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1 Executive Summary

Following the Halloween Space Weather Storms of 2003 the idea for an Aviation Workshop
was born. During this period of high solar activity, many of the airline carriers took evasive
action away from the Polar Regions, the part of the globe most seriously affected by
inclement space weather. However, these impacts were not confined to the poles, as space
weather affected lower latitude operations as well.

2003/10/28 11:12

The largest solar flare, at that point, of Solar The fastest CME of Solar Cycle 23 at 2300km/s.
Cycle 23. (EIT image courtesy of SOHO) (LASCO C2 image courtesy of SOHO)

On 23-24 February 2004, the NOAA Space Environment Center (SEC), Virgin Atlantic
Airways Ltd, and SolarMetrics Limited hosted a workshop at the SEC in Boulder, Colorado to
present the operational and business impacts caused by the storms and to discuss
integrating Space Weather information into the operating procedures for commercial airlines.
Approximately 70 attendees, including representatives from United, American, Northwest,
Delta, and Continental airlines from the U.S., and Lufthansa, Qantas, British Airways, Air New
Zealand and Virgin Atlantic fom abroad, were in attendance. In addition, representatives
from FedEx, NetJets, the FAA, NOAA National Centers for Environmental Prediction, airline
pilots’ and flight attendants’ unions, scientists from both the health sciences and physical
sciences we re in attendance. There was also representation from industry and academia.

The workshop format was presentations followed by open discussion periods in both morning
and afternoon sessions. Discussions covered Operational and Commercial impacts from the
October-November activity; Assessing the Risks; Mitigating the Impacts; and Who can do
What for the Airlines? The operational and commercial impacts were relatively understood by
the airlines. But a thorough understanding of the risks and what to do about them was
established as a major deficiency. The day-2 afternoon period was dedicated to creating a
working group to identify and plan a Global Airline Space Weather Service.
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2 Organising Committee

Larry Combs Space Weather Operations, NOAA SEC

CaptBrynJones  ESA SW “SOARS” Project Officer; SolarMetrics Limited;
Virgin Atlantic Airways Ltd

Joseph Kunches  Chief, Space Weather Operations, NOAA SEC

Kathleen McKillen Space Weather Operations, NOAA SEC

William Murtagh Space Weather Operations, NOAA SEC

Barbara Poppe Education & Outreach, NOAA SEC

2.1 Acknowledgements

This Workshop could not have taken place without a great deal of time and effort of many
people, especially considering it was organised so soon after the period of intense Solar
activity that instigated the need for such a Workshop.

| would like to thank Ernie Hildner, Director NOAA Space Environment Center, for providing
his facilities at the David Skaggs Research Center, which made the perfect location for this
Workshop.

And | would like to thank my co-organisers at SEC for their help and guidance in putting
together the agenda: Kathleen McKillen, Barbara Poppe, Larry Combs, Joe Kunches and Bill
Murtagh.

Thanks also to Misty Crown for her note taking during the Workshop, without which this

report, along with the article submitted to the AGU Space Weather Journal would have been
a far harder task. The article for the AGU Space Weather Journal was written by Larry, Bill

and Joe, which | have then used and adapted for this post-Workshop report.

Coffee and Donuts very good.....

Bryn Jones
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3 A Workshop for the Aviation Community

3.1 Aims of Workshop (Jones)

The intense solar activity of geomagnetic storms and large solar flares, which commenced
around 19" October 2003 and ceased around 7" November 2003, had significant impacts on
global airline operations. Therefore, it was decided that this was an opportune moment to
organise a Workshop; to bring together the operators and the scientists; to discover exactly
what had happened and why it happened; and to gather all the data on the operational and
commercial impacts.

The aim was to make this a Workshop for the Airlines, identifying their needs, and improve
their education and awareness of all Space Weather (SW) impacts. This would require some
scientific and technical presentations, but the focus was to be on the “Business” including
consideration of future operational and technological developments: increased number of
polar flights, higher altitude and longer duration flights; and satellite-based global free flight
and its supporting Communication, Navigation, Surveillance and Air Traffic Management
infrastructure (CNS/ATM).
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A simple illustration of technological systems affected by Space Weather.
(Courtesy of Bell Laboratories, Lucent Technologies)
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Opening discussion included a review of the four primary space weather impacts on the
aviation community: degraded communications, radiation effects on passengers and crew,
impacts on navigation systems, and single event effects on avionics. Concerns during the
Halloween Storms centred primarily on communications and the biological impacts of high-
energy particles, and thus garnered the most attention during this workshop.

