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ESW Motivation

Growing awareness of impacts of space weather has lead to increased
interest from critical infrastructure groups within Australia

Australian Government TISN, includes Energy, Communications, and
Transport Sector groups

Energy sector includes power network asset owners and operators, gas
pipeline owners and operators, mining companies

Communications sector includes, Telstra, Optus, major TV
broadcasters

Transport sector includes major airlines (Qantas, Virgin), ASA, shipping
and rall



Satellite Systems
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Getley et al., Space Weather,
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Low-End GPS Systems

1000

350

Altitude (km)

100

Ranging ==
Error

V Scmtnlatlons

. 1 L i
M il 1) { ml | A
f | 1Y
"..*ll””! 1”“" '1 At
) Loss af tracking N :

20 a0 &0 a0 100 120
Time (Sed)

LE£, a4 [/, ph $al 1298507 £ 1
10 mp. 77w ww.lldp.COlrL atdiu g7 1 29U 7. HUILT)

TS wime v

¢ Longltuce [deqre

Tx / Ry Lotitude

Q 45 =18 135 180 225 270
Tx / Rx Longitude

1400

Seagraphle Lengltude [d.-q




High-End GPS Systems

(Terkildsen, 2010, IPS-CR-09-01-P, April 2010)

Simplified lonosphere Wave Front Model: ;
a ramp defined by constant slope and width ! ‘
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Foult Occurrence
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Threat Level Model from Global network observations
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Australian/NZ Power Networks
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Extreme Space Weather (ESW) Model

* Most space weather impacts in Australian region
associated with extreme events

* Generalised Linear Model (GLM) techniques
« Event-based analysis

* Requirements:

LATENCY
— ‘Long range’ warning (> 12 hours) ] Based on solar data only
— ‘Short range’ alert (~ 1 hour) [0 Based on solar data + ACE

ACCURACY
— Long range: Optimise to minimise missed events
— Short range: Optimise for forecast accuracy

SIMPLICITY
— Design for active use in space weather forecast environment




ESW Model Events
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ESW Model Parameters

Model covariates (the ‘input data’)

X-RAY FLARE

Solar flare magnitude

Solar flare duration

LOCATION OF SOLAR ACTIVE REGION

Latitude of solar active region

Longitude of solar active region

CME CHARACTERISTICS
Presence of Halo CME (CME width)

CME speed

SOLAR CYCLE
— Solar Cycle Phase

SOLAR WIND / IMF
— IMF Bz

— Solar wind shock




ESW Model GLM

Generalised Linear Model

Response variable whatis being modelled)
0 Dst > —50

dstN =
{Dst + 49‘ else

Model @aum
In() =0, +ax, +o,x,++a,x,

Training data (for fiting model coefficients)
15 years data (1996 - 2010)
Prediction (a binary output)

_{O’pz(ylﬂ)< pthresh
Yi =
17pz(y|ﬂ)2 pthresh

Frequency

Distribution of response (DstN)
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X; ...X;, = Inputvariables
a,...a, > Coefficients (to fit)

D; ( yvlu ) —> Response distribution

Pies, = Threshold on event
probability used to produce
binary prediction (ESW
event/no-event). Optimised
for required model
performance.




ESW Model Validation

Model validation: Solar data only

Optimising for no missed events (false negatives = 0)

GLM model.ESW.dst.2 (Prediction)
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ESW Model Implementation

« Operational GUI in ASFC

« Uses Dst-based ESW models
as a back-end, proving both
binary and probabilistic
forecasts for ESW

« Accepts a range of covariates
for added flexibility

« Simple text warning message

Power Grids - Extreme Space Weather Warning

E Do you want to send the following warning email?

recipient: SolarFlaresi@aemo.com.at
subject: Significant Space Weather Activity Expected

Extreme Space Weather Advisory Notification

A recent Coronal Mass Ejection associated with a solar flare is anticipated to
impact the Earth within the next 12-24 hours. The effects are expected to be
significant. Increased awareness of critical infrastructure over the next 24

hours is advised.

Please monitor the IPS website for further updates at http:/www.ips.gov.au

| Send H Cancel |

f ’/Hepnns rWarnings erices r/ i Tools | Options |
Regular warnings Extreme event warnings
Model selection
Preliminary HF Warning model Experimental models
@ Solar data only ) Solar data + IMF Bz
lIl ) Solar data + IMF Bz + solar wind shock
Flare/CME observations
Extreme event
Flare date [07-Mar-2012 Latitude 17 | (eg, N24)
Model 2 Flare magnitude [x5.4 | (eg, M5.3) Longitude [ELS (eg, W15)
Flare duration |3:38 | (hh:mm) Halo CME [v] (can be asymmetric)
Solar wind observations (when CME hits ACE)
Southward IMF Bz [ ] Solar wind shock []
Send warning?
Run Model
EXTREME EVENT Satellites | Send | ‘ Override | ‘ Recall !
Model Output Power Grids (AEMO) | Send | ‘ Override | ‘ Recall |
ps [ sena | [ oveme | [ Recan |
Aviation | send | | Override | | Recan |
e | | Lea ]




Future Developments

ACE solar wind parameters
CME symmetry parameter / CME “mass”

Active region magnetic characteristics (proxy for
IMF Bz events?)

CME travel time (flare-shock interval) to replace
CME plane-of-sky speed (a poor proxy for true CME
speed)

Type Il / Type |V radio bursts

Direct modelling of ESW parameters as response

— GIC index
— lonospheric gradient index
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