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1. INTRODUCTION 

 

1.1 The Twentieth Meeting of the Asia/Pacific Air Navigation Planning and 

Implementation Regional Group (APANPIRG/20) Conclusion 20/69 calls for further guidance on the 

issuance of SIGMET on radioactive cloud. The International Airways Volcano Watch Operations 

Group (IAVWOPSG) determined that additional Standards were not necessary (IAVWOPSG/5 

Decision 5/23 refers) and that guidance be included in Part II of the Manual on Volcanic Ash, 

Radioactive Material and Toxic Chemical Clouds (Doc 9691) (IAVWOPSG/5 Conclusion 5/24 

refers). 

 

  

SUMMARY 

 

This paper presents an update on the global progress on guidance on 

radioactive cloud information. 

 

This paper relates to: 

 

Strategic Objectives: 

A. Safety 

 

Global Plan Initiatives: 

GPI-18 Aeronautical information 

GPI-19 Meteorological Systems 
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2. DISCUSSION 

 

2.1 The IAVWOPSG/6 meeting in Dakar, Senegal, 19 to 23 September 2011, concluded 

that ad-hoc groups continue with tasks identified to address key issues concerning the importance, 

complexity and lack of expertise on radioactive clouds.  The meeting report and conclusions from 

IAVWOPSG/6 are provided in the Attachment for review by the METWARN/I TF/2 and can be 

accessed on the web at  

http://www2.icao.int/en/anb/met/iavwopsg/Lists/Meetings/DispForm.aspx?ID=6.  

 

3. ACTION BY THE MEETING 

 

3.1  The meeting is invited to  

 

a) note the information in this paper and review the Attachment, and 

 

b) obtain updates by States who are members of the IAVWOPSG ad-hoc groups 

drafting guidance material on radioactive cloud information. 

 

 

 

_ _ _ _ _ _ _ _ _ _ _ _ _ 

http://www2.icao.int/en/anb/met/iavwopsg/Lists/Meetings/DispForm.aspx?ID=6
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The designation and the presentation of material in this publication do not imply the 
expression of any opinion whatsoever on the part of ICAO concerning the legal status of 
any country, territory, city or area of its authorities, or concerning the delimitation of its 
frontiers or boundaries. 
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Agenda Item 1: Opening of the meeting

1.1 Place and duration 

1.1.1 The sixth meeting of the International Airways Volcano Watch Operations Group 
(IAVWOPSG/6) was held at the ICAO Western and Central African (WACAF) Regional Office located 
at the OACI/CAFAC Building in Dakar, Senegal from 19 to 23 September 2011. 

1.1.2 The meeting was opened at 0900 hours by Mr. Mam Sait Jallow, Regional Director, 
ICAO WACAF Regional Office, who welcomed the participants and stressed the importance of the main 
tasks of the group and its role in ensuring that the IAVWOPSG continued to meet evolving global and, 
where appropriate, regional operational requirements. 

1.2 Attendance 

1.2.1 The list of participants is provided in Appendix A. 

1.3 Chairman and officers of the Secretariat  

1.3.1 The Chairman of the group, Mr Peter D. Lechner, presided over the meeting throughout 
its duration. 

1.3.2 Mr. Raul Romero, Technical Officer Meteorology, ICAO Headquarters, Montreal, was 
secretary of the meeting, assisted by Mr. Akoa Okossi, Regional Officer Meteorology, ICAO WACAF 
Regional Office and Mr. Vitalis Ahago, Regional Officer Meteorology, ICAO ESAF Regional Office. 

 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 2: Organizational matters 
 2.1: Adoption of working arrangements

2.1 Adoption of working arrangements 

2.1.1 The meeting adopted appropriate working arrangements. 
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Agenda Item 2: Organizational matters
 2.2: Adoption of the agenda

2.2 Adoption of the agenda 

2.2.1 The following agenda was adopted: 

 Agenda Item 1: Opening of the meeting 
 
 Agenda Item 2: Organizational matters 
 
 2.1: Adoption of working arrangements 
 2.2: Adoption of the agenda 
 
 Agenda Item 3: Follow-up of IAVWOPSG/5 conclusions 
 
 Agenda Item 4: Review of ICAO provisions related to IAVW (Deliverable 02) 
 
 4.1: Review of ANP/FASID procedures 
 4.2: Amendment 76 to Annex 3 
 4.3: Review of IAVW-related guidance material 
 
 Agenda Item 5: Operation of the IAVW (Deliverables 01, 03, 04 and 05) 
 
 5.1: Implementation of the IAVW, including the IAVW management 

reports (Deliverable 01) 
 
` 5.2: Improvement of the format and content of all volcanic ash 

related messages (Deliverable 03) 
 
 5.3: Issuance of a special air-report related to the smell of sulphur 

(Deliverable 04) 
 
 5.4: Updating of the worldwide ash encounter database (including the 

model VAR) (Deliverable 05) 
 
 Agenda Item 6: Development of the IAVW (Deliverables 06 and 07) 
 
 6.1: Improvement of tools for detecting and forecasting volcanic ash 

(Deliverable 06) 
 
 6.2 Inclusion of volcanic ash depositions information in a suitable 

aeronautical message (Deliverable 07) 
 
 Agenda Item 7: Improved notification concerning the accidental release of 

radioactive material into the atmosphere (Deliverable 08) 
 
 Agenda Item 8: Matters related to the assessment of the need to provide 

information on solar radiation storms and other bio-hazards 
(Deliverable 09) 

 



2.2-2 Report on Agenda Item 2.2  
 

 

 Agenda Item 9: Future work programme 
 
 Agenda Item 10: Any other business 
 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 3: Follow-up of IAVWOPSG/5 conclusions

3.1 Introduction 

3.1.1 The group recalled that it formulated twenty conclusions and four decisions and that no 
follow-up action was required on decisions.  

3.2 Detailed follow-up 

3.2.1 The group noted that: 

a) the follow-up action on IAVWOPSG Conclusion 4/23 regarding the invitation to 
WMO to reconstitute the training sub-group for volcanic ash as a result of the 
Eyjafjallajökull eruption had been overtaken by events. In this regard, as a follow-up 
of the 5th International Workshop on Volcanic Ash (Santiago, Chile, March 2010), 
WMO had established the Volcanic Ash Scientific Advisory Group (VASAG) in 
coordination with the International Union of Geophysics and Geodesics (IUGG); 

b) the follow-up action on IAVWOPSG Conclusion 4/24 regarding “safe” concentration 
of volcanic ash had been overtaken by 2010 events. In this regard, the International 
Volcanic Ash Task Force (IVATF) had been tasked to deal with this issue; and 

c) the follow-up action on IAVWOPSG Conclusion 5/16 regarding the review of 
ASHTAM and VA NOTAM by the Secretariat has been overtaken by 2010 events, 
since the IVATF had tasked its Air Traffic Management Sub-Group (ATM SG) (task 
TF-ATM02 refers) to investigate the current use of NOTAM for volcanic ash and 
ASHTAM. In addition, the Aeronautical Information Services-Aeronautical 
Information Management Study Group (AIS-AIMSG) was reviewing NOTAM 
provisions in general (including ASHTAM and VA NOTAM) to make them more 
user-friendly. 

3.2.2 The group, therefore, was pleased to note that action had been completed on all items and 
formulated the following decision: 

 Decision 6/1 — Follow-up of IAVWOPSG/5 conclusions 

That the follow-up action on IAVWOPSG/5 conclusions be 
considered completed. 

 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 4: Review of ICAO provisions related to IAVW 
 4.1 Review of ANP/FASID procedures 

4.1  Review of ANP/FASID procedures 

4.1.1 The group recalled that it had been tasked to review the IAVW-related procedures 
contained in the ANP/FASID at every meeting. The group was invited to review these procedures and 
propose any additional amendments, as necessary.  

4.1.2 The group noted that in September 2010 the Secretariat had been informed by VAAC 
Montreal of an inconsistency regarding the limit between VAACs Montreal and London and the need to 
follow the FIR borders between Gander Oceanic and Shanwick Oceanic FIRs, and had already introduced 
the suggested change in the online version of the VAAC Areas of Responsibility map. Moreover, the 
group considered a proposal to align the limits between VAACs Darwin and Wellington areas of 
responsibility to, again, follow the FIR borders of Melbourne and Auckland Oceanic FIRs. Finally, the 
group was invited to review a proposal for a southward shift of the VAACs Anchorage and Washington 
boundary. The proposal was intended to improve operations by giving additional time for transition when 
ash from Aleutian Island eruptions moves from the VAAC Anchorage to the VAAC Washington area of 
responsibility. 

4.1.3 Since the three proposals involved realignment of boundaries, the group agreed that their 
inclusion in the updated IAVW-related procedures would suffice to formalize the alignments of the 
VAAC areas of responsibility, eliminating the need to address specific requests to VAAC provider States. 

4.1.4 It was noted that except for the proposed updates concerning the areas of responsibility of 
VAACs and the introduction of some editorial improvements, no other changes were necessary at this 
stage to the ANP/FASID. Therefore, the group formulated the following conclusion: 

 Conclusion 6/2 — Amendment to the IAVW-related regional 
procedures in the ANP/FASID 

That the Secretariat forward the IAVW-related regional 
procedures, as shown in Appendix B to this report, to the ICAO 
Regional Offices for processing and onward transmission to 
States for comments, as necessary, with a view to their early
inclusion in the ANP/FASID. 
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Agenda Item 4: Review of ICAO provisions related to IAVW 
 4.2 Amendment 76 to Annex 3 

4.2  Amendment 76 to Annex 3 

4.2.1 The group was invited to review a draft amendment to Annex 3 — Meteorological 
Service for International Air Navigation prepared by the Secretariat as a follow-up of IAVWOPSG 
Conclusions: 

a) 5/7, concerning the introduction of a reference to the Volcano Observatory Notice for 
Aviation (VONA); and 

b) 5/8, concerning amendments to the volcanic ash advisory template. 

4.2.2 Subsequently, the group formulated the following conclusion: 

RSPP Conclusion 6/3 — Amendment to Annex 3 regarding 
volcanic ash 

That the proposal to amend Annex 3, Section 3.5, and 
Appendix 2, Section 4.1 and Table A2-1, given in Appendix C
be consolidated with other elements of draft Amendment 76 to 
Annex 3. 

4.2.3 In a related issue, the group reviewed a proposal to include in Amendment 76 to Annex 3 
with regard to provisions/protocols for significant volcanic activity or accidental release of radioactive 
material in WAFS forecasts. It was considered that, in light of the recent events involving persistent 
eruptions and the release of radioactive material, clarification and alignment of the wording between 
requirements for the MODEL SN in Appendix 1 and the wording of Appendix 2, 1.3.3 would ensure a 
consistent and compliant response to a volcanic eruption or accidental release of radioactive material into 
the atmosphere. Recognizing that there was an overlap of responsibilities for this issue between the World 
Area Forecast System Operations Group (WAFSOPSG) and the IAVWOPSG, the Secretariat had issued 
WAFSOPSG-Memo/32 requesting the views, and ultimately obtaining the support, of the WAFSOPSG 
with regard to this proposal. Therefore, the group formulated the following conclusion: 

RSPP Conclusion 6/4 — Amendment to Annex 3 related to
Appendix 1, Model SN (radioactive material 
and volcanic eruption symbols) and related
requirement (Appendix 2, 1.3.3) 

That the proposal to amend Annex 3, Appendix 1, Model SN and 
Appendix 2, 1.3.3 given in Appendix C be consolidated with other 
elements of draft Amendment 76 to Annex 3. 
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Agenda Item 4: Review of ICAO provisions related to IAVW 
 4.3: Review of IAVW-related guidance material 

4.3  Review of IAVW-related guidance material 

4.3.1 The group recalled that as a follow-up of IAVWOPSG Conclusions 5/6, 5/11, 5/15 and 
5/18, the Handbook on the International Airways Volcano Watch (IAVW) — Operational Procedures and 
Contact List (Doc 9766) was amended to include: 

a) a revised version of the VONA format; 

b) guidance to pilots on the detection of sulphurous gases in the flight deck; 

c) procedures for issuance of NOTAM regarding ash deposition at an aerodrome; and 

d) guidance on space weather. 

4.3.2 In a related issue, as a follow-up of IAVWOPSG Conclusion 5/5, the group reviewed a 
proposal to amend Doc 9766 by adding new possibilities for the issuance of volcanic ash advisories 
(VAA) and volcanic ash advisories in graphical format (VAG) in the case of a long lasting eruption 
impacting several VAACs’ areas of responsibility. In this regard, the group agreed that in the light of 
recent eruptions (Eyjafjallajökull (April–May 2010), Grimsvötn (May 2011) and Puyehue-Cordón Caulle 
(June 2011)), it seemed valuable to offer more flexibility regarding operational procedures for the 
coordination and transfer of responsibilities between VAACs. It was noted that the variability and 
complexity of different situations during long lasting eruptions had shown that the “one size fits all” 
handover procedure may not have been suitable in all cases. In this regard, the group agreed that it would 
be preferable, when a handover procedure is to be followed, that the non-leading VAAC chooses to 
follow the current procedure (i.e. indicate to refer to a message header or internet web site) or get the text 
of the leading VAAC’s VAA and send it under its own WMO header. Therefore, the group formulated 
the following conclusion: 

 Conclusion 6/5 — Coordination and transfer of responsibility 
between VAACs for volcanic ash events 

That Doc 9766 be amended accordingly with the draft given in
Appendix D. 

 
 
 
 
 
 

— — — — — — — —



 Report on Agenda Item 5.1 5.1-1
 

 

Agenda Item 5: Operation of the IAVW 
 5.1: Implementation of the IAVW, including the IAVW management reports

5.1 Implementation of the IAVW, including the IAVW management 
reports (Deliverable 01) 

Updated ICAO provisions (Deliverable IAVWOPSG-02) 

5.1.1 The group recalled that it had requested the VAAC Provider States to prepare concise 
management reports to be presented at every meeting of the IAVWOPSG (Conclusion 1/2 refers) for 
consideration by the group. The group reviewed the management reports presented, noted their contents, 
discussed issues emanating from them and agreed that they satisfied the intent of Conclusion 1/2. 

5.1.2 In this regard the group noted that: 

a) VAAC Anchorage issued 107 VAAs during the period December 2009 through 
June 2011 and reported several significant operational events during the period. The 
Alaska Interagency Volcanic Plan was updated in August 2011 and was posted on the 
Office of the Federal Coordinator for Meteorology website www.ofcm.gov (under 
“Publications”). In addition, VAAC Anchorage and the Alaska Weather Unit 
produced real-time plots of VAA and SIGMET in Google Maps. All nine VAACs’ 
VAAs were displayed and available at http://vaac.arh.noaa.gov/VAAS.php. The 
Alaska Aviation Weather Unit (AAWU) had a Google Earth display of SIGMETs 
(including volcanic ash SIGMETs) from Canada, Japan, Russia and the United States 
available on http://aawu.arh.noaa.gov/index.php?tab=1. The new Google Earth based 
Volcanic Ash Collaboration Tool (EVCM) was fully tested on a Mount Redoubt 
eruption event in May 2011. Several VAACs had expressed an interest in testing the 
tool for collaboration and anticipated a fall 2011 test; 

b) VAAC Darwin had attained certification to the ISO 9001:2008 Quality Management 
standard during the reporting period, specifically as a stand-alone VAAC operation. 
This had proven to be very useful during the subsequent high level eruption events of 
Merapi and Puyehue-Cordón Caulle. However, the meeting was concerned to learn of 
continuing difficulties in receiving notification of eruptions from Indonesia, and 
strongly encouraged Australia to pursue this issue as a matter of urgency; 

c) VAAC London experienced two major eruptions during the period November 2009–
June 2011, including Eyjafjallajökull (14 April–24 May 2010) and Grimsvötn (21–
22 May 2011). In response to the first eruption, supplementary volcanic ash 
concentration charts were provided by the UK Met Office, and made available on its 
public Internet website. Additional developments had been taking place, including 
enhancements to the collection and display of satellite observations of volcanic ash, 
new hardware  and software for running the dispersion model and the ability for 
VAAC London forecasters to intervene on ash concentration charts. In addition, a 
civil contingency aircraft was being procured to provide in-situ observations of 
volcanic ash during actual eruptions. This facility would become operational late in 
2011; 

d) two eruptions of importance took place near the area of responsibility of VAAC 
Montréal during the period October 2009–June 2011. The first was that of 
Eyjafjallajökull in March and April 2010, the second that of Grímsvötn in May 2011. 
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All three produced sufficient volcanic ash to necessitate the issuance of 
retransmission Volcanic Ash Advisories (VAAs). Important coordination issues were 
raised with the lead VAAC. Staff was kept busy participating in a series of weekly 
production and dissemination tests as well as a close monitoring of eruptions. In 
November 2010, VAAC Montreal began receiving real-time data polar orbiter 
AVHRR data from a new antenna in Resolute, Nunavut (74.7N, 95.0W); 

e) VAAC Tokyo had issued 2 827 VAAs from November 2009 to June 2011, which 
was the largest number of among all nine VAACs. To support issuing such a large 
number of VAAs due to recent high volcanic activity in the Kamchatka and Japan 
regions, seven persons had been newly assigned to VAAC Tokyo, including five staff 
members who are exclusively in charge of routine operational work on VA AC; 

f) VAAC Toulouse issued 330 advisories from April 2010 to June 2011. During the 
Eyjafjallajökull eruption in 2010, two main developments were achieved regarding 
the Meteo-France dispersion model MOCAGE: the capacity to run MOCAGE for a 
new eruption phase, taking into account the ash already present in the atmosphere 
(re-start); and the automated production of ash concentration charts based on given 
thresholds as additional product. The “DUST RGB” images, based on the Eumetsat 
algorithm, processed by the Meteo-France Spatial MET Centre is available, every 
fifteen minutes on the whole acquisition disk at full resolution on VAAC forecasters’ 
workstations. They can be superimposed with dispersion model outputs in the VAAC 
Toulouse graphical production tool; 

g) for the period from January 2010 through July 2011 VAAC Washington issued 1 493 
VAA for nineteen volcanoes within its area of responsibility and for eight volcanoes 
that produced ash that approached or entered our area. The majority of the VAA 
issued were for Tungurahua volcano in Ecuador, Soufriere Hill volcano on the island 
of Montserrat in the Caribbean was a distant second with 261 VAA issued. In 
general, the eruptions from Tungurahua were short in duration and difficult to detect 
through remote sensing because of the cloud obscuration. Soufriere Hills volcano 
produces primarily low altitude (below FL 120) emissions that hard to detect without 
visible imagery. The most significant change to operations that occurred was the 
implementation of some requested changes to the HYSPLIT volcano model. These 
changes being: 1) able to depict two eruption outputs at the same time from either the 
same volcano that occurred a couple hours apart that may also be to different heights 
or from two volcanoes that are near each other; 2) to include wet deposition within 
the algorithm which will help scrub out ash when the ash cloud encounters areas of 
rain; 3) be able to shift the model output when the direction is off slightly from the 
satellite observed direction; and 4) be able to initialize the model from where the ash 
cloud is observed downwind hours after the eruption has ended and not from back at 
the volcano site; and 

h) the majority of the work of VAAC Wellington over the recent period covered the 
eruptions of the Gaua and Yasur volcanoes (Vanuatu) in May and June of 2010, and 
the eruption of Puyehue-Cordón Caulle (Chile) in June and July 2011. VAAC 
Wellington had experienced its busiest operational period in June and July 2011, during 
the Puyehue-Cordón Caulle eruption with the plume re-entering the VAAC Wellington 
area of responsibility at least twice, having circumnavigated the southern oceans. A 
combination of the greater analysis time required when dealing with high-level plumes, 
the large proportion of the VAAC area affected, and careful coordination with Darwin 
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VAAC, necessitated a significant increase in staffing for the duration of the event. 
During the Puyehue-Cordón Caulle event, the Wellington VAAC made good use of 
backscatter data provided from a permanent LIDAR situated in the south of the South 
Island of New Zealand. The data aided considerably in the determination of the level of 
the base of ash cloud in the area. Additional changes to the processing of information 
gathered from ceilometers allowing real-time access backscatter data had been 
implemented to provide further validation in the future. On 1 July 2010, VAAC 
Wellington area of responsibility was extended, from being between 160°E and 140°W 
and from the Equator to the South Pole, to include the previously vacant area between 
140°W and 90°W from 10°S to the South Pole. Similarly, VAACs Wellington and 
Darwin had agreed to change their common VAAC area boundary in the Tasman Sea 
to align with respective FIRs (effective 1 September 2011). 

5.1.3 The group noted with concern the absence from the meeting of Argentina (VAAC 
Buenos Aires) whose participation would have been beneficial for the group’s discussions in view of all 
the challenges posed by the ongoing volcano eruption in South America. It was noted that, as a result, the 
IAVWOPSG meeting missed an opportunity to fully discuss, in addition to the VAACs’ common issues, 
a way to address the referred challenges. In a related issue, the group was pleased to note the work by 
VAAC Buenos Aires to provide graphical volcanic ash advisories. However, it was noted that the version 
currently available on the VAAC Buenos Aires website was not in accordance with provisions in 
Annex 3 — Meteorological Service for International Air Navigation. Therefore, the group reiterated the 
need and importance to adhere to such provisions. Moreover, the group discussed the need for language 
standardization on the VAAC websites. In this regard, the group was informed by users that the VAAC 
Buenos Aires website was providing information only in Spanish except for VAA and SIGMET messages 
which were available in English. Therefore, the group formulated the following conclusion: 

 Conclusion 6/6 — Standardization of language used on the 
VAAC Buenos Aires website 

To improve support to international aviation users, VAAC 
Buenos Aires shall ensure its public Internet website volcanic ash 
information is available in the English language. 

5.1.4 When reviewing the management reports, the group noted the need to include in future 
reports information on user feedback to the extent possible.  

Daily volcano status briefing product 

5.1.5 The group discussed a proposal to address a significant safety need, presented by 
Australia in coordination with the VAACs, IATA and the IUGG, regarding the development of further 
concepts around the coordination and provision of volcano situational awareness information. The 
meeting noted that the product called the “daily volcanic activity summary” was a way to provide timely 
situational awareness for all IAVW participants in the region and a context in which to review the 
information available. 

5.1.6 The group noted that the second meeting of the International Volcanic Ash Task Force 
(IVATF/2), held from 11 to 15 July 2011 in Montréal, had discussed a number of matters that were 
relevant to this product, such as the inhomogeneous state of volcanic monitoring worldwide and the 
inconsistent use of the Volcano Observatory Notice for Aviation (VONA) template, the development of 
proposals for enhanced collaborative decision making and the availability of data files to support 
situational awareness. The group noted that from discussions around formal information flow in the 
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IAVW and the provision of supplementary information, it was evident that formal information flow 
(including the VAA, SIGMET and VONA) should be expressed as elegantly and concisely as possible, 
but that additional information (such as modelling, observations of all types, and volcanological and 
meteorological analysis) is highly useful and strongly informs the risk management undertaken by 
operators. The “daily volcanic activity summary” had been designed to provide supplementary 
information that addressed the situational awareness needs of operators in a concise manner. The group 
noted that underlying the development of the daily volcanic activity summary was a fundamental 
assumption that the role of the nine VAACs was to be proactive and that they are to serve as operational 
bridges between the volcano observatories and the aviation community. 

5.1.7 The group agreed that regardless of the form of the proposed daily volcanic activity 
summary, VAACs should be proactive in their communication with observatories, and should seek to 
ensure that all known information concerning active volcanoes in their respective regions be available to 
IAVW participants in a scientifically credible and consistent form. It was agreed that further development 
of the product and related concepts should be done in close partnership with the IVATF. Therefore, the 
group formulated the following conclusion: 

 Conclusion 6/7 — Daily volcano status briefing product 

That an ad-hoc working group consisting of Australia 
(Rapporteur), the United States and IATA be tasked to: 
 

a) continue to develop ideas of how situational awareness
information can be best collated and presented by VAAC 
provider States (such as a daily volcano status briefing 
product), taking into account relevant recommendations 
of the IVATF; and 

 
b) report back to IAVWOPSG/7. 

VAAC operational best practices 

5.1.8 The group reviewed a proposal for the VAACs to produce reports detailing the current 
processes and methodologies each employs, the purpose of which would be to assist users to better 
understand how volcanic ash information is generated. The group reviewed the role of the VAACs as 
described in the Manual on Volcanic Ash, Radioactive Material and Toxic Chemical Clouds (Doc 9691). 
It was noted that recent volcanic eruptions around the globe had highlighted differences in the 
assumptions, prediction methodology and resulting output of the VAACs. As a result, at the IVATF/2 
Meeting, IATA had called for ICAO to promote and accelerate methods to ensure harmonized output 
from all nine VAACs. However, while harmonization of processes and outputs was highly desirable, the 
IVATF meeting had noted that there would be significant benefit in first understanding the processes and 
methodologies currently employed by each VAAC. 

5.1.9 The group reviewed another proposal calling for documentation in detail by each VAAC 
regarding the process each used to produce volcanic ash advisories in alphanumerical and graphical format 
from which a “best practices” document could be developed. The objective would be to provide the best 
possible guidelines and practices for all VAACs to agree on these. This would support the work of staff at 
all VAACs and would ensure greater consistency in the products they issue. Along the same lines, the group 
noted that IVATF Recommendation 2/6 urged the IAVWOPSG to more clearly specify common best 
practices for preparing advisory products, with the goal of harmonizing standard operating procedures 
among the VAACs to mitigate inconsistency for operators and regulators. The group agreed on the need to 
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report on processes and methodologies used by each VAAC to provide information to airline operators and 
regulators regarding the way in which the VAACs operate and for staff at all VAACs to ensure better 
consistency in the products they issue. Additionally, the group was of the opinion that it was necessary to 
carry out further work in the development of a best practices guide initially through a workshop comprising 
representatives from all the VAACs. In this regard, IATA informed the group that it would provide support 
to such a workshop. Therefore, the group formulated the following conclusions: 

 Conclusion 6/8 — Workshop to develop VAAC practices 

That Australia, in conjunction with WMO, be invited to facilitate
a workshop for all VAACs in 2012 or 2013 to share, develop and 
document VAAC best practices, in order to support harmonization 
of the VAACs’ operating procedures and to mitigate 
inconsistency for operators. 
 
 Note.— The workshop should consider all aspects of
VAAC operations, including but not limited to, lead VAAC and 
coordination, emission source parameters, satellite analysis,
trajectory and dispersion modelling and output. The outcome of 
the workshop should be presented as soon as possible and 
reported to IAVWOPSG/7. 

 
 Conclusion 6/9 — Report on processes and methodologies

employed by each VAAC 

That the VAACs be invited to provide a report detailing the 
current processes and methodologies employed by each VAAC to
generate its output products, covering but not limited to the 
template provided at Appendix E to this report no later than 
31 December 2011. 

5.1.10 In a related issue, the group considered a draft amendment to Doc 9691 stemming from 
IVATF Recommendation 2/15. The group reviewed the draft amendment and, having considered the 
guidance material contained therein as mature, agreed to its inclusion in Doc 9691. Therefore, the group 
formulated the following conclusion: 

 Conclusion 6/10 — Proposal for amendment of Chapters 3
and 4 of Doc 9691 

That Chapters 3 and 4 of Doc 9691 be amended in accordance 
with the draft provided in Appendix F to this report. 

5.1.11 The group considered the role of the “lead VAAC”, specifically that under normal 
circumstances only one VAAC can be the lead when issuing volcanic ash advisories and graphics for a 
given volcanic ash cloud. In the event that a given volcanic ash cloud covers the areas of responsibility of 
two different VAACs, operational hand-off procedures did exist in Appendix C to the Handbook on the 
International Airways Volcano Watch (IAVW) — Operational Procedures and Contact List (Doc 9766). It 
was noted that these procedures clearly mention the importance of coordination between VAACs and 
provide guidance on how to divide operational responsibility. However, large-scale events, such as the 
recent eruptions in Iceland and Chile, had shown that it was sometimes impracticable for the lead VAAC 
to maintain an adequate watch over the full extent of the volcanic ash cloud. This may be due to the 
workload at the lead VAAC when dealing with the event while also being situated closest to the volcano 
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or having insufficient access to satellite/remote sensing data. In light of this discussion, the group was of 
the view that fine-tuning of the role was necessary and that the role of the lead VAAC and its relationship 
with other VAACs needed clarification. Therefore, the group agreed to undertake further work and 
formulated the following conclusion: 

 Conclusion 6/11 — Definition of “lead VAAC” 

That an ad-hoc working group consisting of members from all the
VAACs, with Canada as Rapporteur, be tasked to: 
 

a) define the roles and responsibilities of the lead VAAC; 
 
b) define how coordination between lead and non-lead 

VAACs is to take place and how to resolve differences; 
and 

 
c) draft appropriate guidance material for inclusion in

Doc 9691 and Doc 9766, and in any “best practices” 
documentation to be developed in future. 

Collaborative decision making 

5.1.12 The group noted IVATF Recommendation 2/9 which invited the IAVWOPSG to 
coordinate with the World Meteorological Organization (WMO) to develop procedures on how to 
improve the sharing of information from its Member States (such as radar reports, satellite imagery and 
ground-based measurements) with volcano observatories in an effort to improve collaborative forecasting. 
The group noted that, considering the extensive discussion at IVATF/2, it appeared prudent to proceed in 
accordance with Recommendation 2/9. Therefore, the group formulated the following conclusion: 

 Conclusion 6/12 — Invitation to WMO to support IAVW 
collaborative forecasting through enhanced 
information sharing 

That ICAO invite WMO to develop procedures on how to share
information from its Member States with volcano observatories. 

5.1.13 The group noted that IVATF Recommendation 2/28 invited the IAVWOPSG to consider 
revising Doc 9766 relating to volcano observatory support for decision making, taking into account the 
material presented at Attachment 2 of Appendix 5B to the IVATF/2 Report (and a further update to be 
developed by the IAVW coordination group concerning channels of communication), and to consider the 
implications for other ICAO guidance material. The group reviewed the aforementioned material and agreed 
it was mature for inclusion in Doc 9766. Therefore, the group formulated the following conclusion: 

 Conclusion 6/13 — Collaborative decision making related to 
volcano observatory support 

That in order to improve collaborative decision making between 
VAACs and volcano observatories within the framework of the
IAVW, Doc 9766 be amended in accordance with the material 
given in Appendix D to this report. 
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5.1.14 The group reviewed recommendations developed by IATA as a result of discussions at 
IVATF/2 with regard to the promotion of safe and efficient operations in or near airspace subject to 
volcanic ash. The recommendations were divided into nine categories as follows: 

a) decision to operate; 

b) regional contingency plan; 

c) reporting observed ash; 

d) VAAC procedures; 

e) improved accuracies of the source parameters; 

f) observational data; 

g) VAA/VAG output; 

h) flight planning requirements; 

i) volcanic ash SIGMET; and 

j) sulphur dioxide (SO2). 

5.1.15 The group reviewed the detailed list of categories and agreed that there was merit in 
assessing whether all the issues raised by IATA were adequately covered by the ongoing work of the 
IVATF and/or the IAVWOPSG. In this regard the group agreed that there was a need to pursue additional 
work and formulated the following conclusion: 

 Conclusion 6/14 — Reconciliation of IAVWOPSG/IVATF 
work programmes 

That an ad-hoc working group formed by France (Rapporteur),
Canada, New Zealand and IATA, be tasked to: 

 
a) pursue additional work to ensure that, in light of the

IAVWOPSG/IVATF work programmes, each of the 
matters raised by IATA (in IAVWOPSG-WP/39) are 
currently adequately covered or clearly allocated to the
appropriate forum or working group and 

 
b) report back to the IAVWOPSG in February 2012. 

5.1.16 In a related issue, the group noted IVATF Recommendation 2/29 inviting the IAVWOPSG 
to consider whether Annex 3, paragraph 3.6 should be amended to read “Contracting States with active or 
potentially active volcanoes shall arrange that selected State volcano observatories, as designated by 
regional air navigation agreement, shall monitor these volcanoes and when observing significant pre-
eruption volcanic activity […]”. The group also considered the ramifications of this amendment, if any, in 
the context of the ICAO Universal Safety Oversight Audit Programme (USOAP), and what supplementary 
guidance might be required to assist States in implementing these arrangements. The group reviewed the 
proposed amended wording of paragraph 3.6 of Annex 3 and formulated the following conclusion: 
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RSPP Conclusion 6/15 — Amendment to Annex 3 regarding the
requirement for monitoring of volcanoes
by selected State volcano observatories 

That the proposal to amend Annex 3, paragraph 3.6, given in 
Appendix C to this report be consolidated with other elements of 
draft Amendment 76 to Annex 3. 

5.1.17 Concerning IAVW implementation, the group noted IVATF Recommendation 2/30 
calling for consideration, by the IAVWOPSG, of the possibility of undertaking a special implementation 
project to ensure the effective implementation of Standards and Recommended Practices (SARPs) in 
ICAO States. The group also noted that IVATF/2 had discussed the need to promote improvements in 
volcano observatory products for aviation and improvements in communications between volcano 
observatories and the aviation community. Based on the known implementation issues in the various 
ICAO Regions, the group considered it necessary to define the target regions, aims, objectives and scope 
of such special implementation projects. Therefore, the group formulated the following conclusion: 

 Conclusion 6/16 — Special implementation project for volcanic
ash 

That ICAO urgently consider a proposal for the establishment of
special implementation projects for all the ICAO Regions, but in 
particular for Asia, and Central and South America, with the 
primary objective of improving communications between volcano 
observatories and the aviation community, and improving product 
issued by volcanic observatories in support of the IAVW. 
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Agenda Item 5: Operation of the IAVW 
 5.2: Improvement of the format and content of all volcanic ash related messages 

5.2 Improvement of the format and content of all volcanic ash 
related messages (Deliverable 03) 

5.2.1 The group noted IVATF Recommendation 2/22 which called for the IAVWOPSG and 
other ICAO groups (where necessary) to review the detailed results of the investigation into flight 
planning information dissemination which had been included in an appendix to report of the IVATF/2 
Meeting. After reviewing that appendix, the group formulated the following conclusion: 

 Conclusion 6/17 — Flight planning information dissemination 

That an ad-hoc working group formed by the United Kingdom 
(Rapporteur), Australia, New Zealand, the United States, IATA
and IFALPA be tasked to: 
 

a) review the findings of the investigation into flight 
planning information dissemination included in
Appendix G to this report; and 

 
b) report back to IAVWOPSG/7. 

Issues related to volcanic ash advisories 

5.2.2 The group reviewed a proposal by the United Kingdom to modify the existing template 
for advisory messages for volcanic ash such that each forecast time step would be self-contained within 
its own message bulletin. The group was aware that recent volcanic events (Eyjafjallajökull, Puyehue-
Cordón Caulle) had stretched the capacities of the existing template, and rather more complex volcanic 
ash regions than were previously envisaged needed to be catered for. This had caused the 1800 character 
limit for a single aeronautical fixed telecommunication network (AFTN) message to be breached when 
volcanic ash advisories for complex events had been issued. It was proposed that for each of the four time 
steps for a particular volcanic ash advisory (namely T+0, 6, 12 and 18 hours), a separate bulletin be used. 
This would allow for a greater number of latitude/longitude coordinates (supporting more complex 
polygons) per forecast time step. In order to allow for more realistic ash plume forecasts and subsequently 
a greater number of points per polygon (as well as more polygons), it was felt that constraining the 
volcanic ash advisory to a single bulletin was no longer viable. Although message switches would split 
messages, their reconstitution would be much more unreliable. Only by sending separate (though related) 
messages could end systems reliably receive and correctly re-assemble and then process/display the data. 

5.2.3 The group discussed the different options included in the proposal by the 
United Kingdom including a request for clarification of the meaning of the maximum numbers of layers 
to be included in volcanic ash advisories (Annex 3, Table A2-1, Footnote 3 refers). In order to review and 
include an amendment proposal in time for Amendment 76 to Annex 3, it was suggested that an ad-hoc 
group be formed and work via e-mail correspondence to present a final proposal. However, the group 
noted that such a way forward was not viable under existing ICAO procedures. All proposals for 
Amendment 76 to Annex 3 would need to be included in the current meeting’s final report to allow for 
their review by the Air Navigation Commission in November 2011 for approval for subsequent inclusion 
in the corresponding State letter to States and international organizations planned for dispatch in early 
2012. After discussion of the issues raised, the group formulated the following conclusion: 
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 Conclusion 6/18 — Enhancement and improvement of
Annex 3, Table A2-1 — Template for 
advisory message for volcanic ash 

That an ad-hoc working group composed of the United Kingdom 
(Rapporteur), Australia, Canada, France, Japan, New Zealand and 
IATA and be tasked to: 
 

a) consider issues related to the composition and length of 
volcanic ash advisory messages in order to improve their
utility; and 

 
b) report back to IAVWOPSG/7. 

5.2.4 The group recalled IAVWOPSG Conclusion 5/21 had tasked the Secretariat with 
presenting a proposal regarding the follow-up of EANPG Conclusions 51/27 and 51/31 a). In this regard, 
EANPG Conclusion 51/27 a) had called for ICAO to consider the need to include in aerodrome routine 
and special meteorological reports (METAR and SPECI) a new present weather descriptor to identify 
“volcanic ash fall out” and “recent volcanic ash fall out” and, if needed, an amendment to Annex 3, 
Table A3-2 to provide, as supplementary information, a runway state group with the specific purpose of 
reporting volcanic ash deposition. The group was pleased to note that these issues were under 
consideration by the Aerodrome Meteorological Observation and Forecast Study Group (AMOFSG). 

5.2.5 The group recalled that EANPG Conclusion 51/31 a) invited the IAVWOPSG to consider 
whether it would be necessary to indicate in Annex 10 — Aeronautical Telecommunications that the 
ASHTAM and subsequent use of the letter “V” be indicated as the fifth letter to be used in the 
predetermined AFTN addresses to be consistent with Annex 15 — Aeronautical Information Services. In 
this regard, the group noted the work underway in the IVATF under task TF-ATM02 to investigate the 
current use of NOTAM for volcanic ash, and ASHTAM, volcanic ash advisories and SIGMET for 
volcanic ash, as well as the review and assessment of the benefits of new products. In this regard, the 
IVATF had decided to keep task TF-ATM02 open until issues related to tasks TF-AIR01, VAA02, 
VAA05 and VAA06 were resolved. Additionally, the Aeronautical Information Services-Aeronautical 
Information Management Study Group (AIS-AIMSG) was reviewing NOTAM provisions in general 
(including ASHTAM and volcanic ash NOTAM) to make them more user-friendly. Therefore, the group 
agreed that it would be prudent to wait until the work on task TF-ATM02 was completed by the IVATF 
before undertaking further IAVWOPSG consideration. 