Following the Storms, but prior to the Workshop, there had been significant correspondence
within elements of the airline industry suggesting the need for understandable and timely
information to be provided. Therefore, from the outset the attendees were asked to consider
how and what was needed to deliver a possible Global Airline Space Weather Service and
this would be discussed in the Tuesday afternoon brainstorming session.

3.2 Overview of Space Weather (Kunches)

SEC personnel provided a thorough overview of SW with a special emphasis on the
Halloween storms and their effects on communications and the radiation environment The
current NOAA SEC Space Weather Scales can be found at
www.sec.noaa.gov/NOAAscales/index.html, and provide a starting point for understanding
SW phenomena and the magnitude of any impacts (and should be read in conjunction with
the “Overview” presentation). Workshop members were also provided an introduction to data
types, instrumentation, and forecasting processes.
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4 Operational and Business/Commercial Impacts

4.1 October & November 2003 Activity (Murtagh)

A more detailed chronological review of the Storm period was presented and the events put
in to perspective with regard to the activity of previous solar cycles. A total of 17 major flares
were dbserved during the 19" October — 7" November 2003 period. These flares and the
associated solar activity were some of the strongest ever recorded and produced some of the
most intense geophysical events on record.

The major flares that occurred between 19™ and 25™ October caused shortlived HF radio
blackouts on the sunlit side of Earth, but no radiation or geomagnetic storms. However,
following the flare event on the 22" October the first significant Coronal Mass Ejection (CME)
occurred, resulting in a geomagnetic storm on the 24" October that caused considerable
disruption to high latitude communications requiring the following NOTAM to be issued by
Edmonton Centre (ACC):

CZEG EDMONTON CENTRE (ACC)

A8577/03 - ROUTE AND LEVEL RESTRICTIONS DUE TO GEO-MAGNETIC STORM IMPACT ON COMM
IN EDMONTON ACCALL FLT TRANSITING CZEG FIR N OF 5700NAT FL290 OR ABOVE:

1. NORTHBOUND POLAR FLT PROCEEDING OVER DEVID, ORVIT OR RAMEL SHALL ROUTEVIA: A)
7500N 8000W - 8000N 8300W - PIGSO - 8852N 14100W - DEVID B) YRB - TAPSA - OVDON - 7810N 14100W
-ORVIT C) 7000N 10500W - TAVRI - 8415N 14100W - RAMEL

2. ALL ACFT SHALL OPR ON PUB TRACKS

3. NO LATERALS, NO DIRECTS WHILE E OF 7000W

4. ACFT THAT ARE UNABLE TO OPR ON PUB TRACKS DUE TO THENATURE OF FLT SHALL REQUIRE
PRIOR APPROVAL OF THE ROUTE FROM SHIFT MANAGER AT 1-(780)890-8397

5. ZAN SHALL RESTRICT ALL EASTBOUND ACFT ENTERING CZEG FIR AT AND N OF 6900N TO 20
MIN IN TRAIL.

6. OPR ARE ADVISED THAT VHF AND HF COMM RELAYED FROM THE TRANS SITE TOATC VIA
SATELLITE MAY FAIL DUE TO THE EFFECTS OF THE CURRENT INTENSE MAGNETIC STORM. CZEG
WILL UPDATE THESE MEASURES AS THE STORM IMPACTS BECOMES BETTER KNOWN. FOR INFO
CONTACT: CZEG SHIFT MANAGER 1-(780)890-8397/1:(877)342-2276 NATIONAL OPS CENTRE 1-
(613)248-4087 FL290 UNL 24 OCT 15:14 UNTIL 25 OCT 12:30

On the 28" October the largest flare at that point of Solar Cycle 23 occurred, producing the
2" largest radiation storm (S4 - Severe) of the cycle. For this event the FAA issued the first
of its 3 Solar Radiation Alerts as shown below. The same sunspot also produced the fastest
CME (2300km/s) of the cycle. This CME, the fastest since 1972, took only 19 hours to transit
to Earth; it arrived only 12 minutes after passing the ACE satellite. The resulting geomagnetic
storm (G5 - Extreme) is the largest of the cycle to date. (ACE is the main ‘“early-warning”
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instrument used to predict the onset of geomagnetic storms. Normally ACE is considered to
provide between 30 and 60 minutes warning.)

