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The IPS 

The Ionospheric Prediction Service 
 - Providing HF Radio services and 
support since late 1940's 
 



IPS Radio and Space Services 

Providing Space Weather services (including HF Radio) and 
support since late 1990's 
 

..........Australian BOM's Space Weather Unit since 2007 
 



•  The rise of solar cycle 24 and the growing awareness of impacts of space 
weather has lead to increased interest from critical infrastructure groups within 
Australia 

•  Engagement with Australian Government Trusted Information Sharing Network, 
includes Energy, Communications, and Transport Sector groups 

•  Communications sector (CSG) includes, Telstra, Optus (satellite operators), 
UHF/VHF users (major TV broadcasters), HF users (SES) 

•  Transport sector (TSG) includes major airlines (Qantas, Virgin), Air Services 
Australia, shipping and rail 

•  Energy sector (ESG) includes power network asset owners and operators, gas 
pipeline owners and operators, mining companies 

•  All groups operate/own/utilise one or more technologies and systems 
susceptible to space weather 

Critical Infrastructure Groups 



GPS Systems (TSG) 

(from http://www.nap.edu/catalog/12507.html) 

GNSS Group at IPS: 

Mike Terkildsen, 
Matt Franics, Zahra 

Bouya 



High-End GPS Systems 
[from Ene et al (2005), Proceedings of ION 2005 National Technical Meeting] 

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



•  April 2010 - Consultancy to Airservices Australia for 
GBAS Ionospheric Threat Model Evaluation: Mid-latitude 
Australian Region 

•  May 2012 - Proposed Dst-based alerts for 
anomalous ionospheric gradient conditions at mid-
latitudes  

•  Jan-Aug 2012 – Development of a data-based model for Extreme Space 
Weather prediction; Internal report published August 2012; Scientific journal 
paper in draft 

High-End GPS (TSG – Aviation) 

•  July 2012 – Ionospheric Alert Assessment 
and Notification Procedure, ASA Protocols 

•  August 2012 – IPS Statement of Work for 
ionospheric alerts 



Australian Pipeline Network (ESG) 
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Australian Pipeline Network 

(Marshall et al., Space Weather, 2009SW000553) 



Australian Power Network (ESG) 

Increased connectivity over 
recent years 
 
•  Market Competition 
 
•  Robustness to demand 
 
•  Increased susceptibility to 
Space weather 

•  AEMO operates the energy 
markets and systems in 
eastern Australia, including 
PSSWG 

•  Historically been considered 
relatively immune to space 
weather due to mid-latitude 
location 

•  Several studies over past few 
years 



New Zealand Power Networks 

(Marshall et al., Space Weather, 2012SW000806) 

©  Copyright, Transpower, New Zealand 

Date/Time Description 
06-Nov-01, 14:52:00 HWB T4 and ISL SVC tripped. Many South Island transformer NER 
alarms. HVDC running OK 
in balanced mode. HVDC load 216MW with Pole 2 and a half pole in service 
06-Nov-01, 14:52:00 Buchholz trip 
06-Nov-01, 14:53:00 Red phase caused the tripping. D2 protection flag. Maintenance 
contractor advised 
06-Nov-01, 14:53:00 Buchholz trip. SC advised. HBC to call out contractors 
06-Nov-01, 15:08:00 Trip. Alstom called out. SC advised 
06-Nov-01, 15:25:00 SI NER alarms reset 
06-Nov-01, 15:26:00 T4 tripped at HWB. Ohau unit transformers NER saturation. ISL SVC 
tripped. Unknown cause. 
Requested CLU max VArs at ROX 110 kV, Extra machine started. Third cap switched in at 
BDE. 
Requested extra machines on OHA, OHB, OHC running on TWD to alleviate NER 
transformer saturation 
06-Nov-01, 15:27:00 TKB, CYD, OHA, OHB NER alarms 
06-Nov-01, 15:34:00 TOC (Internal transformer fault, explosion vents blown) 
06-Nov-01, 15:34:00 HBC advise Red phase unit indicates internal fault. SC told 



Power Networks - Australian Region 

(Marshall et al., submitted to Space Weather) 



Power Networks - Australian Region 

Ongoing development of SOP’s for Space 
Weather 
  
•  Further monitoring results 

•  More extensive modelling to identify vulnerable 
components 

•  Feedback of findings to SOP’s 



•  Most space weather impacts “of concern” in Australian/NZ region associated 
with extreme events 

•  Develop model to forecast extreme events to assist critical infrastructure  

•  Generalised Linear Model (GLM) techniques – not resource intensive 

•  Event-based analysis (M.Terkildsen) 

•  Requirements: 
LATENCY 

–  ‘Long range’ warning (> 12 hours)  ◊ Based on solar data only (in ASFC) 
–  ‘Short range’ alert (~ 1 hour)  ◊ 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 

Extreme Space Weather (ESW) Model 



Event- based analysis 

Flares / CMEs 

solar wind 
(shocks) 

IMF  
(Bz events) 

Dst  
(storm events) 

≥M1 X-ray flare specifies 
solar disturbance event  

day of year 

Solar wind shock Associated CME IMF Bz south event Major storm event 

ESW Model Events 



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 WIND / IMF 

–  IMF Bz 
–  Solar wind shock  

SOLAR CYCLE 

–  Solar Cycle Phase 
 

ESW Model Parameters 



Generalised Linear Model 
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imi xx …1

Prediction (a binary output) 
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à Input variables  

maa …0 à Coefficients (to fit) 

à Response distribution  

Training data (for fitting model coefficients) 

15 years data (1996 – 2010) 
threshp à Threshold on event 

probability used to produce 
binary prediction (ESW 
event/no-event). Optimised 
for required model 
performance. 

ESW Model GLM 



Model validation: Solar data only 

•  Optimising for no missed events (false negatives = 0) 

true positives (6) false positives (25) 

false negatives (0) Probability threshold  
(to determine binary outcome) 

ESW event threshold (dst < -250) 
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Observed dstN 

true positives  6 
false positives  25 
false negatives  0 
total events  644 

Leave-One-Out Cross Validation (LOOCV) 

ESW Model Validation 



Model validation: Solar data + IMF Bz (< -20nT) 

•  Optimised for no missed events (false negatives = 0) 

true positives (6) false positives (7) 

false negatives (0) 
Dichotomisation threshold 

ESW event threshold 
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Observed dstN 

true positives  6 
false positives  7 
false negatives  0 
total events  644 

Leave-One-Out Cross Validation (LOOCV) 

ESW Model GLM 



•  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 

ESW Model Implementation 



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

       (e.g. Kim et al 2008, 2010) 
•  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 II / Type IV radio bursts 
•  Direct modelling of ESW parameters as response 

–  GIC index 
–  Ionospheric gradient index 

Future Developments 