Common digital ICAO database of VAAC areas of responsibility 
and flight information regions (FIRs) 

5.2.6 The group discussed the need for a common digital ICAO database of VAAC areas of 
responsibility and flight information regions (FIRs). It was noted that the map of VAAC areas of 
responsibility had changed over time and that different VAACs were using different definitions of the 
areas. In addition, the boundaries in the current VAAC areas of responsibility map did not always match 
the associated FIR boundaries. The group agreed that the ICAO database would require adjustment, and 
that there was a need to make it available in a digital database (FIR and VAAC areas in shape file format, 
for example). This would allow for it to be used by all VAACs in their individual in-house software used 
to produce the volcanic ash advisories to ensure consistency between the centres. In addition, it was 
agreed that a formal notification system (such as e-mail to members of the IAVWOPSG and VAACs) be 
established by ICAO to ensure that VAACs were informed about changes to the database. Therefore, the 
group formulated the following conclusion: 
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 Conclusion 6/19 — VAAC areas of responsibility digital 
database 

That: 
 

a) ICAO, after consultation with the VAACs about a 
preferred format, generate a digital database of FIRs and 
VAAC areas of responsibility; and 

 
b) a mechanism be established by ICAO to inform VAACs

regarding changes to the database. 

Standardization of an international volcano database to be used by the VAACs 

5.2.7 During a review of a report presented as a follow-up of IAVWOPSG/5 Conclusion 5/10 
on the standardization of an international volcano database to be used by the VAACs, the group noted that 
the Smithsonian Institution’s Global Volcanism Program had reaffirmed its willingness to produce a 
database adapted to VAAC needs. The Smithsonian Institution had further proposed to distribute a draft 
of the database to all the VAACs for review and comment, with iterations as needed to finalize it by the 
end of 2011. Therefore, the group formulated the following conclusion: 

 Conclusion 6/20 — Standardized international volcano
database for VAACs 

That: 
 

a) the members from the IUGG and Canada assist the 
Smithsonian Institution and VAACs in finalizing a 
standardized international volcano database by March 
2012 and 

 
b) upon completion of a), the Smithsonian Institution, 

through their IUGG member, provide the IAVWOPSG
with a link to the database and necessary explanatory text
for inclusion in Doc 9766. 

IATA proposal for the development of an “informative volcanic ash 
advisory” or “referral advisory” and update of Doc 9766 

5.2.8 The group reviewed a proposal presented by IATA regarding the development of an 
“informative volcanic ash advisory” or “referral advisory” and the need to update Doc 9766. With regard 
to the introduction of a new product (“informative volcanic ash advisory” or “referral advisory”), the 
group noted that any development decided by the group with respect to Annex 3 would need to be 
included in the final report of the meeting in order to be in time with the amendment cycle. The group 
agreed that the secondary VAAC could simply repeat the content of the volcanic ash advisory issued by 
the lead VAAC in a re-issued volcanic ash advisory under its own WMO header. It was also considered 
necessary to allow the inclusion of comments in the “remarks” section. The group also noted the need for 
VAACs to strictly adhere to existing SARPs. With regard to a possible contradiction between Chapter 4, 
4.5 g) and Appendix C of Doc 9766, the group agreed that there was no contradictory text and therefore 
no need to amend it. 
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Issues related to volcanic ash SIGMET 

5.2.9 The group reviewed the report of the ad-hoc working group that had been given the task 
to develop guidance material related to the reporting of complex volcanic ash events (multiple layers 
and/or more than one eruption within a FIR) in SIGMET. The group recalled that the IVATF had 
discussed this issue and formulated IVATF Recommendation 2/27 inviting the IAVWOPSG to evaluate 
five options for the depiction of a complex volcanic ash cloud in graphical SIGMET, as presented in an 
appendix to the IVATF/2 Meeting report, with a view to determining which, if any, may be suitable for 
global applicability. The group discussed the pros and cons of the five options. These were well received 
and the group agreed that at least two of the options had significant merit but determined that further work 
was necessary, including an assessment of the potential benefits to be drawn if volcanic ash SIGMETs 
were to be withdrawn in favour of volcanic ash advisories. 

5.2.10 The group also discussed whether a Volcanic Ash Advisory and Graphic (VAA/VAG) 
should be upgraded to warning status and replace VA SIGMET. It was noted that there is an increasing 
trend for the use of the VAA/VAG in preference to VA SIGMET. It was understood that this was because 
the VAA/VAG covers a number of Flight Information Regions (FIR), and is produced by skilled 
personnel who have access to tools and information not necessarily available at some MWOs, and 
includes forecast information out to 18 hours. The group, therefore, formulated the following conclusion: 

 Conclusion 6/21 — Graphical SIGMET for complex volcanic
ash events (Model SVA) and the assessment 
of volcanic ash advisory replacing the 
SIGMET for volcanic ash 

That an ad-hoc group composed of .United States (Rapporteur), , 
Australia, Japan, France, UK, New Zealand, IATA, IFALPA and 
WMO be tasked to: 
 

a) conduct an assessment that evaluates: 
 

1) whether the VAA/VAG could be used to replace the 
SIGMET for volcanic ash, and, if agreed in principle,
what would be required to achieve roll-out; 

 
2) the capability of the nine VAACs to provide global 

service of volcanic ash to replace the SIGMET for 
volcanic ash; 

 
3) what would be required to achieve global harmonization

and standardization of a VAA that would be used; 
 
4) how the VAA would be used by air navigation service 

providers to advise flight crews for aircraft in flight; 
and 

 
5) the impact of removing the responsibility for this task 

from Meteorological Watch Offices and delegating it 
to the VAAC Provider States; and 

 
b) report back to IAVWOPSG/7. 
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5.2.11 The group turned its attention to two issues concerning Table A6-1 — “Template for 
SIGMET and AIRMET messages and special air-reports (uplink)” which arose during preparation of the 
draft amendment to Annex 3. 

5.2.11.1 The first referred to a proposed introduction of the term “entire FIR”. In this regard, the 
group noted that, in the event that a volcanic ash cloud affected or was expected to affect an entire FIR or 
control area (CTA), there was no provision in Annex 3, Appendix 6, Table A6-1 to facilitate the 
responsible MWO in the issuance of a SIGMET for volcanic ash. Moreover, the defining of such an area 
by latitude/longitude coordinates had been proving impracticable in many instances. For example, during 
the eruption of Eyjafjallajökull in April/May 2010, a number of FIRs in the EUR Region had been 
impacted in their entirety by the volcanic ash cloud, and the associated MWOs had limited means with 
which to describe the observed and/or forecast position of the volcanic ash cloud other than using 
multiple coordinates, which had proved challenging, especially for FIR/CTAs with irregular/non-linear 
boundaries. Indeed, during the Eyjafjallajökull eruption, a number of MWOs in the EUR Region had 
elected to use non-standard terms in SIGMET such as “ENTIRE FIR” or “WHOLE FIR to describe the 
observed and/or forecast position of the volcanic ash cloud affecting the entire FIR. In some FIRs/CTAs, 
it may be considered unlikely that the entire FIR/CTA would be affected by volcanic ash cloud, especially 
in a large oceanic FIR/CTA. However, in smaller FIRs/CTAs, such as those in the EUR Region, it is 
perfectly feasible that an entire FIR/CTA could be impacted by a volcanic ash cloud. 

5.2.11.1.1 The group, therefore, considered the introduction of a provision in Table A6-1 permitting 
the use of the term “ENTIRE FIR (or CTA)” in the observed/forecast position information at the start of 
the validity of the SIGMET, and forecast position information at the end of the validity of the SIGMET. 
Moreover, the group agreed that the use of such terminology should not be limited only to the volcanic 
ash phenomenon, since there exists the potential that all other types of phenomena for which SIGMET are 
to be issued (e.g. turbulence or tropical cyclone — Annex 3, Appendix 6, paragraph 1.1.4 refers) could 
affect an entire FIR or CTA. 

5.2.11.2 With regard to the second issue, the group recalled that Annex 3, Appendix 6, Table A6-1 
required a SIGMET for volcanic ash cloud to contain an observed/forecast position of the cloud at the start 
of the SIGMET validity period, and a forecast position at the end of the SIGMET validity period. In some 
instances, it may be expected that the volcanic ash cloud would have dissipated within or vacated from the 
FIR/CTA concerned by the end of the period of validity of the SIGMET. While in such instances it may be 
advisable for the MWO to consider reducing the period of validity of the SIGMET so that the forecast 
position information of the volcanic ash cloud at the end of the period of validity can be included in the 
SIGMET, an alternative approach may be to consider permitting the use of the term “NO VA EXP”. The 
introduction of such a term would be consistent with the current terminology used in the template for 
advisory messages for volcanic ash (Annex 3, Appendix 2, Table A2-1 refers) to describe when volcanic ash 
is no longer expected. After considering the introduction of a provision in Table A6-1 permitting the use of 
the term “NO VA EXP” (decode: no volcanic ash expected) in the forecast position information at the end 
of the validity of a SIGMET for volcanic ash, the group formulated the following conclusion: 

RSPP Conclusion 6/22 — Amendment to Annex 3 regarding the
introduction of “ENTIRE FIR (or CTA)”
and “NO VA EXP” in SIGMET for 
volcanic ash (Table A6-1) 

That the proposal to amend Annex 3, Table A6-1 given in 
Appendix C to this report be consolidated with other elements of 
draft Amendment 76 to Annex 3. 



5.2-6 Report on Agenda Item 5.2  
 

 

Volcano observatory notice for aviation 

5.2.12 The group noted that IVATF Recommendation 2/4 invited the IAVWOPSG to coordinate 
with the World Organization of Volcano Observatories (WOVO) on: 

a) the issue of increasing the use by volcano observatories of the aviation colour 
code and the Volcano Observatory Notice for Aviation (VONA) template; and 

b) the production of a list of volcanoes that threaten aviation and are unmonitored or 
inadequately monitored for the risks they pose. 

5.2.13 In this regard, the group agreed that in view of the importance of the issues raised they 
should be formally addressed to WOVO. Therefore, the group formulated the following conclusion: 

 Conclusion 6/23 — Increased use of the VONA template by 
volcano observatories and list of volcanoes
that threaten aviation 

That WOVO through IUGG be invited to: 

c) promote increased use by volcano observatories of the
aviation colour code and the Volcano Observatory Notice 
for Aviation (VONA) template; 

d) produce a list of volcanoes that threaten aviation and are
unmonitored or inadequately monitored for the risks they
pose; and 

e) report back on progress in time for IAVWOPSG/7. 
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Agenda Item 5: Operation of the IAVW 
 5.3: Issuance of a special air-report related to the smell of sulphur 

5.3 Issuance of a special air-report related to the smell of sulphur (Deliverable 04) 

5.3.1 With regard to matters related to the issuance of a special air-report related to the smell of 
sulphur, the group was pleased to note that as a follow-up of Conclusion 5/11, revised guidance on 
procedures that may be followed by flight crew regarding detection of sulphurous gas had been included 
in Doc 9766 in July 2010. 
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Agenda Item 5: Operation of the IAVW 
 5.4: Updating of the worldwide ash encounter database (including the model VAR)

5.4 Updating of the worldwide ash encounter database (including the model VAR) 
 (Deliverable 05) 

5.4.1 With regard to the implementation, on a trial basis, of a central repository for the 
collection and distribution of volcanic activity report (VAR), the group reviewed a report presented as a 
follow-up of IAVWOPSG Conclusion 5/12, noting that the IVATF was now actively considering the 
establishment of an ongoing central repository. Therefore, since the matter was being handled by the 
IVATF until action is passed back to the IAVWOPSG, the group agreed that work on Conclusion 5/12 
had been superseded and should be considered closed. The group expressed confidence that the matter 
would be quickly progressed by the IVATF and formulated the following decision: 

 Decision 6/24 — Central repository for collection and
distribution of VAR 

That the work on the central repository for collection and 
distribution of VAR be considered closed in view of associated 
work being addressed by the IVATF. 

 
 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 6: Development of the IAVW 
 6.1: Improvement of tools for detecting and forecasting volcanic ash 

6.1 Improvement of tools for detecting and forecasting 
volcanic ash (Deliverable 06) 

Use of satellite detection data and reconstitution of the WMO training sub-group 

6.1.1 With regard to the detection of volcanic ash using satellite data, the group recalled that 
Recommendation 1/19 of the MET Divisional Meeting (2002), calling for WMO to encourage VAAC 
Provider States to continue and, if possible, accelerate research on detection of volcanic ash from satellite 
data, had been referred to WMO for follow-up. In this regard, IAVWOPSG/4 had formulated 
Conclusion 4/23 inviting WMO to reconstitute a training sub-group tasked to identify scientific material 
needed for inclusion in training in support of the IAVW. IAVWOPSG/5 had reiterated the validity of 
Conclusion 4/23. Therefore, the group had expected to be provided with a follow-up report by the WMO 
member. However, the group agreed that the follow-up of this conclusion had been overtaken by events. 
In this regard, after the Eyjafjallajökull eruption in 2010, WMO had decided to establish, instead of the 
training sub-group, the Volcanic Ash Scientific Advisory Group (VASAG) conjointly with the 
International Union of Geodesy and Geophysics (IUGG). The group agreed that the WMO-IUGG 
VASAG had been tasked to perform duties well beyond those originally intended for the planned training 
sub-group. Therefore, the group agreed that action on this conclusion had been completed (Decision 6/xx 
refers). 

Issue of “safe” concentration of volcanic ash 

6.1.2 The group recalled that it had formulated Conclusion 4/24 a) calling for IATA and 
IFALPA to explore the issues related to “safe” concentrations of volcanic ash from an industry point of 
view, including the possibility of inviting manufacturers to IAVWOPSG meetings. Part b) of 
Conclusion 4/24 called for IATA, IFALPA and WMO to present a progress report at the next meeting. 
IAVWOPSG/5 had reiterated the validity of Conclusion 4/24. Therefore, the group had expected to be 
provided with a follow-up report by the IATA, IFALPA and WMO members. In this regard, the group 
agreed that the follow-up of this conclusion had been overtaken by events since, after the Eyjafjallajökull 
eruption in 2010, ICAO had established an international volcanic ash task force (IVATF) which had taken 
on the issue of “safe” concentrations of volcanic ash. Therefore, the group agreed that action on this 
conclusion had been completed (Decision 6/xx refers). The group did, however, have some concern that 
progress on this issue within the IVATF appeared to have not been as rapid as originally hoped. Noting 
the elevation of the issue to the Volcanic Ash Challenge Team, the group expressed confidence that the 
issues hindering progress will have been addressed prior to the final IVATF meeting. 

Use of infrasound data in support of the IAVW 

6.1.3 With regard to the use of infrasound data in support of the VAACs, the group recalled 
that it had formulated Conclusion 5/14 calling for the examination, by an ad-hoc working group, of the 
development and testing of a prototype, real-time significant eruption notification system to pursue 
collaborative work between VAACs and the Comprehensive Nuclear Test-Ban Treaty Organization 
(CTBTO). The group reviewed the progress report presented by the ad-hoc group and noted that since 
IAVWOPSG/5, one of the primary technical aims had been to evaluate and reduce false alarm rates. 
During the pilot ASHE studies, it was found that small explosions did not present an ash hazard to aircraft 
at cruising heights. However, it was discovered that a type of sustained volcanic ejection signature that 
reliably signifies the eruption of ash could pose a risk to aviation. Using a training data set consisting of 
selected infrasonic eruption signals, neurocomputing eruption classification algorithms that could identify 
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hazardous eruptions had been developed. The ad-hoc group was, at the time of the meeting, in the 
preliminary development and testing stage of a neural network algorithm that could operate in real time 
on standardized infrasound data files. It was noted that a validated training database using archived 
infrasound data for significant eruptions observed over the previous decade, which was to include the 
CTBTO Infrasound Reference Event Database (IRED), was being compiled. The group noted that, until 
the time of the meeting, the work had been led by the University of Hawaii and various contributors; but 
from January 2012, technology and know-how would be transferred to the European Union’s new 
initiative titled Atmospheric Dynamics Research Infrastructure in Europe (ARISE) which was funded for 
three years. The Commissariat de l’Energie Atomique (CEA) in Paris, France, was leading this effort 
which would help extend the work on the use of infrasound data to help detect significant eruptions into 
2015. Project ARISE would focus on atmospheric waves, mixing and disturbances, including those of 
volcanic origin. Moreover, ARISE would complement the collaborative project initiated some years 
previously between the Toulouse VAAC and the CTBTO International Data Centre following the Fourth 
Workshop on Volcanic Ash (Rotorua, New Zealand, March 2007). The group agreed to the extension of 
the work, and expressed warm appreciation to the CTBTO, CEA, and the associated science community. 
The group was also pleased to receive a presentation from the member for Japan regarding the extensive 
use of small-scale infrasound networks within Japan, the usefulness of that data on the small scale, and 
some examples of difficulties in assigning eruption heights based on infrasound data. In regard to the use 
of infrasound, the group formulated the following conclusion: 

 Conclusion 6/25 — Use of infrasound data in support of the
VAACs 

That the ad-hoc working group consisting of the IAVWOPSG 
members of France (Rapporteur), Australia, Canada, Japan and 
the United Kingdom: 
 

a) pursue the development and testing of a prototype, real-
time “significant” eruption notification system for the 
VAACs; 

 
b) pursue the collaborative work between VAACs and

CTBTO; 
 
c) report back to IAVWOPSG/7. 

Recommendations emanating from the IVATF/2 Meeting related to Deliverable 06 

6.1.4 The group noted that the IVATF/2 Meeting (held from 11 to 15 July 2011) had 
formulated the following recommendations: 

Recommendation 2/1 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to perform a full assessment of the different 
ground-based techniques using available data sets from different volcanic eruptions and 
identify the means to efficiently encourage the use of existing capabilities by volcano 
observatories and volcanic ash advisory centres. 
 
Recommendation 2/2 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to collaborate with national satellite agencies and 
research groups, to develop guidance and training material regarding the operational use 
of quantitative satellite-derived volcanic ash and gas products. 
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Recommendation 2/3 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to finalize the recommendations as presented at 
Appendix 2A to its report concerning airborne measurements of volcanic ash, in view of 
inclusion in the ICAO Handbook on the International Airways Volcano Watch (IAVW) — 
Operational Procedures and Contact List (Doc 9766). 
 
Recommendation 2/5 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to: 

a) assemble a database of measurements and observations of thicknesses of ash clouds 
from various eruptions that are obtained from all possible sources (LIDAR, radar, 
pilot reports, airborne sampling, etc.) for the purpose of better understanding the 
three-dimensional geometry of clouds, improving estimates of ash concentrations 
derived from two-dimensional (mass loading) satellite data, and improving 
dispersion-model output; 

b) assess detection thresholds of various space-based sensors, including comparison of 
results from different retrieval algorithms applied to the same data for a variety of 
background conditions (e.g. different atmospheric water-vapour loadings). Surface 
measurements, airborne measurements, and space-borne LIDAR measurements, 
when available, should be used to help characterize the sensitivity of the satellite 
retrieval algorithms; 

c) further conduct research on automatic algorithms to calculate cloud properties, such 
as mass loading and height, as tools for VAACs in an operational environment; 

d) validate VAAC-defined ash clouds against satellite and other data to help establish 
guidelines or standards for defining “visible ash”. Validation would involve 
retrospective comparisons (case studies) of the edges of observed ash clouds as 
defined in previous VAAC advisories with the quantitative properties of the specific 
corresponding satellite data used to determine those edges; and 

e) analyze a variety of past encounters of aircraft with ash clouds by combining 
dispersion model output with eruption-source information, satellite data, and other 
observations in order to associate ash observations and model results with effects on 
aircraft. 

Recommendation 2/8 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to continue their efforts to improve eruption 
detection and measurement capability, improve knowledge and use of ESP, characterize 
uncertainty, improve the global ESP database, and develop probability density functions 
for ESP at individual volcanoes, with special attention to the most active ones. 
 
Recommendation 2/11 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to continue to work towards the improvements in 
dispersion modelling as identified at the October 2010 workshop on ash dispersal 
forecasting and aviation. 
 
Recommendation 2/12 inviting the IAVWOPSG to task the WMO-IUGG Volcanic Ash 
Scientific Advisory Group (VASAG) to explore the development of near-real-time 
ensemble capabilities and prototype probabilistic products.  
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6.1.5 The group agreed that the recommendations by the IVATF listed above should be 
referred as quickly as possible to the WMO-IUGG VASAG to allow them to initiate appropriate follow-
up work. In light of the above, the group formulated the following conclusion: 

 Conclusion 6/26 — Tasks stemming from IVATF/2 
recommendations to be addressed by the 
WMO-IUGG VASAG 

That the VASAG be invited to address, at its earliest convenience,
follow-up work on IVATF/2 Recommendations 2/1, 2/2, 2/3, 2/5,
2/8, 2/11 and 2/12. 

6.1.6 In a related issue, the group noted that IVATF Recommendation 2/7 invited the 
IAVWOPSG to consider the inclusion of preliminary guidance information on volcanic material for 
engine testing, as presented in Appendix H, in the Manual on Volcanic Ash, Radioactive Material and 
Toxic Chemical Clouds (Doc 9691). The group reviewed the referred material and agreed that it was 
mature for inclusion in Doc 9691. Therefore, the group formulated the following conclusion:  

 Conclusion 6/27 — Preliminary guidance material on volcanic 
material for engine testing 

That the Secretariat include in Doc 9691 the guidance regarding 
volcanic material for engine testing given in Appendix H. 

6.1.7 The group noted IVATF Recommendation 2/10 inviting the IAVWOPSG to consider 
findings concerning uncertainty in ash dispersion forecasts, as presented in Appendix I, in the 
development of operational advisory and warning products related to volcanic ash. In this regard, the 
group discussed the issues related to input uncertainty (eruption source parameters, meteorology/ 
numerical weather prediction and model accuracy), their implication for operational products and the 
suggested approaches to decrease uncertainty. The group agreed on the importance for the VAACs in 
taking into account to the extent possible the referred findings in an operational environment with the aim 
of decreasing uncertainty in volcanic ash dispersion forecasts. Therefore, the group formulated the 
following conclusion: 

 Conclusion 6/28 — IVATF findings, emanating from the
Workshop on Ash Dispersal Forecasting
and Aviation (Geneva, 18–20 October 2010),
to reduce uncertainty in volcanic ash
dispersion forecasts 

That in an effort to improve volcanic ash dispersion forecasts, the
VAACs be invited to take into account in their current practices
the approaches suggested to decrease input uncertainty and to
increase model accuracy (Appendix I refers). 
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Agenda Item 6: Development of the IAVW 
 6.2: Inclusion of volcanic ash depositions information in a suitable aeronautical 

message 

6.2 Inclusion of volcanic ash depositions information in a 
suitable aeronautical message (Deliverable 07) 

6.2.1 The group noted that in July 2010, as a follow-up of Conclusion 5/15, the Secretariat 
introduced appropriate procedures for issuance of NOTAM regarding volcanic ash deposition at an 
aerodrome in the Handbook on the International Airways Volcano Watch (IAVW) — Operational 
Procedures and Contact List (Doc 9766). 

 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 7: Improved notification concerning the accidental release of radioactive material 
into the atmosphere 

7.1 The group recalled that it was tasked to assist the Secretariat regarding the development 
of international arrangements for the monitoring and provision of warnings to aircraft in flight of 
radioactive debris and toxic chemical clouds released into the atmosphere. Under this agenda item the 
group undertook work on the following issues: 

a) review of the procedures implemented by volcanic ash advisory centre (VAAC) 
London for the direct notification to area control centres (ACCs) regarding the 
release of radioactive material; and  

b) review of the guidance developed, as a follow-up to Conclusion 5/24, on the issuance 
of SIGMET for accidental release of radioactive material into the atmosphere. 

Procedures by VAAC London for the direct notification to ACCs regarding the release of 
radioactive material 

7.2 Considering the devastating tsunami that struck the north-east coast of Japan on 
11 March 2011, and the consequential damage to the Fukushima Daiichi nuclear power plant, the group 
noted the progress made by VAAC London on the implementation of procedures, introduced in 
November 2010 in Annex 3 — Meteorological Service for International Air Navigation, for direct 
notification to ACCs regarding the release of radioactive material into the atmosphere.  

SIGMET for accidental release of radioactive material into the atmosphere 

7.3 The group recalled that it formulated Conclusion 5/24 calling for an ad-hoc working 
group to develop guidance to assist meteorological watch offices (MWOs) with the issuance of SIGMET 
for accidental release of radioactive material into the atmosphere. In this regard, the group reviewed the 
progress report presented by the rapporteur of the ad-hoc group and noted it addressed three main topics 
as follows:  

a) the development of atmospheric transport and dispersion modelling (ATDM) 
guidance to support the preparation of SIGMET issued by meteorological watch 
offices (MWOs) for accidental release of radioactive material into the atmosphere; 

b) a proposal for a concept of operations that covers the production of the guidance to 
the preparation of the SIGMET by MWOs; and 

c) proposals for new products for radioactive cloud graphics and advisories that would 
be sent to the MWOs in order to prepare the SIGMET. 

7.4 The group noted that no guidance currently existed for use by MWOs for the preparation 
and issuance of SIGMET for accidental release of radioactive material into the atmosphere even though 
Annex 3 required the issuance of SIGMET when notified by the regional specialized meteorological 
centres (RSMC). It was pointed out that the vast majority of staff at MWOs and national meteorological 
services had no experience or expertise in dealing with radioactive clouds, their predicted movement and 
their hazards to health. It was therefore of prime importance that the information provided in the guidance 
material be readily usable directly by the person writing the SIGMET. 
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7.5 The group noted that the scientific and practical aspects related to radiation exposure and 
health impacts were issues yet to be resolved and which were proposed to be addressed by appropriate 
international organizations, such as the establishment of a total dose value that could serve as an 
international standard and the definition of parameters to be used. Due to the importance and complexity 
of the task, a road map and next steps to be taken were presented for consideration by the group 
(Appendix J refers). 

7.6 The group, therefore, formulated the following conclusion: 

 Conclusion 6/29 — Provision of information on radioactive 
material released into the atmosphere 

That an ad-hoc group consisting of Canada (Rapporteur),
Australia, France, Japan, the United Kingdom, the United States,
IATA and WMO: 
 

a) develop a concept of operations on how best to provide 
information on radioactive cloud in support of
international air navigation;  

 
b) continue to assess the provision of information and

guidance on radioactive material released into the
atmosphere as provided in Appendices K to P to this 
report; 

 
c) consult with the WMO (nuclear Emergency Response

Activities Coordination Group including IAEA) and
evaluate the possible role of RSMCs in the provision of
guidance as identified in the concept of operations; 

 
d) review the provisions of Annex 3 and Doc 9691 regarding 

radioactive material and report back on any proposed
changes; 

 
e) report back to IAVWOPSG/7. 

7.7 In a related issue, the group discussed a proposal to review the overall structure for the 
provision of information services for the accidental release of radioactive material into the atmosphere. In 
this regard, it was noted that in accordance with Annex 3, the provision of SIGMET information was the 
responsibility of MWOs. The group agreed that radioactive clouds are different from other meteorological 
phenomena observed and forecast by meteorological offices and MWOs. In this regard, the proposal 
addressed the lack of expertise of MWO staff on radioactive clouds, since this expertise lies outside the 
MWOs and can be found in some States, regional and world centres. The group discussed whether 
regional or world centre(s) with expertise in radioactive clouds would be in a better position to provide 
this specific information to international air navigation. In addition, the group discussed whether a 
radioactive cloud graphical forecast depiction, similar to the volcanic ash advisory graphic, would provide 
international air navigation users with better information than the current SIGMET. In light of the above, 
the group formulated the following conclusion: 
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 Conclusion 6/30 — Alternative provisions for radiological
cloud information for international air
navigation 

That an ad-hoc group consisting of Canada (Rapporteur), the 
United States, IATA and WMO be tasked to: 
 

a) study alternative provisions for radiological cloud 
information to replace the RDOACT SIGMET from
MWOs, which can be provided by regional or world 
centre(s) which possess the necessary expertise and
capability to provide timely and accurate information on
the radioactive cloud for international air navigation; and 

 
b) report back to IAVWOPSG/7. 

7.8 The group noted a summary presented by IATA on users’ experiences in dealing with the 
accidental release of radioactive material into the atmosphere related to the Fukushima Daiichi nuclear 
power plant events in Japan in March 2011. In this regard, the group noted the current provisions in 
Annex 3, section 3.4 which provided a note defining the responsibility of WMO RSMCs and the IAEA to 
relay information pertaining to release of radioactive material into the atmosphere to a contact point in a 
national meteorological service. The note indicated that IAEA provides information to RSMC Exeter 
which is co-located with VAAC London and that VAAC London (designated as the focal point) in turn 
notifies the ACCs concerned.  

7.9 The summary presented by IATA also provided a number of recommendations related to 
improving the process for handling similar accidents in the future. In this regard, the group noted the 
issues discussed, such as the dissemination of information, responsibilities of international organizations 
and guidance material. In addition, the group noted that IATA considered the role of the IAEA and WMO 
RSMCs to be vital in providing the real-time information considered useful for airlines in planning and 
safely operating flights in affected areas. 

In light of the above, IATA invited the group to review the provisions in Annex 3 and Doc 9691 
regarding radioactive material with a view to discussing the pertinence of incorporating the proposed 
IATA recommendations. The group concurred that in light of the Fukushima events, it would be 
beneficial to undertake a complete review of existing Standards and Recommended Practices (SARPs) 
regarding the accidental release of radioactive material into the atmosphere. The group concurred that the 
IATA recommendations were already taken into account in the Conclusion 6/29 at paragraph 7.6. 
 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 8: Matters related to the assessment of the need to provide information on solar 
radiation storms and other bio-hazards 

8.1 The group recalled that Conclusion 5/19 had tasked an ad-hoc group to develop draft 
operational requirements for “space weather”, including guidance material, and to prepare a report with 
suggested milestones for the development of a space weather service for international air navigation. In 
this regard, the group reviewed the follow-up report provided by the ad-hoc group. 

8.2 With regard to space weather, the group noted that its effects are global in nature. It was 
well documented that space weather adversely affects aviation operations through the degradation or loss 
of communication, and/or navigation, and could affect the health of passengers and flight crews. While 
space weather affects all latitudes, its impact is most pronounced at high latitudes, degrading efficiency 
and elevating safety concerns for crew and passengers undertaking flights on polar routes. Therefore, 
space weather impacts have been recognized as a cost to operators in scheduling operations at high 
latitudes. 

8.3 It was noted that rather than writing the requirements directly, the ad-hoc group had been 
working on the development of a concept of operations for space weather. The purpose of the suggested 
concept of operations was to: 

a) develop “space weather” products and services to address communications, 
navigation and radiation exposure impacts on aviation operations; 

b) develop aviation user needs by the Cross-Polar Working Group; 

c) develop a single standard of characterizing solar events for harmonizing global 
aviation operations; 

d) provide an operational scenario, and 

e) provide the operational requirements. 

8.4 The group noted that a concept of operations was a means to promote global 
harmonization of space weather information so that interpretation and application of space weather 
information would be uniform, and the procedures that stem from such would be carried through in a 
seamless manner that would mitigate operational costs to airlines. The concept of operations would form 
the basis to define the functional requirements and performance metrics. Based on these, operational 
requirements for space weather could be defined for inclusion in Annex 3 — Meteorological Service for 
International Air Navigation. 

8.5 The group noted that the ad-hoc working group had proposed the development of a 
concept of operations to further promote the formulation of the operational requirements for space 
weather. Therefore, the group reviewed and discussed the draft concept of operations, and formulated the 
following conclusion: 
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 Conclusion 6/31 — Development of operational requirements 
for space weather products 

That: 
 

a) IATA be invited to develop a high-level user requirement 
for space weather and provide this to the Secretary by
1 November 2011; 

 
b) the Secretary place both the high-level user requirement 

for space weather referred to in a) above, and the Draft 
Concept of Operations for International Space Weather 
Information in Support of Aviation (as provided in 
Appendix Q to this report), on the IAVWOPSG website 
by 1 December 2011; 

 
c) ICAO be invited to write to States requesting that they 

submit, by 1 July 2012, any views they may have on these
documents and the best manner of providing operational
space weather products to international aviation; and 

 
d) the members from Australia, New Zealand, the United 

States and IATA consolidate the responses from States
and International Organizations, make the appropriate
modifications to the Concept of Operations, compile a
summary of submissions and develop a draft set of
product requirements, and report back to IAVWOPSG/7. 

 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 9: Future work programme

9.1 Terms of reference 

9.1.1 The group reviewed the terms of reference which reflect its overall tasks. Noting that the 
terms of reference need only be revised when major changes are introduced to the IAVWOPSG 
programme, the group decided to extend its membership and introduce these changes at this meeting. 
Also, noting the potential impact of space weather, especially over the next decade, the group agreed that 
this issue needed to be clearly reflected in the terms of reference. The revised terms of reference have 
been included at Appendix R. 

9.1.2 Additionally the group noted that States other than the VAAC States and international 
organizations that request to be members will be considered by the group. Taking into account major 
international volcanic ash events and the work being done in other forums (IVATF), the group was of the 
opinion that wider participation was necessary. 

9.2 Work programme (deliverables) 

9.2.1 The group reviewed the work programme and noted that some changes needed to be 
introduced since the last meeting, including source references regarding IVATF/2 recommendations. The 
group therefore agreed the changes set out in Appendix S and formulated the following decision: 

 Decision 6/32 — Update of the work programme of the
IAVWOPSG 

That the work programme (“deliverables”) of the IAVWOPSG be
replaced with that shown in Appendix S. 

 
 
 
 
 
 

— — — — — — — — 
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Agenda Item 10: Any other business

Date and venue of the IAVWOPSG/7 Meeting and the 
Sixth International Workshop on Volcanic Ash 

10.1 The group recalled that it is intended that IAVWOPSG meetings be convened every 
eighteen months and that the meetings be held at ICAO regional offices on a rotational basis to ensure 
regional participation. The group also recalled that the seventh meeting should be held back-to-back with 
the Sixth International Workshop on Volcanic Ash, in accordance with the frequency of WMO 
workshops established at the Third Meeting (IAVWOPSG Conclusion 3/33 refers). Therefore, the group 
agreed that the seventh meeting of the IAVWOPSG be held at the ICAO Asia and Pacific Regional 
Office, in Bangkok, Thailand, in March 2013 back-to-back with the Sixth International Workshop on 
Volcanic Ash. The group also noted that WMO will work with States in the ASIA/PAC Region to 
establish an appropriate venue for this event.  

10.2 The group noted that the issue of re-suspended volcanic ash was becoming a greater 
problem as was demonstrated during the Puyehue-Cordón Caulle events earlier in the year. In this regard, 
IATA advised that that there are significant issues for both airports and flight operations which need 
attention. Therefore, the group formulated the following conclusion: 

 Conclusion 6/33 — Work on re-suspended volcanic ash 

That the VAAC Provider State for Buenos Aires be invited to
compile a report on its experience of the management of re-
suspended ash during the Puyehue-Cordón Caulle event, and 
bring recommendations on how the management of such events
could be improved to IAVWOPSG/7. 

 
10.3 The group was informed that a review will be held in the EUR region about AIREP distribution 
(page 19 of the METG/21 report). This report will be made available by member of France to the group. 
 
 
 
 
 
 

— — — — — — — — 
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APPENDIX B 
 

ANP/FASID PROVISIONS RELATED TO IAVW 
 

BASIC ANP 
 

SIGMET and AIRMET information 
(FASID Tables MET 3A, MET 3B and MET 3C) 

 
. . . 
 
19. Tropical cyclone advisory centres (TCACs) [Darwin, Honolulu, Miami, Nadi, New 
Delhi, Réunion and Tokyo] have been designated to prepare advisory information. FASID Table MET 3A 
sets out the area of responsibility, the period(s) of operation of the TCAC(s) and the MWOs to which the 
advisory information should be sent.  
[IAVWOPSG Conclusion 3/2] 
 
20. Volcanic ash advisory centres (VAACs) [Anchorage, Buenos Aires, Darwin, London, 
Montreal, Tokyo, Toulouse, Washington and Wellington] have been designated to prepare advisory 
information. FASID Table MET 3B sets out the area of responsibility of the VAACs, and the MWOs and 
ACCs/FICs to which the advisory information should be sent. 
[IAVWOPSG Conclusion 3/2] 
 
21. In order for the VAACs to initiate the monitoring of volcanic ash from satellite data and 
the forecast of volcanic ash trajectories, MWOs should notify the relevant VAAC immediately on receipt 
of information that a volcanic eruption has occurred or volcanic ash has been observed in the FIR for 
which they are responsible. In particular, any special air-reports of pre-eruption volcanic activity, a 
volcanic eruption or volcanic ash cloud, received by MWOs should be transmitted without delay to the 
VAAC concerned. Selected State volcano observatories have been designated for direct notification of 
significant pre-eruption volcanic activity, a volcanic eruption and/or volcanic ash in the atmosphere to 
their corresponding ACC/FIC, MWO and VAAC. FASID Table MET 3C sets out the selected State 
volcano observatories and the VAACs, MWOs and ACCs to which the notification should be sent by the 
observatories. 
[IAVWOPSG Conclusion 2/2] 
 
. . . 
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FASID 
 

TROPICAL CYCLONE AND VOLCANIC ASH ADVISORY CENTRES 
(FASID Tables MET 3A, MET 3B and MET 3C, and 

FASID Charts MET 1 and MET 2) 
 
. . . 
 
6. The areas of responsibility and the periods of operation of the tropical cyclone advisory 
centres (TCACs) [Darwin, Honolulu, Miami, Nadi, New Delhi, Réunion and Tokyo], and the MWOs to 
which advisory information should be sent by the TCACs, are contained in FASID Table MET 3A. The 
areas of responsibility of the designated TCACs in all regions are shown on FASID Chart MET 1. 
 
7. The areas of responsibility of the volcanic ash advisory centres (VAAC) [Anchorage, 
Buenos Aires, Darwin, London, Montreal, Tokyo, Toulouse, Washington and Wellington], and the 
MWOs and ACCs/FICs to which the advisory information should be sent by the VAACs are contained in 
FASID Table MET 3B. The areas of responsibility of the designated VAACs in all regions are shown on 
FASID Chart MET 2. 
 