October 28-29 Radiation Storm

SOLAR RADIATION ALERT REGIONS

{Mdart regions in orange)

1" an
2 o
}
Space Weather Message Code: ALTPAV 3 ,3
Serial Number: 1006 £
Issue Time: 2003 Oct 28 2123 UTC B
[ ol
ALERT: Solar Radiation Alert at Flight Altitudes g:g
Conditions Began: 2003 Oct 28 2113 UTC ﬁ?:g G I |
180 150 120 B0 80 30 Q 0 Lila} Bo 1200 150 180
Wéest Eaat

Comment: Geographic Langitude {degrees)
Satellite measurements indicate unusually high levels of ionizing radiation, coming from the sun.
This may lead to excessive radiation dosesto air travelers at Corrected Geomagnetic (CGM)
Latitudes above 35 degrees north, or south.

Avoiding excessive radiation exposure during pregnancy is particularly important.

Reducing flight altitude may significantly reduce flight doses. Available data indicates that lowering flight
altitude from 40,000 feet to 36,000 feet should result in about a 30 percent reduction in dose rate. A
lowering of latitude may also reduce flight doses but the degree is uncertain. Any change in flight plan
should be preceded by appropriate clearance.

The activity resulted in the FAA issuing its Solar Radiation Alert.

On the 4" November, the Geostationary Operational Environmental Satellite X-Ray Sensor
(GOES XRS) instrument became saturated by yet another flare event. Using historical flare
data and mathematical modeling, it was given an estimated X28 classification. This flare may
be the largest flare since GOES XRS measurements began in 1976. However, as this flare
occurred on the Sun’s limb and was not pointing directly at the Earth then it only resulted in
an S2 - Moderate radiation storm.

Studies of historical data show that this period of activity some 3%z years after Solar Maximum
was unusual, but certainly not unprecedented. And in fact more major activity can be
expected in the next 2 years. The same data shows that solar cycles with high sunspot
number are not correlated with high solar activity, typically more severe solar events occur
during moderate solar cycles (i.e., Cycle 23) measured by sunspot number. Therefore,
contrary to most perceptions, Solar Min/Max is not a good indicator of space weather impacts
and different SW effects have different “seasons”, for example:

# Cosmic Radiation doses are in anti-correlation to Solar Min/Max
# Geomagnetic storms occur more frequently during the declining phase of the cycle
# Large CMEs andflares can happen any time during solar cycle
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Finally recent studies of Polar ice cores show that radiation storms can be 10 times larger
and magnetic storms 3—-10 times larger than those events currently on record.

In summary, the impacts on airlines were:

# HF and low VHF communications were severely degraded at high latitudes for most of
28™_ 315! October

# Air Traffic Control imposed flow restrictions over Northern Canadian routes and North
Atlantic Track system (Additional sources: IATA N. Atlantic RCG, SCOACC Prestwick)
# Potential existed for excessive radiation doses to air travelers for extended periods
between 28" — 30" October
# GPS problems
# FAA Solar Radiation Alertissued for the following timeframes:
Start End Duration
10/28 1208 UT 10/29 0603 UT 17h 55min
10/29 2123 UT 10/30 1158 UT 14h 35min
11/02 1808 UT 11/02 2343 UT 05h 35min

4.2 Space Weather Effects on Polar Operations (Salinas/Richardson)

Airline representatives emphasized the convenience and time-savings of polar routes, but
recognised the increased probability of SW problems in the high latitudes. Details of actions
taken in response to solar activity alerts and warnings were presented. Communication
problems forced airlines to reroute aircraft on polar paths requiring thousands of pounds of
additional fuel and significant amounts of cargo denied. (FAA communications regulations
[FAR 121.99] require that an aircraft must always be contactable while enroute.)

