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Equatorial Plasma Bubbles
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Projection to Magnetic Equator
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Magnetic Field Lines (red)

Airglow Emission Plane

Kelley et al. (2006)

Generalised Rayleigh-Taylor instability:
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> GPS disruptions
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Vanimo PNG, Mar17—2000

View from ground:
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Potential economic vulnerabilities ®» RMIT
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to day-to-day space weather: GNSS

GPSat Systems Australia

GNSS (Global Navigation Satellite Systems)
and satellite communications are being
increasingly utilised by various industry
sectors. For example;
* Mining

* Auviation

e Agriculture

* Construction

* Military/Defence

Credit: SSG Kyle Davi

No study to date has investigated the |m>péct |
of ionospheric scintillation events on
operations in these sectors, and the flow-on
impacts on the wider economy.

In the meantime, reliable daily scintillation
forecasts are needed around the world...
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GPS Radio Occultation ® RMIT
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The Low Earth Orbit (LEO) satellites measure
the GPS signals that are occulted by the Earth’s
atmosphere. These occulted signals are used to
Infer atmospheric properties such as wet
temperature (troposphere) and electron density
(ionosphere).
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GPS RO data are currently assimilated
Into weather forecasting facilities
around the world (including the
Bureau of Meteorology).




GNSS vulnerabilities P RMIT
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to day-to-day space weather

i Xiong et al. (2016
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GNSS Radio Occultation data is clearly beneficial, but with
increased benefit comes increased vulnerability
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Scintillation Climatology
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Post-sunset EPBs are most
common during the equinoxes
across all longitude sectors near
the magnetic equator.

The June solstice months have
elevated EPB activity in the
Pacific and African sectors.

South America and Africa have
EPBs during the December
solstice months.

Africa gets scintillations all-
year-round.

16 November 2017
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Daily variability of EPBs ® RMIT

SPACE Research Centre

o oo U o et 20 20 <%4%0
80 100 120 140 160 180 15 040
,‘ ' - 0.30
10 - 10 0.20
R e B i O 5 0.10
N R e ] 0.00
LU A7 s gvanimo 1SM 13 F10.7 (x 30 SFU)
' ' T o 6
| S WM
o200 2
\ 0

01Mar00 11Mar00 21Mar00 31Mar00 10AprO0  20Apr0O0  30Apr00

Carter et al., 2014a [JGR]
* lonosphere - thermosphere observations along the entire flux tube, as required by the

Rayleigh-Taylor linear instability growth rate expression, are not possible/feasible
Gravity lon-neutral collision frequency

P > g1 1
Vp — U” — off —_— — RT(— Recombination rate
1\ Vin L”

Upward neutral wind } Gradient scale length

(Sultan, 1996)

Unknown Pederson conductivities

Upward plasma drift

Directly measured/known

« Therefore, some form of ionosphere-thermosphere modelling is required...
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™ TIEGCM R
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The Thermosphere lonosphere Electrodynamics Peak Density of the F2 Layer
General Circulation Model (TIEGCM) is a time- [ === "5 S

dependent 3D physics-based (i.e. not empirical)
numerical simulation of the Earth’s thermosphere
and ionosphere.

Inputs:

Qutputs:

"

A | a4

Solar activity (F10.7 cm flux)
Geomagnetic activity (Kp index)

F H d

Neutral Upwelling
rom Heated
Region

Electron density
F layer height
3D plasma drift e
Thermospheric density
3D neutral winds...
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Basically, everything that we need

J. Grebowsky / NASA GSFC



TIEGCM: EPB variability ®RMIT
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5} Physical process: EPB suppression .Mg
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Increased Kp

v

Intensified plasma convection
at high latitudes

v

Increased Joule heating

¥

Thermospheric wind perturbations
propagate towards equator

v

Decrease in zonal wind at equator
¢ Decreased R-T growth rate

/ (no EPBs or scintillation)
Decrease in upward plasma drift (\Vp)




:; 2013 St Patrick’s Day Storm ® RMIT
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The largest geomagnetic storm of solar cycle 24

Estimated Planetary K index [3 hour ﬂ.&tﬂ) Begin: 2015 Mar 15 Q000 UTC
9 1 !

ISS043-E-25615-25892 17:02:06-17:04:52 UT

P I — —

K)

Kp index

1

Indian Ocean moving NE
Mar 15 Mo 16 iversal Time Mar 18 (looking SE towards Australia/Antarctica)

Updated 2015 Mar 17 20:20:14 UTC NOAA/SWPC Boulder, CO USA
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GPS scintillation analysis # RMIT
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Wing Kp Model ®RMIT
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STEREO-B W S ' # STEREO-A

USAF Wing Kp Predicted Activity Index Begin: 20M15—10-23 O0:0C:Q0UTS

Bias {ME)= —3,02 Association (r)= 0,76
Acouracy [RMSE)= (.65 Skill (zampla)= 0.53 Sample Size= 563 7

Artificial Neural Network

Cheerved USAF Estimated Kp (solid line)
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:i Scintillation prediction trial: Mar-Jul 2014 ®RMIT

Peak Transition — Off peak — 1'h0ur Wlng Kp predICtIOHS
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Our technigue generally performs best during peak
EPB season, closely followed by US Air Force’s
WBMOD (up to 95% for KIS)

During transition and off-peak seasons, -either
WBMOD or “persistence” forecast performs best
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Unresolved issues — “DRUIDAE?” ® RMIT
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Detrimental, Rapid and Un-seasonal lonospheric
Disturbances Around the Equator (“DRUIDAE” —
Latin for “Druids”) e A

Kototabang — Kazuo Shiokawa
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Summary and conclusions
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GPS (and more broadly, GNSS) is playing a key role in the
development of technological applications that greatly benefit society:

»  Positioning, Navigation and Timing (PNT)

«  Water vapour and temperature sensing for weather forecasting and climate
analyses

«  However, with increased benefits comes increased vulnerability to space weather

Predicting Equatorial Plasma Bubbles has been a research focus for
many decades (long before GPS):

«  Therise in the use of GPS has accelerated our research progress on
understanding Equatorial Plasma Bubbles

*  The climatology (i.e., seasonal changes) is well understood
Daily variability is not so well understood (but we’re getting there!!!)

*  Prediction efforts are ongoing, but we are doing well enough to start to deliver
scintillation forecasts for GNSS users

* Anongoing project between RMIT University and the Bureau of
Meteorology aims to do just that.
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