8. FASID Table MET 3C sets out the selected State volcano observatories designated for 
direct notification of significant pre-eruption volcanic activity, a volcanic eruption and/or volcanic ash in 
the atmosphere and the VAACs, MWOs and ACCs to which the notification should be sent by the 
observatories. 
 
 Note. — Operational procedures to be used for the dissemination of information on volcanic 
eruptions and associated ash clouds in areas which could affect routes used by international flights 
flights, and necessary pre-eruption arrangements as well as the list of operational contact points are 
provided in the document entitled Handbook on the International Airways Volcano Watch (IAVW) — 
Operational Procedures and Contact List (Doc 9766). Additional guidance material regarding the IAVW 
is contained in the Manual on Volcanic Ash, Radioactive Material and Toxic Chemical Clouds 
(Doc 9691). 
 
. . . 
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FASID TABLE MET 3A 
 

TROPICAL CYCLONE ADVISORY CENTRES 
 
 
 

EXPLANATION OF THE TABLE 
 
Column 
 
 1 Location of the tropical cyclone advisory centre (TCAC). 
 
 2 ICAO location indicator of TCAC (for use in the WMO header of advisory bulletin). 
 
 3 Area of responsibility for the preparation of advisory information on tropical cyclones by 

the TCAC in column 1. 
 
 4 Period(s) of operation of the TCAC. 
 
 5 MWO to which the advisory information on tropical cyclones should be sent. 
 
 6 ICAO location indicator of the MWO in Column 5. 
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Tropical cyclone 
advisory centre 

ICAO 
loc. ind, Area of responsibility 

Period(s) of 
operation 

MWO to which advisory 
information is to be sent 

Name 
ICAO 

loc. ind. 

1 2 3 4 5 6 

      

      

      

      

      

      

      

      
 



 Appendix B to the Report B-5
 

 

FASID TABLE MET 3B 
 

VOLCANIC ASH ADVISORY CENTRES 
 
 
 

EXPLANATION OF THE TABLE 
 
 
Column 
 
 1 Name of the volcanic ash advisory centre (VAAC). 
 
 2 ICAO location indicator of VAAC (for use in the WMO heading header of advisory 

bulletin). 
 
 3 Area of responsibility for the preparation of advisory information on volcanic ash by the 

VAAC in column 1. 
 
 4 ICAO Contracting State where the MWOs and ACCs/FICs are located. 
 
 5 ICAO region where the MWOs and ACCs/FICs are located. 
 
 6 MWOs to which the advisory information on volcanic ash should be sent. 
 
 7 ICAO location indicator of the MWOs in column 6. 
 
 8 ACCs/FICs to which the advisory information on volcanic ash should be sent. 
 
 9 ICAO location indicator of the ACCs/FICs in column 8. 
 
   Note― MWOs and ACCs/FICs in italics are situated outside the [AFI, 

ASIA/PAC, CAR/SAM, EUR/NAT, MID and NAM] Region 
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VAAC   
MWO to which 

information is to be sent 
ACC/FIC to which 

information is to be sent

Name 
ICAO 

loc. ind. 
Area of 

responsibility State 
ICAO 
region Name 

ICAO 
loc. ind. Name 

ICAO 
loc. ind. 

1 2 3 4 5 6 7 8 9 
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FASID TABLE MET 3C 
 

SELECTED STATE VOLCANO OBSERVATORIES 
 
 
 

EXPLANATION OF THE TABLE 
 
Column 
 
 1 Name of the Provider State of the volcano observatory designated for direct notification 

of volcanic activity. 
 
 2 Name of the volcano observatory. 
 
 3 VAAC to which the information related to pre-eruption volcanic activity, a volcanic 

eruption and/or volcanic ash cloud should be sent. 
 
 4 ACC/FIC to which the information related to pre-eruption volcanic activity, a volcanic 

eruption and/or volcanic ash cloud should be sent. 
 
 5 ICAO location indicator of the ACC/FIC listed in column 4. 
 
 6 MWO to which the information related to pre-eruption volcanic activity, a volcanic 

eruption and/or volcanic ash cloud should be sent. 
 
 7 ICAO location indicator of the MWO listed in column 6. 
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Provider State 
of volcano 

observatory 
Volcano 

observatory 

VAAC to 
which the 

information is 
to be sent 

ACC/FIC to which 
information is to be sent 

MWO to which 
information is to be sent 

Name 
ICAO 

loc. ind. Name 
ICAO 

loc. ind. 

1 2 3 4 5 6 7 

       

       

       

       

       

       

       

       
 
 Note.— AFTN is not available at all selected volcano observatories; and therefore, it is the 
responsibility of each State to make appropriate communication arrangements. 
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MAP OF AREAS OF RESPONSIBILITY OF VAAC AND CORRESPONDING FIR 
 

 
 

 
 
 
 
 

MAP TO BE REPLACED 
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VOLCANIC ASH ADVISORY CENTRES DESIGNATED BY ICAO 
AND THEIR RESPONSIBILITIES 

 

VAAC 

State 
ICAO 
region

MWO to which 
information is to be sent 

ACC/FIC to which 
information is to be sent

Name 
ICAO 

loc. ind. Area of responsibility Name 
ICAO 

loc. ind. Name 
ICAO 

loc. ind

1 2 3 4 5 6 7 8 9 

Anchorage 
(United States) 

PAWU Anchorage Oceanic 
Anchorage continental
Oakland Oceanic 
north of N43 E165, 
N48.20 W150, N48.20 
W128 
Anchorage Arctic and 
west to E150 north of 
N60 

. . . . . . . . . . . . . . . . . . 

. . .         

Darwin 
(Australia) 

YPDM Southward from N10 
and from E100 to 
E160, and the Perth 
FIR between E100 
and E75, Colombo 
FIR, and those parts 
of the Kuala Lumpur, 
Bangkok, Chennai, 
Yangon and Calcutta 
FIRs lying within N10 
E100 to N20 E100 to 
N20 E82 to N10 E82 
to N6 E78 to S2 E78 
to S6 E75 
Southward from N20 
and from E82 to E100, 
and Southward from 
N10 and from E100 to 
E160, and the 
Colombo, Melbourne 
and Brisbane FIRs 

. . . . . . . . . . . . . . . . . . 

. . .         

Washington 
(United States) 

KNES New York Oceanic, 
Oakland Oceanic 
south of N43 E165, 
N48.20 W150, N48.20 
W128 and United 
States continental 
FIRs, north of S10 
W140 

. . . . . . . . . . . . . . . . . . 



 Appendix B to the Report B-11
 

 

VAAC 

State 
ICAO 
region

MWO to which 
information is to be sent 

ACC/FIC to which 
information is to be sent

Name 
ICAO 

loc. ind. Area of responsibility Name 
ICAO 

loc. ind. Name 
ICAO 

loc. ind

1 2 3 4 5 6 7 8 9 

Wellington 
(New Zealand) 

NZKL Southward from the 
Equator and from 
E160 to W140, except 
for the Melbourne and 
Brisbane FIRs, and 
Southward from S10 
and from W140 to 
W90 

. . . . . . . . . . . . . . . . . . 

 
 
 
 
 
 
 

— — — — — — — — 
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APPENDIX C 
 

DRAFT AMENDMENT TO ANNEX 3 — 
METEOROLOGICAL SERVICE FOR INTERNATIONAL AIR NAVIGATION 

 
(SEVENTEENTH EDITION — JULY 2010) 

 
. . . 
 

PART I.    CORE SARPs 
 
. . . 
 

CHAPTER 3.    WORLD AREA FORECAST SYSTEM 
AND METEOROLOGICAL OFFICES 

 
. . . 
 

Secretariat 
 

3.5    Volcanic ash advisory centres 
 
 3.5.1    A Contracting State, having accepted, by regional air navigation agreement, the 
responsibility for providing a VAAC within the framework of the international airways volcano watch, 
shall arrange for that centre to respond to a notification that a volcano has erupted, or is expected to erupt 
or volcanic ash is reported in its area of responsibility, by arranging for that centre to: 
 
. . . 
 
 c) issue advisory information regarding the extent and forecast movement of the volcanic ash 

“cloud” to: 
 
. . . 
 

 4) airlines requiring the advisory information through the AFTN address provided 
specifically for this purpose; and 

 
 Note.— The AFTN address to be used by the VAACs is given in the Handbook on 
the International Airways Volcano Watch (IAVW) (Doc 9766) and at 
http://www.icao.int/icao/en/anb/met/index.html available on the IAVWOPSG website. 

 
. . . 
 
IAVWOPSG Conc. 6/15 
 

3.6    State volcano observatories 
 
Contracting States that maintain volcano observatories monitoring with active volcanoes or potentially 
active volcanoes shall arrange that selected State volcano observatories, as designated by regional air 
navigation agreement, monitor these volcanoes and when observing: 
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 a) significant pre-eruption volcanic activity, or a cessation thereof;  
 
 b) a volcanic eruption, or a cessation thereof; and/or  
 
 c) volcanic ash in the atmosphere  
 
shall send this information as quickly as practicable to their associated ACC, MWO and VAAC. 
 
 Note 1.— Pre-eruption volcanic activity in this context means unusual and/or increasing volcanic 
activity which could presage a volcanic eruption. 
 
 Note 2.— Doc 9766 contains guidance material about active and potentially active volcanoes. 
 
. . . 
 
 

PART II.    APPENDICES AND ATTACHMENTS 
 

APPENDIX 1.    FLIGHT DOCUMENTATION — MODEL CHARTS AND FORMS 
 

(See Chapter 9 of this Annex.) 
 
. . . 
 
IAVWOPSG Conc. 6/4 
 

 
 
. . . 
 
** The following information should be included in a separate, conspicuous text box on at the side of the 

chart: radioactive materials symbol; latitude/longitude of accident site; date and time of accident; 
check NOTAM for further information. and (if known) the name of the site of the radioactive source. In 
addition, the legend of SIGWX charts on which an accidental release of radiation is indicated should 
contain “CHECK SIGMET AND NOTAM FOR RDOACT CLD”. The centre of the radioactive materials 
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symbol should be placed on aeronautical meteorological charts at the latitude/longitude site of the 
radioactive source. 

 
*** The following information should be included in a separate, conspicuous text box on at the side of the 

chart: volcanic eruption symbol;, the name and international number of the volcano (if known); date 
and time of the first eruption (if known); check SIGMETs and NOTAM or ASHTAM for volcanic ash. 
and the latitude/longitude of the eruption. In addition, the legend of SIGWX charts should indicate 
“CHECK SIGMET, ADVISORIES FOR TC AND VA, AND ASHTAM AND NOTAM FOR VA”. The dot 
on the base of the volcanic eruption symbol should be placed on aeronautical meteorological charts 
at the latitude/longitude site of the volcanic event. 

 
. . . 
 

APPENDIX 2.    TECHNICAL SPECIFICATIONS RELATED 
TO WORLD AREA FORECAST SYSTEM 

AND METEOROLOGICAL OFFICES 
 

(See Chapter 3 of this Annex.) 
 
 
 

1.    WORLD AREA FORECAST SYSTEM 
 
. . . 
 

1.3    Significant weather (SIGWX) forecasts 
 
. . . 
 

1.3.3    Items included in SIGWX forecasts 
 
SIGWX forecasts shall include the following items: 
 
. . . 
 

i) information on the location of volcanic eruptions that are producing ash clouds of 
significance to aircraft operations, comprising: volcanic eruption symbol at the location of the 
volcano and, in a separate, conspicuous text box on at the side of the chart, the volcano 
volcanic eruption symbol, the name of the volcano, (if known) and the latitude/longitude of 
the eruption., the date and time of first eruption, if known, and a reference to SIGMET and 
NOTAM or ASHTAM issued for the area concerned; and In addition, the legend of SIGWX 
charts should indicate “CHECK SIGMET, ADVISORIES FOR TC AND VA, AND 
ASHTAM AND NOTAM FOR VA”. 

 
j) information on the location of an accidental release of radioactive materials into the 

atmosphere of significance to aircraft operations, comprising: the radioactivity radioactive 
materials symbol at the site location of the accident and, in a separate, conspicuous text box 
on at the side of the chart, the radioactivity radioactive materials symbol, latitude/longitude of 
the accident site of the accident, date and time of the accident and a reminder to users to 
check NOTAM for the area concerned. and (if known) the name of site of the radioactive 
source. In addition, the legend of SIGWX charts on which an accidental release of radiation is 
indicated should contain “CHECK SIGMET AND NOTAM FOR RDOACT CLD”. 



C-4 Appendix C to the Report  
 

 

 
 Note 1.— Medium-level SIGWX forecasts include all the items above. 
 
 Note 2.— Items to be included in low-level SIGWX forecasts (i.e. flight levels below 100) are 
included in Appendix 5. 
 
. . . 
 
IAVWOPSG Conc. 6/3 
 
 

4.    STATE VOLCANO OBSERVATORIES 
 
 

4.1    Information from State volcano observatories 
 
 Recommendation.— The information required to be sent by State volcano observatories to their 
associated ACCs, MWO and VAAC should comprise: 
 
 a) for significant pre-eruption volcanic activity: the date/time (UTC) of report; name and, if 

known, number of the volcano; location (latitude/longitude); and description of volcanic 
activity; and 

 
 b) for volcanic eruption: the date/time (UTC) of report and time of eruption (UTC) if different 

from time of report; name and, if known, number of the volcano; location 
(latitude/longitude); and description of the eruption including whether an ash column was 
ejected and, if so, an estimate of height of ash column and the extent of any visible volcanic 
ash cloud, during and following an eruption. eruption; and 

 
 c) for volcanic eruption cessation: the date/time (UTC) of report and time of eruption cessation 

(UTC); name and, if known, number of the volcano; and location (latitude/longitude). 
 
 Note 1.— Pre-eruption volcanic activity in this context means unusual and/or increasing volcanic 

activity which could presage a volcanic eruption. 
 
 Note 2.— The State volcano observatories may use the Volcano Observatory Notice for Aviation 
(VONA) format to send information to its associated ACCs, MWO and VAAC. The VONA format is 
included in the Handbook on the International Airways Volcano Watch (IAVW) (Doc 9766). 
 
. . . 
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IAVWOPSG Conc. 6/3 
 

Table A2-1.    Template for advisory message for volcanic ash 
 
 Key: M = inclusion mandatory, part of every message; 
  O = inclusion optional; 
  = = a double line indicates that the text following it should be placed on the subsequent 

line. 
 
 Note 1.— The ranges and resolutions for the numerical elements included in advisory messages for 
volcanic ash are shown in Appendix 6, Table A6-4. 
 
 Note 2.— The explanations for the abbreviations can be found in the Procedures for Air Navigation 
Services — ICAO Abbreviations and Codes (PANS-ABC, Doc 8400). 
 
 Note 3.— Inclusion of a “colon” after each element heading is mandatory. 
 
 Note 4.— The numbers 1 to 18 are included only for clarity and they are not part of the advisory 
message, as shown in the example. 
 
 

Element Detailed content Template(s) Examples 
       

 . . .      
       

12 Time of 
observation of 
ash (M) 

Day and time (in UTC) 
of observation (or 
estimation) of volcanic 
ash 

OBS (or EST) VA DTG: nn/nnnnZ OBS VA DTG: 23/0100Z 

       

13 Observed or 
estimated ash 
cloud (M) 

Horizontal (in degrees 
and minutes) and 
vertical extent at the 
time of observation of 
the observed or 
estimated ash cloud or, 
if the base is unknown, 
the top of the observed 
or estimated ash cloud; 
 
Movement of the 
observed or estimated 
ash cloud 

OBS VA CLD or 
EST VA CLD: 

TOP FLnnn or SFC/FLnnn or 
FLnnn/nnn 
[nnKM WID LINE2 BTN (nnNM WID 
LINE BTN)] 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn][ –  
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn]]3 
or 
TOP FLnnn or SFC/FLnnn or 
FLnnn/nnn  
[MOV N nnKMH (or KT) or 
MOV NE nnKMH (or KT) or  
MOV E nnKMH (or KT) or  
MOV SE nnKMH (or KT) or  
MOV S nnKMH (or KT) or  
MOV SW nnKMH (or KT) or  
MOV W nnKMH (or KT) or  
MOV NW nnKMH (or KT)4 or 
  
VA NOT IDENTIFIABLE FM 
SATELLITE DATA 
WIND FLnnn/nnn 
nnn/nn[n]MPS (or KT)43] or 
WIND FLnnn/nnn VRBnnMPS (or KT) or 
WIND SFC/FLnnn nnn/nn[n]MPS (or KT) or 
WIND SFC/FLnnn VRBnnMPS (or KT) 

OBS VA CLD: FL250/300 
N5400 E15930 – 
N5400 E16100 – 
N5300 E15945 
MOV SE 20KT 
SFC/FL200 
N5130 E16130 – 
N5130 E16230 – 
N5230 E16230 – 
N5230 E16130 
MOV SE 15KT 
 
TOP FL240 MOV W 
40KMH 
 
VA NOT IDENTIFIABLE 
FM SATELLITE DATA 
WIND FL050/070 
180/12MPS 
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Element Detailed content Template(s) Examples 
14 Forecast height 

and position of the 
ash clouds  
(+6 HR) (M) 

Day and time (in UTC) 
(6 hours from the “Time 
of observation (or 
estimation) of ash” 
given in Item 12); 
 
Forecast height and 
position (in degrees 
and minutes) for each 
cloud mass for that 
fixed valid time 

FCST VA CLD 
+6 HR: 

nn/nnnnZ 
SFC or FLnnn/[FL]nnn 
[nnKM WID LINE2 BTN (nnNM WID 
LINE BTN)] 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn][ –  
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn]]3 
or  
NO VA EXP 
or 
NOT AVBL 
or 
NOT PROVIDED 

FCST VA CLD 
+6 HR: 

23/0700Z 
FL250/350 
N5130 E16030 – 
N5130 E16230 – 
N5330 E16230 – 
N5330 E16030  
SFC/FL180 
N4830 E16330 – 
N4830 E16630 – 
N5130 E16630 – 
N5130 E16330 
 
NO VA EXP 
 
NOT AVBL 
 
NOT PROVIDED 

       

15 Forecast height 
and position of the 
ash clouds 
(+12 HR) (M) 

Day and time (in UTC) 
(12 hours from the 
“Time of observation (or 
estimation) of ash” 
given in Item 12); 
 
Forecast height and 
position (in degrees 
and minutes) for each 
cloud mass for that 
fixed valid time 

FCST VA CLD 
+12 HR: 

nn/nnnnZ 
SFC or FLnnn/[FL]nnn 
[nnKM WID LINE2 BTN (nnNM WID 
LINE BTN)] 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn][ –  
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn]]3 
or  
NO VA EXP 
or 
NOT AVBL 
or 
NOT PROVIDED 

FCST VA CLD 
+12 HR: 

23/1300Z 
SFC/FL270 
N4830 E16130 – 
N4830 E16600 – 
N5300 E16600 – 
N5300 E16130 
 
NO VA EXP 
 
NOT AVBL 
 
NOT PROVIDED 

       

16 Forecast height 
and position of the 
ash clouds  
(+18 HR) (M) 

Day and time (in UTC) 
(18 hours from the 
“Time of observation (or 
estimation) of ash” 
given in Item 12); 
 
Forecast height and 
position (in degrees 
and minutes) for each 
cloud mass for that 
fixed valid time 

FCST VA CLD 
+18 HR: 

nn/nnnnZ 
SFC or FLnnn/[FL]nnn 
[nnKM WID LINE2 BTN (nnNM 
WID LINE BTN)] 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn][ –  
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or 
Ennn[nn]]3 
or  
NO VA EXP 
or 
NOT AVBL 
or 
NOT PROVIDED 

FCST VA CLD 
+18 HR: 

23/1900Z  
 
NO VA EXP 
 
NOT AVBL 
 
NOT PROVIDED 

       

 . . .      
 
Notes.— 
 
1. International Association of Volcanology and Chemistry of the Earth’s Interior (IAVCEI). 
2. A straight line between two points drawn on a map in the Mercator projection or a straight line between two points which crosses lines of longitude at a 

constant angle. 
3. Up to 4 selected layers. 
4. If ash reported (e.g. AIREP) but not identifiable from satellite data. 
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. . . 
 

APPENDIX 6.    TECHNICAL SPECIFICATIONS RELATED TO 
SIGMET AND AIRMET INFORMATION, AERODROME WARNINGS 

AND WIND SHEAR WARNINGS AND ALERTS 
 

(See Chapter 7 of this Annex.) 
 
. . . 
 
IAVWOPSG Conc. 6/22 
 

Table A6-1.    Template for SIGMET and AIRMET messages and special air-reports (uplink) 
 
 Key: M = inclusion mandatory, part of every message; 
  C = inclusion conditional, included whenever applicable; 
  = = a double line indicates that the text following it should be placed on the subsequent line. 
 
 Note.— The ranges and resolutions for the numerical elements included in SIGMET/AIRMET messages and in 
special air-reports are shown in Table A6-4 of this appendix. 
 
 

Element as specified 
in Chapter 5 and 

Appendix 6 Detailed content 

Template(s) 

Examples SIGMET AIRMET 
SPECIAL 

AIR-REPORT1 

. . .     

Location (C)21 Location (referring to 
latitude and longitude 
(in degrees and 
minutes) or locations or 
geographic features 
well known 
internationally)  

Nnn[nn] Wnnn[nn] or 
Nnn[nn] Ennn[nn] or 
Snn[nn] Wnnn[nn] or 
Snn[nn] Ennn[nn]  
or 
N OF Nnn[nn] or 
S OF Nnn[nn] or 
N OF Snn[nn] or 
S OF Snn[nn] or  
[AND] 
W OF Wnnn[nn] or 
E OF Wnnn[nn] or 
W OF Ennn[nn] or 
E OF Ennn[nn] 
or 
[N OF, NE OF, E OF, SE OF, S OF, SW OF, W OF, NW OF] 
[LINE] Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] 
or 
[N OF, NE OF, E OF, SE OF, S OF, SW OF, W OF, NW OF, 
AT] nnnnnnnnnnnn 
or 
WI Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
[Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn] – 
Nnn[nn] or Snn[nn] Wnnn[nn] or Ennn[nn]] 
or 
ENTIRE FIR (or CTA) 

NnnnnWnnnnn or 
NnnnnEnnnnn or 
SnnnnWnnnnn or 
SnnnnEnnnnn 

S OF N54 
N OF N50 
N2020 W07005 
AT YUSB3 
N2706 W07306 
 
N48 E010 
 
N OF N1515 AND 
W OF E13530 
 
W OF E1554 
 
N OF LINE S2520 
W11510 – S2520 W12010 
 
WI N6030 E02550 – 
N6055 E02500 – 
N6050 E02630 
 
ENTIRE FIR 

. . .     
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Forecast position 
(C)21, 22 

Forecast position of 
volcanic ash cloud or 
the centre of the TC at 
the end of the validity 
period of the SIGMET 
message (C) 

FCST nnnnZ TC CENTRE 
Nnn[nn] or Snn[nn] Wnnn[nn] 
or Ennn[nn]  
or 
FCST nnnnZ volcanic ash CLD 
APRX 
[nnKM WID LINE25 BTN (nnNM 
WID LINE BTN)] 
Nnn[nn] or Snn[nn] Wnnn[nn] 
or Ennn[nn] 
 – Nnn[nn] or Snn[nn] 
Wnnn[nn] or Ennn[nn]  
[ – Nnn[nn] or Snn[nn] 
Wnnn[nn] or Ennn[nn]] 
[ – Nnn[nn] or Snn[nn] 
Wnnn[nn] or Ennn[nn]] 
[AND]26 

or 
FCST nnnnZ NO VA EXP 

— — FCST 2200Z TC CENTRE 
N2740 W07345 
 
FCST 1700Z volcanic ash 
CLD APRX S15 E075 –  
S15 E081 –  
S17 E083 –  
S18 E079 –  
S15 E075 
 
FCST 0500Z NO VA EXP 

 

OR 

. . .      
 
Notes.— 
 
. . . 
 
1. No wind and temperature to be uplinked to other aircraft in flight in accordance with 3.2. 
 
. . . 
 
21. In the case of the same phenomenon covering more than one area within the FIR, these elements can be repeated, as necessary. 
22. Only for SIGMET messages for volcanic ash cloud and tropical cyclones. 
 
. . . 
 
 Note.— In accordance with 1.1.5 and 2.1.5, severe or moderate icing and severe or moderate turbulence (SEV 
ICE, MOD ICE, SEV TURB, MOD TURB) associated with thunderstorms, cumulonimbus clouds or tropical 
cyclones should not be included. 
 
. . . 
 
 
 
 
 
 

— — — — — — — — 
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APPENDIX D 
 

DRAFT AMENDMENT TO THE  
HANDBOOK ON THE INTERNATIONAL AIRWAYS VOLCANO WATCH (IAVW) — 

OPERATIONAL PROCEDURES AND CONTACT LIST (DOC 9766) 
 
. . . 

Part 4 
 

INTERNATIONAL AIRWAYS VOLCANO WATCH 
 

OPERATIONAL PROCEDURES FOR THE DISSEMINATION OF INFORMATION 
ON VOLCANIC ERUPTIONS AND ASSOCIATED VOLCANIC ASH CLOUDS IN AREAS 

WHICH COULD AFFECT ROUTES USED BY INTERNATIONAL FLIGHTS, AND 
NECESSARY PRE-ERUPTION ARRANGEMENTS 

 
IAVWOPSG Conc. 6/13 
 

4.1.    ACTION TO BE TAKEN BY STATES 
 
 4.1.1    In order to permit efficient application of the measures noted in 4.2, 4.3, 4.4 and 4.5, 
States responsible for flight information regions (FIRs) in which there are active or potentially active 
volcanoes in proximity to routes used by international flights should make arrangements to ensure that: 
 

a) active or potentially active volcanoes are instrumentally and visually monitored, for 
example by seismological means supplemented by other information available, by 
designated volcano observatories supported by appropriate authorities, resourcing, and 
quality management systems approach.; 

 
b) systems and channels of communication are in place to make available appropriate 

meteorological data on volcanic plume height or resuspended ash (in particular radar 
data, but also lidar, satellite remote sensing, and visual observations by trained 
meteorological observers); 

 
d)c) 24-hour contact details are shared between the ACC/FIC, MWO and, in the Provider 

States concerned, to the VAAC, including 24-hour telephone contact numbers at which a 
vulcanologist can be contacted in an emergency and volcano observatories and relevant 
VAAC; 

 
a)d) information on increasing volcanic activity, volcanic eruption or cessation thereof, or 

volcanic ash cloud in areas which could affect routes used by international flights, 
available from one or more observing sources, such as vulcanological, seismological, 
geological, meteorological, or the police/military networks and domestic aviation, is 
passed immediately to the area control centre/flight information centre (ACC/FIC) and 
the meteorological watch office (MWO), VAAC and the volcano observatory concerned; 

 
b) appropriate channels of communication are established between such sources of 

observation (especially vulcanological observing stations) and the nearest ACC/FIC and 
MWO to ensure that, in the event of an eruption, the information reaches the 
ACC/FIC/MWO as speedily as possible; 
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c) access to information from available geostationary and polar-orbiting weather satellites 
and other sources, such as volcanic ash advisory centres (VAACs), is arranged through 
the national meteorological authority concerned in order to obtain, as far as practicable, 
information regarding the extent and trajectory of volcanic ash clouds (see 4.4.1 a)); 

 
  Note.— A convenient forum to explore ways and means to implement the 

foregoing measures is the National Disaster Committee or any similar consultative body. 
Where information comes from supplementary sources such as the research community, 
Contracting States are strongly encouraged to make arrangements consistent with the 
appropriate scientific protocols as advised by the IUGG. 

 
e) the State international NOTAM office and MWO personnel are familiar with the issuance 

of SIGMET and ASHTAMs1 (or NOTAMs for volcanic ash); 
 
f) information, preferably supplemented by charts, concerning volcanoes in the FIRs for 

which the State is responsible should be included in the State aeronautical information 
publication in accordance with Annex 15, Appendix 1, Section ENR 5.3.1; and 

 
g) ATM contingency arrangements in respect of volcanic ash are made and promulgated, as 

necessary, for air routes crossing FIRs for which the State is responsible, in coordination 
with adjacent FIRs. 

 
. . . 
 
 4.1.3    It is essential that the foregoing arrangements be made in every State concerned and their 
efficacy continually maintained. In the case of volcanic ash, the hazard to jet transport aircraft is greatest 
within the first few hours following an eruption; hence speed of notification between all links in the chain 
of communication is critical. States may wish to consider drawing up letters of agreement between the 
parties involved, in particular, the civil aviation and meteorological authorities and the vulcanological 
agency, to record the agreed responsibilities of each party. Since Annex 3, paragraph 3..6 requires that 
selected State volcano observatories should send information about pre-eruption volcanic activity, a 
volcanic eruption and/or volcanic ash in the atmosphere to associated ACC, MWO and VAAC, the State 
concerned, may, if it so wishes, recover reasonable costs related to the transmission of such information. 
 
 4.1.4    In order to assist States in enhancing the coordination between the different States’ 
authorities/agencies involved in the IAVW, at Appendix A is a sample letter of agreement covering the 
coordination and responsibilities between meteorological authorities, ATS authorities and vulcanological 
authorities for the provision and exchange of information relevant to volcanic ash.  
 
 Note 1. ― Consistent with the Hyogo Framework for Disaster Risk Reduction 2005-2015, 
Contracting States may wish to consider the above as part of an integrated suite of arrangements for 
other related volcanic hazards, such as ashfall on airports, populated areas and agricultural zones, 
shipping hazards, volcanic tsunami, and rainfall that may induce dome collapse, lahar activity or slope 
failure. 
 
 Note 2.― In order to enhance stronger linkages, coherence and integration with States' disaster 
risk reduction units, Given the variation between States in capacity and the cross-border nature of the 
volcanic ash hazard, all Contracting States are encouraged to send back to take note of States' volcano 
observatories any relevant information regarding volcanic ash to the extent and in a form agreed between 
the VAAC and the volcano observatory concerned. The sample letter of agreement could be used to 
                                                      
1. The ASHTAM is a special series NOTAM specifically for volcanic activity. 
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document such agreements arrangements in the surrounding regions, and where appropriate and invited, 
to assist in any reasonable manner. 
 
 
 

4.2    ACTION TO BE TAKEN BY THE ACC 
IN THE EVENT OF A VOLCANIC ERUPTION 

 
In the event of significant pre-eruption volcanic activity, a volcanic eruption occurring or a volcanic ash 
cloud being reported in areas which could affect routes used by international flights, the ACC/FIC 
responsible for the FIR concerned, on receiving information of the occurrence, should take the following 
actions: 
 

a) Pass this information immediately to aircraft in flight which could be affected by the 
volcanic ash cloud and advise ACCs in relevant adjacent FIRs. Issue an ASHTAM or a 
NOTAM through the State International Notam Office (NOF), in accordance with 
Annex 15, Chapter 5, giving details of the pre-eruption activity, volcanic eruption and ash 
cloud, including the name and geographical coordinates of the volcano, the date and time 
of the eruption, the flight levels and routes or portions of routes which could be affected 
and, as necessary, routes temporarily closed to air traffic. Include in the address list for 
ASHTAMs or NOTAMs concerning volcanic activity the associated MWO (see Part 2 of 
this document), all VAACs and the SADIS ISCS gateway at EGZZVANW. 

 
. . . 
 

  Note 3.— A volcano level of alert colour code has been developed for aviation 
which may should be used by some vulcanological agencies to report volcanic activity 
information to aviation. In those States where the colour code has been introduced by the 
vulcanological agency, it is useful highly desirable to include the reported colour code in 
ASHTAMs or NOTAMs issued for volcanic activity. The aviation volcano level of alert 
colour code is: 

 
. . . 
 

The colour code for the level of alert indicating the status of activity of the volcano and 
any change from a previous status of activity should be provided to the area control 
centre by the responsible vulcanological agency in the State concerned, e.g. “RED 
ALERT FOLLOWING YELLOW” OR “GREEN ALERT FOLLOWING ORANGE”. 

 
. . . 
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IAVWOPSG Conc. 5/5 
 

4.5    ACTION TO BE TAKEN BY VAACs 
IN THE EVENT OF A VOLCANIC ERUPTION 

 
 4.5.1    On receipt of information from an ACC, MWO, volcano observatory or any other source2 

that a volcanic eruption has been reported and/or a volcanic ash cloud has been observed in the FIR for 
which the MWO is responsible, the VAAC should: 
 
. . . 
 

e) continue to issue updated advisory information to MWOs, ACCs and airlines6 

concerned at least at 6-hour intervals, and preferably more frequently, until such time 
as it is considered that the volcanic ash cloud is no longer identifiable from satellite 
data observations, no further reports of volcanic ash are received from the area and 
no further eruptions of the volcano are reported; 

 
  Note. ― If volcanic ash is not identifiable from satellite data and the VAAC has 

reasonable doubts about the existence of volcanic ash in the atmosphere, it should be 
indicated in the REMARKS section of the volcanic ash advisory. 

 
. . . 
__________________ 
 
2. When initial notification of the eruption is received from a source other than an ACC/MWO, this information should be passed 

immediately by telephone to the relevant ACC and/or MWO. Thereafter, the procedures in a) to g) should be followed. 
 
. . . 
 
6. Advisory information from VAACs is intended to assist MWOs in the preparation of the SIGMET. However, in order to 

provide airline operators with the earliest possible advance information on volcanic ash, an AFTN address (EGLLSITV) has 
been provided on the SITA network to which VAACs may send their advisories for onward distribution to airline operators 
by SITA. 

 
. . . 
 
 

APPENDIX C 
 

OPERATIONAL PROCEDURES 
FOR THE COORDINATION AND TRANSFER OF RESPONSIBILITY 

BETWEEN VAACs FOR VOLCANIC ASH EVENTS 
 
1. As soon as one of the VAACs learns of an eruption (for a volcano erupting within 5º 
degrees latitude of the VAACs boundary) or when an ash cloud is expected to come within 5º (latitude) 
300 NM of the VAACs and/or FIR boundary, an information /coordination phone call will be made. The 
possibility of a hand-off will be discussed, if appropriate. 
 
2. Hand-off of operational responsibility shall be coordinated by the lead VAAC with 
adjacent affected VAACs and MWOs when the ash cloud is not less than 5º (latitude) 300 NM from a 
VAAC and/or FIR boundary. In the rare situation of large or persistent ash emissions, adjacent 
responsible VAACs, upon coordination, may agree to divide the operational forecast responsibility.  
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3. In the case where Once a hand-off has been decided, the last volcanic ash advisory issued 
by the lead VAAC before hand-off will include the following at the end of the message (in the 
REMARKS RMK section): 

 
“THE RESPONSIBILITY FOR THIS ASH EVENT IS BEING TRANSFERRED TO 
VAAC aaaa THE NEXT ADVISORY WILL BE ISSUED BY VAAC aaaa BY xxxx 
UTC UNDER HEADER bbbb.” 
 
Where:  
 
aaaa is the name of the VAAC taking over  
bbbb is the bulletin header that will be used by the VAAC taking over (FVCN01 
CWAO, FVXX21 KWBC, FVAK20 PANC, etc.) 
xxxx is the time in UTC  
 
Example:  
 
“THE RESPONSIBILITY FOR THIS ASH EVENT IS BEING TRANSFERRED TO 
VAAC MONTREAL. THE NEXT ADVISORY WILL BE ISSUED BY VAAC 
MONTREAL BY 2200 UTC UNDER HEADER FVCN01 CWAO.”  

 
4. The first volcanic ash advisory issued by the VAAC that has taken over responsibility 
will include the following at the end of the message (in the RMK section): 
 

“VAAC cccc HAS TRANSFERRED RESPONSIBILITY OF THIS EVENT TO VAAC 
dddd. THIS ADVISORY UPDATES MESSAGE eeee.”  
Where: 
 
cccc is the name of the VAAC which had the lead before the hand-off  
dddd is the name of the VAAC which has taken over  
eeee is the full bulletin header (e.g FVAK PANC 261200) of the last message issued by 
the VAAC which had the lead before the hand-off.  
 
Example: 
 
“VAAC ANCHORAGE HAS TRANSFERRED RESPONSIBILITY OF THIS EVENT 
TO VAAC MONTREAL. THIS ADVISORY UPDATES MESSAGE FVAK20 PANC 
261200.”  

 
5. When the lead VAAC is issuing messages covering a portion of another VAAC’s area of 
responsibility, or an ash cloud is approaching (within 5 degrees of latitude 300 NM) the area of 
responsibility of a non-lead VAAC, the non-lead VAAC should: 
 
 a) issue a volcanic ash advisory directing the user to the correct product. The following 

wording is suggested: 
 

“PLEASE SEE ffff ISSUED BY VAAC gggg WHICH DESCRIBES CONDITIONS 
OVER OR NEAR THE VAAC hhhh AREA OF RESPONSIBILITY.” 
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Where: 
 
ffff is the full bulletin header of the message issued by the lead VAAC  
gggg is the name of the lead VAAC  
hhhh is the name of the VAAC re-broadcasting the lead VAAC message 
 
Example of rebroadcast message issued by VAAC Montreal: 
 
“PLEASE SEE FVAK20 PANC 121200 ISSUED BY VAAC ANCHORAGE 
WHICH DESCRIBES CONDITIONS OVER OR NEAR THE VAAC MONTREAL 
AREA OF RESPONSIBILITY” 

 
or 
 
 b) send the lead VAAC’s VAA as it is by changing only the WMO header in order to 

address the normal recipients within the non leading VAAC’s AoR. 
 
6. For situations in which two or more distinct ash clouds would be present (different 
eruptions or one eruption for which the ash cloud has divided in two or more distinct parts), the “hand-
off” only applies to the ash cloud approaching or crossing VAAC boundaries.  
 
7. The ending of an advisory for a volcanic ash event shall be performed by the lead VAAC, 
upon coordination with the adjacent affected VAACs and MWOs. 
 
8. Only the lead VAAC shall issue volcanic ash advisories in graphical format on ISCS or 
SADIS. 
 
 
 
 
 
 
 

— — — — — — — — 
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APPENDIX E 
 

REPORT ON PROCESSES AND METHODOLOGIES EMPLOYED BY EACH VAAC 
 
The following headings and, where appropriate, additional explanation is proposed as a basis for the 
report on the processes and methodologies employed at the VAAC. 
 
1.  Introduction 
 
This should give basic information about the VAAC e.g. organisational structure, area of responsibility, 
backup arrangements etc. 
 