B2 deg
narth
= . |aitisde

&
| Hang Kong

=

Types of communic-atipe:
VHF
& HF
== SAICOM available below 82 deg noth atitude.

=+ New polar ropdtes

lllustration of types of communication used throughout a Polar Route. If HF is lost due to SW then
aircraft must re-route below 82N to maintain SATCOM link.
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The late October particle events and FAA Radiation Alerts prompted some airlines to avoid
the Polar Regions altogether, instead making costly fuel stops at Anchorage and Tokyo.
Lower latitudes were affected too with many flights above 35 degrees north and south
geomagnetic latitude restricted to flight levels at or below 31,000 feet in order to reduce the
potential of increased radiation exposure.

There are now several hundred Polar flights per year; therefore the need for very good
communicatiors and information is critical duringany SW event. To date this includes
checking and monitoring of the SEC website; direct phone calls to SEC; provision of standard
format information to dispatchers; and personalised briefing during major SW events .
However, it was recognised that there was a need for more timely information, in a clear
airline-understandable format, and that it should be disseminated to all facets of the industry.

4.3 GLE#66 Observation on Commercial Flight 29" October 2003 (Getley)

An international carrier took actual flight level radiation dose measurements during the 29™
October radiation storm and the results were presented.

The instruments used are an Eberline FH41 B and B*10 monitors, which can download
measurements direct toa laptop. The presenter flies these units himself and uses his
completed flight plans for position information. Whilst on a flight from LAX to JFK at 39000ft
just SE of the Great Lakes a 37% increase above the background level was recorded. When
other SW environmental effects were taken into account and applied there was an overall
15% increase in dose rate above the normal levels. The presenter has submitted a paper of
this work to be published in JGR Space Weather (www.agu.org/journals/spaceweather).

Discussion mentioned that other airborne measurements had been made during the storm in
differing locations (all in the N. Hemisphere) and that those results varied from no variation to
a reduction of the recorded dose rates. This information, along with details of the significant
differences recorded at Ground Level Monitor stations around the globe, highlighted the
complexity of assessing the true radiation risks to air travellers. Therefore, the need for a
global service was suggested in order to provide clear uniform guidance to all airlines, on all
aspects of the SW environment.
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5 Assessing the Risks

5.1 Radiation Hazards (Zwickl)

This session began with an overview of radiation hazards to airlines. The major components
discussed were highly energetic cosmic rays and strong solar radiation storms. The shielding
provided by the Earth’s magnetic field and atmosphere, and how they both interacted with
these incoming radiations was presented. It was also explained that variations in Earth’s
magnetic field makes dose calculations very complex. This is especially true when solar
particle events occur at the same time as geomagnetic storms. During these periods, the
protection afforded air travellers by Earth's magnetic field is reduced.

This talk concluded by presenting some of the radiation exposure limits for aircrew followed
by examples of measured and calculated “normal” route doses and potential solar flare
doses.

Much of the initial discussion was centred on the NOAA Space Weather Scales equivalency
information. It was agreed that chest X-ray comparisons are ambiguous at best and should
be changed.

5.2 Solar Flare Dose to Humans (Toedt)

This presentation detailed an extensive 1-year survey of the radiation exposure received by
the aircrew and cabin crew of a major international Business jet operator. Operations are

world -wide with flights up to 51,000 ft.

The monitoring program, between September 2001 and August 2002, used passive
dosimeters, which were given to 71 crewmembers to carry whenever they flew. Due to 9/11
the usual number of flights was down by 15-20% during the study. Cosmic Radiation training

was also provided to crew, dispatchers and Met personnel. Some information is also
provided to their frequent flying passengers that exceed more than 200 hours/year.

The gathered data is still being analysed with consideration of flying hours (200 — 1200
hours/year) and aircraft type versus dose rates and total exposure for both the pilots and the
cabin crew.

5.3 In-flight Radiation and Pregnancy (Barish)

The topic of flight radiation and pregnancy drew great interest. The FAA and the International
Commission on Radiological Protection set a1 mSv prenatal irradiation limit. Dose estimates
in a flight near 40,000 feet during the July 2000 particle event would easily have exceeded
the 1 mSyv limit.

