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SUMMARY 

This paper presents information on the requirements for space weather centres 
to support aviation operations and outlines the capability of the Australian 
Bureau of Meteorology Space Weather Services to provide information on 
current and forecast space weather conditions in support of international air 
navigation. Action by the meeting is in paragraph 3. 

1. INTRODUCTION 

1.1 Space weather events are a known risk to aviation. In recognition of this the ICAO 
Meteorology Divisional Meeting in 2002 formulated Recommendation 1/20 which called for ICAO to 
arrange for ‘a suitable body to assess, in consultation with WMO, c) the need for providing information 
for international air navigation on solar radiation storms and other bio-hazards.’ 

1.2 The ICAO International Airways Volcano Watch Operations Group (IAVWOPSG) was 
tasked by the Air Navigation Commission to address Recommendation 1/20. The IAVWOPSG has 
developed a draft ‘Concept of Operations (ConOps) for Space Weather Information in Support of 
International Air Navigation’ as given in MET/14-IP/3 | CAeM-15/INF.3 and associated proposed 
provisions for Annex 3 — Meteorological Service for International Air Navigation as given in MET/14-
WP/11 | CAeM-15/Doc.11. 

2. DISCUSSION 

2.1 Consideration must now be given as to what is the most effective and efficient way to 
provide space weather services to aviation in an internationally consistent way. In doing this the four 
types of space weather events, namely geomagnetic storms, solar radiation storms, solar flares and 
ionospheric disturbances, should be considered. 
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2.2 For global-scale phenomena, such as solar radiation storms and solar flare effects, and 
long range geomagnetic storm forecasts, issues of information consistency are of prime importance. 
Space Weather Regional Warning Centres (RWCs) around the world who currently issue forecasts for 
these phenomena use essentially the same satellite data to produce their forecasts and observations. For 
this reason, two global centres handling harmonised products and services to the aviation community 
would offer the optimal solution for global-scale products and would allow suitable back-up and 
redundancy of the information provided. 

2.3 Space weather effects in the ionosphere, and to a lesser extent the geomagnetic field, 
often show significant spatial variability on a regional level. These require extensive networks of ground 
based observations and regional knowledge to specify and forecast regional effects to a level that cannot 
easily be replicated by global centres. This is particularly true for ionospheric effects on Global 
Navigation Satellite Systems (GNSS). 

2.4 In order to optimally communicate space weather information in support of aviation 
operations, Australia supports the structure presented by WMO at IAVWOPSG/8 (refer to 
IAVWOPSG/8-IP/9) for two global centres (offering necessary redundancy and back-up) for services of a 
global nature and a network of suitably resourced regional centres for the provision of observations, 
analysis and forecasts for those services considered regional in nature.  

2.5 Australia also recommends that the meeting should consider the establishment of a set of 
minimum services and capabilities for both the global and regional space weather centres to ensure the 
most effective and efficient service is provided to the aviation industry. These specifications and 
capabilities should include: 

 Specification and standardisation of global products & services;  
 Specification and standardisation of regional products & services;  
 Product dissemination at both the regional and global level; 
 Boundary consistency between regional products and services;  
 Implementation of a quality management system; 
 Specification of required qualifications and competencies;  
 24/7 operations;  
 User liaison and training;  
 Cost recovery mechanisms; 
 Post-event analysis, user feedback and forecast verification;  
 IT, modelling and communication systems infrastructure; 
 On-going research and development. 

2.6 The Australian Bureau of Meteorology’s Ionospheric Prediction Service (BoM/IPS) has 
provided space weather information services to the aviation industry since the 1970s, originally in the 
form of High Frequency (HF) radio communications advice and planning, and more recently in the form 
of radiation alerts and warnings, geomagnetic warnings, services for satellite communication and 
navigation, as well as a range of ionospheric and HF radio consultancy services. Established by the 
Australian Federal government in 1947 under the Department of the Interior, the BoM/IPS became a 
branch of the Bureau of Meteorology in 2008, expanding the facilities available for space weather 
monitoring and forecasting to include, for example, improved access to high performance computing and 
expanded monitoring network infrastructure. 

2.7 BoM/IPS is a member of International Space Environment Service (ISES), operates a well-
established Regional Warning Centre (RWC) for the Australasian region and is one of 15 RWCs around the 
world providing space weather observations and forecasts. The BoM/IPS has mentored a number of other 
RWCs to build space weather capability in other regions, including South Korea and South Africa. 
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2.8 BoM/IPS is also active internationally through the ICAO Asia/Pacific Ionospheric 
Studies Task Force in assessing space weather effects on Global Navigation Satellite Systems (GNSS) 
including Satellite-Based Augmentation Systems (SBAS) and Ground-Based (GPS) Augmentation 
Systems (GBAS), and as a member of the WMO Inter-programme Coordination Team on Space Weather 
(ICTSW) which has provided significant input into the development of the ICAO Space Weather Concept 
of Operations (ConOps) and draft Standards and Recommended Practices for Space Weather for inclusion 
in Annex 3. 