2.  Determination of a volcanic eruption 
 
This should explain the methods and techniques by which a volcanic eruption is notified and/or detected 
 
3.  Ash height estimation 
 
What method(s) is/are used to determine the height of the ash  
 
4. Trajectory and dispersion model used 

f) Model resolution 

g) Particle size distribution assumptions used and ability to change distribution based on 
updated information from volcanological institutions 

h) Ash reduction/removal techniques employed 

i) Frequency of model runs 

5. Criteria for determining ash boundary 

How satellite imagery is used to determine ash boundary – visible/multi-spectral information etc. 

How is ash boundary determined when obscured by cloud, contaminated with water etc. 

How height of ash cloud top and bottom is determined 

6. VAAC output 

How are coordinates for Volcanic Ash Advisory and Volcanic Ash Graphic determined 

Whether fixed or dynamic layers are used in the Volcanic Ash Graphic 

7. Other supplementary information 
 
What other information is provided by the VAAC in addition to the VAA and VAG? 
 
 
 
 

— — — — — — — —
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APPENDIX F 
 

PROPOSED AMENDMENT TO THE MANUAL ON VOLCANIC ASH, RADIOACTIVE 
MATERIAL AND TOXIC CHEMICAL CLOUDS (DOC 9691) 

 
(Extracted from IVATF/2, Appendix 3A) 

 
3.2 AIRBORNE OBSERVATION 
 
3.2.1 Since the heightened concern prompted by the Galunggung eruption in 1982, it is a fact 
that many volcanic eruptions in remote areas have first been reported by pilots. Direct visual observation 
from the air being little different from observation from the ground except for the enhanced viewpoint from 
the cockpit, most of the foregoing points made in respect of the latter generally apply also to the former. 
One point which bears closer examination, however, is the reporting by pilots of “pre-eruption volcanic 
activity”. Although improvements are constantly made, only a minority of all active volcanoes in the world 
is subject to scientific monitoring. Due to their commanding view from the cockpit and regular travel over 
remote areas, pilots are often the first to observe a volcanic eruption or volcanic ash cloud. In view of the 
danger volcanic ash presents to aircraft, it is therefore of utmost importance that, workload permitting, 
States require aircraft pilots to report observed volcanic activity in a timely manner in accordance with 
Annex 3 — Meteorological Service for International Air Navigation, Chapter 5.5 g) and h) and to record a 
special air-report in accordance with Annex 3, Chapter 5.9. However, Sstriking a balance between the 
continual reporting of a volcano which produces smoke/steam virtually every day on the one hand and 
ignoring all but a full-fledged eruption on the other hand, is rather difficult. The explanation for “pre-
eruption volcanic activity”, in this context, is given in Annex 3 — Meteorological Service for International 
Air Navigation as: “unusual and/or increasing volcanic activity which could presage a volcanic eruption”. It 
is accepted that pilots should only report what they see and the interpretation of this meaning by pilots will 
be largely subjective, nevertheless special air-reports of volcanic activity should still be made by pilots in 
these circumstances, and the relevant area control centre will decide if it is necessary to issue a NOTAM. 
Pilots should make and transmit a special aircraft observation in accordance with 5.5 g) and h) of 
Annex 3, in the event that pre-eruption volcanic activity or a volcanic eruption is observed or a cloud of 
volcanic ash is encountered or observed which may affect the safety of other aircraft operations, and to 
record a special air-report in accordance with Annex 3, Chapter 5.9. Although most airborne weather 
radars also operate in the X band, except for the unlikely case of an aircraft actually encountering the 
ascending ash column immediately after the eruption, within a few hours the larger ash particles are most 
likely to have settled out and the aircraft radar will not be able to detect the ash cloud. As will be seen 
later, even though the ash cloud is not detectable by airborne radar, it still presents a serious hazard for 
the aircraft. In order to make pilots aware of the importance of reporting volcanic activity and to familiarize 
them with the means to do so, it is recommended States require the airlines to cover this in operations 
manuals and to train aircrew in observation and reporting of volcanic activity and make guidance material 
available to them through, for example, recurrent training manuals. Symptoms of inadvertent flight into 
volcanic ash can be found in the next paragraph. For procedures on dealing with volcanic ash encounters 
aircrew may be referred to OEM instructions and procedures. General information on this subject can be 
found in Chapter 4.4. of this manual. 

3.2.2 If an aircraft actually encounters a volcanic ash cloud, depending on the density of the 
cloud and the time of exposure, the pilot will generally observe one or more of the following unusual 
effects which indicate unmistakably that the aircraft has entered a volcanic ash cloud, as follows: 

a) at night, static electric discharges (St. Elmo’s fire) visible around the cockpit 
windshield; 

 
b) bright, whitish glow from inside the jet engines; 

 
c) outside darkness during daylight hours; 
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d) b) very fine volcanic ash particles and dust appearing in the cabin, leaving a coating 
on cabin surfaces; 

 
e) c) acrid odour noticeable, similar to electrical discharge; 

 
f) smell of sulphur; odour similar to a struck match; 

 
g) reduced forward visibility due to abrasion of cockpit windows; 

 
h) d) at night, landing lights cast sharp, distinct shadows on the volcanic ash cloud as 

opposed to the normally fuzzy, indistinct shadows cast on water/ice clouds; 
 

i) engine malfunctions, such as stalls, increasing Exhaust Gas Temperature (EGT), 
torching, flameout, and thrust loss; 

 
j) other system anomalies such as unreliable airspeed indication and degraded radio 

communication may also be noticeable; 
 

k) nuisance cargo fire warnings due to the volcanic ash in the air. 
 
Additional engine and/or system anomalies may be noticeable. These are dealt with in Chapter 4, as is 
the action to be taken by the pilot in these circumstances. It is worth emphasizing again that volcanic ash 
cloud does not produce “returns” or “echoes” on the airborne weather radar. 
 
. . . 
 
3.4 FORECASTING THE MOVEMENT OF VOLCANIC ASH CLOUDS 
 
. . . 
 
3.4.8   Unfortunately, at present there are no agreed values of ash concentration which 
constitute a hazard to jet aircraft engines. This matter is discussed in detail in Chapter 4, but it is worth 
noting here that the exposure time of engines to ash and the thrust settings at the time of the encounter 
both have a direct bearing on the threshold value of ash concentration that constitutes a hazard. In view 
of this, the recommended procedure in the case of a volcanic ash encounter is exactly the same as for 
low-level wind shear: regardless of the ash concentration — AVOID AVOID AVOID. 
 
. . . 
 
4.2 EFFECT ON JET ENGINES 
 
. . . 
 
4.2.5 The following are observations and trends noted from the United States Government 
funded, Calspan testing of military engines in the 1980 and 1990’s: 

1) The damage observed in the engines following exposure to a simulated volcanic ash 
environment varies dependent on the following considerations, power setting at time 
of exposure (turbine inlet temperature), and amount of time is exposed to volcanic 
ash, type of ash and concentration level. At lower power setting or lower turbine inlet 
temperatures, the predominate flow path damage condition is airfoil erosion. At 
higher power settings or higher turbine inlet temperatures, the predominate damage 
condition shifts from airfoil erosion to debris and glassification build up in the 
combustor and turbine sections. 
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2) The damage observed in the engines following exposure to a simulated volcanic ash 
varies dependent on the following considerations, ash chemistry (melting point), ash 
particle size distribution, and ash concentration. 

 
3) The Hot Section Tests demonstrated; 1) the amount of buildup on a turbine nozzle 

guide vane is highly dependent on the chemistry of the dust ingested, 2) cooled 
nozzle guide vanes accumulate less debris than uncooled nozzles guide vanes, and 
3) a reduction in nozzle guide vane cooling accelerates the rate of debris 
accumulation. This testing included approximately six dust blends and ingested 
concentrations were varied between 200 and 1,000 mg/m3. 

 
4) F107 small engine test series (1st engine): 1) all ingestion testing completed at steady 

state maximum power, i.e. engine transient performance was not evaluated, 2) a 14 
hour test with “earth mix” ingested at moderate levels of 5 to 100 mg/m3,, with 
ingestions of 100 mg/m3 for ~3% of test time, 3) during last quarter of testing 
moderate instabilities were observed, no conclusion as to the origin of instability was 
established, 4) Compressor erosion was observed post-test, 5) little, if any, 
glassification debris on combustor or turbine nozzles was noted. Maximum TIT was 
1027oC (1880oF). Ingested material size ranged from 40 to 250 microns, relatively 
large particles. Post-test findings observed significant (unserviceable) compressor 
erosion as well as opened compressor and turbine clearances (blade to casing). 

 
5) F100 mid-size engine test series (2nd engine): 1) all ingestion testing completed at 

steady state military power with TIT of ~1371oC (~2500oF), i.e. engine transient 
performance was not evaluated, 2) total test duration 20 minutes with relatively high 
ingestion level of ~500 mg/m3, 3) The engine “purge” cycle, which is a reduction in 
power to idle then slow acceleration to maximum (dry) power, did expel a portion of 
the glassification debris on the nozzle guide vanes to recover some performance. 
Subsequent ingestion showed build up at a more rapid rate than was originally 
observed. Significant compressor blade erosion and open tip clearance irreversibly 
degraded engine operability and performance. The overall engine condition was 
beyond economic repair following this testing. A general conclusion from the two 
F100 engine test series, was that exposure to moderate level of volcanic ash 
ingestion would first be observable in the engine by erosion of the compressor airfoils 
and exposure to higher levels of volcanic ash would first be observable by 
glassification build up on the turbine nozzle guide vanes. 

 
6) YF101 mid-size engine test series observations: 1) all ingestion testing completed at 

steady state military power, i.e. engine transient performance was not evaluated, 2) 
engine performance deterioration was observable within the first 2.5 minutes of dust 
ingestion at a rate of 80 mg/m3, 3) Following first test series (10 minutes of operation) 
compressor erosion and nozzle guide vane debris accumulation was observed, and 
4) mid-way through the testing the engine was damaged to a point of not being 
airworthy from a operability stand point. Maximum TIT calculated to be ~1404oC 
(~2560oF). This testing included approximately four dust blends and ingestion 
concentrations were varies between 80 and 455 mg/m3. At the end of the test the 
engine condition was beyond economic repair commercially. 

 
It is recognized that traces levels of volcanic ash can remain in the atmosphere for days, week, and even 
months following a volcanic eruption. These trace levels, which are undetectable to the human senses 
and not likely visible, have not been a hazard to safe flight. It is recognized though that even these trace 
levels of volcanic ash, like sand or dust do cause irreversible economic damage to these otherwise 
serviceable engines leading to premature removal or reduced on-wing life. Additional insight into turbofan 
engine susceptibility is gained from worldwide commercial operations in Desert Sand & Dust. 
Manufactures have worked to reduce engine susceptibility to desert sand & dust damage leading to 
premature removal or reduce on-wing life. Specifically, compressor airfoil erosion damage and turbine 
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damage from sand & dust debris adhering to turbine nozzles and the loss of cooling to hot section parts. 
Environmental air quality data has been used to assess particulate in the air to compare mass loading 
between regions to understand the air environmental impact on engine durability. This environmental 
quality data has been used to provide partial substantiation of an engine’s ability to safely operate in an 
environment contaminated by low levels of volcanic ash. Based on environmental air quality 
measurements for particulate matter and concentration levels provide some insight into the level of 
volcanic ash tolerable to an engine from a safety hazard stand point. It is recognized that the composition 
of typical sand & dust does differ from volcanic ash in particular the level of calcium carbonate which is as 
a major constitute leading to turbine damage. Exposure to desert sand and dust environment is at 
relatively low altitude, where the volcanic ash environment is both at the surface and up to and including 
cruise altitudes the exposure time can be significantly longer for the volcanic ash hazard. Additionally, it 
should be noted that for an equivalent airflow the ingestion level increases with increased altitude as a 
result of reduced air density at altitude. One such robustness test conducted by an engine manufacturer 
exposed a ground test engine to a mixture of desert sand specifically formulated to assess hot section 
robustness to desert sand ingestions. In this test the engine was exposure to sand concentration of 
approximately 750mg/m3, injected into the engine low pressure compressor, for ten minutes to assess 
damage of a proposed design improvement. The engine successfully ran and produced thrust the whole 
ten minutes, however at the end of the test the engines operability was reduced to the point of negative 
operability margin. It was not determined how long the engine would have continued to run with positive 
transient operability margin. 

The test results summarized above are likely applicable to engines of similar construction and 
thermodynamic cycle parameters. However, modern engines have evolved both in material application 
and thermodynamic cycle to improve cost of ownership and to reduce emissions in the environment. In 
the area of materials changes many more recently certified engines have incorporated material changes 
to the airfoils to reduce erosion and have new material and coating to tolerate higher temperature 
operation. In the area of cycle changes, today’s high performance engines run higher combustion and 
turbine inlet temperatures to improve emissions and customer economics (fuel burn). Of these areas of 
change, the following general conclusions can be made: 1) material changes to improve desert sand 
erosion should reduce the airfoils susceptibility to volcanic ash, 2) the coatings and material changes in 
the combustion and turbine section of the engine have an unknown impact on glassification of volcanic 
ash accumulation, and 3) the increases in combustor and turbine section temperatures will increase the 
engines susceptibility to volcanic ash. Quantifying these susceptibilities such that a single volcanic ash 
concentration could be used universally for every volcanic eruption is not practicable. However, it should 
be assumed that a modern jet engines will be at least as or more susceptible to volcanic ash as the 
engines tested above. 
 
4.3 EFFECT ON AIRFRAME AND EQUIPMENT 
 
. . . 
 
4.3.2 One of the most important probes protruding from the airframe is the pitot-static system 
which, in addition to abrasion, suffers blockage by volcanic ash. This can render the airspeed instrument 
unreliable and may result in a complete loss of airspeed information in the cockpit. Blockage of fuel and 
cooling system holes is possible but has not been reported following actual volcanic ash encounters. 
Certainly, fuel, oil and cooling systems can be heavily contaminated by volcanic ash, necessitating a 
complete cleaning and fluid and filter replacement. Following a volcanic ash encounter, virtually the whole 
fuselage can be contaminated, necessitating a thorough cleaning of the cockpit instrument panel, circuit 
breaker panels, passenger and baggage compartments, etc. The electrical and avionics units can be so 
heavily contaminated that complete replacement is necessary, mainly due to the strong possibility that all 
the units could have suffered from overheating. This could assume increasing importance in the case of 
fly-by-wire aircraft in respect of the filtering of the air used in the electronic units cooling systems. The ash 
also contaminates the cargo-hold fire-warning system and can generate nuisance fire warnings which are 
due to the volcanic ash in the air and not smoke from a fire. The Original Equipment Manufacturers 
(OEMs) do not recommend flight operations in visible or discernable volcanic ash clouds. Precaution must 
also be used when operating aircraft on the ground in areas contaminated with volcanic ash fallout. The 
following information provides general guidance and considerations for operations in the event of a 
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volcanic ash event. Operators should consult their appropriate OEMs for the latest information regarding 
volcanic ash guidance. 
 
Figure 4-3 illustrates areas in general where an airplane can be susceptible to volcanic ash. If the 
airplane inadvertently or otherwise has a volcanic ash encounter, the operator should conduct a Volcanic 
Ash Conditional Inspection in accordance with the OEM’s Airplane Maintenance Manual (AMM) before 
the next flight.  

If an operator is operating in low level ash concentration (not visible), the areas of the airplane as 
illustrated in Figure 4-3 should receive closer attention during hangar visits and potentially adjust their 
maintenance practices based upon their maintenance observations to prevent unscheduled maintenance. 
Observations should check for signs of unusual or accelerated abrasions and / or ash accumulation. 
 

Bleed Systems (all)
Inspect for ash build up 
within components only if 
engines have history of ash 
contamination

Air-conditioning packs
Observe for ash build up 
-Ram Air Inlets / Ducting
-Face Of Heat Exchangers
-Coalescer bags (if installed) and only if 
bleed system is suspect for 
contamination

Outflow 
Valve(s)
Observe for ash build up 
and / or abrasions

Barrier Air Filters (all)
observe for excessive ash build up
- Equip Cooling
- Recirc

Main Equipment 
Centers
General observations for 
noticeable ash build up

Ozone  converters 
(if installed)
Inspect for internal build 
up only if engines have 
history of ash 
contamination

Pitot, TAT & Ice 
Detector Probes
AOA sensors 
General observations for 
abrasions and free AOA sensor 
motion

Light Lenses (all) 
Observe for abrasions

Flight Deck Windows (all) 
General observations for abrasions

Radome & Forward 
Fuselage
General observations 
for abrasions

Leading edges 
of  all exterior 
surfaces and 
components 
General observations for 
unusual abrasions

Generic Airplane

APU Inlet
observe for ash build 
up and / or abrasions 
only if APU operated 
where ash was 
present

Engines
Inspect for ash buildup per 
engine manufacturers AMM

 
 

Figure 4-3. Airframe & Systems areas 
of observations for operations in vicinity of volcanic ash 

 
The airframe, engines, and systems can normally handle operations in low volcanic ash concentrations 
(not visible), without requiring unique or special subsequent inspections outside the normal operating and 
maintenance experience of individual airlines. Airframe, engines, and systems degradation can occur at 
different rates, however, within many operating environments. Since this normal degradation occurs and 
varies between operating environments, airlines typically adjust their maintenance practices to ensure 
that airplane degradation (e.g., plugged heat exchangers, filters, abrasions, etc.) does not cause 
unscheduled airplane downtime. This same maintenance philosophy applies to operations in low levels of 
ash concentrations where a flight crew has not reported a volcanic ash encounter. 
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4.3.3 Ground Operations at Airports Impacted by Volcanic Ash 
 
The following provides general recommendations for airplane ground operation at airports that are 
impacted by volcanic ash. Airlines should contact their OEMs for more specific advice for their airplanes 
and operations. 
 

• Protect the airplane from ash. For ground operations originating at airports impacted by volcanic 
ash, OEMs advise operators to take special precautions to protect airplanes from the adverse 
effects of volcanic ash.  

 
• Remove ash from the airplane prior to flight. Prior to flight, the operator must ensure that critical 

components such as inlets, probes, and static ports are free of volcanic ash. Volcanic ash will be 
similar in appearance to talcum powder. If ash is detected on or in the vicinity of a parked airplane, 
OEMs suggests that operators clean the areas of the airplane where ash is present, including the 
fuselage crown, horizontal surfaces, inlets, and exposed chrome common to the landing gear, to 
remove all traces of ash. OEMs strongly advise against water or detergent washing of the engine 
gaspath, as this can cause accumulation of foreign material in the engine cooling flow passages. 
Operators should follow the engine manufacturer’s recommendations for engine gaspath cleaning. 
Operators should pay special attention to the removal of volcanic ash from engine and APU inlets; 
areas around probes, ports, vents and drain holes; as well as ram air ducts and all windows. 
Operators should be aware that airplane washing processes, without proper sealing of ports and 
tubes, can introduce ash debris or water into pitot static systems. If there are no signs of volcanic 
ash, normal operations may be conducted.  

 
• Remove all covers and blanking material prior to flight. Flight crews should ensure that all 

materials used to mask or blank inlets, probes, and ports are removed.  
 
• Determine safe ground routing. After an airplane is free from any volcanic ash contamination, the 

operator should coordinate with the local airport authority to determine which ramps, taxiways, and 
runways are clear of ash contamination. This information must be passed to flight crews prior to 
beginning ground operations.  

 
• Maintenance and ground personnel training. Operators should ensure that their maintenance 

and ground personnel are properly trained to inspect for signs of volcanic ash contamination and to 
know the proper techniques for removal of volcanic ash from airplanes.  

 
• Operator’s recurrent flightcrew training. As part of an operator’s recurrent flightcrew training, 

they should consider reviewing the airspeed unreliable, volcanic ash, single engine failure, 
dual/multiple engine failure, and engine in-flight start non-normal checklists.  

 
Preventing flight into potential ash environments requires planning in the following areas: 

• Dispatch should provide flight crews with information about volcanic events, such as potentially 
eruptive volcanoes and known ash sightings that could affect a particular route. 

• Alternative routes should be identified or re-planned in order to avoid airspace containing a visible 
volcanic ash cloud.  

• In the vicinity of a volcanic ash cloud, and where required, escape routes should be identified in the 
event of an unplanned descent due to an engine failure or cabin depressurization.  

• Flight should be planned to remain upwind of volcanic ash or dust clouds, where possible.  

• Flight crews should remember that airborne weather radar is ineffective in distinguishing ash from 
small dust particles. 

 



 Appendix F to the Report F-7
 

 

4.3.4 Standard that has resulted in safe operations during volcanic eruptions 
 
Since the introduction of the VAACs and the communication channels between them, the WMO, and the 
aviation community, the number of significant in-flight volcanic ash encounters has diminished 
dramatically, even though the number of volcanic ash events has continued through the years. One key 
element that has enhanced operational safety -- compared to the 1982 Galunggung volcano and 1989 Mt. 
Redoubt B747 events -- has been the diligence and expertise of the VAACs and WMOs reporting on 
“observed” or “visible” volcanic ash clouds. These “observations” by the VAACs and WMOs have been 
primarily based on satellite imagery, either visual or infrared. This “observed” information has been used 
in correlation with dispersion models and meteorological expertise to forecast where a volcanic ash cloud 
will likely be several hours in the future. This use of a composite of all available information by 
meteorologists to forecast the location of a volcanic ash cloud has served aviation well. These observed 
reports and forecasts that are correlated to direct observations, along with operators avoiding flight 
planning or flights into “visible” or “observed” volcanic ash cloud, has resulted in safe and efficient 
operations in recent years. [It is important to note that there can be significant uncertainty in the forecast 
dispersion model predictions due to the inaccuracy of the source parameters (i.e., amount of debris 
ejected from the volcano, how high the debris was ejected, time since eruption, etc.) and the variation 
between forecast dispersion models used by different VAACs.] 
 
The most significant hazard to an airplane from a volcanic ash encounter is the impact on the engines 
and the potential consequent loss of all thrust. There are other significant hazards to the airplane such as 
erroneous airspeed, but none of these hazards are catastrophic by themselves. Each of these other 
hazards can be mitigated through flight crew procedures or training that allows for continued safe flight 
and landing. As discussed in paragraph 4.2.5, above, today’s jet engines have demonstrated capability in 
low levels of volcanic ash, provided that operation in visible ash is avoided. However, there are a number 
of variables including cloud thickness, particle size, and ash concentration that affect whether the ash is 
visible. In order to ensure safe and efficient operations, such information should be taken into account in 
a flight operation risk assessment should also be noted that even operations in low levels of ash 
concentration (non-visible) can result in increased maintenance costs due to accelerated airplane and 
engine degradation. 
 
4.4 RECOMMENDED GENERAL PROCEDURES TO MITIGATE THE EFFECT OF VOLCANIC 

ASH 
 
4.4.1 The foregoing analysis of the effect of volcanic ash on aircraft forms the basis for the 
procedures recommended for use by pilots whose aircraft inadvertently encounter a volcanic ash cloud. 
The foregoing analysis of the effect of volcanic ash on aircraft should form the basis for the procedures of 
aircraft manufacturers in their aircraft operating manuals for each particular aircraft type once a volcanic 
ash cloud is encountered. Therefore aircrew should most importantly be required to always follow aircraft 
manufacturers’ procedures and recommendations. As general guidance for States to require flight crew, 
the following general procedures are recommended: 
 

a) In such circumstance, the following general procedures have been recommended: 
 

i) taking into account airspace, terrain and traffic, if possible, immediately reduce 
thrust to idle. This will lower the exhaust-gas temperature (EGT), which in turn 
will reduce the fused ash build-up on the turbine blades and hot-section 
components. Volcanic ash can also cause rapid erosion and damage to the 
internal components of the engines; 
 

ii) turn autothrottles off (if engaged). The autothrottles should be turned off to 
prevent the system from increasing thrust above idle. Due to the reduced surge 
margins, limit the number of thrust adjustments and make changes with slow and 
smooth thrust-lever movements; 
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iii) exit volcanic ash cloud as quickly as possible. Volcanic ash may extend for 
several hundred miles. The shortest distance/time out of the ash may require an 
immediate, descending 180-degree turn, terrain permitting. Setting climb thrust 
and attempting to climb above the volcanic ash cloud is not recommended due to 
accelerated engine damage/flame-out at high thrust settings; 
 

iv) turn engine and wing anti-ice and all air conditioning packs on. Turn on the 
engine and wing anti-ice systems and place all air conditioning packs to “on”, in 
order to This further improves the engine stall margin by increasing the bleed-air 
flow. It may be possible to stabilize one or more engines at the idle thrust setting 
where the EGT will remain within limits. An attempt should be made to keep at 
least one engine operating at idle and within limits to provide electrical power and 
bleed air for cabin pressurization until clear of the volcanic ash; 
  

v) start the auxiliary power unit (APU), if available. The APU can be used to power 
the electrical system in the event of a multiple-engine power loss. The APU may 
also provide a pneumatic air source for improved engine starting, depending on 
the aircraft model; and  
 

vi) put flight crew oxygen masks on at 100 per cent, if required. If a significant 
amount of volcanic ash fills the cockpit or if there is a strong smell of sulphur, put 
on oxygen mask and select 100 per cent. Even though sulphur is slightly toxic, 
manual deployment of passenger oxygen masks is not recommended if cabin 
pressure is normal because the passenger oxygen supply will be diluted with 
volcanic ash-filled cabin air. If the cabin altitude exceeds 4 250 m (14 000 ft), the 
passenger oxygen masks will deploy automatically in most commercial airplanes. 

 
b) In the event of engine flame-out: 
 

i) turn ignition on. Place ignition switches to “on” as appropriate for the engine model 
(position normally used for in-flight engine start). Cycling of fuel levers (switches) 
is not required. For aircraft equipped with autostart systems, the autostart 
selector should be in the “on” position. The autostart system was designed and 
certified with a “hands-off” philosophy for emergency air starts in recognition of 
crew workload during this type of event; 

 
ii) monitor EGT. If necessary, shut down and then restart engines to keep from 

exceeding EGT limits;  
 
iii)  close the outflow valves, if not already closed; 
 
iv)  do not pull the fire switches; 
 
v) leave fuel boost pump switches “on” and open crossfeed valves; 
 
vi)  do not use fuel heat — this would be undesirable if on suction fuel feed; 
 
vii) restart engine according to aircraft operation manual procedures. If an engine 

fails to start, try again immediately. Successful engine start may not be possible 
until airspeed and altitude are within the air-start envelope. Monitor EGT 
carefully. If a hung start occurs, the EGT will increase rapidly. If the engine is just 
slow in accelerating, the EGT will increase slowly. Engines are very slow to 
accelerate to idle at high altitude, especially in volcanic ash — this may be 
interpreted as a failure to start or as a failure of the engine to accelerate to idle or 
as an engine malfunction; 
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viii) monitor airspeed and pitch attitude. If unreliable airspeed is suspected, or if a 
complete loss of airspeed indication occurs (volcanic ash may block the pitot 
system), establish the appropriate pitch attitude dictated by the operations 
manual for “flight with unreliable airspeed.” If airspeed indicators are unreliable, 
or if loss of airspeed indication occurs simultaneously with an all-engine thrust 
loss, shutdown or flame-out, use the attitude indicator to establish an appropriate 
minus-one degree pitch attitude. Inertial ground speed may be used for reference 
if the indicated airspeed is unreliable or lost. Ground speed may also be available 
from approach control during landing; 
 

ix) land at the nearest suitable airport if volcanic ash has been encountered and 
aircraft damage is expected A precautionary landing should be made at the 
nearest suitable airport if aircraft damage or abnormal engine operation occurs 
due to volcanic ash penetration; and 
 

x) upon landing use reversers as lightly as feasible. If it appears that maximum 
reverse thrust will be needed, apply reverse thrust when the main landing gear 
touches down. Limit the use of reverse thrust as much as possible, because 
reverse flow may throw up ash, sand, dust and impair visibility. 
 

xi) because of the abrasive effects of volcanic ash on windshields and landing lights, 
visibility for approach and landing may be markedly reduced. Forward visibility 
may be limited to that which is available through the side windows. Should this 
condition occur, and if the autopilot system is operating satisfactorily, a diversion 
to an airport where an auto landing can be accomplished should be considered. 
After landing, if forward visibility is restricted, consider having the aircraft towed 
to the parking gate. 
 

xii) exposure to volcanic ash can create physical (sulphur, dust, deprivation of 
oxygen) and mental health (anxiety, stress) problems. If deemed necessary 
consult a medical specialist. 

 
4.4.2 The foregoing general procedures should be supplemented by As mentioned in the 
previous paragraph, pilots should always follow the specific procedures in the aircraft operations manual 
— developed by aircraft operators for each aircraft type in their fleet — dealing with the particular aircraft 
engine combination concerned. Guidance on this is provided in the ICAO document Preparation of an 
Operations Manual (Doc 9376), Chapter 8 and Attachment K, and in aircraft manufacturers’ flight manual 
procedures for each of their aircraft types. Guidance should also be included in aircraft maintenance 
manuals regarding the necessary maintenance and/or inspections to be undertaken on an aircraft 
following an encounter with volcanic ash. Mention has already been made in Chapter 2 that for those 
airlines which operate aircraft regularly through regions of the world subject to frequent volcanic 
eruptions, the long-term consequences of frequent flights through even very low concentrations of 
volcanic ash may be increased maintenance costs. Certainly a number of airlines have found that cockpit 
and passenger windows needed to be re-polished or replaced rather more frequently than expected for 
the flight hours involved. At this stage it is not clear, however, if this is due more to newer types of plastic 
window materials used for passenger outer windows or if low concentrations of volcanic ash/acid droplets 
in the atmosphere are contributing to the problem. 
 
4.4.3 Given that the most serious threat to an aircraft from volcanic ash is the risk of multiple-
engine flame-out, it is extremely important to consider the ways and means of improving the success of 
engine restarts in air contaminated by volcanic ash. In the United States in 1991, the Aerospace 
Industries Association of America (AIA) ad hoc Propulsion Committee was formed comprising AIA 
members and representatives from international aircraft and engine manufacturers and the U.S. 
Geological Survey (USGS). The mandate of the Committee was to evaluate the threat of multiple-engine 
flame-out due to volcanic ash and to make appropriate recommendations to the aviation industry and 
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responsible government agencies. The Committee made a number of recommendations5 but, in 
particular, the following bear directly on the problem of engine restart, after flame-out: 
 

“Aircraft manufacturers, with assistance from the engine manufacturers, should define 
maximum engine power levels (expressed in engine pressure ratio (EPR), fan speed 
(N1), and (or) exhaust-gas temperature (EGT) levels) that will minimize buildup of melted 
and resolidified ash on HPT nozzle guide vanes. These values should be added to flight-
manual procedures and should be used only when the recommended flight idle power will 
not assure adequate terrain clearance.  
 
Aircraft manufacturers, with assistance from engine manufacturers, should consider 
addition of a time-delay circuit to allow an air-started engine to reach stabilized idle speed 
before the electrical or generator load is applied. This would facilitate engine restarts 
under less-than-ideal conditions.  

 
FAA and other equivalent government agencies should require that air crews practice 
engine air-restart procedures in a simulator on recurring basis. Normal and deteriorated 
engine start characteristics should be simulated.” 
 
The prime importance of the last recommendation cannot be overestimated. Engine shut-
downs or flameouts in flight are rare events which many pilots will never be called upon 
to deal with in their whole careers. This is further complicated by the different procedures 
used for air-start as compared to normal ground-start. The only solution is for pilots to be 
provided with a set of air-start procedures which also cover procedures in volcanic ash 
contaminated air and for simulator air-starts to be part of basic and recurrent pilot 
training. Given that the most serious threat to an aircraft from volcanic ash is the risk of 
multiple-engine flame-out, it is extremely important to consider the ways and means of 
avoiding engine shut-down and improving the success of in-flight engine restarts 
contaminated by volcanic ash. Engine shut-downs or flameouts in flight are rare events 
which many pilots will never be called upon to deal with in their whole careers except 
during simulator based training. This is further complicated by the different procedures 
that are used for in-flight engine starts as compared to normal on ground-starts. The best 
solution is for pilots to be provided with a set of air-start procedures which also cover 
procedures in volcanic ash contaminated air and for simulator air-starts to be part of 
basic and recurrent pilot training. 

 
. . . 
 
 
 
 
 
 
 

— — — — — — — — 
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APPENDIX G 
 

DETAILED RESULTS OF AN INVESTIGATION INTO FLIGHT 
PLANNING INFORMATION DISSEMINATION 

 
(Extracted from IVATF/2, Appendix 4B) 

EXISTING ICAO PROVISIONS 

Annexes and Docs 

SARPs for volcanic ash information are contained in Annex 3 — Meteorological Service for 
International Air Navigation and Annex 15 — Aeronautical Information Services. Procedures for Air 
Navigation Services (PANS) and guidance are contained in PANS-ATM (Doc 4444), the Manual on 
Volcanic Ash, Radioactive Material and Toxic Chemical Clouds (Doc 9691), the Handbook on the 
International Airways Volcano Watch (Doc 9766), the Aeronautical Information Services Manual (Doc 
8126) and others.  

SARPs for volcanic contaminants other than ash that could also constitute a hazard for aircraft operations 
and aircraft occupants are missing from the ICAO SARPs. Only a few references are contained in 
guidance material, such as the pilot actions in case of SO2 encounter contained in Doc 9766. 

Some overlaps and inconsistencies exist. For details and proposals, see also the reports and 
recommendations from various IAVW Coordination Group tasks and section 3 of this working paper. 

The ‘Level of Alert Colour Code’ described in Annex 15 is not fully aligned with the operational needs of 
the airspace users. 

There are vast differences in the interpretation of ICAO SARPs, PANS and guidance. One particular issue 
of importance is the status that providers and users assign to the various products, which determines how 
the information is applied. A commonly agreed end-to-end information process would be desirable to 
enable all users a common and consistent application. 

ICAO defines SIGMET as “Information issued by a meteorological watch office concerning the 
occurrence or expected occurrence of specified en-route weather phenomena which may affect the safety 
of aircraft operations”. It seems that, despite this being clearly spelt out in the Annexes, many users have 
interpreted it (probably because of "may affect the safety of aircraft operations") as a warning. Others 
have obviously not done so and the (partial) overlap with NOTAMs for VA and ASHTAMs, as well as 
the advent of VAAs/VAGs/MACC have increased the confusion. 

Due to technical limitations, SIGMETs and NOTAMs are transmitted in a format that is not considered, 
by some, to be user-friendly (CAPTIAL LETTERS, MISSING STRUCTURE, etc). When the transmitted 
information includes long lists of coordinates defining the affected area it becomes a nightmare for 
aircrews to gain situational awareness on the position of the hazard. 

There appears to be no widespread usage of ASHTAMs. NOTAMs are the preferred format for 
aeronautical information dissemination related to volcanic ash. It seems that the ASHTAM template is too 
limited in its content for some needs of the information providers or State authorities. The AIS-AIM 
Study Group of ICAO is understood to have commissioned a survey of users’ views on the use of 
ASHTAM versus NOTAM for volcanic contamination. 



G-2 Appendix G to the Report  
 

 

The altitude bands provided in VAAs, VAGs, NOTAMs/ASHTAMs and SIGMETs do not appear to fully 
address operational requirements of the airspace users. 

One State’s representative in the EUR/NAT Volcanic Ash Task Force in 2010 had reported an uncertainty 
on how to address a SIGMET when a volcanic cloud would pass his State in the time between the VAA 
forecasts, but no volcanic ash would be present at these times; e.g the volcanic cloud is not yet in the 
respective FIR at T+6 hours and has exited the FIR already at T+12 hours, but would clearly affect the 
FIR in between these times. 

One European operator has advised its pilots to ignore SIGMETs unless the presence of visible volcanic 
ash is confirmed by a pilot report. 

For a number of issues no consensus could be achieved within the IVATF Sub-Groups. These are 
highlighted for further work or decision by the task force, either in this working paper or in the 
appropriate papers from other IVATF Sub-Groups. A number of issues also depend on the outcome of 
work of other ICAO groups, such as those mentioned in paragraph 4. 

Several solutions for the issues identified need technical solutions that need to be developed by the 
appropriate ICAO groups. Appropriate recommendations, where they were identifiable, are included in 
section 3 of WP/28 of IVATF/2. 

(Regional) Guidance Material 

Regional volcanic ash contingency plans exist several ICAO Regions and some States. Their review was 
undertaken as Task TF-ATM01. See the relevant working paper(s) under agenda item 4.1 of IVATF/2 for 
details. 

CONSISTENCY OF VARIOUS (OVERLAPPING) INFORMATION PRODUCTS 

There are ICAO Standards requiring both SIGMETs and NOTAMs for volcanic hazards to be produced, 
which largely contain the same information, but also some different aspects. For example, airspace 
measures (establishment of a Danger Area etc) are to be notified by NOTAM. 

Volcanic ash advisory information provided by the VAACs should be the basis for SIGMETs (as per 
Annex 3, Chapter 7, paragraph 7.1.4), but variations exist. Some are based on the fact that national 
MWOs apply – in accordance with this recommended practice – additional information (e.g. the results of 
validation flights) to amend VAAs. This has created discrepancies in the eruption of the Grimsvötn 
volcano in Iceland in May 2011. Ideally all information should be consistent. When a MWO has better 
local information than a VAAC, then this information should be fed back to the VAAC, which should 
then – in agreement with the MWO concerned – adapt the VAA/VAG, so that consistency is established. 

NATIONAL AND REGIONAL IMPLEMENTATION: VARIANCES AND DEFICIENCIES 

SIGMET and AIRMET have different meanings in the United States; there are however SIGMETs in 
graphical format (commonly with a validity period of only two hours) available that are highly 
appreciated by the airspace users. 

As reported to the third meeting of the Meteorological Warnings Study Group (METWSG/3 held 15 to 18 
November 2010), problems with either the issuance, dissemination and/or formatting of SIGMET exist in 
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most regions which are a major concern to the aviation industry. For example, the AFI and ASIA/PAC 
Regions have been identified as areas where multiple deficiencies exist with respect to the issuance of 
SIGMET. In some States, no Meteorological Watch Office (MWO) has been implemented, resulting in no 
SIGMET being issued for the corresponding Flight Information Region (FIR). 

It is believed that some States in the EUR Region have reported that their air traffic controllers are 
frequently unable to relay SIGMETs to all aircraft in peak traffic times. This might also be the case in 
other regions. 

The METWSG has tried to overcome some of the deficiencies by investigating regional SIGMET 
advisories (provided by regional SIGMET advisory centres) and by investigating the possibility to 
provide regional SIGMETs for large complex volcanic ash events. The intent of a regional SIGMET 
advisory would be to provide advice for States on what conditions exist for which a SIGMET should be 
issued. These advisories are not intended to be used by the airspace users, but might be the only source of 
information if a State still would not issue a SIGMET. 