Details were given of the radiation limits for pregnant women used in the medical field for
treatments (i.e, x-ray, chemotherapy etc), which are substantially higher (5-50mSv) than the
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1 mSv set for pregnant aircrew. Though the association between prenatal irradiation and
childhood cancer has been established, there is still considerable debate about the extent of
the threatfrom low dose rate exposure from cosmic radiation.

5.4 Solar Energetic Particles (Radiation) Hazard to Humans & Single
Event Effects for Avionics (Jones on behalf of Dyer)

Results from an extended study on Single Event Effects (SEES) on avionics and aircrew
doses were presented. SEEs result from the impacts of individual charged particles on the
micro-electronics and can cause temporary errors or “upsets” in the logic processes, or even
“burnout” of the chip itself. Highly ionising cosmic rays and solar particles are recognised as
the likely source of numerous SEEs on various aircraft, for which examples were given.

Radiation data gathered onboard Concorde during the September-October 1989 solar flares
is used to calculate dose rates for other flare events, which are extrapolated to high altitude
subsonic routes using actual flight profiles. Figures for dose rates and upset rates were
presented for the significant solar events in 1989 and 1956.

This presentation concluded by highlighting the complexity of calculations, which at present
can only be achieved by utilising both ground level and space monitors in conjunction with
accurate interpretation of the Earth’s dynamic magnetic field variations. These SEEs have
the potential to impact critical systems on conventional aircraft and the threat will increase as
the density of computer processors and memory chips continues to increase. It was
suggested therefore, that the only way to provide timely warnings, alerts, and accurate
calculations, such as are needed for crew doses and avionic risk reductions, will require
widespread and permanent installation of monitors onboard future aircraft.

5.5 Communications and Navigation (Fuller-Rowell)

It was emphasized that almost all types of severe Space Weather can affect communications
and navigation, especially at high latitudes, due to the response of the upper atmosphere to
solar flares, CMEs, geomagnetic storms, and solar proton events. The onset of effects
following various SW events can range from 8 minutes to a few days, while the duration of

any disruption can last from a few hours to a several days.

Interference of GPS navigation is caused by the time delay of the satellite signals inducing
errors in triangulation. Single frequency GPS errors can range in the tens of meters, while
dual frequency or differential GPS reduces these errors to 1-2m near the reference station.

These GPS errors can be both horizontal and vertical in nature. Understanding of these
errors and a risk assessment of the effect of the SW environment on future global air

transport systems will be needed.

5.6 Sprites & Jets (DVD)

Subject was not presented nor discussed on the day.
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6 Mitigating the Impacts

6.1 SEC Services (Combs, Evans)

This session addressed existing services available to airlines to help offset Space Weather
impacts. SEC introduced the concept of a Space Weather Aviation Webpage for “one-stop”
access to all aviation related space weather data.

SEC also presented a new product to help airlines identify the geographical boundary and
magnitude of significant HF signal degradation during particle events. However, some of the
terminology used was questioned as its meaning was still not clear to airline operators.

6.2 Solar Radiation Alert System (Friedberg)

The Civil Aerospace Medical Institute (CAMI) of the FAA presented details of their Solar
Radiation Alert System (see paragraph 4.1 above). They issue their alert through the
National Weather Service’s NOAA Weather Wire System when the average radiation dose
rate for three successive 5-minute periods is equal to or greater than 20 mSv per hour. This
dose rate is for the solar flare, but does not include the background Galactic cosmic radiation
dose level or the influence of other SW variations.

Suggested actions are only a recommendation to lower flight altitudes, but this is not enforced
by FAA ruling or National Radiological Protection legislation on occupational exposure.

6.3 SolarMetrics Space Weather Services (lles)

SolarMetrics Limited provided details of heir services, which include real-time radiation
exposure calculations based upon actual aircraft position and real-time SW information;

communicatiors assessments ; and warning of possible GPS navigation inaccuracies.