2.9 Products and services for the aviation industry are provided by BoM/IPS through a 
customised website interface for tailored products and services (http://www.ips.gov.au/ 
Products_and_Services), subscription-based alerts and warnings delivered via email and SMS, daily and 
monthly reports, and consultancy services. A detailed list of BoM/IPS products and services relevant to 
the aviation industry is provided in the appendix to this paper. 

2.10 The BoM/IPS is well-established as a space weather service provider, with significant 
and long-standing experience in space weather forecasting and service provision, particularly for HF radio 
communications, and a strong history of engagement with the aviation community, and is well positioned 
to provide space weather products and services to the aviation community into the future. 

2.11 The meeting is invited to formulate the following recommendation: 

 Recommendation 2/x — Space Weather Centres 

That: 
 

a) the provision of space weather information in support of 
aviation operations be provided through two global centres
(offering necessary redundancy and back-up) for services of a 
global nature and a network of suitably resourced regional
centres for the provision of observations, analysis and 
forecasts for those services considered regional in nature. 

 
b) a set of minimum services and capabilities for both the global

and regional space weather centres be established and include
the following: 

 
 specification and standardisation of global products and

services;  
 specification and standardisation of regional products and

services;  
 product dissemination at both the regional and global

level; 
 boundary consistency between regional products and

services;  
 implementation of a quality management system; 
 specification of required qualifications and competencies; 
 24/7 operations;  
 user liaison and training;  
 cost recovery mechanisms; 
 post-event analysis, user feedback and forecast

verification;  
 IT, modelling and communication systems infrastructure; 
 on-going research and development.
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3. ACTION BY THE MEETING 

3.1 The meeting is invited to: 

a) note the information contained in this paper; and 

b) consider the adoption of the draft recommendation proposed for the meeting’s 
consideration. 

 
 
 

 

— — — — — — — —
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APPENDIX 
 

AUSTRALIAN BUREAU OF METEOROLOGY  
SPACE WEATHER SERVICES FOR AVIATION 

 
The Australian Bureau of Meteorology’s Ionospheric Prediction Service (BoM/IPS) has provided space 
weather information services to the aviation industry for around 40 years. The following products and 
services relevant to the aviation industry are provided by the BoM/IPS. 
 
A.1 Space weather monitoring and alert services for aviation 
 
The NOAA Space Weather Prediction Centre (NOAA/SWPC) have developed a set of scales (R for radio 
blackout, S for solar radiation storm and G for geomagnetic storms) that are widely used by space weather 
forecast centres and adopted for space weather forecasting and monitoring for aviation. The R3, S3 and 
G3 levels are used by BoM/IPS for issuing alerts to aviation customers. 
 
A.2 Radio blackouts  
 
Solar X-ray flare events (NOAA R-scale) ionise the lower ionosphere causing attenuation (absorption) of 
HF radio waves in the sunlit hemisphere (HF fades). Solar X-ray flux is monitored by satellites, including 
the NOAA GOES satellite. The effect on HF radio communication is modelled based on peak X-ray flux 
(see Figure 1). Warnings for possible HF fades are issued based on forecast solar flare activity at R1 level 
or greater. Alerts for current HF fades are issued based on solar X-ray flux for a threshold value of R3, 
which indicates the occurrence of an X1 level solar X-ray flare, producing wide area blackouts for HF 
communications on the sunlit side of the Earth and degradation of low-frequency navigation signals. 
 

SUBJ: IPS HF RADIO COMMUNICATIONS WARNING 14/15 
ISSUED AT 25/2330Z FEBRUARY 2014 
BY THE AUSTRALIAN SPACE FORECAST CENTRE. 
 
HF COMMS FADEOUTS EXPECTED DURING DAYLIGHT HOURS 
FROM 26-28 FEBRUARY 2014 
IF COMMS DIFFICULTIES EXPERIENCED TRY A HIGHER FREQUENCY BAND 
_____________________________________________________________ 
 
SOLAR ACTIVITY FORECAST       HF COMMS FADEOUTS              
26 Feb:  Moderate to high     Possible              
27 Feb:  Moderate to high     Possible              
28 Feb:  Moderate to high     Possible              

 
Figure 1. IPS HF Radio Communications warning for possible HF fade due to  

R1 or greater solar flare event 
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Figure 2. Modelled effect on the minimum HF radio frequency available for communication on a 1500km 
circuit during an R3 Solar X-ray event (refer http://www.ips.gov.au/HF_Systems/6/2/2) 

 
A.3 Solar radiation storms 
 
Energetic solar radiation storm events (NOAA S-scale) result in degraded HF radio propagation 
throughout the polar regions and navigational position errors, and may last for multiple days. Proton flux 
is monitored using particle detectors on-board the NOAA GOES satellite. HF blackout in the polar 
regions is monitored using high latitude riometers (passive HF radio receivers), and ionosondes (HF radio 
vertical sounders). Alerts for aviation are issued for degraded polar HF conditions at the S3 threshold, 
which indicates a flux level of ≥10MeV protons of 103 particles.s-1.ster-1.cm-2 at geosynchronous orbit and 
is indicative of possible radiation hazards in high flying aircraft, and degraded HF propagation through 
the polar regions. 
 