Regional SIGMET advisory trials have been set-up with the help of IATA both in the AFI and ASIA 
Regions of ICAO for three months each in mid-2011. The findings of the trial will be reported to the next 
meeting of the METWSG in 2012.  

ICAO GROUPS 

METWSG (status provided in IP/11 of IVATF/2) 

AIS/AIM SG (status provided in IP/11 of IVATF/2) 

The IAVWOPSG is more or less congruent with IVATF’s IAVW Coordination Group and will hold its 
next meeting (IAVWOPSG/6) from 15 to 23 September 2011 in Dakar, Senegal. A number of IVATF 
issues will be taken up and further developed by the IAVWOPSG. 

TECHNOLOGY 

SIGMETs, NOTAMs and ASHTAMs are traditionally transmitted via alpha-numeric communication 
means which do not allow user-friendly presentation. The Task Team recognized that these systems will 
have to be maintained for years to allow information flow to the low-end users, including aircraft in flight 
that do not have reception capability for graphical information. 

It can be assumed that graphical products (e.g. VAGs) can be received nowadays or in a near future at 
most ground stations, even those in remote areas of the world with relatively little technical investment 
necessary. So, at least for pre-flight planning, a better product could be made globally available. 

Advanced airspace users (e.g. large airlines) require the information in data formats that can be used in 
automated systems. 

It was noted that the modelled ash concentration charts, outlined above and produced during the eruptive 
events in the EUR/NAT Region in 2010 and 2011, differed “due to the automation process” from VAGs 
produced for the same times. This difference is so far not sufficiently explained, although may be 
considered to relate to the fact that the Annex 3 required volcanic ash advisories (text based and graphical 
forms) are prepared by forecasters taking into consideration all available sources of information (satellite 
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observations, aircraft reports, dispersion model output, etc) whilst the modelled ash concentration charts 
have little or no human intervention. 

APPLICATION BY THE END USERS (FUNCTIONAL AND REGIONAL VARIATIONS) 

As the operational concepts of different aviation service providers (e.g. Air Traffic Services and Airspace 
Users) and their application of volcanic ash information are not harmonized in many regions, there is 
inconsistency in the application of this information across the users. 

 
 
 
 
 
 
 

— — — — — — — —
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APPENDIX H 
 

PRELIMINARY RECOMMENDATIONS FOR VOLCANIC ASH 
MATERIAL FOR USE IN JET ENGINE TESTING 

 
(Extracted from IVATF/2 Report, Appendix 2B) 

INTRODUCTION 

Information about reported encounters of aircraft with volcanic ash clouds (1953-2009), including the type 
and severity of damage to engines and airframes, is given in Guffanti et al. (2010) 2. Recently declassified 
technical reports on volcanic-ash engine tests funded by the Defense Nuclear Agency (now the Defense 
Threat Reduction Agency) and conducted at the facilities of the Calspan Corporation during the 1980’s and 
early 1990’s are available at http://www.dtra.mil/Info/FOIA/FrequentlyRequestedRecords.aspx. Those tests 
involved high ash concentrations (tens to hundreds of milligrams per cubic meter), whereas current interest 
is directed at understanding the effects of lower concentrations that occur in distal parts of ash clouds several 
hundred kilometres or more from the volcanic sources. 

This short report from the Science Sub-Group of the International Volcanic Ash Task Force (IVATF) 
offers some ideas and initial recommendations about what kind of volcanic material would be most 
suitable for any new tests that may be undertaken to determine the effects of volcanic ash on jet engines. 

DISCUSSION 

Volcanic ash is a mixture of small fragments of rock, mineral, and glassy material produced by explosive 
eruptions of volcanoes. During ash-producing eruptions, hot gas-charged magma abruptly depressurizes 
as it nears the Earth’s surface and violently explodes out of a surface vent. The ejected magma is frothy 
with expanding gas and quickly cools in the air, fragmenting into pieces of pumice, glassy shards (not 
unlike pulverized window glass), and sharp-edged bits of minerals and rocks. The proportion of glass to 
minerals and rock material will vary from volcano to volcano. The mass of fragments (called tephra) — 
along with sulfur dioxide (SO2) and other gases released from the decompressing magma—is entrained 
upward in a convecting, columnar mass. The larger pieces of tephra fall out of the column within minutes 
to hours and are deposited around the volcano, while the smallest particles (called ash) can remain 
suspended as volcanic clouds in the atmosphere for up to days. 

Additionally, ash clouds can be produced from pyroclastic flows (hot, fast-moving, ground-hugging 
currents of gas and magmatic particles) when a mass of smaller particles rises convectively above the 
ground flow. On occasions, such ash clouds have reached altitudes of several kilometres. 

The size of individual ash particles in volcanic clouds can range from less than one micron (a micron is a 
micrometer, 10-6 m) up to several hundred microns. In clouds >1,000 km from their source, particles 
typically are microns to tens of microns in diameter. 

Magmatic gases such as SO2, CO2, H2S, HCl, and HF are erupted along with solid particles and react with 
water vapour in the erupting column and atmosphere. Of particular importance in a volcanic cloud is SO2, 
some of which remains in that form in the atmosphere while some converts to sulphuric acid (H2SO4) 
which can be adsorbed onto volcanic ash particles. 
                                                      
2 Guffanti, Marianne, Casadevall, T.J., and Budding, K, 2010, Encounters of aircraft with volcanic ash clouds—A compilation of 

known incidents, 1953-2009: U.S. Geological Survey Digital Series 545. Online at http://pubs.usgs.gov/ds/545/ 
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The first-order compositional scheme for volcanic material, including ash, is based on silica content 
(reported as SiO2). The scheme has three basic categories: mafic, intermediate, and silicic. Mafic 
materials are relatively low in silica (<52% SiO2 as in basalt magma). Silicic material is relatively high in 
silica (>64% SiO2 as in dacites and rhyolites). Intermediate compositions are 52 to 63 SiO2 as in 
andesites. The following relationships are important when considering tests: 

• Mafic material has a higher melting temperature than more silicic material (e.g., 
~1200oC for mafic minerals compared to ~800oC for silicic minerals) 

 
• Glass will melt at lower temperatures than minerals of the same composition (e.g., 

~1100oC for mafic glass and ~650oC for silicic glass) 
 
• Other parameters being equal, finer-grained ash will melt more easily than coarse 

grained ash because the entire finer particle can be heated more quickly.  

Some initial volcanological recommendations about basic testing parameters are the following: 

• Testing should use actual (authentic) volcanic ash. Synthetic mixtures created to 
simulate volcanic ash should not be used because doing so introduces yet more 
uncertainty into an already complex testing scheme. 

 
• Ash for engine tests should be a mixture of fine-grained particles from about 10-100 

microns, the size range expected in dispersed volcanic clouds beyond the vicinity of 
the volcanic source. It is not critical to have the ash be naturally pulverized; 
artificially pulverizing and sieving large-size tephra would produce virtually the same 
material. Ideally, the ash should be “fresh” – i.e., not consisting of hydrated glass 
(i.e., glass into which water has diffused) as one might find in geologically older, 
weathered ash. 

 
• Tests should use volcanic ash in the compositional range of 56-64% SiO2, a common 

range for volcanic-rock compositions worldwide that encompasses many andesites 
and some (lower silica) dacites. Candidate volcanoes for such material include those 
whose eruptions are known to have caused damage to aircraft in-flight: 

 
o Mount St. Helens, Washington, 1980  
o Galunggung, Indonesia, 1982 
o Redoubt, Alaska, 1989-1990  
o Pinatubo, Philippines, 1991  
o Rabaul, Papua New Guinea, 2004  
o Soufriere Hills, Montserrat, 1995-present 

 
• Testing should be started with dry samples — i.e., with no added volatiles 

components, such as water vapour or SO2 — in order to limit the number of 
complicated variables until test design can be re-evaluated. 

Ash in sufficient bulk for testing likely will involve collection of several thousands of kilograms (several 
tonnes) of material. Depending on shipping concerns, the distance of a collection site to a testing site may 
be an issue.  

Inclusion of volcano scientists familiar with explosive volcanism and its eruptive products in any industry 
development of test standards is recommended, to refine the recommendations presented here and answer 
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questions as they arise. It also recommended that data from the previous Calspan tests be carefully 
reviewed to determine if there are any important results regarding the type of volcanic materials that 
might be applicable to any future tests. 

Original Equipment Manufacturers have the appropriate expertise to define the types of engines, or 
engine components to be used in testing. 

CONCLUSIONS 

The information in this paper provides a starting point for what volcanic material to use, should a program 
to test jet engines with volcanic ash be formulated. 

Further recommendations about the engineering objectives and design of actual tests are best formulated 
by an industry standards group of experts. 

 
 
 
 
 
 

— — — — — — — — 
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APPENDIX I 
 

EXPLANATION OF SOURCES AND SIGNIFICANCE OF 
UNCERTAINTY IN MODEL FORECASTS OF ASH DISPERSION 

 
(Extracted from IVATF/2Report, Appendix 2C) 

INTRODUCTION 

In support of the IVATF, a workshop on ash dispersal forecasting and aviation was held in Geneva, 
Switzerland, on 18-20 October 2010 under the auspices of the WMO, the International Association of 
Volcanology and Chemistry of the Earth’s Interior, and the University of Geneva. The workshop was a 
forum for scientists to document the capabilities and sensitivities of different dispersion models and to 
identify possible improvements related to input parameters, data assimilation, probabilistic forecasts, and 
ensembles. Technical results from the workshop are documented and available at 
http://www.unige.ch/hazards/Workshop.html. 

This appendix further examines scientific aspects of modelling pertinent to the operational use of 
dispersion forecasts—namely, the sources and significance of the uncertainties inherent in such forecasts. 
For simplicity the term “ash” is used throughout this document to indicate all volcanic fragments injected 
into the atmosphere, although technically “ash” refers only to fragments smaller than 2 mm, and “tephra” 
refers to fragments of all sizes. 

Uncertainties in model forecasts depend on both input uncertainty and model accuracy. Input uncertainty 
is a measure of the degree to which input conditions are known (related to both the detection techniques 
used and to the variability of the natural system). In ash dispersion models, input uncertainty includes 
uncertainty in parameters at the eruptive source (e.g., plume height, start and stop time, mass eruption 
rate, particle size distribution) and in the meteorology (e.g., wind velocity and direction, temperature, 
humidity). Most dispersion models use meteorological parameters calculated in external numerical 
weather prediction (NWP) models. 

Dispersion model accuracy is a measure of the degree to which a model can replicate the location, 
movement, and properties of the volcanic cloud quantitatively at all scales of space and time, assuming 
the input conditions to be known exactly. It is related to: the integrity of the governing equations; the 
accuracy with which constitutive relations calculate properties such as air density or settling velocity; the 
degree to which all processes of importance are included (advection, dispersion, meander, particle 
aggregation, wet removal, etc.); the accuracy of numerical solution techniques; and model setup 
parameters such as the grid spacing (for Eulerian models) or number of particles released (for Lagrangian 
models). 

DISCUSSION 

Sources of forecast uncertainty can be described in terms of three key components: (1) uncertainty in 
eruption source parameters, (2) uncertainty in meteorological parameters, and (2) limitations in the 
accuracy with which current models simulate ash removal, especially through processes such as particle 
aggregation. 



I-2 Appendix I to the Report  
 

 

Input Uncertainty—Eruption Source Parameters (ESP) 

These comprise all volcanological parameters that characterize the input of volcanic ash to the 
atmosphere. Some parameters, such as plume height and eruption start/stop time, can be obtained by 
direct observation. Others must be derived from known relationships with observable properties (e.g., 
mass eruption rate and erupted mass) or from direct observations of past eruptions (e.g., particle 
properties, such as size, density and shape). Eruption source parameters vary among volcanoes and 
among eruptions at a particular volcano. They primarily consist of: 
 

• Start and end time of eruption. These parameters are fundamental and can be difficult to 
obtain accurately if the volcano is not adequately monitored. 

 
• Height of the eruptive plume. Plume height can range from less than a kilometer to nearly 

50 km, and can vary over time as an eruption progresses. Plume height can be estimated 
using satellites, ground-based instruments (such as radar, lidar, and cameras), and visual 
observations from the ground or aircraft. All of these types of estimates have 
uncertainties and present a challenge when meteorological clouds are present. For past 
eruptions where multiple observations were available, estimates from different observers 
or instruments have differed by up to several kilometers. Accurately representing changes 
in eruption height with time is a challenge for modelers if frequent observations are not 
available. 

 
• Mass eruption rate (MER): This is the rate at which ash is emitted into the atmosphere 

(mass per time). Ash concentration in volcanic clouds is directly related to MER, which 
ranges over more than five orders of magnitude for historical eruptions worldwide. The 
MER currently cannot be determined directly during an eruption; it is generally estimated 
by empirical correlation with eruptive column height. There is a general 4th power 
relation between plume height and mass eruption rate of sustained vertically-rising 
plumes supported by theory. However, when observed plume heights and MER are 
plotted together, there is a considerable scatter in the empirical relationship between 
them, which reflects both real variance and measurement errors. As an example, a 
column height of 10 km correlates best with an MER of about 1.8 million kg/s; but within 
one standard-deviation error, MER could range an order of magnitude from 
approximately 0.7 million kg/s to approximately 8 million kg/s — more than an order of 
magnitude. Empirical correlations also don’t consider effects of wind or of atmospheric 
humidity in tropical environments, which can strongly affect column height for small 
eruptions. 

 
• Mass distribution of material in the plume by elevation: Volcanic plumes are driven 

upward by buoyancy of hot gas and air, and mass is distributed vertically according to 
settling velocity of particles in relation to the vertical velocity of the plume. Operational 
models use dedicated plume parameterization to distribute the mass vertically or use 
simple assumptions, such as uniform distributions. The actual mass distribution in 
volcanic plumes and the factors that affect it are not well understood, although modelling 
studies show that it can significantly affect dispersion forecasts. 

 
• Particle-size distribution and the mass of ash that enters the distal cloud. Most 

operational ash-cloud models use a parameter that represents the total mass of fine ash 
that is erupted and not deposited close to the vent. Fragments larger than about a hundred 
microns fall to the ground within hours, accumulating within a few hundred kilometers of 
the vent to form a deposit that is recognizable on the ground. Fragments smaller than 
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several tens of microns can stay aloft for days and compose a distal ash cloud. The 
amount of fine ash directly influences ash-cloud concentration in distal areas. Studies of 
proximal and medial deposits (<100 km) have found that the mass fraction of fine ash 
ranges from a few percent to several tens of percent, but is commonly tens of percent for 
medium or large eruptions. By contrast, instrumental measurements of a few ash clouds 
measured >1000 km from the source suggest that cloud mass is typically a few percent of 
total erupted mass. This difference, between the fraction of fine ash in deposits and 
clouds, is largely explained by the fact that fine ash clumps together, or aggregates, to 
form clusters that fall from the cloud more rapidly than predicted by the settling rate of 
individual particles. Currently, no operational models include this aggregation process. 
As a consequence, the input term for most VAAC models implicitly considers only the 
mass fraction of fine ash in the distal eruption cloud (the mass of fine ash removed by 
aggregation is not included). It is important to bear in mind that in such a case the mass 
considered is not the mass derived from empirical relationship of mass eruption rate at 
source. Some models also divide this mass into several size bins, each with its own 
density. The mass fraction of fine ash that escapes aggregation, the size distribution 
within this mass, and factors that affect these parameters, are not well established. 

Input Uncertainty—Meteorology / Numerical Weather Prediction (NWP) 

Numerical weather prediction models calculate the three-dimensional wind field, temperature, pressure, 
and moisture content that are used in ash-dispersion models. A few research NWP models calculate 
meteorology and ash-cloud dispersion simultaneously, but all dispersion models currently used by 
VAACs take the meteorological output of NWP models and use it as input in a separate step. 
Atmospheric NWP models can run at global, regional and local scales, and their accuracy is affected by 
the underlying science and the quality and quantity of supporting observational data: 
 

• The predictive skill of modern NWP models is generally high, due partly to quality 
control and model improvement cycles at National Meteorological Centers, and use of 
remote-sensing data to constrain meteorology over remote oceans and in the upper 
atmosphere. Nevertheless, uncertainties vary with time and location. Uncertainties in 
numerically predicted wind fields have led to discrepancies of up to several hours in the 
time of arrival of distal ash clouds. During a handful of recent eruptions, dispersion 
model forecasts were discounted because the direction of predicted ash migration 
disagreed with satellite observations. Examples include eruptions in 2008 at Chaitén 
volcano in Chile and 2003 at Anatahan volcano in the U.S. Commonwealth of the 
Northern Mariana Islands. 

 
• During the passage of a front or upper trough, the wind field varies rapidly in space and 

time; thus small timing or positional errors in the NWP model can significantly impact 
the dispersion prediction. 

 
• The ability of an ash dispersion model to resolve ash layer depth and transport is a 

function of the vertical and horizontal resolution of the NWP. Typically features smaller 
than 2-3 times the NWP resolution cannot be well resolved. 

Model Accuracy 

As described above, model accuracy depends on various aspects of dispersion modelling. Here we 
investigate only the aspect of ash-removal processes as it is probably a major source of inaccuracy in all 
current dispersion models. 
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• Ash is removed from the atmosphere by various processes including gravitational 

settling, precipitation and particle aggregation. Precipitation processes include 
scavenging of ash by falling raindrops and raindrop formation. These are calculated in 
some models but they depend on NWP-derived estimates of cloud water and precipitation 
rates, which are not highly accurate. Particle aggregation is affected by electrostatic 
charge, and by the presence of liquid water or ice in the atmosphere. As mentioned 
aggregation is not yet considered in operational models and only a few research models 
attempt to calculate the rate of aggregation. This means that assumptions must be made 
about the input parameters. Consequently, current models are not able to forecast the full 
lifecycle of ash clouds because they don’t accurately consider important ash-removal 
processes. 

Summary of Sources of Uncertainty  

Uncertainty or inaccuracy in any of the above sources individually can translate into large errors in 
forecast output under certain circumstances. In fact, most of both eruptive and meteorological input 
parameters strongly depend on each other. For example, a plume height that is modeled to extend to a 
kilometer below the base of the jet stream will produce an ash dispersal pattern that differs dramatically 
from one that extends a kilometer above. A brief eruption that is modeled to occur an hour before the 
passage of a rapidly moving storm front will distribute ash in a substantially different pattern than one 
that occurs an hour thereafter. In the unlikely event that plume height is known exactly and the mass 
eruption rate is calculated from plume height using well-known empirical relations, the uncertainty in 
mass eruption rate is plus or minus an order of magnitude. Holding all other variables constant, 
concentration is linearly related to mass eruption rate. Therefore, one order of magnitude variation in the 
mass eruption rate translates directly to one order of magnitude uncertainty in ash-cloud concentrations. 
Given that other uncertainties also exist, uncertainty in ash-cloud concentration at any given point in 
space and time is at least one order of magnitude above or below the forecast value. 

Implications for Operational Products 

This conclusion has significant implications for operational products, such as the EUR/NAT approach 
which uses specific ash-concentration values to outline areas of low, medium, and high ash contamination 
(see UK CAA guidance document3). In the EUR/NAT approach, a concentration value of 2 mg/m3 
defines the boundary (contour line) between zones of medium and low ash contamination. If that 
boundary is determined primarily on the basis of dispersion modelling, it could be recognized as 
representing a range from about 0.2 to 20 mg/m3 because of forecast uncertainties. This means that the 
value of 4 mg/m3 used to define the boundary between medium and high contamination falls within the 
uncertainty range of the next lower boundary. Thus, there is no meaningful distinction between modelled 
ash concentrations of 2 and 4 mg/m3 given current levels of uncertainty. 

Approaches for Decreasing Uncertainty in Model Forecasts 

Forecast uncertainty can be decreased on two fronts by reducing input uncertainty and increasing model 
accuracy. 
 

• Input uncertainty can be reduced by improving the detection techniques used, 
incorporating observational data, the increasing speed at which observational data can be 
incorporated into models. Different forecasting phases require different strategies to 

                                                      
3 http://www.caa.co.uk/docs/1425/20110210GuidanceRegardingFlightOperationsInTheVicinityOfVolcanicAsh.pdf/ 
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reduce input uncertainty. Forecasts that are run early in an eruption, when few or perhaps 
no observations are available, may be based on dedicated ESP probability density 
functions (PDFs) compiled for each given volcano or, in cases where dedicated PDFs are 
not available, on standard ESP that account for related uncertainties. The first simulation 
run just after the onset of an eruption may also rely on ESP that can be detected in near- 
real-time (i.e. plume height). This can benefit from data assimilation of ESP of increasing 
accuracy as soon as these are made available. Observations may be assimilated into 
models from both direct measurements (e.g., source term/characteristics) and indirectly 
through combination with other models (e.g. using models to invert for vertical mass 
distribution in the eruptive plume from satellite images and/or radar information). 
Numerous techniques are possible, varying in hierarchy from user manually changing 
inputs, inverse modelling techniques or full variational data assimilation (as done by 
NWP models). Within dispersion modelling some of the techniques are currently 
immature, and therefore the key issues here are to explore and evaluate potential 
techniques and to determine the computational/timing implications for operational 
delivery.  
 

• Model accuracy can increase by better representation of ash-removal mechanisms such as 
aggregation and wet deposition, and by other improvements to model physics and 
numerics. Numerical improvements may include, for example, the description of the 
lateral spread of umbrella clouds or automatic mesh refinement in Eulerian models that 
can resolve features to higher accuracy while decreasing simulation time. 

CONCLUSIONS 

Uncertainty in model forecasts of ash concentration depends on both uncertainties in input parameters and 
accuracy of models and is currently at least one order of magnitude above or below actual ash 
concentrations. The use of ash concentration thresholds that are separated by less than an order of 
magnitude is not scientifically appropriate with current capabilities. Uncertainty is an intrinsic aspect of 
volcanic eruptions and of detection techniques currently available to determine crucial eruptive 
parameters. As evidenced by the 2010 Geneva Workshop, an effort is underway in the scientific 
community to decrease this uncertainty and its effect on model forecasts. 

 
 
 
 
 
 
 

— — — — — — — — 
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APPENDIX J 
 

ROAD MAP AND NEXT STEPS 
 
 
1. Refer to the appropriate international experts and organizations the questions on quantification of 
the parameters (section 2) needed to run the ATDM and to calculate the threshold effective total doses to 
be used for the guidance. Canada is volunteering to do this. 
 
2. Once (a) is answered, Canada and the United States will produce a detailed example for a specific 
event; generate guidance products; work on examples of the corresponding RCG and RCA; consult and 
work with selected MWOs in Canada and the United States to produce the corresponding Radioactive 
Cloud SIGMET; iron out difficulties identified. 
 
3. Consult the IAVWOPSG on what is proposed in this document, including guidance, concept of 
operations, format of the RCG and RCA and decide if the question of guidance production should be 
referred to the WMO nuclear Emergency Response Activities Coordination Group (if there is interest in 
having the WMO RSMCs involved). 
 
4. If needed, create an IAVWOPSG ad-hoc group to examine the details of products, possible 
inclusion in Annex 3, the development of guidance material (for example, the Manual on Volcanic Ash, 
Radioactive Material and Toxic Chemical Clouds (Doc 9691), and/or WMO Technical document 778) 
and training material for meteorologists. The latter could perhaps be provided via computer base training 
and could be included for example in the ICAO Regional SIGMET Guides. 
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APPENDIX K 
 

DEFINITIONS AND GLOSSARY 
 

BECQUEREL (Bq): The SI*-derived unit of radioactivity. One Bq is defined as the activity of a 
quantity of radioactive material in which one nucleus decays per second. The Bq unit is 
therefore equivalent to s-1.  * International System of Units. 
 
CLOUDSHINE DOSE: external irradiation dose arising primarily from the actual passage of the 
radioactive plume.  
 
GROUNDSHINE DOSE: external irradiation dose arising from the radioactive material 
deposited on the ground. 
 
HALF-LIFE: The period of time it takes for a substance undergoing radioactive decay to 
decrease by half. Therefore, after one half-life, 50% of the substance remains. After two half-
lifes, 25% remain, etc. Half-lives range from very small values (fractions of a second) to 4.7 
billion of years for uranium 238. In the case of a nuclear accident, a few of the isotopes of 
interest are Cesium 137 (half-life 30.17 years), Iodine 131 (half-life 8.02 days) and Xenon 133 
(half-life 5.25 days). 
 
IACRNE: Inter-Agency Committee on Radiological and Nuclear Emergencies. It is chaired by 
the International Atomic Energy Agency and meets regularly. Currently its members are 
representatives from the European Commission (EC), the European Police Office (EUROPOL), 
the Food and Agriculture Organization of the United Nations (FAO), the International Atomic 
Energy Agency (IAEA), the International Civil Aviation Organization (ICAO), the International 
Maritime Organization (IMO), the United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR), the International Criminal Police Organization (INTERPOL), the Nuclear 
Energy Agency of the Organisation for Economic Co-operation and Development (OECD/NEA), 
the Pan American Health Organization (PAHO), the United Nations Environment Programme 
(UNEP), the United Nations Office for the Co-ordination of Humanitarian Affairs (UN/OCHA), the 
United Nations Office for Outer Space Affairs (UN/OOSA), the World Health Organization 
(WHO), and the World Meteorological Organization (WMO). 
 
ICRP: International Commission on Radiological Protection. ICRP is an independent, 
international organization with more than two hundred volunteer members from approximately 
thirty countries across six continents. These members represent the leading scientists and 
policy makers in the field of radiological protection. 
 
INHALATION DOSE: internal irradiation dose arising from breathing radioactive gases and 
aerosol particles.  
 
IONIZING RADIATION: Radiation consisting of particles or electromagnetic waves that are 
energetic enough to detach electrons from atoms and molecules, therefore ionizing them. 
 
NATURAL BACKGROUND RADIATION: Ionizing radiations from naturally occurring 
radionuclide as they exist in nature plus cosmic radiation (definition taken from 
http://www.epa.gov/rpdweb00/docs/federal/frc_rpt4.pdf) 
 
NPP: Nuclear Power Plant. 
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PROGENY: A term that is used to describe new isotopes that are produced by a parent isotope. 
Example: uranium-238 will decay into thorium-234; uranium-238 is the parent isotope and 
thorium-234 is the progeny isotope — thorium-234 is also an unstable radioactive isotope and 
now a parent; it will decay into protactinium-234 which is now the progeny of thorium-234. In 
fact, this decay chain of uranium-238 continues through a total of 14 progenies before it ends up 
at lead-206, which is stable.  
 
REM: A derived unit of dose of equivalent radiation equal to .01 Sv (See SIEVERT). It is a non-
SI unit still used in the United States of America. 
 
R-SIGMET: Radioactive cloud SIGMET, identified as RDOACT CLD in ICAO’s Annex 3. 
 
SI: International System of Units. 
 
SIEVERT (symbol Sv; 1 Sv = 1 J / kg = 100 rem): The SI derived unit of dose equivalent 
radiation. It attempts to quantify the biological effects of ionizing radiation as opposed to the 
physical aspect which are characterized by the absorbed dose, measured in Gray (1 Gy = 1 J / 
kg). 
 
TOTAL EFFECTIVE DOSE: A measure of the overall health risk due to any combination of 
radiation received through defined exposure pathways. 
 
TOTAL EFFECTIVE DOSE RATE: The total effective dose per unit time 
 
TOTAL EFFECTIVE DOSE RATE CALCULATION FROM CLOUDSHINE: The sum of the 
contribution of cloudshine iradiation dose rate from all isotopes in the radioactive cloud. 
 
TOTAL EFFECTIVE DOSE FROM GROUNDSHINE: The sum of the contribution of 
groundshine irradiation dose rate resulting from all isotopes deposited on the ground. 
 
TOTAL EFFECTIVE DOSE (RATE) FROM INHALATION: The sum of the contribution of 
inhalation irradiation dose rate from all isotopes breathed in. 
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APPENDIX L 
 

INFORMATION ON DOSE OF IONIZING RADIATION 
 

Taken from Chernobyl’s Legacy: Health, Environmental and Socio-economic Impacts and 
Recommendations to the Governments of Belarus, the Russian Federation and Ukraine 
The Chernobyl Forum: 2003–2005, second revised version, Printed by the IAEA in Austria, April 2006 
IAEA/PI/A.87 Rev.2 / 06-09181.Printed by the IAEA in Austria, April 2006 
IAEA/PI/A.87 Rev.2 / 06-09181 
 
Interaction of ionizing radiation (alpha, beta, gamma and other kinds of radiation) with living matter may 
damage human cells, causing death to some and modifying others. Exposure to ionizing radiation is 
measured in terms of absorbed energy per unit mass, i.e., absorbed dose. The unit of absorbed dose is the 
gray (Gy), which is a joule per kilogram (J/kg). The absorbed dose in a human body of more than one 
gray may cause acute radiation syndrome (ARS) as happened with some of the Chernobyl emergency 
workers. 
 
Because many organs and tissues were exposed as a result of the Chernobyl accident, it has been very 
common to use an additional concept, that of effective dose, which characterizes the overall health risk 
due to any combination of radiation. The effective dose accounts both for absorbed energy and type of 
radiation and for susceptibility of various organs and tissues to development of a severe radiation-induced 
cancer or genetic effect. Moreover, it applies equally to external and internal exposure and to uniform or 
non-uniform irradiation. The unit of effective dose is the sievert in the International Systems of Units (SI). 
One sievert is a rather large dose and so the millisievert or mSv (one thousandth of a Sv) is commonly 
used to describe normal exposures. (Note: The CGS unit used for the dose equivalent is roentgen 
equivalent man (rem), where 1 Sv = 100 rem). 
 
Living organisms are continually exposed to ionizing radiation from natural sources, which include 
cosmic rays, cosmogenic and terrestrial radionuclides (such as 40K, 238U, 232Th and their progeny 
including 222Rn (radon)). UNSCEAR has estimated annual natural background doses of humans 
worldwide to average 2.4 mSv, with a typical range of 1–10 mSv. Lifetime doses due to natural radiation 
would thus be about 100–700 mSv. Radiation doses to humans may be characterized as low-level if they 
are comparable to natural background radiation levels of a few mSv per year.  
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2007 Recommendations of the International Commission 
on Radiological Protection for the effective dose 

 

 
(Reference: A D Wrixon 2008 J. Radiol. Prot. 28 161 doi: 10.1088/0952-4746/28/2/R02) 
 
 
Note that for comparison purposes, the following are equivalent:  
 1mSv in a year = 0.1 rem in a year = 1.1eE-05 rem per hour = 1.14E-04 mSv per hour = 
1.14E-01 microSv per hour 
 
 
 
 
 
 

— — — — — — — —  
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APPENDIX M 
 

EXAMPLES OF EFFECTIVE DOSE VALUES 
 
• A dental x-ray could expose a patient to an estimated 10 microSv (.01 mSv) 
• A long-haul flight from Tokyo to Vancouver could expose a person to about 50 microSv (.05 mSv) of 

cosmic radiation 
• A chest X-ray could expose a patient to an estimated 100 microSv (.1 mSv) 
• Radiation dose in Guarapari (Brazil) per year due to soil composition: 10000 microSv (10 mSv) 
• A CT scan can expose a person to between 5000 – 30 000 microSv (5 - 30 mSv), depending on the 

area being scanned 
 

 
— — — — — — — — 
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APPENDIX N 
 

EFFECTIVE DOSE COEFFICIENTS 
 
 
In what follows, we present how doses and dose rates are determined in Canada, based on the following 
guidelines from Health Canada*: 
 
- Canadian Guidelines for Intervention During a Nuclear Emergency – Health Canada, November 2003: 
http://www.hc-sc.gc.ca/ewh-semt/pubs/radiation/guide-03/intervention-eng.php 
 
-  Recommendations on Dose Coefficients for Assessing Doses From Accidental Radionuclide Releases 
to the Environment - Joint Working Group of Radiation Protection Bureau, Health Canada, 1999: 
http://www.hc-sc.gc.ca/ewh-semt/pubs/radiation/dose/index-eng.php 
 
*NOTE: The coefficients present below are for whole body exposure. However, some organs are much 
more sensitive to specific radiation. For example, the thyroid in the case of Iodine 131. With this in mind 
discussions are underway with Health Canada to determine if / what organ specific coefficients should be 
used to best calculate dose and dose rate in the case of a radioactive cloud released to the atmosphere 
following an accident at a NPP. In addition, an international standard for modeling guidance involving 
dose rate calculations will require consultation with international organizations such as the World 
Health Organization and the International Commission on Radiation Protection.  
 
 
  CLOUDSHINE  GROUNDSHINE  
  COEFFICIENTS  COEFFICIENTS 
  (Sv m3) / (Bq s)   (Sv m2) / (Bq s) 
 
    ADULT 
Cesium 137 2.55E-14  5.51E-16 
Iodine 131 1.69E-14  3.64E-16 
Xenon 133 3.70E-16       ---- 
 
   3-MONTH AND 1 YEAR AGE GROUPS 
Cesium 137 3.83E-14  5.51E-16 
Iodine 131 2.54E-14  3.64E-16 
Xenon 133      ----        ---- 
 
 
Table 1: Recommended breathing rates for the six ICRP age groups (m3 day-1).Taken from 
http://www.hc-sc.gc.ca/ewh-semt/pubs/radiation/dose/index-eng.php: 
 
3 months (0-1 year) 2.86 
1 year (1-2 years) 5.16 
5 year (2-7 years) 8.72 
10 year (7-12 years) 15.3 
15 year (12-17 years) 20.1 
Adult (> 17 years) 22.2 
 



N-2 Appendix N to the Report  
 

 

  

INHALATION DOSE 
COEFFICIENTS 

(Sv Bq-1)   
 AGE      
NUCLIDE  3 months 1 year 5 years 10 years  15 years  adult 
CS-137 8.80E-09 5.40E-09 3.60E-09 3.70E-09 4.40E-09 4.60E-09 
I-131 7.20E-08 7.20E-08 3.70E-08 1.90E-08 1.10E-08 7.40E-09 

 
 
Note1: For Cesium 137, the coefficients include contributions from the progeny, assuming ‘’secular 
equilibrium’’, i.e. a situation in which the quantity of radioactive isotope remains constant because its 
production rate (due, e.g., to decay of the parent isotope) is equal to its decay rate. This can only occur in 
a radioactivity chain in which the half-life of the progeny is much shorter than the half-life of the parent 
radionuclide. 
 
Note 2:  Xenon 133 is a noble gas that does not deposit on the ground.  It is inhaled in the lungs, but does 
not accumulate there because it is exhaled.  
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APPENDIX O 
 

EXAMPLES OF EFFECTIVE DOSE AND EFFECTIVE DOSE RATE CALCULATIONS 
 

 
It is obviously important to take in to account radioactive decay in the air and on the ground, since the 
radioactivity will decrease by a factor of 2 after each time period corresponding to the half-life. For long 
lived isotopes (Cesium 137 has a half-life of 30.17 years), this is not important in the first few days or 
weeks following the release. However, this is very significant for isotopes with short half lives (for 
example, 8.02 days for Iodine 131). 
 
For a specific isotope, the effective dose from various contributions at a specific location in the 
atmosphere is obtained in the following way:  
 
FOR CLOUDSHINE: 
 
DOSE in Sv = Cloudshine coefficient (Sv m3 Bq-1 s-1) X Concentration of radioactivity in the air (Bq m-3) 
X duration over which this concentration is encountered (s) 
 
DOSE RATE in Sv hr-1 = Cloudshine coefficient (Sv m3 Bq-1 s-1) X Concentration of radioactivity in the 
air (Bq/m3) X 3600 s / hour 
 
Example: If the one hour average concentration of Cs-137 is 10893 Bq m-3 , the effective dose rate from 
cloudshine after one hour is 2.55E-14 Sv m3 Bq-1 s-1 X 10893 Bq m-3  X 3600 s/hr = 9.99E-07 Sv per hour 
which is equivalent to  1 microSv/hr. Assuming that this concentration lasts for 2 hours, the effective dose 
is is then 1 microSv/hr * 2 hr = 2 microSv. For a dose rate of 1 microSv/hr over a 10-hr period, the 
effective dose will be 10 microSv/hr, etc. 
 
The total dose or dose rate from cloudshine is the sum of the contribution for all isotopes. 
 
FOR GROUNDSHINE: 
 
DOSE in Sv = Groundshine coefficient (Sv m2 Bq-1 s-1) X Total deposition on the ground (Bq/m2) X 
duration over which the radioactive material remains on the ground (s) 
 
Example: If 1.0E+05 Bq m-2 of Cs-137 are deposited (assume very quickly for this discussion), the 
effective dose from groundshine is 
 
After 1 hour: 1.0E+05 Bq m-2 X 5.51E-16 Sv m2 Bq-1 s-1 X 3600 s  
= 1.98E-04 mSv or 1.98E-01 microSv 
 
After 10 days: 1.0E+05 Bq m-2 X 5.51E-16 Sv m2 Bq-1 s-1 X 3600 s / hr 24 hr/day * 10 days 
= 4.76 mSv or 47.6 microSv 
 
FOR INHALATION:  
 
DOSE in Sv = Inhalation coefficient for the age group (Sv Bq-1) X concentration of radioactivity in the air 
(Bq m-3) X volume of air breathed in per hour for that age group (m3 hr-1) X duration for which this 
concentration of radioactivity is inhaled (hr) 
 
DOSE RATE in Sv hr-1 = Inhalation coefficient for the age group (Sv Bq-1) X concentration of 
radioactivity in the air (Bq m-3) X volume of air breathed in per hour for that age group (m3 hr-1) 
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Example: If the concentration of Cs-137 in the air is 10893 Bq m-3, the effective inhalation dose rate is 
 
For a 3-month old  
8.8e-09 Sv Bq-1 X 10893 Bq m-3 X 2.86 m3 day-1/24 (hr day-1) = 1.14e-05 Sv hr-1 = 1.14e-02 mSv hr-1 = 
11.4 microSv hr-1. If that concentration is breathed in for a period of 24 hours, the effective dose will be 
24 hr X 11.4 microSv hr-1 = 273.6 microSv 
 
For a 10-year old 
3.7e-09 Sv Bq-1 X 10893 Bq m-3 X 15.3 m3 day-1/24 (hr day-1) = 2.56e-05 Sv hr-1 = 2.56e-02 mSv hr-1 = 
25.6 microSv hr-1. If that concentration is breathed in for a period of 24 hours, the effective dose will be 
24 hr X 25.6 microSv hr-1 = 614.4 microSv 
 
For an adult 
4.6e-09 Sv Bq-1 X 10893 Bq m-3 X 22.2 m3 day-1/24 (hr day-1) = 4.63e-05 Sv hr-1 = 4.63e-02 mSv hr-1 = 
46.3 microSv hr-1. If that concentration is breathed in for a period of 24 hours, the effective dose will be 
24 hr X 46.3 microSv hr-1 = 1111.2 microSv or 1.1 mSv.  
 