SolarMetrics presented the view that the best way to tackle the issues of passenger health,
aircraft safety and future operational impacts were through a better programme of education
and training. In addition, they suggested that by developing the use of real-time
measurements will allow more accurate and timely scientific interpretation of the SW
environment, and when translated into clear and understandable airline specific information
will become more useful for operational decisions.
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7 Who Can Do What for the Airlines

7.1 FAA Report (Armbruster)

FAA conveyed that now there are no U.S. regulations on airline personnel radiation exposure
or education, and this will not change until users identify needs. FAA Advisory Circulars
recommend education of personnel and provides information on radiation types. The FAA
also introduced The International Airways Volcano Watch Operations Group (IAVWOPSG),
which agreed to consider all types of airborne radiation in their discussions. In preparation for
their next workgroup meeting in Bangkok, Thailand, 15-19™ March 2004, the FAA drafted a
proposal to provide the CAMI Solar Radiation Alert messages to Flight Operation Centers
and Area Control Centers.

7.2 SOARS: Space weather Operational Airline Risks Service (Jones)

Details on one of ESA’s SW Service Development Activities, the “Space weather Operational
Airline Risk Service (SOARS)” was presented. This project aims to demonstrate a prototype
airline SW service through identification and assessment of all the operational risks from SW
impacts. This research includes a detailed industry survey to establish the level of
awareness and understanding about SW, including consideration of the future technological
developments.

Aircraft systems, electronic flight bags
Global free-flight

Satcom, Nav — GPS llI, Galileo

IFE, Internet s il s

AW0W-—721D

Dose Rote (uSvhour)

Technological Development

Deployment of advanced technologies are likely to see increased risks from SW impacts.
(Courtesy ESA “SOARS” project)
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The European Union has regulations already in place that require all EU carriers to provide
personnel education and dose assessments. But only general guidelines at best are
provided to countries outside of the EU.

7.3 Operations at the Aviation Weather Center in Kansas City (May)

The Director of the NOAA Aviation Weather Center (AWC) introduced some of the AWC
responsibilities, and provided details on policies that guide their processes throughthe CDM
Weather Applications Group.

He suggested the need for either SW representation on the CDM or for a separate SW
Applications Group, which should clearly identify the main issues (criteria, format, definitions
and verification), and to develop products and procedures inline with future (terrestrial
weather) interactive graphical formats.

7.4 Safety (Dale)

To give some idea of the airline dispatchers’ task of safely planning a polar flight this
presentation described in detail the “polar ops” check list that has to be followed. An
indication of the planning timeline was also given, including the need to review current and
forecast SW data at various steps. A final “go” or “no go” decision for a polar flight requires a
final check of SW before 70N.

An example of operational (flight duration difference) and commercial (fuel costs) impacts
were given to demonstrate the extreme importance of timely and accurate information.

Finally, it was reiterated that SW information must be kept very simple and in “dispatchers”
language (i.e., HF comms is /is not available at the given location, not there is a moderate
reduction in HF comms).
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8 Summary & Recommendations

The Halloween Solar Storms of 2003 had a significant impact on airline operations, including:

Increased radiation exposure for crew and passengers
Complete or significant loss of HF communications
Delays, re-routes or diversions on Polar Routes
Increase in fuel costs, loss of Cargo revenue

The exact commercial costs have not yet been clearly ide ntified, but it is likely to be in the
$Millions. Workshop presentations and discussions also acknowledged that future
technological developments of aircraft and the supporting ground, air and space infrastructure
will become more susceptible to Space Weather impacts: this includes avionics, satellite
navigation and communications.

The main points to come out of the Workshop discussions are summarised as follows:

Complex environment requires accurate scientific interpretation
Airlines need better guidance to make informed decisions
More information needed and translated into easily understandable terms

Dealing with the radiation issue on aircraft safety and human health in the future may
only realistically be achieved by the use of permanent monitors on aircraft

Move towards real-time calculations will provide more accurate and timely information
on operational and commercial impacts

A real-time Global Airline SW service should be considered
With the following recommendations:

Develop short-term “patch” fixes. Includes improvements in available, timely and
understandable (“airline speak”) information, which has an internationally agreed
format.

Promote a global approach to assess the risks of Space Weather impacts to current
and future civil (and military) operations.

Representatives from all areas of airline industry/aerospace must be brought together
to identify and define all the hazards, and become the focal point responsible for
strategic planning of global aviation Space Weather services.

Cosmic Radiation exposure is included in the term Space Weather.