Ground-level events  
Ground-level events (GLEs) are detected by cosmic ray telescopes at high latitudes. GLEs occur 
approximately 16 times per solar cycle. They are an indicator of possible radiation hazard at high latitudes 
and altitudes due to solar energetic particles. These are also related to the S-scale, but are a ground-based 
observation rather than a satellite-based observation. 
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Figure 3. Cosmic ray monitoring for automated detection of Ground Level Events (GLEs), an indicator of 

possible radiation hazard at high latitudes and altitudes (refer http://www.ips.gov.au/Geophysical/1/4 )  
 
A.4 Geomagnetic storms 
 
Alerts for aviation are issued for geomagnetic storm conditions at the NOAA G3 threshold, which 
indicates a geomagnetic storm with a 3-hourly Australian region K-index (geomagnetic storm index) of at 
least 7. 
 
Severe space weather events 
The severe space weather (SSW) service is a forecasting and alert service for very high threshold space 
weather events (G5 and S4/5). This is driven by growing demand for an advance warning of severe space 
weather events from various critical industries such as power networks, aviation, critical infrastructure, 
and emergency services. The SSW service is a combination of improved modelling of high threshold 
events, procedural improvements in the space forecast centre, and tailored communications for critical 
industries. The SSW service aims to identify, with reasonable lead time, solar disturbances with the 
potential to produce a G5 level storm. Storms at that level occur, on average, approximately 4 times per 
11-year solar cycle, and may produce significant anomalous ionospheric gradients at all latitudes affecting 
GNSS-based navigation, as well as significantly impacting HF radio communications. Primarily, the alert 
service is a forecast with varying lead times from 1-72 hours. There is also a real-time monitoring 
component to issue immediate alerts on the observation of an SSW level storm event. 
 
A.5 Services for satellite based navigation 
 
Ionospheric scintillation monitoring and alerts 
BoM/IPS maintains a network of ionospheric scintillation monitors in Northern Australia in support of 
Global Navigation Satellite Systems (GNSS) based navigation and satellite communications near the 
equatorial ionospheric anomaly region. The network monitors ionospheric scintillation levels and GNSS 
satellite loss of lock, with alerts based on threshold levels of ionospheric scintillation index 'S4'. 
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Figure 4. Real time map of ionospheric scintillation level across northern Australia 
(refer http://www.ips.gov.au/Satellite/1/2 ) 

 
Anomalous ionospheric gradient monitoring and alerts 
The Anomalous Ionospheric Gradient (AIG) alert service is currently being developed and is designed to 
alert GNSS users of the presence of ionospheric gradients above a critical threshold. The service is based 
on monitoring data from short-baseline GNSS Continuously Operating Reference Station (CORS) 
networks, from which estimates of peak ionospheric gradient (in mm of slant delay per km of baseline) 
can be calculated.  
 
A.6 HF frequency management 
 
Hourly and daily HAP (Hourly Area Prediction) charts for HF frequency selection for communication 
from specific locations, based on current ionospheric conditions. Hourly NAP (Network to Area 
Prediction) charts for HF communication using multiple base locations and a defined operational area. 
Predictions superimposed on Flight Information Regions (FIRs). 
 

 
 

Figure 5. Hourly Area Prediction (HAP) chart for HF frequency selection from a base at Sydney, as 
produced for Qantas (refer http://www.ips.gov.au/Products_and_Services/5/10/1 ) 
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A.7 Aviation-specific web pages 
 
The BoM/IPS has established a number of customised web-pages for aviation industry clients such as 
Airservices Australia, and individual airlines such as Qantas, Virgin Australia and Jetstar. These pages 
draw together all relevant space weather forecast and monitoring information, as well as customised HF 
prediction tools into a single stop webpage for each customer. 
 
Examples can be found at: 

 QANTAS: http://www.ips.gov.au/Products_and_Services/5/10 
 Airservices Australia: http://www.ips.gov.au/Products_and_Services/5/1 

 

  
 
A.8 Consultancy Services 
 
BoM/IPS has conducted consultancies for the aviation industry for more than 30 years. Historically this 
has been primarily for HF radio communication network planning and frequency management. Other, 
more recent consultancies include validation of the Conterminous United States (CONUS) ionospheric 
threat model within the Ground-Based (GPS) Augmentation System (GBAS) for operation and 
certification in the Australian region; a consultancy undertaken for Airservices Australia in 2010. 
 
 
 
 
 
 

— END — 


