchronized with

through the "rD-LVLIu power mm}]) grid. T!loir
traces (st By}, show of
phase fluctuation relative to T'y and to l]m I:uig.hl
markeor, and their apparent changes in height may
not be real. Corrections can bo made if & ground
ray is also visiblo on the screen; but this requires a
closer scale with some loss of resolution. The trans-
mitters T, and T, are interrupted for a few ssconds
at intervals of ono minute (eXcept every tenth minute
on R,), to provide time marks on the records.

It will bo observed that there is a sudden disturb-
ance on esch trace in the form of & temporary splitting
of the echo lasting about one minute (not sasily seon
in the reproduction). It occurs first on 'y, three
minutes later on Ty and & further minute later on I'y.
An almost identical pattern was recorded four minutes
later at R,, which climinates any |m*§il ity of the
time differences being due to slight differences in
frequoncy or to the small difforences in the angles
of incidence. The deduced direction of tal
mation in this case is 80° east of north, and the
welocity in this direction 3-9 miles per min.
Another common type of variation is shown in
ig. 3, which is & condensed plot of the amount of
‘aplit’ (difference in virtual heights of ordinary and
extraordinary rays) for the thres echoss as observed
at R, over a period of one hour on the following day.
It will be observed that quasi-periodic veristions
apposr in almost the same form on all three traces,
but with time differences which are of the same order
as in Fig. 2.

Fig. 4 is o plot for the following hour of the virtual
heights of the two components as observed at vertical
incidoneo at R, and R,. Here it will be seon that the
two magneto-ionic components at each point (as
shown by the full line and the dotted line) go through
a very similar sequence of changes, but there is
a timo lag between the dotted and full-line curves.
It will be notieed, however, that the time of travel
from R, to I, is the ssme for both components.
The time difforence in this case is about seven minutes,

as wo are obsorving the full
distance B, to B, and not the half-

FllllllIllllll!llllllllllllllfil distance as in Figs. 2 and 3.

5 We thus appesr to have definite

i evidence of some form of hori-
o sontal progression in the F region.
e TR The great majority of coses

analysod so far have given hori.

llllllllllllllllllllllllll| w88 zontal directions between  50°

Fig. 2. F region echoes from spaced transmitters observed at ft,

and 60° east of north, and deduced
velocities between 3 and 5 milss
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Juha Vierinen’s HF radar/Ionosonde

Millstone Hill HF Radar (MHHR) CW 7.015 MHz
2015-03-24 10:02:43-2015-03-25 03:13:49
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HF Geolocation, Communication

m Understanding the bottom side tluctuations in
the ionosphere 1s important for correctly
estimating the propagation path =» necessatry to
geolocate.



1h BG-Subtracted Data : Jan 21, 2007

Jan 21, 2007
TEC Perturbation
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Mahali: Space Weather Monitoring Everywhere
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Science Plan

Testing in Brazil
Two extended scientific

Campaigns:

Haystack Deployment

— — Spring 2015
PFISR/Alaska Deployment
— — Fall 2015

er, Pankratius,
Erickson,
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Maine - Maine Department of Transportation (single baseline).

Maryland - No public service.

Massachusetts - Massachusetts Department of Transportation. Leica network.
Michigan - Michigan Department of Transportation. Leica network.

Minnesota - Department of Transportation. Trimble network.




MAGNET + Other GPS Networks Map

B MAGNET GPS Network

Click on Site for more information. Il All Other GPS Stations
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TID experiment — April 10-23, 2015

m Millstone Hill Incoherent Scatter

m Scientific Solutions Fabry Perot Interferometers
m U Mass Lowell Digisonde

m GPS network with MAHALI recetvers deployed



14 April 2015

Geodetic median vertical TEC from 2015-04-14 00:00:00 to 2015-04-14 00:20:00 Log10(TECU)
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Contours, MHJ45, DP5-4D, SAOExplorer, v 3.5.2b7T
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FPI - 14 April 2015
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Jpeg plot of Meridiona
Red line FPI higher level vector wind data




14 April 2015

Geodetic median vertical TEC from 2015-04-14 21:00:00 to 2015-04-14 21:20:00 Log10(TECU)
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Geodetic Latitude, Deg

Day 1 o@ PM

HAYSTRACK

MIT Haystack Observatory

Differential GPS TEC Map: 14-Apr-2015 21:32:30 minus 14-Apr-2015 21:32:30 Diff TEC
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Geodetic Latitude, Deg
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MIT Haystack Observatory

HAYSTRACK

Differential GPS TEC Map: 14-Apr-2015 23:03:00 minus 14-Apr-2015 23:03:00 Diff TEC
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17-18 April 2015
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Summary

MAHALI TID campaign analysis has begun! Portability of
MAHALI boxes will aid in field deployments.

GPS TEC analysis does not always show the same TID
structures observed by other analysis techniques (ionosondes).
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uperDARN and GPS-TEC

GPS-TEC vs SuperDARN Radar
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Apr. 16, Z015 Millstone Hill Fedline Avg. Data Quality: 1.
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Apr. 16, 2015 Millstone Hill Observatory Green Line Fabry—Perot Avg. Data Quality: 1.79
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14 April 2015

00°N Geodetic median vertical TEC from 2015-04-14 00:00:00 to 2015-04-14 00:20:00 Log10(TECU)
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