TOTAL EFFECTIVE DOSE:  
 
The total effective dose would be the sum of the contributions from cloudshine, groundshine and 
inhalation for all isotopes. For radioactivity that is in the air, it is clear that the inhalation component is 
very important. This is due to the fact that the radioactivity remains in the body after inhalation.  
 
 
 
 
 
 

— — — — — — — 
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APPENDIX P 
 

EXAMPLE OF MODELLING GUIDANCE 
 
 
The following images show an example of the guidance that could be used to produce the Radioactive 
Cloud Graphic / Advisory and the Radioactive Cloud SIGMET. They are based on the results of ATDM 
modeling calculations for the dose rate (microSv per hour) in the layer from the surface to 500 meters and 
resulting from the sum of cloudshine and inhalation for I-131 and Cs-137. We simulated an accident at 
Fukushima NPP starting at 12 UTC 19 April 2011 with 1.0E+16 Bq of I-131 and 1.0E+17 Bq of Cs-137 
released from the surface to 500 meters in 6 hours. The total amounts released for this simulation are 
similar, but over a much shorter time period, than the estimated releases from the Fukushimi Daiichi NPP 
accident. This example is therefore for rapid and very significant release of radioactivity. The threshold 
contour value is 0.114 microSv per hour and the forecast covers 48 hours (to show how far the cloud 
could go in that time period). Guidance for R-SIGMET would cover perhaps up to 18 hours, similar to 
what is done for the VAA. However, the critical information is the first 4-6 hours for support of a RAD-
SIGMET. The images are valid 12, 24, 36 and 48 hours after the start of the release. In reality, the 
guidance will have to consider the effective total dose at all levels in the vertical, but this is not 
technically difficult. 
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DRAFT CONCEPT OF OPERATIONS 
 FOR INTERNATIONAL SPACE WEATHER INFORMATION IN SUPPORT OF AVIATION 

 
(See attached document.) 
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EXECUTIVE SUMMARY 
Space weather (SWx) can be defined as the conditions on the sun and in the solar wind, magnetosphere, 
ionosphere, and thermosphere that can influence the performance and reliability of space-borne and 
ground-based technological systems and can endanger human life or health of aviation flight crews and 
passengers.1 Unlike terrestrial weather impacts, SWx effects can be global with the onset of their impacts 
on the earth’s atmosphere. The time-scale comparison of impacts on aviation altitudes is also much more 
rapid following the eruptive episode from either the sun’s surface and/or solar outer atmosphere. These 
events can occur independently or together. The eruptions are the result the nuclear ball of plasma at the 
core of the sun welling upward and releasing explosively magnetic energy into space in the form of solar 
flares and Coronal Mass Ejections (CME). Solar flares are the eruptions from the sun’s surface and a 
CME is an eruption of a large volume of the sun’s atmosphere – the Corona. These magnetic energy 
events interact with the Earth’s magnetosphere, which allows the highly charged particles from the sun to 
travel along the magnetic field that converges at the poles and penetrate into lower altitudes – aviation 
altitudes. In 2000, new air trans-polar routes opened between North America and East Asia and later over 
the southern pole. Since then there has been a rapid rise in air traffic over the poles, as well as impacts on 
aviation operations. Polar trajectories are more cost efficient for the airlines and convenient to the 
passengers. Though SWx impacts are global in nature the focus of their impacts are more prevalent in the 
polar region (defined as areas poleward of 60 degrees of latitude). The SWx events that disrupt the 
operational systems can simultaneously increase the radiation environment along the flight path. The 
issues are economic, operational and safety related. Eruptions from the sun’s surface can cause the loss of 
Radio Frequency (RF) communications and satellite navigation signals, degrading aviation operations by 
damaging or destroying onboard electrical equipment leading to avionic errors; and negative impacts to 
human health.  

The electronic components of aircraft avionic systems are susceptible to damage or interference from the 
highly ionizing interactions associated with cosmic rays, solar particles and the secondary particles 
generated within the Earth’s atmosphere. Electromagnetic energy associated with a single solar storm 
leaving the sun’s surface arrives at Earth in about eight minutes. The transit time for energetic particles 
associated with a CME from the sun for the same solar event takes longer to reach the Earth’s 
atmosphere, from tens of minutes to a few hours, depending on the characteristics and source locations of 
the emitted particles. Since the sun is a variable star, its output can vary over a wide range of time-scales 
– solar flares, solar protons – as well as the long term over the eleven-year solar cycle, with Extreme Ultra 
Violet (EUV) radiation, for example, dimming and brightening by a factor of 4 or 5. 
Reliable communications are a vital component of safe and efficient air travel. International and domestic 
regulations governing aviation operations are as follows: 

                                                      
1 WMO Space Programme SP-5,  The Potential Role of WMO in Space Weather (April 2008) 
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International Civil Aviation Organization Air Traffic Service Requirements for Communications 

This is a current recommendation from International Civil Aviation Organization (ICAO) Annex 11 for 
the necessity of international flight communications:2 

 Paragraph 6.1.2.2 Recommendation. Whenever practicable, air-ground communication facilities 
for flight information service should permit direct, rapid, continuous and static-free two-way 
communications. 

Code of Federal Regulation 14   

There are current FAA requirements for domestic airline flight communications  (crucial for 
passing weather information) under the auspices of the international recommendation in the 
ICAO Annex 11 toward the future integration of SWx information to include: 3 

§ 121.99 Requires reliable and rapid communication over the entire route between the 
airplane and the appropriate dispatch office and between each airplane and the 
appropriate air traffic control unit. 

There was an executive agreement and its two annexes (Airworthiness and Maintenance) to the overall 
agreement were signed on June 30, 2008. However, the new agreement will not enter into force until 
resolution of pending Congressional legislative language regarding inspection of foreign repair stations. 
The Federal Aviation Administration (FAA) will work with European Aviation Safety Agency (EASA) as 
the authority representing those European Union Member States and EASA associated countries with 
whom the U.S. currently has existing bi-lateral agreements. Additionally, FAA Order 8100.14 describes 
the continuing working relationship between the FAA and EASA. 

FAA approval of European products, parts, and appliances will continue for those 
products covered under a bilateral agreement with an European Union Member State. 
Until a new bilateral agreement is concluded with the Community that would govern the 
acceptance of products between the U.S. and the entire Community as a single entity, the 
FAA can only accept applications for validation and import into the US of products, parts 
and appliances from European Union Member States within the scope of the current 
bilateral agreements. 

SWx can be a problem as it drives and perturbs the very regime it creates, the ionosphere. The ionosphere 
is the key to High Frequency (HF) communications for aviation; the lower HF frequencies need the 
ionosphere to reflect the signal back Earthward. For satellite communications the higher satellite 
frequencies that must pass through the ionosphere may suffer loss of power or frequency stability. 

                                                      
2 ICAO Annex 11, Chapter 6, Air Traffic Services Requirements for Communications, paragraph 6.1.2.2. 

3 Code of Federal Regulations (CFR) Title 14 (Aeronautics and Space). 
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Chapter 1 1.0 INTRODUCTION 
Purpose and Scope 

The availability of applicable weather information plays a key role in any decision-making process, 
enabling both the operator(s) and traffic flow managers to plan and coordinate a mitigating strategy, 
rather than react to, impacting weather. 
This Concept of Operations (ConOps) document identifies and summarizes the progression of the 
development of space weather (SWx) support associated with SWx products and services to address 
communications, navigation, and radiation exposure impacts on aviation operations. In doing so, this 
document supports an initial set of operational requirements with supporting functional requirements to 
be submitted for acceptance and adoption by the International Civil Aviation Organization (ICAO). In 
that regard, this document socializes the view of promoting global harmonization via a set of global 
standards for SWx products and services.  

The ionosphere is a critical medium for aviation High Frequency (HF) communications. When its total 
electron density is perturbed by either SWx effects from space or intense convective terrestrial weather 
that well-up from the troposphere, the HF signal can be attenuated or absorbed to the point of a lost or 
unusable faded signal. While this aspect of SWx may appear to have a non-solar origin, its effects are 
most pronounced when the upper-atmosphere winds or lower-ionosphere composition are enhanced by 
the energy inputs from the active sun.  Future air traffic control will be based primarily on the capabilities 
of the space-based Global Positioning Satellite Systems (GNSS): the United States’ (US) Global 
Positioning Satellites (GPS), Russia’s Glonass, Europe’s Galileo, and China’s KuaFu. Solar storms and 
other SWx events can affect flight operations through disruptions in communications and/or navigation 
positioning, especially at high latitudes over the Earth’s polar region.  

Solar activity can affect communication, aviation navigation, and radiation exposure to various degrees in 
other parts of the globe and other applications. Satellite-based navigation can be impacted for several-
minute-long interruptions over the mid-latitudes from GPS receivers operating on the dayside of Earth. 
Radio blackouts primarily affecting HF communication frequencies are a consequence of enhanced 
electron densities caused by the emissions from solar flares that ionize the sunlit side of the earth.4 
Radiation exposure is difficult to characterize; though the risk of receiving a larger dosage is greatest over 
the poles, and lessens at lower latitudes, the radiation conditions will be even more important for future 
sub-orbital commercial space flights. 

The following summary reinforces the objectives of this ConOps:  

Why? Most SWx effects are global in nature. SWx phenomena affect aviation operations, 
especially for polar flights, degrading efficiency and elevating safety concerns for crew and 
passengers. Therefore, SWx impacts have been recognized as cost, schedule, and technical 
operational risks to daily operations. Additionally, requirements for SWx products do not 
currently exist within ICAO documents.    

Who? The operator (dispatchers/pilot/various contributors to flight operations) is the user of 
SWx products. The avoidance of SWx event situations is primarily the responsibility of the pilot 
and/or the flight operations.  
 
How? This ConOps describes user needs, impacts of SWx, current capabilities and issues, and 
recommendations to meet user needs through the establishment of global standards advocating a 
common situational awareness. This document also describes the high level production of “a 

                                                      
4 NOAA, Space Weather Prediction Center (SWPC), Manual on Space Weather Effects in Regard to International Air Navigation (January 2011) 
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system of near real-time SWx observations and reliable probabilistic SWx forecasts.” The SWx 
products include: 

• In Situ Observations – help determine when solar flares leave the sun’s surface 

• Nowcasts/Forecasts – predict when eruptions from sun will interact with the earth’s 
atmosphere 

• Remote Sensing – helps analyzing and determining the severity of the impact on 
various operational services  

Chapter 2 2.0 USER NEEDS  
 2.1   Operational Need for Space Weather Aviation Services 
SWx affects the operations of the aviation industry on which the global economies depend. SWx 
adversely affects aviation operations through the loss of communication and navigation, and negative 
health effects on passengers and crew. Impacts on communications, navigation, and radiation exposure 
extend in various degrees to other parts of the globe and to other applications. 
 2.2   Need for Aviation Specific Space Weather Information 
Specific needs were gathered from various recommendations, guidance material, and initiatives 
from official sources. An initial consensus was reached at the last conjoint World Meteorological 
Organization (WMO) and ICAO Divisional Meeting held in 2002, which stated there was a need 
to consider SWx as a hazardous impact to aviation operations.  
The International Airways Volcanic Watch Operations Group (IAVWOPSG) noted at its fourth meeting 
in Paris, September 2008, that there was not yet a complete understanding between the user community of 
the SWx products and information that could be helpful in support of operational decisions. The 
IAVWOPSG agreed to formulate Conclusion 4/29 precipitating from the meeting to develop SWx 
training guidance material to improve knowledge as a precursor of the introduction of formal aviation 
requirements related to SWx.  
As part of a Policy Program Study, the American Meteorological Society (AMS) and SolarMetrics 
published a policy workshop report in March 2007 on “Integrating Space Weather Observations & 
Forecasts into Aviation Operations.” This report recommended that “the aviation industry needs to 
clearly define its requirements for space weather information and how it is incorporated into the 
operational decision making process.” The CPWG was selected to lead the process for defining these 
User Service Needs. Under the direction of the CPWG, a SWx sub-group was organized with the initial 
task of focusing on Aviation Space Weather User Service Needs.5  
  Impacts of Space Weather on Aircraft Operations 
  2.3.1   Communications 
All communications with aircraft en route poleward of 82o of latitude (north or south pole region) can be 
lost during a disruptive SWx event. As flight paths venture to the poleward side of the 80th parallel, they 
lose their communication link with the geosynchronous communication satellites due to the earth’s 
curvature, and conventional HF radio communication must be employed. Solar storms can render HF 
communications inoperable for periods of minutes to hours over several days during disruptions in the 
ionosphere’s electron density to the point of becoming unable to bounce radio signals back to the aircraft. 
These disruptions are driven by the size and location of the disturbance on the sun that triggers these 
events. When communication disruptions at these high latitudes occur along the limited polar routes, 
additional cost or delay can be introduced as air traffic controllers must reduce air traffic flow rates by 
increasing the separation distances between aircraft flying at similar altitudes as a safety precaution. This 
action often reduces the overall aviation industry efficiency and capacity along polar routes which often 
reduces profit margin opportunities for the airlines. There are polar orbiting satellites available to partially 
fill this communication gap, but to date most airlines are not equipped to take advantage of this capability.  

                                                      
5 Space Weather Sub-Group of the Cross Polar Working Group,  “Integrating Space Weather Observations & Forecasts into Aviation Operations, Aviation Space 

Weather User Requirements” (Version 3.02, November 2010).   
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2.3.2 Navigation 
Satellite-based navigation, though most affected near the poles and the equator, can also be impacted at 
middle latitudes. Such SWx activity has impacted the Federal Aviation Administration’s (FAA) Wide 
Area Augmentation System (WAAS) and degraded its capability to a threshold exceeding its vertical 
guidance approach protection limit for time periods of many hours to more than half a day.6 Satellite-
based navigation is a key element in performance based navigation as part of the global Air Traffic 
Management (ATM) concept. The implementation planned for the US Next Generation Air 
Transportation System (NextGen) and Europe’s Single European Sky Air Traffic Management Research 
(SESAR) is in support of the global ATM. Thus the need to monitor and predict SWx is more important 
than ever.  

2.3.3 Radiation 
Solar radiation storms can cause a significant short-term increase in radiation dose to flight 
crews and passengers over the levels normally encountered due to Galactic Cosmic Rays 
(GCR). Government and scientific organizations have identified various effects of cosmic 
radiation exposure, principally an increase in the risks for fatal cancer and genetic defects.7 
The short duration of and ability to forecast solar events enable operational actions that can 
limit exposures. The joint responsibility of pilot and dispatcher for safe and economical 
operations depends on accurate and timely forecasting for effective decision-making. Critical 
to this process is the effective and timely information transfer from the forecaster to the 
decisionmakers: pilots, dispatchers, air traffic control, airlines, and government. The variability 
of the solar storm event duration, frequency, and severity makes the forecast accuracy and its 
timing information critical. 
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Figure 1: Polar routes necessitate HF radio communications at high latitudes.8 

                                                      
6 Report of the Assessment Committee for the National Space Weather Program, FCM-R24-2006, Office of the Federal Coordinator for Meteorological Services and Supporting Research 

(OFCM) –(June 2006). 

7 Federal Aviation Administration, “What Aircrews Should Know About Their Occupational Exposure to Ionizing Radiation,” (October 2003). 

8 Michael Stills, United Airlines, “Polar Operations and Space Weather,” presentation to the space weather enterprise forum, (June 21, 2011). 
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Using polar routes necessitates HF radio communications at high latitudes (circular area toward center of 
Figure 1), which can be disrupted by SWx.9  
Figure 2 depicts the dramatic growth in cross-polar flights leading to increase aviation industry 
vulnerabilities. 

 
Figure 2: Traffic Density for Northern Cross-polar Routes 2000-201010 

Sources: NAVCANADA and United Airlines 

 2.4    Types of Aviation Space Weather Information 
The following types of SWx information are required for aircraft operations: observations, analyses, and 
forecasts. SWx information are measurements from ground-based instruments and space-based sensors of 
magnetic fields of highly charged particles emitted from the sun to help better understand and predict 
SWx. These measurements help provide insights into the spatial and temporal complexity of the auroral 
structure within the Earth’s atmospheres (i.e., magnetosphere and ionosphere) that impact aviation 
operations.  This ConOps conveys how SWx alerts and warnings can be integrated via global 
harmonization into airline operations. The SWx specification and forecast services are based on four 
strategic elements: observations, data access and display, predictions, and product dissemination.  

2.4.1 Observations 
Observations are classified as data measured by sensor(s). The suite of instruments that monitor SWx 
vary from ground-based, airborne-based, and space-based (spacecraft) observations. These SWx 
observations are the foundational information to describe the state of the spherical space region (Sun-
Earth), which is about 1016 times greater than the spherical shell of the troposphere around Earth. Many 
SWx observations are made from the Earth’s surface. The Space Weather Prediction Center (SWPC) uses 
data from ground-based magnetometers, solar telescopes, ionosondes, and GPS receivers.  
Collating airborne sensing data can provide some additional insights to spatial and temporal complexity 
of the auroral structures in the ionosphere. However, there has been the prospect of flying dosimeters to 
routinely quantify the radiation dose impacts in order to better understand the radiation environment at 
aircraft altitudes. Aircraft observations from pilots (i.e., AIREP or PIREP) could also add to the better 
understanding of SWx event nuances related to onboard impacts through reported physical descriptions 

                                                      
9 Michael Stills, United Airlines, “Polar Operations and Space Weather,” presentation to the space weather workshop (May 22, 2008). 

10 FAA Examination of Space Weather in Support of Aviation, AMS 7th Symposium on SWx (January 2010). 
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(northern/southern lights) of ambient environment against intermittent and weak communication signals, 
and suspicious erroneous avionic measurements (navigation). 
Space assets provide substantial and in some cases huge improvements in forecasts.  Both the Solar and 
Heliospheric Observatory (SOHO) spacecraft and the Advanced Composition Explorer (ACE) spacecraft 
are located at an L1 orbit (see Appendix C for description), placing them about one million kilometers 
(km) from Earth along the Sun-Earth line. The ACE makes in situ measurements of highly charged 
particles in the solar wind moving directly at the Earth’s magnetosphere providing crucial short term 
warnings with very high confidence for the onset of major solar geomagnetic and radiation storms. SOHO 
provides observations of Coronal Mass Ejections (CME) that give 1-3 day warning of geomagnetic 
storms.  Until recently, the pair of Solar Terrestrial Relations Observatory (STEREO) spacecraft, both 
leading and trailing Earth in its orbit, provided CME measurements as well, before travelling beyond their 
optimum positions for such in their ultimate mission of orbits behind the sun. 

2.4.2 Analysis   
Analysis of SWx information is often difficult because of its scarcity. Proper interpretation of observed 
SWx data is the forerunner to reliable and enhanced forecast products. But unlike most hazardous 
terrestrial weather, SWx events occur on a time scale compatible to tornado warnings and micro-burst. On 
average, lead-times are 30 minutes or less. Extending these lead-times is paramount to mitigate severity 
of impact to operational cost and improve socio-economic resiliency. Unfortunately, there are no ground 
truth measurements to initialize a forecast until the elements of a solar storm are 99 percent of the way 
toward Earth.   

2.4.3 Forecasts 
Predictions of the development and/or variations of the SWx environment within the volume from sun to 
the Earth surface are based upon observational data available on the specific eruption at the sun of a solar 
flare or CME and space-physics mathematical and empirical modeling. These multi-dimensional forecast 
problems must meet current user service stated needs (Section  0). Some forecast product examples 
available from the SPWC website are shown in Appendix F.   
Unlike terrestrial weather in-flight advisories, Significant Meteorological (SIGMET) information may or 
may not be the means to disseminate SWx information. Similar to the challenges of terrestrial weather 
events related to tornadoes or micro-bursts, it is a challenge to disseminate certain SWx hazardous 
impacts on aviation operations. Solar winds are associated with radio blackouts (HF and Very High-
Frequencies [VHF]) and some other intense radiation storms that carry highly charged particles traveling 
at million(s) of miles per hour, which at times slam into the Earth’s magnetosphere with little advance 
notice. The earth’s magnetic field surrounds the globe but these field lines converge at the poles 
extending vertically downward intersecting the Earth’s surface at the respective magnetic poles. CME 
events generally occur on timescales more typical of synoptic scale terrestrial forecasting (20 hours to 
four days). The overall result is that there is not much difference in the timescales generally for 
forecasting SWx impacts compared to terrestrial hazardous weather event movements, though the impacts 
are usually quite different. 
Interference and disruption to telecommunication frequencies necessary to maintain aviation 
communication and navigation integrity occur in rapid fashion across the scale of hemispheric regions 
(multiple Flight Information Regions [FIR]) or globally lasting minutes to hours (sometimes stretching in 
periods across days) in duration. The goal is to improve the reliability and confidence levels with in-flight 
SWx advisories. This can be accomplished through better methods of monitoring and sensing 
observational measurements that feed into improved physics-based and/or empirical-based models 
supporting SWx forecast products.  
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 2.5   Operational and Unallocated Functional Requirements  
An initial set of operational requirements (Section  0) with an associated set of functional requirements has 
been drafted for international acceptance. These requirements were developed from the following 20 
Aviation User Need (AUN)-defined consensus statements from the SWx sub-group organized under the 
direction of the CPWG mentioned earlier in Section 2.2: 

AUN-1 Define the impacts of space weather 
AUN-2 Provide the following types of information: observations, forecasts, and climatology 
AUN-3 Provide information in text and graphical format 
AUN-4 Present information using standardized format and content 
AUN-5 Describe/display the severity of impact in standardized text and graphical reports 
AUN-6 Provide text and graphical reports using specified timelines and durations 
AUN-7 Provide an estimate of the accuracy of the information 
AUN-8 State the regions affected 
AUN-9 Utilize stated transmission methods for space weather reports 
AUN-10 Provide information on disruptions to HF communications 
AUN-11 Provide information on disruptions to VHF communications 
AUN-12 Provide information on disruptions to UHF communications 
AUN-13 Provide information on fading and loss of lock to Satcom 
AUN-14  Provide information on the radiation environment that will affect avionics 
AUN-15  Provide information on the radiation environment that will affect humans 
AUN-16 Provide Information on the accuracy and availability that will affect GNSS 
AUN-17 Define space weather information and decision-maker matrices 
AUN-18 Define communication and integration of space weather information 
AUN-19 Provide space weather education and training 
AUN-20 Use global standards for space weather information 

Once the user community has reached a consensus on what “service needs” are warranted, a functional 
analysis is performed.  A functional analysis translates user needs and human performances (capabilities 
and limitations) into a sequence of top-level functions decomposed into lower-level building block type 
functions.  These collective functions define and depict the needed service or operational capability that 
will become the primary foundation for framing requirements.  
Functional Requirements: The functional requirements are incremental tasks or the building blocks 
necessary to meet the higher level operational requirements. These requirements identify what must be 
done to meet the users’ service need(s) and are based upon the Space Weather Functional Analysis 
performed on the users’ service needs. 
Operational Requirements: These requirements define the interfaces between the operator end-user and 
functional user service needs to reach operational efficiency.  
  Space Weather Information Providers 

 2.6.1 Current Provision of Space Weather Services and Providers 
Currently, SWx products and services are primarily available from international organizations, but 
integrating more commercial provider forecasts will be beneficial and necessary as a part of the global 
harmonization of SWx information in a single standard. 

As in the case of terrestrial weather, reliable SWx information and forecasts are already available from 
commercial providers. These commercial providers can supply tailor-made value-added reliable, rapid, 
and continuous SWx information and forecasts for pre-flight briefings, for pilots over the entire route to 
airplanes, and for appropriate dispatch offices, etc. in accordance with the Code of Federal Regulation 
(CFR) 14. The commercial providers also can provide comparable and tailored or value-added 
information on SWx warnings, alerts, updates, and post-event analysis. 

Aviation SWx information and services are still at the concept stage and so SWx providers will be a 
major source of SWx products for the aviation community. Any new SWx products can be tailored to 
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better serve the user needs in various scenarios and areas around the globe based upon an already 
established global standard.   

2.6.2 Space Weather Information Available at the Space Weather Prediction 
Center  

The SWPC is an end-to-end process facility that collects and analyzes SWx observations to produce 
forecasts, including some advisories applicable to aviation. 
The SWPC website provides a variety of SWx products that describe expected SWx conditions, including 
the following elements: 

(a) The SWPC provides real-time monitoring and forecasting of solar and geophysical events.  
(b)  SWPC provides near-real-time and recent data, solar and geomagnetic indices, and solar 

event reports. 
The following assumptions are made relative to the SWx forecasts: 

• The SWPC will continue to produce these alerts and forecasts. 

• New SWx products in object-oriented graphical or gridded formats will be designed 
for consideration of acceptance as an official Annex 3 product.11  

2.6.3 International Space Environment Service 
International Space Environment Service (ISES) is the primary international agency responsible for SWx 
services. Its mission is to encourage and facilitate near-real-time global monitoring and prediction of the 
space environment, and provide services to users in reducing the impact of SWx on activities of human 
interest to include aviation operations. The suite of SWx products and services will be accessible to all 
domestic and international airline dispatchers and pilots, controllers, flight briefers and planners, through 
13 Regional Warning Centers (RWC).  

2.6.4 Regional Warning Centers 
At present, there are thirteen RWCs around the globe (Figure 3). The primary reason for the existence of 
the RWCs is to provide services to the scientific and user communities within their own regions. The 
RWCs will tailor the SWx information they integrate into SWx products and services as warranted for 
their regions of responsibility. 
These services can consist of aviation-specific forecasts or warnings of disturbances to the solar terrestrial 
environment. The range of the locations of RWCs results in a very diverse set of users of these forecasts. 
An important feature of the ISES system is that RWCs are able to construct and direct their services to the 
specific needs of their own customers. Details of ISES and the RWCs can be found at http://www.ises-
spaceweather.org/ 
RWCs need to blend their usual user community services within their own region, harmonizing data 
exchanges in working toward standardizing product content, format, and procedural services to promote 
seamless operational procedures for improved aviation efficiency. 
 

                                                      
11 Space Weather Sub-Group of the Cross Polar Working Group, “Integrating Space Weather Observations & Forecasts into Aviation Operations, Aviation Space Weather User Requirements,” 

(Version 3.02, November 2010)   
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Figure 3: The RWC in Boulder has the special role of the “World Warning Agency,” acting as a hub 
for data exchange and forecasts. 

Chapter 3 3.0  PROPOSED SPACE WEATHER SERVICE 
 3.1   Objectives and Scope 
Global harmonization of SWx information means its interpretation would be uniform and the procedures 
that result from such would be carried through in a seamless manner that would mitigate operational cost 
to the airlines. This ConOps advocates establishing methodologies from reference document sources, 
existing infrastructure and products to help converge the presentation of SWx information to include 
standardizing the information, format and the impact (e.g., NOAA Space Weather Scales).    
 3.2   Proposed Service Description 
  3.2.1   Standardizing Aviation Space Weather Information 
The need for new and improved SWx information and data is now very clear, and with the continued 
growth in air travel and the envisaged technological developments, the aviation community requires 
clarification on the information that is acceptable to be delivered and utilized for their operations. 
Similarly, SWx information and service providers need guidance on how to standardize the information 
for the aviation industry. 
It is recommended that SWx be standardized in classification type and source in some manner that 
parallels methods used for terrestrial weather. Similarly, the international aviation community should 
have standardized format information and impact scenarios like the NOAA Space Weather Scales 
(Error! Reference source not found.).  
The scales list the intensity and frequency of occurrence for radio blackouts, solar radiation, and 
geomagnetic storms. The SWPC uses these scales to categorize the severity of impact.12 It is 
recommended that the development and delivery of SWx information and services in this format be 
consider for acceptance as the global standard. 
Either the NOAA Space Weather Scale or another internationally approved standard for index thresholds 
must be adopted and uniformly used in the forecast on the flight deck and in Traffic Flow Management 
(TFM) Decision Support Tools (DST). It must also be incorporated in some manner into flight planning 
tools as an acceptable standard for characterizing the type of hazard and its severity in time and space for 
global harmonization and standard for aviation operations. 
The impact indices for the various solar events are derived as follows:13  

Radio Blackouts:  Flux in X-ray and Extreme Ultra Violet (EUV) photons burst from solar flare arriving 
in eight minutes (speed of light) measured in the 0.1-0.8nm range, but other physical measures are also 
considered. 
Solar Radiation Storms:  The index for high energy proton particle flux are five minute averaged 
measurements derived from energies >10MeV proton flux. Protons >100MeV are better indicators of 
radiation to passengers and crew.  
Geomagnetic Storms:  The K-index used to generate these messages is derived in real-time from the 
NOAA SWPC Boulder site magnetometer.  
See Appendix F for more details on specific conditions (thresholds) that trigger the various SWx alert 
messages which are in concert with the NOAA Space Weather Scales presented below. 
In addition to standardization of SWx impact, the content and format of SWx information must be 
standardized globally. 

                                                      
12 SWPC website:  www.swpc.noaa.gov/NOAAScales 

13 SWPC website:  www.swpc.noaa.gov  (Alert/Warnings) 
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Table 1: NOAA Space Weather Scale for Radio Black Events 

      RRaaddiioo  BBllaacckkoouuttss  GOES X-ray 
peak 
brightness 
by class and 
by flux* 

Number of 
events when 
flux level was 
met; (number 
of storm days) 

R 5 Extreme 

HF Radio: Complete HF (high frequency**) radio blackout on the 
entire sunlit side of the Earth lasting for a number of hours. This 
results in no HF radio contact with mariners and en route aviators in 
this sector.  
Navigation: Low-frequency navigation signals used by maritime and 
general aviation systems experience outages on the sunlit side of the 
Earth for many hours, causing loss in positioning. Increased satellite 
navigation errors in positioning for several hours on the sunlit side of 
Earth, which may spread into the night side. 

X20 
(2x10-3) 

Fewer than 1 
per cycle 
 
 

R 4 Severe 

HF Radio: HF radio communication blackout on most of the sunlit 
side of Earth for one to two hours. HF radio contact lost during this 
time. 
Navigation: Outages of low-frequency navigation signals cause 
increased error in positioning for one to two hours. Minor disruptions 
of satellite navigation possible on the sunlit side of Earth. 

X10  
(10-3) 

8 per cycle 
(8 days per 
cycle) 
 

R 3 Strong 

HF Radio: Wide area blackout of HF radio communication, loss of 
radio contact for about an hour on sunlit side of Earth.  
Navigation: Low-frequency navigation signals degraded for about an 
hour. 

X1 
(10-4)  

175 per cycle 
(140 days per 
cycle) 

R 2 Moderate 

HF Radio: Limited blackout of HF radio communication on sunlit 
side, loss of radio contact for tens of minutes.  
Navigation: Degradation of low-frequency navigation signals for tens 
of minutes. 

M5  
(5x10-5) 

350 per cycle 
(300 days per 
cycle) 

R 1 Minor 

HF Radio: Weak or minor degradation of HF radio communication on 
sunlit side, occasional loss of radio contact.  
Navigation: Low-frequency navigation signals degraded for brief 
intervals. 

M1  
(10-5) 

2000 per 
cycle 
(950 days per 
cycle) 

* Flux, measured in the 0.1-0.8 nm range, in W·m-2. Based on this measure, but other physical measures are also 
considered.  
** Other frequencies may also be affected by these conditions. 
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Table 2: NOAA Space Weather Storm Scale for Radiation Storm Events 

   SSoollaarr  RRaaddiiaattiioonn  SSttoorrmmss  Flux level of 
> 10 MeV 
particles 
(ions)* 

Number of 
events when 
flux level was 
met** 

S 5 Extreme 

Biological: unavoidable high radiation hazard to astronauts on EVA 
(extra-vehicular activity); passengers and crew in high-flying aircraft at 
high latitudes may be exposed to radiation risk. *** 
Satellite operations:  satellites may be rendered useless, memory impacts 
can cause loss of control, may cause serious noise in image data, star-
trackers may be unable to locate sources; permanent damage to solar 
panels possible. 
Other systems: complete blackout of HF (high frequency) 
communications possible through the polar regions, and position errors 
make navigation operations extremely difficult. 

105 Fewer than 1 
per cycle 

S 4 Severe 

Biological: unavoidable radiation hazard to astronauts on EVA; 
passengers and crew in high-flying aircraft at high latitudes may be 
exposed to radiation risk.*** 
Satellite operations: may experience memory device problems and noise 
on imaging systems; star-tracker problems may cause orientation 
problems, and solar panel efficiency can be degraded. 
Other systems: blackout of HF radio communications through the polar 
regions and increased navigation errors over several days are likely. 

104 3 per cycle 
 
 

S 3 Strong 

Biological: radiation hazard avoidance recommended for astronauts on 
EVA; passengers and crew in high-flying aircraft at high latitudes may 
be exposed to radiation risk.*** 
Satellite operations: single-event upsets, noise in imaging systems, and 
slight reduction of efficiency in solar panel are likely. 
Other systems: degraded HF radio propagation through the polar regions 
and navigation position errors likely. 

103 10 per cycle 
 
 

S 2 Moderate 

Biological: passengers and crew in high-flying aircraft at high latitudes 
may be exposed to elevated radiation risk.*** 
Satellite operations: infrequent single-event upsets possible. 
Other systems: effects on HF propagation through the polar regions, and 
navigation at polar cap locations possibly affected. 

102 25 per cycle 
 

S 1 Minor 

Biological: none. 

Satellite operations: none. 

Other systems: minor impacts on HF radio in the polar regions.  

10 50 per cycle 

* Flux levels are 5 minute averages. Flux in particles·s-1·ster-1·cm-2. Based on this measure, but other physical 
measures are also considered.  
** These events can last more than one day. 
*** High energy particle measurements (>100 MeV) are a better indicator of radiation risk to passenger and crews. 
Pregnant women are particularly susceptible. 
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Table 3: NOAA Space Weather Storm Scale for Geomagnetic Storm Events 

GGeeoommaaggnneettiicc  SSttoorrmmss Kp values* 
determined 
every 3 
hours 

Number of 
storm events 
when Kp level 
was met; 
(number of 
storm days) 

G 5 Extreme Power systems: widespread voltage control problems and protective 
system problems can occur, some grid systems may experience complete 
collapse or blackouts. Transformers may experience damage. 
Spacecraft operations: may experience extensive surface charging, 
problems with orientation, uplink/downlink and tracking satellites. 
Other systems: pipeline currents can reach hundreds of amps, HF (high 
frequency) radio propagation may be impossible in many areas for one 
to two days, satellite navigation may be degraded for days, low-
frequency radio navigation can be out for hours, and aurora has been 
seen as low as Florida and southern Texas (typically 40° geomagnetic 
lat.)**. 

Kp=9 4 per cycle 
(4 days per 
cycle) 
 

G 4 Severe 

Power systems: possible widespread voltage control problems and some 
protective systems will mistakenly trip out key assets from the grid. 
Spacecraft operations: may experience surface charging and tracking 
problems, corrections may be needed for orientation problems. 
Other systems: induced pipeline currents affect preventive measures, HF 
radio propagation sporadic, satellite navigation degraded for hours, low-
frequency radio navigation disrupted, and aurora has been seen as low as 
Alabama and northern California (typically 45° geomagnetic lat.)**. 

Kp=8, 
including a 
9- 

100 per cycle 
(60 days per 
cycle) 
 

G 3 Strong 

Power systems: voltage corrections may be required, false alarms 
triggered on some protection devices. 
Spacecraft operations: surface charging may occur on satellite 
components, drag may increase on low-Earth-orbit satellites, and 
corrections may be needed for orientation problems. 
Other systems: intermittent satellite navigation and low-frequency radio 
navigation problems may occur, HF radio may be intermittent, and 
aurora has been seen as low as Illinois and Oregon  (typically 50° 
geomagnetic lat.)**. 

Kp=7 200 per cycle  
(130 days per 
cycle) 
 

G 2 Moderate 

Power systems: high-latitude power systems may experience voltage 
alarms, long-duration storms may cause transformer damage. 
Spacecraft operations: corrective actions to orientation may be required 
by ground control; possible changes in drag affect orbit predictions. 
Other systems: HF radio propagation can fade at higher latitudes, and 
aurora has been seen as low as New York and Idaho (typically 55° 
geomagnetic lat.)**. 

Kp=6 600 per cycle 
(360 days per 
cycle) 
 

G 1 Minor 

Power systems: weak power grid fluctuations can occur.  
Spacecraft operations: minor impact on satellite operations possible. 
Other systems: migratory animals are affected at this and higher levels; 
aurora is commonly visible at high latitudes (northern Michigan and 
Maine)**. 

Kp=5 1700 per cycle 
(900 days per 
cycle) 

* The K-index used to generate these messages is derived in real-time from the Boulder NOAA Magnetometer. The 
Boulder K-index, in most cases, approximates the Planetary Kp-index referenced in the NOAA Space Weather 
Scales. The Planetary Kp-index is not yet available in real-time. 
** For specific locations around the globe, use geomagnetic latitude to determine likely sightings 
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  3.2.2 Delivery of Space Weather Meteorological Services 
Sensing, understanding, forecasting, and applying information relating to conditions in the near-Earth 
space environment are key components of monitoring SWx. To maintain accurate and reliable warnings 
for pending hazardous solar activity events, observations of electromagnetic energy and energetic 
particles are crucial.14 A SWx analysis capability analyzes the potential, severity, or other aspects of a 
solar storm event. SWx forecasts attempt to prognosticate, using current events, physics-based and/or 
empirical-based models that simulate the space to atmosphere transfer of highly charged particles in 
characterizing the type of solar event (solar flare, radiation storm, or radio blackout) and its severity in 
time and space.  
From an Australian perspective, the Ionospheric Prediction Service (IPS), a service of the Australian 
Department of Industry, Science and Resources, has been producing Air Route HF prediction charts based 
on real-time and forecast ionospheric models for many years. These also include auroral oval activity 
using Polar-Orbiting Environmental Satellites (POES) satellite data but could be modified perhaps to use 
Geostationary Operational Environmental Satellite (GOES) data in Solar Energetic Particles (SEP) 
events. In addition, IPS has also been producing SID/SWF charts (Short-wave Fadeout charts) based on 
GOES x-ray flux for many years. 
 