It was the consensus of the Workshop attendees to form a working group to address the
many space weather aviation issues that surfaced during this workshop; thus, the
International Committee for Space Weather Impacts on Aviation Safety (ICSWIAS) was
formed. The group will address several key issues to include: hternational regulatory and
legal issues, risk assessment, commercial impact, user needs, and education. The group will
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also decide on the appropriate agencies to provide space weather services and assess how
the services will be packaged and delivered. It was also recognised that there is a need for
more participation from other key areas in the industry (e.g., regulatory and policy makers,
airline industry associations, transportation communications, Air Traffic Control, General
Aviation, military operations and avionics manufacturers).

Initial draft details about the ICSWIAS, (aims, structure, membership, etc) should have been
attached to the same email that delivered this report. If not, details can be obtained from
Bryn Jones (bryn.jones@solarmetrics.com) or Joseph Kunches (joseph.kunches@noaa.goy).

For more information about this workshop, contact either Bryn Jones or Larry Combs of the
NOAA Space Environment Center at larry.combs@noaa.gov.
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9 Appendix A: Agenda for Airline Space Weather Workshop

MONDAY February 23
8:30 |Coffee & Donuts

Welcome: Barbara Poppe, Chair
9:00 |Ernie Hildner, Director, NOAA Space Environment Center
Jack May, Director, NOAA Aviation Weather Center

9:15 |Introduction: “Aims of Workshop” — Bryn Jones, SolarMetrics & Virgin Atlantic
9:30 [‘Overview of Space Weather” — Joe Kunches, Chief, Space Weather Operations, SEC

10:00 [‘October/November Activity” — Bill Murtagh, SEC

10:30 |Break

11:00 [‘Space Weather Effects on Polar Operations” — Len Salinas/Eric Richardson, United
11:20 |“GLE#66 Observation on Commercial Flight 29" October 2003” — lan Getley, Qantas
11:40 |Discussion

12:00 |LUNCH BREAK

1:30 [‘Radiation Hazards” — Ron Zwickl, Deputy Director, SEC
2:00 [‘Solar Flare Dose to Humans” -- Elizabeth Toedt, Netjets
) “In-Flight Radiation and Pregnancy” — Robert J. Barish, Ph.D., The Lenox Hill Heart and
2:20 .
Vascular Institute of New York
540 “Solar Energetic Particles (Radiation) Hazard to Humans & Single Event Effects for Avionics”
' — Bryn Jones (for Clive Dyer & Simon Clucas, QinetiQ)

3:00 |Discussion

3:15 |Break

3:30 [‘Communications & Navigation” — Tim Fuller-Rowell, CIRES/SEC
4:00 [Sprites & Jets (DVD)

4:20 |Discussion

5.00 [Finish for the day
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TUESDAY February 24"

8:15 |Coffee & Donuts

8:30 ['SEC Services” — Larry Combs, Dave Evans, SEC

9:00 [‘Solar Radiation Alert System” — Wallace Friedberg, FAA

9:20 [‘SolarMetrics Space Weather Services”— Roger lles, SolarMetrics
9:40 [Discussion

10:00|Break

Who can do What for the Airlines? - Mike Weaver, LCDR, NOAA, Chair

10:30[‘FAA report” — Paul Armbruster, FAA

10:45 “SQAI;QS: Space Weather Operational Airline Risks Service” — Bryn Jones, ESA SW Pilot
projec

11:00 “Operations at the Aviation Weather Center in Kansas City” — Jack May, Director, Aviation
Weather Center, NOAA

11:15|'Safety” — Greg Dale, Continental

11:30|Closing Discussion

11:45/Summary & Recommendations, Tour of Space Environment Center Forecast Center

12:00|LUNCH BREAK, end of warkshop

1:30 Working group to identify and plan a Global Airline SW Service:

- Brainstorm of what is needed and how we get there (i.e., airline-tailored Web page for info)

- Prioritise issues

- International regulatory and legal issues

- Identify key personnel and/or Working Groups, forums
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10 Appendix B: List of Workshop Attendees

Participant Organisation E-Mail

U.S.

Armbruster, Paul FAA paul.armbruster@faa.gov
Barish, Rob Lenox Hill Heart and Vascular Inst of NY ROBBARISH@aol.com

Barnett, Michael

USAF

Michael.Barnett@beale.af.mil

Bigelow, Sharon

NWA

B747GIRL@cs.com.