 
In recent years, IPS has been working in consultation with the Australian aviation industry on the impacts 
of SWx on GNSS systems. The Australian research team is believed to be at the forefront of in this area 
and the team has investigated the impacts of space weather on Ground Based Augmentation Systems 
(GBAS) and the possibility of tolerance levels being exceeded during large geomagnetic storms.  
 
Polar Cap Absorption (PCA) events are typically monitored using high energy proton data from the 
GOES satellites. IPS also monitors PCA events using a ground based array of Riometers which can be 
used as an alternative to satellite data. For an industry such as aviation, perhaps ground-based alternatives 
should also be considered to satellite data wherever available. 
 
 
IPS has been working with Qantas airlines to some extent on improving the Australian aviation industry 
understanding of radiation hazards from SWx.  
While the NOAA Space Weather Scales are very useful for generalizing SWx events and providing some 
indication of latitudinal dependence, the effects of the associated SWx events at various latitudes can vary 
quite significantly on various technologies such as the GBAS/WAAS, power networks, aircraft radiation 
levels, short-waves fadeouts, HF communication frequencies, etc. GBAS/WAAS is a safety-critical 
system that augments the GPS Standard Positioning Service (SPS) and provides enhanced levels of 
service. Perhaps space information in gridded data format that considers the latitudes, time of day, etc., 
would prove to be most beneficial? 

                                                      
14 OFCM/OSTP, Impacts of NPOESS Nunn-McCurdy Certification and Potential Loss of ACE Spacecraft Solar Wind Data on National Space Environmental 

Monitoring Capabilities, (January 2008). 
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GBAS will offer the following benefits:  

• Ability to support multiple runway ends  

• Reduced flight inspection and maintenance requirements compared to ILS  

• More stable signal, and less interference with preceding aircraft  
The SWPC in Boulder plays a special role as a “World Warning Agency,” acting as a hub for data 
exchange and forecasts.15  The data exchange is standardized in nature and format, ranging from simple 
forecasts or coded information to more complicated content, such as images that the RWCs can utilize to 
provide services to the scientific and user communities within their regions.  
SWx and meteorological services are two aspects of environmental information that are jointly needed in 
support of safety and sustainability of the airline industry socio-economic activities.  The SWPC website 
provides alert messages for SWx activities as follows: 

There are four types of SWx Alert Messages: 

• Watch messages are issued for long-lead times for all SWx activity predictions.  

• Warning messages are issued when some condition is expected. The messages 
contain a warning period and other information of interest.  

• Alert messages are issued when an event threshold is crossed and contain information 
that is available at the time of issue.  

• Summary messages are issued after the event ends, and contain additional 
information available at the time of issue. 

 3.3   Constraints to Address 
There are challenges to ensure the SWx products and service formats are universally accepted and 
efficiently disseminated in a time sensitive manner to be relevant for user needs: 
 

1. It will be required that consistent SWx observations, analyses, and forecasts be presented to all 
decisionmakers on the ground or in the air defining the state of the atmosphere in order to provide 
common situational awareness of elevated radiation exposure while  minimizing communication 
and navigation costs. 

2. Any communication path (up-link, down-link, or cross-link) of SWx information needs to ensure 
a responsible infrastructure accommodating the proper bandwidth for passing uninterrupted SWx 
information for common situational awareness to include elevated radiation exposure at the least 
possible communications and navigation costs. 

                                                      
15 NOAA, Space Weather Prediction Center (SWPC), Manual on Space Weather Effects in Regard to International Air Navigation, (January 2011). 
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Figure 4 shows how SWx information providers who produce forecasts, analyses, and other SWx 
products will receive and disseminate pertinent and reliable streamlined services in near real-time that 
will help improve all phases of flight planning and execution.  This should include, but is not limited to: 

• Type of SWx product (e.g., current or forecast SWx) 

• Currency of the product (i.e., product issue and valid times) 

• Relevance of the product 
 

 
Figure 4: Future Production and Communications Concept 

Thereafter, coordination by ISES through its RWCs would enable aviation regulatory agencies to define 
and categorize the sources.  

Chapter 4 4.0 OPERATIONAL SCENARIO 
It is envisaged that globally harmonized SWx data and the categorization of SWx aviation sources could 
follow the pathway in some respects to that of terrestrial weather, and should take place at ICAO and 
WMO level through the work now being undertaken by the FAA (for ICAO) and by the ISES along with 
the WMO. 
 4.1    Aviation Industry Users – Polar Flight from North America to 
Eastern Asia 
This section defines how SWx analysis capability would be used operationally. The usage scenarios were 
derived from the needs, as well as the existing general ConOps. 
The CPWG sub-group used Chicago-to-Hong Kong polar route operations to consider what SWx 
information, observations, and forecasts are required for each of the impacted areas of the operation as 
shown in Figure 5. 
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Figure 5: Phases of Flight 

The SWx forecast capability will populate a consistent four dimensional (4-D) grid of SWx  
hazard information covering the entire airspace traversed by the depicted trajectory. 

Flight planning DSTs can retrieve relevant information from this grid along the planned and alternative 
flight paths, from takeoff, through departure and climb, and cruise altitude, and through the descent and 
landing. If any type of SWx hazard exceeds established risk tolerance levels anywhere along the 
flight path, the risk will be flagged. In some of the more sophisticated DSTs, not only will carriers and 
dispatchers be flagged to the established level of SWx imposed hazard along a planned trajectory, but also 
the DST will generate alternate or optimized trajectories to minimize their risk.  
The following could be recommended actions if communications is forecast to be poor in some area for a 
period: (1) the traffic flow should be reduced to meet the problem; (2) if the GNSS is going to downgrade, 
there should be a Notice to Airmen (NOTAM) to that effect (the aircraft operator’s Mandatory Minimum 
Equipment List will show whether flight is permitted without reliable GNSS); and (3) if a GNSS 
approach is planned at destination or alternate, the Airport Authority should raise the minima by 
NOTAM. 
Because the 4-D grid is dynamically updated, these risk mitigation decisions are reassessed continuously, 
and the user is only notified when established thresholds are reached during any of the flight segments 
shown in Figure 5. Unfortunately, these tolerance levels have not yet been established. Perhaps the 
NOAA Space Weather Scales, which have become the de facto standard for Radio Blackouts, could 
become formalized across the SWx hazard episode spectrum. DST mechanisms for flight planning need a 
consistent, appropriately scaled, and dynamically updated 4-D grid of SWx hazard probabilities from 
which to draw information. More details on risk levels can only be matured once the operational and 
functional requirements have been established and the scientific capabilities are in place to enable 
threshold specific performance requirements to be developed in approximately five years.   
 4.2   Pre-Flight Space Weather Information Briefing for Pilots 
A required component of all flight operations is the pre-flight weather briefing. Prior to every flight, pilots 
and airline dispatchers should gather all information vital to the nature of the flight. Meteorological 
information is necessary to ensure a safe and efficient flight and to maximize the value of flight 
operations. This should include appropriate SWx information applicable to the operation and obtained 
from recognized official sources (see Table 7). 
The SWx information for airline pilots and dispatchers should provide as complete SWx picture as 
possible geared toward the expected effects on communications, navigation, and radiation exposure while 
planning and dispatching a flight. This information will eventually evolve into more advanced electronic 
plan-based navigation for trajectory-based operations in support of far-term global ATM.  
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Some examples of what types of SWx information will likely be included prior to the departure of any 
flight for planning and to update dispatchers as warranted include the following:  

1. Adverse Conditions: This should include information about adverse conditions that may influence 
a decision to cancel or alter the route of flight. Adverse conditions include significant SWx such 
as loss or disruption of communications, increased levels of radiation at planned altitudes, GNSS 
outages, or inaccuracies affecting navigation. 

2. Synopsis: The synopsis along or near the intended route of flight should be an overview of the 
larger SWx picture and its resulting impact effects from the solar activity (i.e., sunspots, flares, 
geomagnetic storms and its associated activity, ionospheric variations, and aurora 
borealis/australis). 

3. Current Conditions: This portion of the briefing should contain the current SWx observations 
affecting communications, radiation, and navigation along the route of flight. Nil activity, effects, 
and degradation should be stated. 

4.  En Route Forecast: The en route forecast should be a summary of the SWx forecast effecting 
communications, radiation, and navigation for the proposed route of flight. 

5. Communication Frequency Forecast: This forecast, where applicable for the intended flight, 
should provide detailed information on the best (max) useable HF frequencies, with a time period, 
in each ATC Flight Information Region (FIR). D-Region Absorption Product (D-RAP) provides 
airlines and dispatchers with a map indicating  where HF communications are compromised by 
SWx phenomena. D-RAP is driven by GOES X-ray data, energetic particle data, and ground 
magnetometer data and is undergoing verification through cooperation of Canada’s Space 
Weather Forecast Centre. They are constructing a network of HF transmitters/receivers to mimic 
airline communication in real-time against the pilot reports logging radio frequency and contacts, 
and broken contacts. 

6. Destination GNSS Forecast: The destination GNSS forecast should be a summary of the expected 
GNSS reliability and accuracy for the anticipated arrival and runway at the destination airport at 
the Estimated Time of Arrival (ETA). 

7.  Radiation Aloft: Radiation aloft should be a forecast of the atmospheric radiation dose  rates at 
specific altitudes along the route of flight.  
 
8.  ATC Delays: This should be an advisory of any known or anticipated ATC delays or spacing 

variations, due to SWx activity, that may affect the flight.  
9.  Other Information: At the end of the standard briefing, the specialist or service provider should 

provide telephone number information to contact their services or for the National ISES RWC. 
Airborne radio frequencies to contact En Route Flight Advisory Services (EFAS) should also be 
considered. Any additional information requested should also be provided in this section. 

The SWx events that concern commercial air operations most are those that disrupt the operational 
systems and those that increase the radiation environment: GCR, SEP, CME, and Geomagnetic Storms 
(and more directly, the ionospheric disturbances). These events can damage or destroy electrical 
equipment, disrupt communications and navigation systems, and endanger human health in space and on 
Earth. In summary, it is recommended that SWx be included in the standard flight document folder 
provided to each flight crew as defined in the ICAO Weather Annex 3.  
 4.3   Future Targets for Outlook Information   
The reliability and confidence levels or probability (%) of a forecast event is crucial to increasing 
operational efficiency and cost benefit in the future. SWx events can affect large volumes of airspace over 
long timescales, leading to large commercial impacts. Therefore, operational decisionmakers need to have 
increased confidence in all SWx forecasts and observations. Each SWx product will have different 
reliability and therefore differing confidence levels associated with them, Table 4 provides the breakdown 
by product type of the levels of confidence will be required in the future. 
 

Table 4: Summary Table of General % Confidence Levels in Future Forecast Products 

 7 days 3 days 30 hrs 12 hrs 6 hrs 0 hrs Dispatcher Issued 
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as Warranted 
Forecast 65-85% 65-85% 75-95% 75-95% 95%   
Warning    95% 95% Audio-visual  

“Attention- 
getter” icons 

 
Alert      95% 

Parameter 
Changes 

Update      95%  
Parameter  
Thresholds 

Post-Event 
Analysis 

      99%  
As Required by 

End User 
However, the percentage confidence levels do vary depending on the particular hazard. 
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 4.4   Methodology for Dissemination of Space Weather Information 
SWx information needs to be integrated into the flight planning operation alongside terrestrial weather for 
the end users, and this information must be presented in an understandable format that novice SWx 
readers within the aviation industry can act upon in real time. 

SWx information and reports should be disseminated to all users in a manner similar to terrestrial 
weather, such as through all currently available and regulatory-approved transmission methods. 

In addition, SWx products and services should be made available to maintenance and engineering 
personnel for post-event analysis in the case of avionic upsets and GNSS outages. 

The method of delivery of SWx products and reports should be seamless and conform to existing protocol 
so it can easily be ingested into DSTs and easily displayed and understood as the lowest common 
denominator. 

SWx information can be either “pushed” or “pulled” and if required, integrated with the 
Operations/Dispatchers work area as follows: 

• Pushed: Warnings, Alerts, Updates, Text, and Alert graphics 

• “Attention-grabbing Icons” for Operators/Dispatchers: Warnings, Alerts, Updates 
It might be worth considering a global ATM model that will be an extension to the NextGen 4-D weather 
cube currently being developed; the goals focusing on significantly increasing the safety, security, and 
capacity of air transportation operations and thereby improving the overall economic well-being of the 
Global Airspace. The key capabilities will rely on new network-enabled information access that will 
ensure information is available, securable, and usable in real time across air transportation domains.  

   4.5   Collaborative Decision Making 
  4.5.1   Operational Decision Processes 
SWx information is needed to support operational decisions for the polar routes by Airline Operations 
Centers, Flight Crews, and Air Navigation Services Providers. The following matrix attempts to identify 
the various users and the information needed for decision making. 

Table 5below are based upon similar decision areas and criteria taken from the latest NextGen draft 
document for the Preliminary Performance Requirements (Version 0.2c, September 10, 2008).16 

The Tables cross-reference the SWx information versus decisionmaker matrices. 
Note: “x” indicates the user requires this information for their decisions. 

1 Includes military pilots 
2 Includes military operations 
3 Includes commanders and operations officers 
4 Includes  commercial space operators 

                                                      
16 JPDO Weather Functional Requirements Study Group, “Four-Dimensional Wx Functional Requirements for NextGen Air Traffic Management, Version 0.2,” February 15, 2008.   
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Table 5a and 5b: SWx Information versus Decisionmaker Matrices 
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x x x x  x x  x  x x x x  x x   x 
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 4.6    Capability Shortfalls  
SWx is typically a global-scale phenomenon unlike other known weather hazards that are usually linked 
to specific FIR. Despite the evolving Heliophysics System Observatory of satellites, the space and 
ionospheric observational data is sparse and the current models are unable to predict with reasonable 
confidence pertinent sunspot activity that will significantly impact the Earth’s magnetosphere, given the 
orthogonality of the solar flare activity along the Sun-Earth line. The accuracy of this forecast depicts the 
intensity features of the solar event and the important aspects of the time of onset and termination of this 
SWx hazard. 
The SWx forecast products are in the evolutionary phase.  As SWx products continue to evolve, an initial 
list of objectives will be targeted as follows: 

• Smooth integration of forecasts based on the ACE spacecraft or its replacement, 
NASA’s Discover (DSCVR) spacecraft vehicle along with other spacecraft 
observations, numerical model output and forecaster input 

• Refinement of probabilities both from a user and a Air Traffic Management 
standpoint as presented in Table 4 

• Improved forecast accuracy and reliability as heliospheric space physics models 
evolve 

• Inadequate capabilities improve to accurately identify and predict the time, duration, 
and intensity of SWx events for aviation users as defined in the functional 
requirements in Section  Chapter 5 

• Ability to forecast solar eruptive activity prior to initial event 

• Improve the definition of dimensions for affected area from impacts (i.e., HF outage) 

• Probability output disseminated in gridded format 

• SWx forecasts from the NOAA Space Weather Scale become uniformly interpreted 
by warning advisory centers in standard manner and the respective procedures that 
precipitate from such information 

SWx advisories are often nowcast-type forecasts and err on the side of safety, issuing potential solar 
storm-scale intensity indices greater than what actually transpires. This results in flight maneuvers to 
lower altitudes to reduce potential radiation exposure but adds time and duration to flight path, and in the 
worse cases leads to costly en route diversions and delays. Insufficient detection and excessively coarse 
modeling of SWx are two of the major shortfalls in weather capability toward reliable forecasts for the 
specific duration and intensity thresholds of SWx hazards affecting communications, navigation, and 
radiation exposure.  

4.6.1 Recommendations to Mitigate some SWx Information Shortfalls 
A consensus Mission Need Statement (MNS) would help focus and maintain the collaborative 
international community effort toward global harmonization of SWx information in a single standard. 
Would the spirit of a MNS,17which identifies SWx phenomena, be employed on a trial basis within the 
US Domestic National Air Space (NAS)?  The ATM in the US NAS uses a daily cyclic schedule of 
collaborative decision making to reach consensus in mapping out a sensible, cost-effective strategy that 
employs existing and planned FAA systems to create and disseminate tailored SWx information products. 
This test case of the MNS within the US NAS could be evaluated to see how this process could dove-tail 
into an established single global standard for products and services. In this test case, the MNS articulates 
the principle drivers of SWx impacts along the handful of polar airline routes opened to commercial 
traffic from North America to East Asia over the last decade. This situation presents all the potentially 

                                                      
17 Mission Needs Statement for Aviation Weather MNS #339, Version 1.0 
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hazardous effects to evaluate as a result of incoming high charged particles (solar storms) focused in the 
polar regions downward along the Earth’s magnetic field to aviation altitudes impacting navigation, 
communications, and radiation exposure to crew and passengers. The development of this MNS was 
driven by documented user needs for aviation SWx. Meeting the criteria in the MNS (Table 6) provides 
the ability for operational decisionmakers (e.g., pilots, traffic flow managers, controllers, flight service 
specialists, and airline dispatchers) to mitigate the impact of adverse SWx in the NAS and across polar 
routes shown in Figure 1. Improving the reliability and confidence levels of forecast products that result 
from improving the monitoring and sensing of the spatial and temporal elements of solar events will lead 
to less avionic equipment degradations and human health threats while increasing the socio-economic 
benefit, efficiency, and safety for the aviation industry.  

The Australian IPS is in the process of developing an extreme SWx service that will be based on a 
“count-down” style warning system from the initiation of the event on the sun, through the solar wind to 
Earth and the subsequent impact on national infrastructures. The count-down scale runs from a level 5 
(initialization of event) down to 0 (storm in progress or significant impact on a particular technology 
based on relevant thresholds). Perhaps this count-down method is an alternative or some modification of 
such for consideration to the current “watch,” “warning,” and “alert” levels discussed earlier in this 
document during a demonstration period serving as a testbed within the US NAS. 

Table 6: User Needs to Better Understand SWx to Mitigate Its Impacts on Aviation Operations 

 Aviation SWx Mission Needs Statement – Impact Mitigations 
1 Improved detection of solar, interplanetary, Ionospheric and atmospheric variables related to SWx 
2 Improved forecasting SWx models 
3 Improved current and forecast SWx products 
4 Better dissemination of the products to users 

Understanding how terrestrial weather is standardized for aviation will help space weather providers in 
many scenarios to configure their information and services for efficient delivery.  

a) In Situ Observations – ACE and its replacement (the DSCVR spacecraft), SOHO, 
STEREO, and other spacecraft observing the solar wind, the interplanetary magnetic 
field, and SEP. 

b) Nowcasts/Forecasts – Advanced space physics-based and/or empirical-based models 
(i.e., Global Assimilation of Ionospheric Measurements [GAIM] ) 
 

c) Remote Sensing – Evolving Heliophysics System Observatory – Spacecraft Constellation 
looking at the sun in total in 4-dimensions (i.e., STEREO,  Two Wide-Angle Imaging 
Neutral-Atom Spectrometers [TWINS-2], etc.)  
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Chapter 5 5.0 SPACE WEATHER REQUIREMENTS for AVIATION 
 5.1   The Need for Space Weather Requirements 

This document describes the format and contents of the requirements.  This ConOps is a user-oriented 
document that describes the service needs of the to-be-delivered operational requirements from the user’s 
viewpoint. The ConOps document is used to communicate overall quantitative and qualitative user 
service needs of the various aviation operators, engineers, trainers, facilities, staffing, and maintenance to 
reach the thresholds of user mission(s), organization(s), and organizational objectives from an integrated 
information point of view.   
The socio-economic impact of SWx is great and continues to grow. The airline industry’s vulnerability 
continues to increase especially with the growing number of daily trans-polar commercial flights and their 
reliance on satellite technologies and radio communications. GNSS allows every country to develop 
positioning, location and timing services for their own constituency.  There largest source of error is 
imposed by SWx.     
ICAO would be the international body with the remit to define requirements for SWx warnings to 
aviation, possibly through relevant amendments to its Annex 3 – Meteorological Service for International 
Air Navigation (Weather Annex: www.icao.int).  
The relevance of better integrating SWx with terrestrial weather information is now under the purview of 
the IAVWOPSG, ICAO, and, on a regional basis, the NextGen Air Traffic project in the United States. 
Integration is expected to improve efficiency of the end-to-end warning process through relying on 
established procedures and communication tools.18 
This ConOps document identifies and summarizes the high level operational requirements and the 
supporting incremental functional requirements (more detailed).  These requirements were gleaned from 
the “Aviation Space Weather User Service Needs” document developed by the Space Weather Sub-Group 
under the CPWG. The 20 AUN statements were defined and reached consensus with participating 
member states in December 2010.  
A functional analysis was performed on these AUNs incorporating critical content from the document as 
well which allows for responsible and accountable requirements to be written against.  The definition of 
these operational and functional requirements has been defined in Section  0.   
  

                                                      
18 WMO Space Programme SP-5,  “The Potential Role of WMO in Space Weather,” (April 2008). 
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 5.2    Initial Set of Requirements for Consideration 
 

Operational Requirement Functional Requirement Operational Requirement 

Observe Space Weather 

1. The Provider State(s)19 shall provide the infrastructure to deliver observed space 
weather information. 

2. The Provider State(s) shall provide the infrastructure to deliver observe solar 
electromagnetic radiation in the extreme ultraviolet (EUV) spectrum during flares. 

3. The Provider State(s) shall provide the infrastructure to deliver observe solar 
particle events. 

4. The Provider State(s) shall provide the infrastructure to deliver observe 
geomagnetic storms. 

5. The Provider State(s) shall provide the infrastructure to deliver observe solar radio 
noise. 

6. The Provider State(s) shall provide the infrastructure to deliver observe galactic 
cosmic rays. 

To provide knowledgeable understanding 
of current space weather conditions.  

   

Forecast Space Weather 

1. The Provider State(s) shall provide forecast for space weather. 
2. The Provider State(s) shall provide forecast for solar electromagnetic radiation in 

the extreme ultraviolet (EUV) spectrum. 
3. The Provider State(s) shall provide forecast for solar particle events. 
4. The Provider State(s) shall provide forecast for solar radio noise. 
6. The Provider State(s) shall provide forecast for galactic cosmic rays. 

To provide knowledgeable understanding 
of forecast space weather conditions. 

   

Perform Post-Event Analysis 

1. The Provider State(s) shall acquire the space weather information as required by 
end users for Post-event Analysis (PEA). 

a. The Provider State(s) shall perform a PEA. 
b. The Provider State(s) shall collect space weather information. 
c. The Provider State(s) shall collect operational response information. 
d. The Provider State(s) shall analyze the space weather related impact. 
 e. The Provider State(s) shall use analysis results to improve space weather 

situational awareness. 

To improve space weather cause and effect 
information.  

  
 

                                                      
19 The “Provider State” is any ICAO stakeholder member with the capability and responsibility to execute the task presented. 
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Operational Requirement Functional Requirement Reason for Requirements 

Space Weather Impacts regarding the 
disruption to or loss of Radio 

Frequency (RF) for High-Frequency 
(HF) are defined. 

1. Provider State(s) shall define space weather impacts for the disruption to or loss of 
Radio Frequency (RF) for High-Frequency (HF) communications. 

2. Aviation operators shall define space weather impacts for the disruption to or loss 
of Radio Frequency for High-Frequency (HF) communications. 

 

Ability to make position reports and remain 
compliant within the confines of  ICAO 

Annex 11 paragraph 6.1.2.2 and CFR 14,   
§ 121.99 in the mid and low latitudes 
(dayside), polar regions, and auroral 
latitudes from related severe weather 

events:  Solar Extreme Ultra-Violet (EUV) 
during flares, Solar Particle Events (SPE), 

and Geomagnetic Storms. 
   

Space Weather Impacts regarding the 
disruption to or loss of RF for Very 
High-Frequency (VHF) are defined. 

1. Provider State(s) shall define space weather impacts for the disruption to or loss of 
Radio Frequency (RF) for Very High-Frequency (HF) communications. 

2. Aviation operators shall define space weather impacts for the disruption to or loss 
of Radio Frequency (RF) for Very High-Frequency (HF) communications. 

Ability to make accurate position reports, 
improve measurement of radiative 

accumulative dosage onboard aircraft and 
remain compliant within the confines of 
ICAO Annex 11 paragraph 6.1.2.2 and 

CFR 14,  § 121.99 on the sunlight side due 
solar radio noise. 

   

Space Weather Impacts regarding the 
disruption to or loss of RF for Ultra 
High-Frequency (UHF) are defined. 

1. Provider State(s) shall define space weather impacts for the disruption to or loss of 
Radio Frequency for Ultra High-Frequency (UHF) communications. 

2. Aviation operators shall define space weather impacts for the disruption to or loss 
of Radio Frequency for Ultra High-Frequency (UHF) communications. 

Ability to make position reports and remain 
compliant globally within the confines of 
ICAO Annex 11 paragraph 6.1.2.2 and 
CFR 14,  § 121.99 due to geomagnetic 

storms. 
   

The impacts of space weather 
regarding the disruption to or loss of 
RF for satellite communications are 

defined. 

 
1. Provider State(s) shall define space weather impacts for the disruption to or loss of 

Radio Frequency (RF) for satellite communications. 
2. Aviation operators shall define space weather impacts for the disruption to or loss 

of Radio Frequency satellite communications. 

Ability to make position reports and remain 
compliant globally within the confines of 
ICAO Annex 11 paragraph 6.1.2.2 and 
CFR 14,  § 121.99 due to geomagnetic 

storms. 
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Operational Requirement Functional Requirement Reason for Requirements 

The impacts of space weather 
regarding variations on radiation are 

defined that effects: 
a. Erroneous measurements on 

onboard avionics 
   b. Effects on humans (accumulative 

exposure amounts over time) 

1. The Provider State(s) shall define the impacts of variations in radiation that 
produce erroneous measurements from onboard avionics. 

2. The Provider State(s) shall track radiation exposure dosage to aircrew and 
passengers.  

3. Aviation Operators shall track radiation exposure dosage to aircrew and 
passengers. 

Ability to measure radiation doses of 
ionizing radiation energy  > 10 MeV for 

flights routes in Polar/High latitude regions 
at high altitudes for aircraft, reusable 

launch vehicles (RLVs) and expendable 
launch vehicles (ELVs) effected by 

Galactic Cosmic Rays (GCR), Solar Cycle, 
and Solar Proton Events (SPE). 

   

The impacts of space weather 
affecting the reliance of GNSS are 
defined regarding its accuracy and 

availability percentage. 

The impact of space weather on the reliability of the GNSS (percentage of interruption 
time) availability shall be defined regarding the signal strength of reception and the 

corresponding potential degradation of space weather information for navigation 
accuracy. 

 

Ability to accurately determine and predict 
occurrences of  Ionospheric scintillation 

and solar radio burst to analysis the liability 
of the positioning information used for 

navigation, approach and landing due to 
signal loss and allow for the utilization of 
alternative methods in the equatorial and 

auroral regions for solar EUV during flares, 
Geomagnetic Storms & SPEs. 

   

The following type of space weather 
information for Observations are 
defined that describes the current 

space weather conditions (not just of 
the sun or its activity source), but the 
cause where the impact takes place. 

1.  The Provider State(s) shall provide space weather warnings. 
2.  The Provider State(s) shall provide space weather alerts. 
3.  The Provider State(s) shall provide space weather updates. 

To provide more clear description of space 
weather information regarding its expected 

severity to improve aviation operational 
efficiency. 

   

The following type of space weather 
information is defined for Forecasts. 

The future space weather conditions shall be described by specifying the time of the 
condition in minutes, hours, or days in advance of the space weather impact. 

To provide future operations impacts along 
flight route with confident accuracy and 
allow cost effective tactical and strategic 
flight planning to maximize efficiency 

while maintaining safety. 
   

The following type of space weather 
information is defined for 

Climatology. 

1. The Provider State(s) shall generate a scintillation climatology. 
2. The Provider State(s) shall generate a solar cycle climatology. 
3. The Provider State(s) shall generate a geomagnetic storm climatology. 
4. The Provider State(s) shall generate a solar radiation intensity climatology. 
5. The Provider State(s) shall generate a high energy particle regions climatology. 

 

Used to interpret the type of phenomena 
over time in support of post event analysis 

of commercial, operational, safety and 
technological impacts. 
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Operational Requirement Functional Requirement Reason for Requirements 
   

The following type of Space Weather 
report is standardized in user-specific 

text format. 

The Provider State(s) shall standardized space weather reports in user-specified 
formats. 
1. Space Weather information formats shall include graphical analysis charts of space 

weather observations.  
2. Space Weather information formats shall include textual reports of space weather 

observations. 

To mitigate cost of redundant infrastructure 
and establishing a global standard for 

global harmonization in format and content 
consistency. 

   

The following type of Space Weather 
report is standardized in user-specific 

graphical format. 

1. All Space Weather information graphical analysis charts shall depict significant 
Space Weather across all defined flight boundary regions.  

2. Space Weather information shall be delivered by all available delivery methods. 

To mitigate cost of redundant infrastructure 
and establishing a global standard for 

global harmonization in format and content 
consistency. 

   

Specific Space Weather information 
is standardized in format and content 

within the reports and in line with 
ICAO Annex 3 templates and 

requirements. 

1. All Space Weather reports shall specify the station identifiers. 
2. All Space Weather reports shall specify the affected airspace or solar regions. 
3. All Space Weather reports shall follow standardized formats. 
4. All Space Weather reports shall use defined boundaries of the solar regions. 
5. All Space Weather reports shall specify the date and time of the report in UTC. 
6. All space Weather reports shall comply with the ICAO Annex 3 templates. 
7. All space Weather reports shall comply with the ICAO Annex 3 requirements. 

Developing a consistency in the content of 
message that embraces global 

harmonization in a global standard 
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Operational Requirement Functional Requirement Reason for Requirements 

The severity of impact in 
standardized format in the reports for 

text and graphical displays are 
described and in line with ICAO 

Annex 3 templates and requirements. 

1. The Provider State(s) shall define space weather terminology. 
2. The Provider State(s) shall standardize space weather terminology. 
3. The Provider State(s) shall include severity of impact in a standardized format in 

the space weather reports for text and graphical displays. 
4. The Provider State(s) shall specify the cause of the space weather hazard in space 

weather reports. 
5. The Provider State(s) shall specify the altitudes or flight levels of the hazard in 

space weather reports. 
6. The Provider State(s) shall establish a standardized international severity storm 

index scale such as the NOAA Solar Storm Scale to be used in describing the 
severity index of the event and related impact. 

7. The Provider State(s) shall standardized color schemes or shading (i.e.; traffic light 
system – red, yellow, green) in graphical reports that are used to define the 
distribution of the space weather event severity.   

8. The Provider State(s) shall ensure the standardized international severity storm 
scale index is in-line with ICAO Annex 3 templates. 

9. The Provider State(s) shall ensure the standardized international severity storm 
scale index is in-line with ICAO Annex 3 requirements. 

Developing a consistency in the content of 
message that embraces global 

harmonization in a global standard 
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Operational Requirement Functional Requirement Reason for Requirements 

Timelines and durations similar to 
terrestrial weather are described 

where feasible for both text reports 
and graphical charts (i.e.; forecast, 

warning, alert, and update). 

The Provider States(s) shall include the following information as warranted in all 
Forecast, Warnings, Alerts and Update type messages: 
1. The applicable impact shall be defined. 
2. The “from” validation time to include day of month shall be specified. 
3. The “duration” of event or valid “to” time shall be specified. 
4. Ongoing changes during the event shall be provided. 
5. A Space Weather forecast shall be provided at the 4-synoptic times daily out to 

the 30-hour timeframe. 
6. A Space Weather 12-hour forecast shall be provided every 3-hours. 
7. For text message reports only, 6-hour Space Weather forecast shall be provided 

every 2-hours. 
8. Space Weather forecast shall be provided daily for 3-Day and 7-Day time frames. 
9. “Warnings” for Space Weather impacts shall be provided with 6-hour lead time. 
10. “Text” message reports, 6-hour warning shall be provided describing any Severe 

Weather (SW) element forecast that increases the hazard index severity in 
accordance to NOAA Space Weather Scale or another established international 
severity index scale. 

11. “Alert” messages shall be immediately delivered. 
11a. “Alert” messages shall be valid for a specific time period where the activity is 

forecast to remain above a specified threshold or will increase further based upon 
the NOAA Space Weather Scale or another established international severity 
index scale. 

12. “Update” messages as warranted shall be delivered in a manner described for 
“Alert” messages but for the parameter changes where the space weather event 
activity decreases below actionable levels. 

These messages establish global 
harmonization of Space Weather 

information in a standardized manner that 
reduces ambiguities while enhancing 

operator efficiency over long-haul routes. 

   

An estimate of the accuracy of the 
Space Weather information is 

provided. 

The Provider State(s) shall deliver Space Weather information with the accuracy as 
follows: 

1. The Space Weather information shall state the liability, percentage (%) confidence 
levels or probability of information (alert/event/parameter, change, etc.) occurring 
within the defined time frame of the report/graphic. 

2. The accuracy or % confidence levels established for various hazards (not 
standardized) is defined with current condition remarks supporting reliability 
targets. 

3. The Space Weather information provider shall use any means similar to the 
terrestrial weather where feasible to describe familiar terminology for “Space 
Weather” event that specify initial and warranted updates of duration in hours of 
expected conditions and operational impacts. 

Advocates global harmonization of Space 
Weather information in single global 

standard. 
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Operational Requirement Functional Requirement Reason for Requirements 
The geomagnetic latitudes 

corresponding to geographical 
delineated regions affected by space 
weather are defined across aviation 
global airspace (Polar Cap, Auroral 
Electrojet, Middle-Latitude, Ring 

Current, and Equatorial Electrojet). 

The Provider State(s) shall define the geomagnetic geographic latitude boundaries 
(Appendix E) and volumes affected by the hazards within the report: 
1. The latitude and longitude shall be defined. 
2. The Flight Information Regions (FIRs) shall be defined. 
3. The Volcanic Ash Advisory Centers (VAACs) shall be designated. 
4. The ISE Regional Warning Centers (RWCs) regions shall be defined. 
5. The altitudes/flight levels shall be defined. 

Space Weather events are generally global 
in nature but depending on the type of solar 
storm its severity index impact vary within 
defined banded aviation airspaces around 

the world requiring various mitigating 
operational actions to maintain maximum 

efficiency. 
   

Space weather information, reports, 
and charts are transmitted via all 

currently available and regulatory 
approved transmission methods. 

Provider State(s) will utilize transmission methods and integrate with aviation 
operations in a similar manner to terrestrial weather whenever possible: 

1.  Provider State(s) shall transmit space weather information via a qualified internet 
communications Provider. 

2. Provider State(s) shall integrate the text and chart reports with dispatch for 
forecast, warnings, alerts and updates. 

3. Provider State(s) shall provide audio-visual or “attention getters” reports 
associated with warnings, alerts and updates for dispatchers. 

Using available and already established 
infrastructure that is already familiar to the 
operator will mitigate cost to the industry 
and confusion when integrating this new 
type of information into the system for 

coordinated en route avoidance maneuvers 
and more efficient flight planning. 
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Operational Requirement Functional Requirement Reason for Requirements 

The information and the observed 
effects on disruptions to HF 

communications are provided to 
allow for different aviation 

operational windows and flow 
control/spacing procedures, 

especially in polar operations. The 
following description of impact and 
specified information are defined as 

needed. 

1. The Provider State(s) shall quantify the severity of the solar event to HF disruption 
as set forth in the NOAA Storm Scale or an established international severity index 
scale. 

2. The Provider State(s) shall provide the related information based upon the severity 
on signal strength/loss, clarity and available or best useable frequencies. 

3. The Provider State(s) shall define the timelines and durations of  HF disruption 
with the following information: 

a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

4. The Provider State(s) shall define the forecast accuracy for HF disruption in a text 
or graphic report. 

a.  In the future, space weather forecast conditions shall meet the defined 
reliability percentage (%) confidence levels for these timeframes and 
types of reports: 

1.      7 days - 65% 
2.      3 days - 75% 
3.      30 hours - 85% 
4.      12 hours – 95% 
5.      6 hours – 95% 
6.      Alerts – 95% 
7.      Updates – 95% 
8.      PEA – 99% 

5. The Provider State(s) shall recognize the geomagnetic geographic latitude 
region(s) defined in Appendix H (Figure 7) for the HF disruption in regard to their 
products and service messages. 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 

The information and the observed 
effects on disruptions to VHF 

communications from space weather 
events occurring on the sunlit side of 
the earth are provided resulting from 

Sudden Ionospheric Disturbance 
(SID) of radio signals within the 
VHF and HF ranges, lasting form 

minutes to hours in duration 
depending upon the magnitude and 

duration of the solar event. 

1. The Provider State(s) shall quantify the severity of the solar event to VHF 
disruption as set forth in the NOAA Storm Scale or an established international 
severity index scale. 

2. The Provider State(s) shall provide the related information based upon the severity 
on signal   strength/loss, clarity and available or best useable frequencies. 

3. The Provider State(s) shall define the timelines and durations of VHF disruption 
with the following information: 

a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

4. The Provider State(s) shall define the forecast accuracy for VHF disruption in a 
text or graphic report. 

a.   In the future, space weather forecast conditions shall meet the defined 
reliability percentage (%) confidence levels for these timeframes and 
types of reports: 

1.      30 hours - 65% 
2.      12 hours – 85% 
3.      6 hours – 95% 
4.      Alerts – 95% 
5.      Updates – 95% 
6.      PEA – 99% 

5. The Provider State(s) shall recognize the geomagnetic geographic latitude 
region(s) defined in Appendix H (Figure 7) for the VHF disruption in regard to 
their products and service messages. 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 

The specified information is provided 
and description of impact of the 

observed effects on a line-of-sight 
signal loss to UHF communications 

due to disruptions from space 
weather activity (primarily more of 
interest to military radar systems). 

1. The Provider State(s) shall quantify the severity of the solar event to UHF 
disruption as set forth in the NOAA Storm Scale or an established international 
severity index scale. 

2. The Provider State(s) shall provide the related information based upon the severity 
on signal strength/loss, clarity and available or best useable frequencies. 

3. The Provider State(s) shall define the timelines and durations of UHF disruption 
with the following information: 

a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

4. The Provider State(s) shall define the forecast accuracy for UHF disruption in a 
text or graphic report. 

a.   In the future, space weather forecast conditions shall meet the defined 
reliability percentage (%) confidence levels for these timeframes and 
types of reports: 

1.      7 days - 65% 
2.      3 days - 75% 
3.      30 hours - 85% 
4.      12 hours – 95% 
5.      6 hours – 95% 
6.      Alerts – 95% 
7.      Updates – 95% 
8.      PEA – 99% 

5. The Provider State(s) shall recognize the geomagnetic geographic latitude 
region(s) defined in Appendix H (Figure 7) for the UHF disruption in regard to 
their products and service messages. 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 

The specified information is provided 
and description of impact of the 

observed effects on a line-of-sight 
signal loss to VHF/UHF 

communications to the satellite 
(classified as satellite 

communications). 