Bouwer, Dave

Space Environment Technologies

dbouwer@spacenvironment.net

Cannon, Laurie

United Airlines

Cunningham, Richard

American Airlines

rich.cunningham@aa.com

Dale, Greg Continental Airlines gdale@coair.com

Davis, Bryan AFWA HQ, USAF bryan.davis@afwa.af.mil
Fraim, Thomas NOAA/OFCM Thomas.Fraim@noaa.gov
Friedberg, Wallace FAA wallace.friedberg@faa.gov
Grajewski, Barbara NIOSH, CDC bag2@cdc.gov

Green, Janet

University Col, LASP

Janet.Green@lasp.colorado.edu

Intriligator, Devrie

Carmel Research Center

devriei@aol.com

Jenkins, Douglas Fed Ex dgjenkins@fedex.com
Johnson, Jim Air Line Pilots Assn. jpj2@att.net

Land, Barbara Writer momland@earthlink.net
Linn, Ronald NWA Flight Training Ctr. ronald.linn@nwa.com
Luisi, Joseph Delta Airlines Joseph.luisi@delta.com
May, Jack, Director NOAA jack.may@noaa.gov

May, Joyce A., Capt.
Mertens, Christopher

Allied Pilots Assn.
NASA Langley Research Center

joycemay2@aol.com
c.j.mertens@larc.nasa.gov

Miner, Tim FO

Allied Pilots Assn.

thminer@aol.com

O'Sullivan, Jim NWS Jim.osullivan@noaa.gov

Patterson, Vernon Raytheon vernon_g_patterson@raytheon.com
Richardson, Eric United Airlines Eric.Richardson@united.com
Robins, Marc USAF Marc.Robins@beale.af.mil

Salinas, Leonard United Airlines Leonard.Salinas@united.com
Sauer, Herb NGDC/NOAA herbert.h.sauer@noaa.gov

Sciera, John Delta Airlines John.Sciera@delta.com

Sharp, Scott Continental Airlines

Stewart, Heather USAF, HO

Terbush, Nanette

American Airlines

Nanette_Terbush@aa.com

Todd, Jennifer

American Airlines

Jennifer.Todd@aa.com

Toedt, Elizabeth Net Jet eToedt@cs.com

Waters, Martha NIOSH, CDC maw0@cdc.gov

Williamson, Ray George Washington Univ. rayw@gwu.edu

Foreign

Facius, Rainer German Aerospace Ctr. Rainer.Facius@dir.de

Getley, lan Qantas Airlines getleyian@hotmail.com
Henning Luebbe Lufthansa Airlines frayo/c@dlh.de

lles, Roger Solarmetrics i

Irvine, David British Airways david.1.irvine@britishairways.com
Jones, Bryn Solarmetrics bryn.jones@solarmetrics.com
Lan, Hing Lan Geo Survey of Canada HLam@NRCan.gc.ca
Lunnon, Bob UK Met Office bob.lunnon@metoffice.com
Maier, Mathais German Aerospace Ctr. matthias.meier@dlr.de
Rippey, Colin Air New Zealand cribble@xtra.co.nz
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Participant

Organisation

E-mail

Space Environment Center

Combs, Larry

Space Weather Operations

larry.combs@noaa.gov

Doser, Kelly

USAF

kelly.doser@noaa.gov

Evans, David

Research Division

david.s.evans@noaa.gov

Fuller-Rowell, Tim

Cires/Research Division

tim.fuller-rowell@noaa.gov

Hildner, Ernest

Director, Space Environment Center

ernest.hildner@noaa.gov

Kunches, Joseph

Chief, Space Weather Operations

joseph.kunches@noaa.gov

McK:illen, Kathleen

Space Weather Operations

kathleen.mckillen@noaa.gov

Murtagh, William

Space Weather Operations

william.murtagh@noaa.gov

Poppe, Barbara

Education and Outreach

barbara.poppe@noaa.gov

Singer, Howard

Chief, Research Division

howard.singer@noaa.gov

Weaver, Mike

NOAA Corp/Space Weather Operations

mike.weaver@noaa.gov

Zwickl, Ron

Deputy Director

ron.d.zwickl@noaa.gov
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