1. The Provider State(s) shall quantify the severity of the solar event to satellite 
communication disruption as set forth in the NOAA Storm Scale or an established 
international severity index scale. 

2. The Provider State(s) shall provide the related information based upon the severity 
on signal strength/loss, clarity and available or best useable frequencies. 

3. The Provider State(s) shall define the timelines and durations of satellite 
communication disruption with the following information: 

a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

4. The Provider State(s) shall define the forecast accuracy for satellite 
communication disruption in a text or graphic report. 

a.  In the future, space weather forecast conditions shall meet the defined 
reliability percentage (%) confidence levels for these timeframes and 
types of reports: 

1.      30 hours - 65% 
2.      12 hours – 85% 
3.      6 hours – 95% 
4.      Alerts – 95% 
5.      Updates – 95% 
6.      PEA – 99% 

5. The Provider State(s) shall recognize the geomagnetic geographic latitude 
region(s) defined in Appendix H (Figure 7) for the satellite communication 
disruption in regard to their products and service messages. 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 

The information on the radiation 
environment is provided that will 

affect avionics by collaborating and 
having, “The Institute of Electrical 
and Electronics Engineers (IEEE) 

Standards of Avionics,” distributed to 
the aviation industry along with the 
internationally accepted radiation 

effects on avionics education 
syllabus. 

1. The Provider State(s) shall provide related information of Galactic Cosmic Ray 
(GCR) rates that will affect the aircraft Avionics. 

2. The Provider State(s) shall provide solar radiation rates that will affect the aircraft 
Avionics.  

3. The Provider State(s) shall provide the rate of change of the radiation environment 
rates (up or down) that will affect the aircraft Avionics. 

4. The Provider State(s) shall provide the peak radiation rates that will affect the 
aircraft Avionics.  

5. The Provider State(s) shall provide the risk factor on the aircraft avionics. 
6. The Provider State(s) shall provide the high energy (ionized) particle spectra for 

Post-Event Analysis affecting aircraft avionics. 
7. The Provider State(s) shall define the timelines and durations of the radiation 

effects with the following information: 
a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

8. The Provider State(s) shall define the forecast accuracy of the radiation effects in a 
reliability percentage (%) confidence levels for future  text or graphic reports: 

1.      7 days - 65% 
2.      3 days - 75% 
3.      30 hours - 85% 
4.      12 hours – 95% 
5.      6 hours – 95% 
6.      Alerts – 95% 
7.      Updates – 95% 
8.      PEA – 99% 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 

An accept radiation exposure/health 
monitoring guidance plus the 

education syllabus should be made 
available to the aviation industry 

1. The Provider State(s) shall provide related information of the radiation 
environment that will affect humans. 

2. The Provider State(s) shall provide solar radiation dose rates that will affect 
humans.  

3. The Provider State(s) shall provide the rate of change of dose rates (up or down) 
that will affect humans. 

4. The Provider State(s) shall provide the peak dose rates that will affect humans.  
5. The Provider State(s) shall provide the risk factor on human exposure. 
6. The Provider State(s) shall provide the high energy (ionized) particle spectra for 

Post-Event Analysis affecting human exposure. 
 
7. The Provider State(s) shall define the timelines and durations of the radiation 

effects with the following information: 
a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

8. The Provider State(s) shall define the forecast accuracy of the radiation effects in a 
reliability percentage (%) confidence levels for future  text or graphic reports: 

1.      7 days - 65% 
2.      3 days - 75% 
3.      30 hours - 85% 
4.      12 hours – 95% 
5.      6 hours – 95% 
6.      Alerts – 95% 
7.      Updates – 95% 
 8.      PEA – 99% 

9. The Provider State(s) shall describe the impacts for radiation affects within the 
recognized geomagnetic geographic latitude defined regions. 

10. The Provider State(s) shall define the required altitudes, flight levels and volumes 
being affected by the radiation environment. 

To maximize safety for crew and 
passengers while maintaining operational 
efficiency and cost benefit for the aviation 
industry through global harmonization of 
Space Weather information delivered in a 

global standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 

The information on the accuracy and 
availability of the Global Navigation 
Satellite System (GNSS) is provided 

that does not include the specific 
performances of the different 
National GNSS (i.e.; Global 

Positioning System, Galileo, etc). 

1. The Provider State(s) shall quantify the severity of the solar event to the Global 
Navigation Satellite System (GNSS) performance capability as set forth in the 
NOAA Storm Scale or an established international severity index scale with the 
following details: 

a. The information for maximum horizontal and vertical inaccuracies 
shall be   provided 

b. The information on the rate of onset of the solar event impact to 
GNSS shall be provided 

c. The information on the outages of the GNSS shall be provided 
d. The information on the airfield approach category drops shall be 

provided 
e. Updated confidence levels for the WAAS, LAAS and RNP shall be 

provided 
f.    Any related GNSS impact information  shall be provided for Post-

Event Analysis data 
2. The Provider State(s) shall define the timelines and durations of the solar event on 

the GNSS with the following information: 
a.  A “valid from” time frame shall be provided 
b.  A duration or “ valid to” time frame shall be provided 
c.  Ongoing changes shall be provided as part of any Update Report 
d.  Any “confidence levels” shall be provided 
e.  Current condition reports shall be provided 

3. The Provider State(s) shall define the forecast accuracy of the radiation effects on 
the GNSS performance in a reliability percentage (%) confidence level for future  
text or graphic reports: 

1.      7 days - 65% 
2.      3 days - 75% 
3.      30 hours - 85% 
4.      12 hours – 95% 
5.      6 hours – 95% 
6.      Alerts – 95% 
7.      Updates – 95% 
 8.      PEA – 99% 

4. The Provider State(s) shall describe the impacts upon the GNSS and the 
boundaries of its performance within the recognized geomagnetic geographic 
latitude defined regions. 

5. The Provider State(s) shall define the required airfields and runways availability 
based upon the impact of space weather on the GNSS. 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 
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Operational Requirement Functional Requirement Reason for Requirements 
The space information is delivered to 

all appropriate operational and Air 
Traffic Management (ATM) 

decision-makers using a decision-
maker  matrix based upon similar 

criteria for Preliminary Performance 
Requirements formulated in the 

NextGen arena 

1. The Provider State(s) shall provide a matrix of space information types to all 
aviation decision-makers as recognized in Section 4.4.1 (Tables 5a and 5b on  
page 21). 

2. The Provider State(s) shall coordinate with international aviation operators to 
develop a decision-maker matrix similar to Tables 5a and 5b on page 21 (Section 
4.4.1) for future aviation operations. 

To maximize operational efficiency and 
cost benefit for the aviation industry 

through global harmonization of Space 
Weather information delivered in a global 

standard framework 

   

The method and delivery path of 
well-defined regulated, and clearly 

understood daily space weather pilot 
briefing packs are provided in similar 

practices and protocol already 
established for terrestrial weather 

information. 

1. The Provider State(s) shall advocate the seamless integration of space weather 
pilot briefing packs into the operational routine. 

1a. The Provider State(s) shall ensure space weather information is available to all 
decision-makers at all management/user levels throughout the aviation industry. 

2. The Provider State(s) shall use current methods of communicating aviation-related 
terrestrial weather information when possible to ensure the information is timely, 
standardized and consistent with aviation operational processes. 

3. The Provider State(s) shall integrated space weather aviation information into the 
normal flight planning and the terrestrial briefing weather packs for all pilots, 
dispatchers and Air Traffic Control (ATC) personnel. 

To assist in educating the pilots on blending 
space weather impacts with terrestrial 

hazardous and help improve their strategic 
and tactical flight planning in maximizing 
operational efficiency and cost benefit for 

the aviation industry through global 
harmonization of Space Weather 

information delivered in a global standard 
framework 

   

Space weather information topic is 
integrated into operators, agencies 
and unions, education and training 
programs to increase the industry-

wide understanding of space weather 
or their impacts on aviation 

operations. 

1. The Provider State(s) shall develop an educational and training program toward 
basic understanding of the science and the terminology. 

2. The Provider State(s) shall develop space weather scientific education materials on 
the impacts of space weather on aviation operations. 

3. The Provider State(s) shall advocate training programs being instituted at all levels 
to dispatchers, aircrews, ATC personnel and meteorologists. 

4. The Provider State(s) shall ensure the materials in these programs are standardized 
by operations. 

To ensure pilots, and all air traffic 
management receive the necessary 

education and uniform training required to 
better understand space weather impacts on 
aviation operations, which will improve all 

phases of the operations from flight 
planning to coordinating seamless 

alternative maneuvers, in maximizing 
operational efficiency and cost benefit for 

the aviation industry through global 
harmonization of Space Weather 

information delivered in a global standard 
framework 
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Operational Requirement Functional Requirement Reason for Requirements 

The aviation community coordination 
will ensure global standardization of 

the space weather information is 
delivered and utilized for operations. 

1. The Provider State(s) shall standardize new and improved space weather 
information. 

2. The Provider State(s) shall coordinate with the aviation industry on space weather 
information to ensure data providers receive effective guidance on global 
standards. 

3. The Provider State(s) shall coordinate with current terrestrial weather providers to 
support configuring space weather information and services in a similar 
standardized fashion for delivery. 

4. The Provider State(s) shall ensure space weather information and services follow 
similar standardization protocols regulated by classification, type and source. 

Ensure space weather information and data 
providers work with current terrestrial 

weather providers to seamlessly configure 
new Space Weather information and 

service in a similar standardized manner for 
delivery as part of global harmonization in 

a single global standard. 
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Chapter 6 APPENDIX A: MATERIAL LIST of REFERENCES 
The references in this document that describe SWx impacts on aviation operations within the document 
are listed by number from the table below in footnotes throughout this document. 

Table 7: Reference List 

# ABBR DOCUMENT TITLE 
1 NSWP  Report of the Assessment Committee for the National Space Weather Program, FCM-R24-

2006, Office of the Federal Coordinator for Meteorological (OFCM) Services and Supporting 
Research - June 2006  

2 ISWOF Integrating Space Weather Observations& Forecasts into Aviation Operations,  
American Meteorological Society (AMS) & SolarMetrics, Policy Workshop Report (March 
2007) www.ametsoc.org/atmospolicy   

3 JPDO Four-Dimensional Wx Functional Requirements for NextGen Air Traffic Management, JPDO 
Weather Functional Requirements Study Group, Version 0.2 (15 February 2008)   

4 OFCM 
Phase I 

OFCM/OSTP.  Impacts of NPOESS Nunn-McCurdy Certification and Potential Loss of ACE 
Spacecraft Solar Wind Data on National Space Environmental Monitoring Capabilities 
(January 2008)  

5 WMO WMO Space Programme SP-5,  The Potential Role of WMO in Space Weather (April 2008)  
6 CPWG Space Weather Sub-Group of the Cross Polar Working Group,  Integrating Space Weather 

Observations & Forecasts into Aviation Operations, Aviation Space Weather User 
Requirements (version 3.02, November 2010)   

7 FAA  FAA Examination of Space Weather in Support of Aviation, AMS 7th Symposium on SWx 
(January 2010) 

8 SWPC NOAA, Space Weather Prediction Center (SWPC), Manual on Space Weather Effects in 
Regard to International Air Navigation (January 2011)  

9 SWPC SWPC Website:  www.swpc.noaa.gov   (Alert/Warnings) 
10 SWPC SWPC Website:  www.swpc.noaa.gov/NOAAScales 
11 UAL Michael Stills, United Airlines, Polar Operations and Space Weather, presentation to the 

Space Weather Workshop (SWW), May 22, 2008. 
12 UAL Michael Stills, United Airlines, Polar Operations and Space Weather, presentation to the 

Space Weather Enterprise Forum (SWEF), 21 June 2011. 
13 USGS Dr. Jeffrey J Love, USGS, 91st Annual AMS Conference, 8th Symposium on Space Weather, 

January 2011 
14 ICAO ICAO Annex 11, Chapter 6, Air Traffic Services Requirements for Communications, 

paragraph 6.1.2.2 
15 CFR Code of Federal Regulations (CFR) Title 14 (Aeronautics and Space)  
16 MNS Mission Needs Statement for Aviation Weather MNS #339, Version 1.0 
17 FAA Federal Aviation Administration, What Aircrews Should Know About Their Occupational 

Exposure to Ionizing Radiation (October 2003) 
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Chapter 7 APPENDIX B: ACRONYM LIST 
 
ACE Advanced Composition Explorer 
4-D Wx Data Cube 4-Dimensional Weather Data Cube 
AIREP Air Report 
AMS American Meteorological Society 
ATM Air Traffic Management  
AUN Aviation User Needs 
CFR Code of Federal Regulation 
CME Coronal Mass Ejection  
ConOps Concept of Operations 
CPWG Cross-Polar Trans East Air Traffic Management Providers’ Working Group 
DST Decision Support Tools 
D-RAP D-Region Absorption Product 
EASA European Aviation Space Agency 
ESA European Space Agency 
ETA Estimated Time of Arrival 
EFAS En Route Flight Advisory Services 
EUV Extreme Ultra Violet  
EVA Extra-Vehicular Activity 
FAA Federal Aviation Administration 
FAR Federal Aviation Regulation 
FIR Flight Information Region 
GAIM Global Assimilation of Ionospheric Measurements 
Galileo Europe’s Global Positioning Satellite 
GBAS Global Broadcast Aviation System 
GCR Galactic Cosmic Ray 
Glonass Russia’s Global Positioning Satellite 
GNSS Global Navigation Satellite System 
GOES-R Geostationary Operational Environmental Satellite 
GPS US Global Positioning Satellite 
HF High Frequency 
IAVWOPSG International Airways Volcanic Watch Operations Group 
ICAO International Civil Aviation Organization 
IEEE Institute of Electrical and Electronic Engineers 
ILS Instrument Landing System 
IPS Ionospheric Prediction Service 
ISES International Space Environment Service 
JPDO Joint Planning and Development Office 
KauFu China’s Global Positioning Satellite 
L1 Lagrangian orbit number 1 
LAAS Local Area Augmentation System 
MNS Mission Needs Statement 
MBU Multiple-Bit Upset 
NAS National Air Space  
NextGen Next Generation Air Transportation System 
NOAA National Oceanic and Atmospheric Administration 
NOTAM Notice to Airmen 
NWS National Weather Service 
PBN Performance-Based Navigation  
PCA Polar Cap Absorption 
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PIREP Pilot Report 
POES Polar-Orbiting Environmental Satellites 
pPR preliminary Performance Requirement 
RAM Random Access Memory 
RF Radio Frequency 
RNP Required Navigation Performance 
RWC Regional Warning Center 
SATCOM Satellite Communications 
SEP Solar Energetic Particles 
SESAR Single European Sky Air Traffic Management Research 
SEU Single Event Upset 
SID Sudden Ionospheric Disturbance 
SIGMET SIGMET Information  
SOHO Solar and Heliospheric Observatory 
STEREO Solar Terrestrial Relations Observatory 
SWPC Space Weather Prediction Center 
SW Severe Weather 
SWx Space Weather 
TEC Total Electron Content 
TFM Traffic Flow Management 
TWINS Two Wide-Angle Imaging Neutral-Atom Spectrometers 
US United States 
WAAS Wide Area Augmentation System 
WMO World Meteorological Organization 
WP With Probability 
Wx Weather  
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Chapter 8 APPENDIX C: DEFINITIONS  
4-D Wx Data Cube A virtual 4-dimensional weather data cube of information not located in one 

single physical location linked to real-time enabling network for simultaneous, 
reliable and secured connectivity 

ACE NASA research satellite monitoring the space environment (solar wind) beyond 
the Earth’s magnetic field along the sun-earth angle, one million miles out in 
space at a point of equal gravitational equilibrium 

GBAS It supports all phases of approach, landing, departure, and surface operations 
within its area of coverage. The current Instrument Landing System (ILS) suffers 
from a number of technical limitations such as, VHF interference, multipath 
effects (for example due to new building works at and around airports), as well 
as ILS channel limitations. GBAS is expected to play a key role in maintaining 
existing all-weather operations capability at different flight supporting airports. 
GBAS is seen as a necessary step towards the more stringent operations required 
at airports supporting precision approach and landing. 

L1 Lagrangian orbit number 1 (L1).  A location on the Earth/ Sun line where 
gravitational forces can be balanced to maintain a stable orbit.  
Approximately 1.5 million miles upstream of the Earth.  Solar wind monitors 
located there allow a 20-60 minute (depending on solar wind velocity) warning 
of geomagnetic disturbances at Earth. 

PCA An anomalous condition of the polar ionosphere where HF and VHF (3-300 
MHz) radiowaves are absorbed, and LF and VLF (3-300 kHz) radiowaves are 
reflected at lower altitudes than normal. PCAs generally originate with major 
solar flares, beginning within a few hours of the event and maximizing within a 
day or two of onset. As measured by a riometer, the PCA event threshold is 2 dB 
of absorption at 30MIlz for daytime and 0.5 dB at night. In practice, the 
absorption is inferred from the proton flux at energies greater than 10 MeV, so 
that PCAs and proton events are simultaneous. However, the transpolar radio 
paths may be disturbed for days, up to weeks, following the end of a proton 
event. 

RNP Required Navigation Performance is a type of Performance-Based Navigation 
(PBN) that allows an aircraft to fly a specific path between two 3-dimensionally 
defined points in space. A navigation specification that includes a requirement 
for on-board navigation performance monitoring and alerting is referred to as an 
RNP specification. An RNP of .3 means the aircraft navigation system must be 
able to calculate its position to within a circle with a radius of 3 tenths of a 
nautical mile.  

SOHO A joint NASA/ESA (European Space Agency) research satellite with 
instrumentation to measure the sun to predict solar flare activity  

TEC The Solar EUV and Lyman alpha emissions create the ionosphere by photo-
ionization, which ionizes neutral atoms producing free ions and electrons. The 
total amount of these positively and negatively charged particles (TEC) 
embedded in the neutral atmosphere form weak plasma that interacts with radio 
waves of various frequencies in different ways. 
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Chapter 9 APPENDIX D: SPACE WEATHER IMPACTS ON AVIATION20 
 

Radio blackouts: disturbances of the ionosphere caused by X-ray emissions from the Sun. HF radio 
degradation or blackouts are possible. 

Radio blackouts primarily affect HF communication frequencies (3-30MHz) although detrimental effects 
may spill over to VHF (30-300MHz) and beyond in fading and diminished ability for reception. The 
blackouts are a consequence of enhanced electron densities caused by the emissions from solar flares that 
ionize the sunlit side of the earth.  

The duration of dayside solar flare radio blackouts closely follows the duration of the solar flares that 
cause them beginning with the arrival of the x-ray and EUV photons, and abate with their diminution. 
Usually the radio blackouts last for several minutes, but they can last for hours. 

There is also a class of longer duration radio blackouts that occur in the polar and very high-latitude 
regions that are a result of entirely different physics and have characteristics very much different from the 
radio blackouts in equatorial and mid-latitudes, caused by solar flares. These polar radio blackouts will be 
described in the Solar Radiation Storm section of this document to follow.   

Satellite-based navigation, though most affected near the poles and the equator, can be impacted at middle 
latitudes. The solar activity on GPS that occurred in December 2006 when a solar radio burst in a solar 
flare was so strong that it overwhelmed the GPS signal at L-band, causing a several-minute-long 
interruption to geodetic-grade GPS receivers operating on the dayside of Earth.  

Solar Radiation Storms: elevated levels of radiation that occur when the numbers of and the energy 
levels of Solar Energetic Particles (SEP) increase. Typical effects from solar radiation storms include 
degradation to satellite sensors, memory micro-chips, and power systems, radiation hazards to 
humans in flight at high altitudes and/or high latitudes. HF radio blackouts and induced positional 
errors to GPS are also possible. 

Solar radiation storms occur when large quantities of charged particles, primarily protons, are accelerated 
by processes at or near the Sun and then the near-Earth environment is bathed with these charged 
particles. These particles cause an increase in the radiation dose to humans, and create an increased 
possibility of single event upsets in electronics. Earth’s magnetic field and atmosphere offer some 
protection from this radiation, but that shielding decreases with altitude, latitude, and magnetic field 
strength and direction. The polar region on Earth are most vulnerable to these charged particles, because 
the magnetic field lines at the poles extend vertically downwards intersecting Earth's surface, which 
allows the particles to spiral down the field lines and penetrate into the atmosphere increasing the 
ionization. 

A significant factor relating to the criticality of the radiation increase at Earth is the spectrum – the energy 
distribution – of the solar protons. Earth will be bathed by protons of varying energies, as a function of 
the eruption at the Sun and the magnetic connection between the Sun and Earth. High-energy protons, the 

                                                      
20 NOAA, Space Weather Prediction Center (SWPC), Manual on Space Weather Effects in Regard to International Air Navigation (January 2011). 



 
 

 2

so-called “hard” spectrum, cause radiation dose increases that are of concern to human beings. Lower 
energy protons, the “soft” spectrum, have little effect on humans but have a severe impact on the polar 
ionosphere and high latitude HF propagation. 

The duration of solar radiation storms is affected by the magnitude of the solar eruption as well as the 
received spectrum. For events that are of a large magnitude but a soft spectrum, the duration may last for 
one week. Events that are of large magnitude but a hard spectrum may last for only a few hours. There is 
a great diversity in the duration of solar radiation storms, as there are many factors that contribute to the 
acceleration and propagation of the charged particles near Earth. 

Geomagnetic Storms: disturbances in the geomagnetic field caused by gusts in the solar wind that 
blows by Earth. Typical effects from geomagnetic storms include degradation of HF radio 
transmissions, satellite navigation degradation and disruption of low frequency radio navigation 
systems.  Geomagnetic storms can also disrupt ATC facilities and other national air space 
components are susceptible to these power outages. 

The duration of geomagnetic storms is usually on the order of days. The strongest storms may persist for 
almost one week, and a string of CMEs may cause prolonged disturbed periods related to the additional 
energy being pumped into the system. 

The intensity of geomagnetic storms is often given in terms of the K index. In general terms, the K index 
captures the variance from the quiet day behavior of the geomagnetic field, and is measured every three 
hours. The K index ranges from 0 (most quiet) to 9 (most disturbed). More description of the indices is 
given later in this section.  

The NOAA Scales describe the most intense storms, the extreme G5 level events, as having at least one K 
= 9 occurring, the highest K index attainable. A NOAA Scale minor (G1) K = 5 storm is thought to be the 
level of disturbance with the least noticeable impact21. 

 

                                                      
21 NOAA, Space Weather Prediction Center (SWPC), Manual on Space Weather Effects in Regard to International Air Navigation, January 2011 
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Figure 6: The Time Scales of Solar Effects (source: NOAA SWPC) 

Eight minutes after a flare and/or a CME erupts from the sun, the first blast of EUV and x-ray light 
increases the ionospheric density, which can impact HF communication loss. 
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APPENDIX E: SPACE WEATHER IMPACTS TO AVIATION OPERATIONS  
Communications – Polar Cap Absorption Impact 
A Polar Cap Absorption (PCA) event results from the ionization of the D-layer of the polar ionosphere by 
SEPs - high energy protons (see Section 7.1 for details). A PCA causes a HF radio blackout for trans-
polar circuits and can last several days. PCAs are almost always preceded by a major solar flare with the 
time between the flare event and the onset of the PCA ranging from few minutes to several hours. 
Consequently, air traffic cannot operate over the polar cap during these conditions. These radio blackout 
conditions can last up to several days. 
Navigation Error Impacts Resulting from Solar Activity 
Aircraft en route poleward of 82o of latitude can experience large errors in tracking aircraft position 
during a disruptive SWx event. The electronic components of aircraft avionic systems are susceptible to 
damage from the highly ionizing interactions of cosmic rays, solar particles and the secondary particles 
generated in the atmosphere. As the size of these component chips become smaller, and therefore more 
susceptible to SWx, the risk of highly charged particles from SWx activity corrupting micro-chips 
increases and can lead to erroneous outputs during flight operations. These software errors are referred to 
as Single Event Upsets (SEU). This problem is expected to increase as more, low-power, small feature 
size electronics are deployed in “more electronically enabled” aircraft, which usually do not have 
redundant systems.  Data collected from satellites incorporating sensitive Random Access Memory 
(RAM) chips have had upset rates from one per day without solar activity to several hundred per day 
during solar radiation storm.22  
Radiation 
The issue of unhealthy radiation exposure on humans was brought to light when polar flight routes were 
opened over the last decade. Commercial aviation routine flights at polar high latitudes operate in an 
environment that has the least protection from the Earth’s atmosphere from highly charged ionized 
particles due to the configuration of the magnetic field lines. But there were measurements made at higher 
flight altitudes over the Great Lakes at lower latitudes that measured increased radiation exposure to 
warrant concern during the Halloween 2003 solar storm event. The increase dosage in radiation also 
depends on the spectrum of the solar radiation storm.  The more intense the solar storm, the higher the 
energies of the proton particles, the so-called “hard” spectrum, at the top of the atmosphere, causing 
radiation dose increases that raise concern for human health. The measurements from aircraft on high 
latitude routes have shown real increases in the radiation dose rate during solar radiation storms. On April 
15, 2001 a radiation storm with a hard spectrum occurred as a commercial airline flight from Frankfurt to 
Dallas – Fort Worth carrying dosimeters caught the onset, peak, and decay of the radiation increase 
during flight. SWx data from the Moscow Neutron Monitor confirmed the solar eruption. The finding was 
the radiation dose increased by a factor 2 to 2.5 before returning to near background levels after 
approximately 3 hours. This is but one example of data taken from aircraft showing the increased dose 
rate during solar radiation storms.23 

                                                      
22 American Meteorological Society (AMS) and SolarMetrics, Policy Workshop Report, Integrating Space Weather Observations and Forecasts into Aviation 

Operations, 

(March 2007), www.ametsoc.org/atmospolicy.   

23 NOAA, Space Weather Prediction Center (SWPC), Manual on Space Weather Effects in Regard to International Air Navigation,  January 2011. 
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CHAPTER 10 APPENDIX F: SPACE WEATHER ALERT 
AND FORECAST PRODUCTS 

SWx alerts, and warnings need to be integrated into the normal operations of commercial airlines on a 
more frequent basis. 
SWx Alerts are issued for these categories. Alerting criteria and descriptions for the SWx activities below 
would be provided in concert with the NOAA Space Weather Scales presented in the Tables 3-1, 3-2, and 
3-3.24  

• X-ray Flux Alert and Event Summaries  
• Radio Burst Alerts and Summary  
• Geomagnetic Sudden Impulse Warning and Alert  
• Geomagnetic K-index Warnings and Alerts  
• Geomagnetic A-index Watches  
• Electron Flux Alert  
• Proton 10MeV and 100MeV Flux Warnings, Event Alerts and Summaries  

NOAA’s SWPC is currently providing SWx alerts and forecasts and information to the user as follows:25   
 

Alerts and Forecasts 
Title Info Update Latest Older 

As Conditions Warrant 
SWPC Space Weather Alerts; watches, 
warnings, alerts, and summaries Info when issued latest Sept 2001

Space Weather Advisory Bulletin Info when issued latest 6 months
Daily or less 
3-hourly WWV Geophysical Alert Message Info 3 hours latest 75 days 
Solar and Geophysical Activity Report and 3-
day Forecast Info 2200 UT web, 

ftp file 
last 75 or

warehouse
3-day Space Weather Predictions Info 2200 UT latest 75 days 
45-day Ap and 10.7cm Forecast -- 2114 UT latest 20 days 
Weekly 
Weekly Highlights and 27-day Forecast Info Tuesday latest 1997 
27-day 10cm, Ap, and Max Kp Outlook Info Tuesday latest 1997 
Space Weather Advisory Outlook Info Tuesday latest 6 months
Monthly 

Solar Cycle Progression Info Monthly 
web 

ftp ssn --
flux 

-- 

Predicted Monthly Sunspot Number & 10cm 
Radio Flux Info Monthly latest -- 

                                                      
24 SWPC website:  www.swpc.noaa.gov   (Alert/Warnings). 

25 SWPC website:  www.swpc.noaa.gov  (Alert/Warnings). 
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Current Support Environment 

Collective international efforts have resulted in the availability of SWx advisory products 
displays, forecasts and warning messages from the NOAA SWPC operationally supported 24 
hours a day, seven days a week.26  

SWPC Reports and Summaries 
Title Info Update Latest Older Archive

Daily or less 
"Space Weather Now" Info 5 min updating no no 
"Today's Space Weather" -- 5 min updating no no 
SW for Aviation Service Providers Info 1 min updating no no 
Solar and Geophysical Activity 
Report and 3-day Forecast Info 2200 UT web, 

ftp file 75 days 1996 

Solar Region Summary Info 0030 UT latest 75 days 1996 
Solar and Geophysical Activity 
Summary Info 0245 UT latest 75 days 1996 

Daily Summary of Space Weather 
Observations Info 0200 UT latest 75 days no 

GEOALERT Info 0330 UT latest 75 days 1996 
Weekly 
Weekly Highlights and 27-day 
Forecast Info Tuesday latest 1997 SWPC

"The Weekly" - Preliminary Report 
and Forecast of Solar Geophysical 
Data 

Info Tuesday latest 1997 SWPC

Monthly 
Solar Cycle Progression Info monthly latest cycle no 
Longer 
Solar Proton Events Affecting the 
Earth Environment -- as needed 2005 1976 SWPC

SWPC Forecast Verification Info yearly 2003 1986 SWPC
 
This ConOps will convey how SWx alerts and warnings can be integrated into DSTs. 

                                                      
26 SWPC website:  www.swpc.noaa.gov  (Alert/Warnings). 
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APPENDIX G: GLOBAL HARMONIZATION OF SPACE WEATHER INFORMATION  

Cost Benefit Associated with Polar Routes 

During times of high solar activity, polar airline routes are often diverted to lower latitudes to prevent loss 
of radio communications and avoid human exposure in case of increased radiation from solar energetic 
particles. Such flight diversions can cost airlines as much as $100,000 or more per flight for additional 
fuel, extra flight crews, and additional landing to refuel. This cost does not include economic and 
unquantifiable losses to passengers, such as missed connections. 

Benefits expected from the addition of SWx capabilities are:  

• More accurate and timely information for flight planning and determination of SWx 
impacts, including degraded or lost communications, erroneous navigation readings, 
and radiation exposure to flight crews and passengers.  

• Improved flight route optimization by flight dispatchers and pilots through more 
accurate and higher confidence forecast outputs with lead times required to meet 
industry needs. 

Diversions to more mid-latitudinal routes that avoid the polar cap absorption effects on airline 
communications with air traffic management cost additional time, require more fuel, and reduce 
passengers and cargo carried per flight. Aircraft cost hundreds of dollars per minute to operate so saving 
just minutes over a long-haul flight can save significant operating resources. For example, a flight leaving 
Vancouver for Delhi takes 18 hours by traditional air traffic routes but only 13.5 hours over the polar cap 
with fuel savings in the hundreds of thousands of dollars per flight. Flights from New York to Hong Kong 
save nearly five hours27. These risks for civil aviation have become significant for the airline industry 
during the past few years as transpolar routes have increased, along with the amount of air traffic using 
these routes.

                                                      
27 OFCM/OSTP,  Impacts of NPOESS Nunn-McCurdy Certification and Potential Loss of ACE Spacecraft Solar Wind Data on National Space Environmental Monitoring Capabilities, (January 

2008). 



 

 

APPENDIX H: DELINEATING REGIONS OF SPACE WEATHER IMPACT 

The geomagnetic field is a continuum and therefore different SWx phenomena affect geomagnetic 
latitudes in various ways. The geomagnetic science arena has delineated such with regard to their 
geographic distribution of modern ground-based ionosphere observatories around the world.  
Part of the effort for global harmonization of SWx information in a single standard is to encapsulate the 
intensity and expected impacts in a temporal and spatial sense. This geomagnetic geographic latitude 
stratification may help frame a watch/warning/alert/update type message for the aviation industry to better 
interpret and picture the solar event in their flight planning or tactical maneuvers while en route.  
Perhaps SWx effects on global airspace could be delineated along these boundaries already established as 
depicted in Figure 7.28 Depending on the type and severity of the solar event, its impact can vary over 
different magnetic latitudes and be captured in a more understandable display from a visual prospective of 
the user. The variety of users who can better grasp the magnitude of the expected impact at the different 
magnetic latitudes along the long-haul  route would certainly help in the flight planning in various ways 
to mitigate  the lost in operational efficiency and cost.  

 
Figure 7: Magnetic Latitudes Already Established for Magnetic Observatories Around the World 

 
Note: The Auroral Electrojet does exist in the southern hemisphere but is not measured due to the total 
lack of monitoring stations (notice no orange color dots similar to the northern hemisphere) because of the 
absence of land areas to establish the necessary network. 
 
 
 
 
 
 

— — — — — — — — 

                                                      
28 Dr. Jeffrey J Love, USGS, 8th Conference on Space Weather, 91st Annual AMS Conference, Long-Term Change in Geomagnetic Activity Presentation, (January 2011).  
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TERMS OF REFERENCE OF THE IAVWOPSG 
 
1. Terms of reference: 

The IAVWOPSG should: 

a) provide advice and guidance to the secretariat concerning the operation of the IAVW and its 
effectiveness in meeting current operational requirements; 

b) develop proposals for the development of the IAVW in order to ensure that it continues to 
meet evolving operational requirements; 

 Note.— Such proposals for requirements should be made under ICAO procedures for the 
amendment of Annex 3. 

c) assist the Secretariat in the coordination of the arrangements between the various 
international organizations comprising the IAVW; 

d coordinate with the SADISOPSG and WAFSOPSG regarding the inclusion of volcanic ash 
advisories and SIGMETs on the ICAO satellite broadcasts; 

e) assist the Secretariat in the development of appropriate guidance material both for operations 
with volcanic ash in the atmosphere and also operations with volcanic ash deposited on 
aerodromes;  

f) develop specific proposals for the provision of warnings for aerodrome management for 
deposition of volcanic ash on aerodromes;  

g) provide advice and guidance to the Secretariat and the VAACs regarding the future ICAO 
IAVW and existing VAAC Websites, respectively;  

h) provide advice to the Secretariat regarding the development of international arrangements for 
the provision of warnings to aircraft of radioactive materials, and toxic chemicals in the 
atmosphere (legacy task of the VAWSG) and space weather; and 

i) make regular progress reports to the Air Navigation Commission. 

2. Composition 

The IAVWOPSG should comprise representatives from States providing the VAACs, other user 
States that provided members to the VAWSG, and representatives from International Atomic Energy Agency 
(IAEA), International Air Transport Association (IATA), International Coordinating Council of Aerospace 
Industries Associations (ICCAIA), Civil Air Navigation Services Organisation (CANSO), International 
Federation of Air Line Pilots’ Associations (IFALPA), International Union of Geodesy and Geophysics 
(IUGG) (covering the International Association of Volcanology and Chemistry of the Earth’s Interior 
(IAVCEI) and its commission the World Organization of Volcano Observatories (WOVO)), and World 
Meteorological Organization (WMO). 

— — — — — — — —
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APPENDIX S 
 

WORK PROGRAMME (DELIVERABLES) OF THE IAVWOPSG 
 
 

Task number Name Description Source 

IAVWOPSG-01 
(O) 

Volcanic ash advisory 
centre (VAAC) 
management reports 

Issuance of nine VAAC 
management reports, every 18 
months, 10 weeks before each 
IAVWOPSG meeting 

MET/02: 1/22 

IAVWOPSG-02 
(O) 

Updated ICAO provisions Development of updated ICAO 
provisions (Annex 3 SARPS, 
guidance material and regional 
procedures) to ensure their 
compatibility with the evolving 
International Airways Volcano 
Watch (IAVW) 

MET/02: 1/22 
IVATF 2/15; 2/28; 
2/29; 2/30 

IAVWOPSG-03 
(O) 

Improved production 
processes, format and 
content of all volcanic ash 
related messages 

Improve the format, and content 
and production processes of all 
volcanic ash related messages 
(including the reporting of 
multiple ash layers) 

APANPIRG 12/32 & 
18/46; 
MET/02: 1/17 + App. H
EANPG 51/27 
EANPG 51/31 
IVATF 2/4; 2/6; 2/9; 
2/22; 2/27 

IAVWOPSG-04 
(O) 

Addition of Refinement of 
the provisions for the 
smell of sulphur as a 
condition prompting the 
issuance of a special air-
report 

Consider whether the smell of 
sulphur should be added as a 
condition prompting the issuance 
of a special air-report 

164-10 

IAVWOPSG-05 
(O) 

Updates to the worldwide 
ash encounter data base 

Undertake periodic updates to the 
worldwide ash encounter data 
base 

APANPIRG 8/27; 
IAVWOPSG 1/5; 
166-13 

IAVWOPSG-06 
(D) 

Improved tools for 
detecting and forecasting 
volcanic ash 

Improve detection of volcanic 
eruption and volcanic ash clouds 
using future satellite and other 
systems; improve models used for 
forecasting the movement of 
volcanic ash 

140-11; 
MET/02: 1/19; 
IAVWOPSG 2/8; 
170-12 
IVATF 2/1; 2/2; 2/3; 
2/5; 2/7; 2/8; 2/10; 2/11; 
2/12 

IAVWOPSG-07 
(D) 

Inclusion Refinement of 
VA deposition information 
in a suitable aeronautical 
message 

Consider including VA 
deposition information in a 
suitable aeronautical message 
(primarily for aerodromes within 
range of volcanic ash) 

IAVWOPSG 1/23; 
166-13 
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Task number Name Description Source 

IAVWOPSG-08 
(H) 

Improved notification 
concerning the accidental 
release of radioactive 
material into the 
atmosphere 

Assess and enhance, as necessary, 
the current operational procedures 
and notification practices on the 
accidental release of radioactive 
material into the atmosphere from 
nuclear facilities 

146-1&2; 
MET/02: 1/20 a); 
IAVWOPSG 1/28 & 
1/31 

IAVWOPSG-09 
(H) 

information on solar 
radiation storms and other 
bio hazards 

Assess the need to provide 
information on solar radiation 
storms and other bio hazards 

MET/02: 1/20 c); 
IAVWOPSG 1/33 

 
 
 
 
 
 
 

— END — 




