Challenges and Opportunities in Aviation

Bob Rutledge
NOAA Space Weather Prediction Center, Boulder, CO

wo ATMO

SF'H
[ &
O %
3
E2)

< 4
$ g
&

oy e
A oF O

Image Credit — NASA AIA Consortium 2018 Space Weather Week - Westminster, CO



Outline

¥ Aviation services/services within ICAO
= Challenges in service provision

= Evolution of services and needs
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Services Within ICAO

¥ Services proposed for inclusion in Amendment 78 to Annex 3
= HF Communications (propagation, absorption)
= Communications via satellite (propagation, absorption)
= GNSS-based navigation and surveillance (degradation)
» Radiation at flight levels (increased exposure)

¥ Event-driven advisories for Moderate or Severe effects
¥ Applicability in November 2018

¥ Global/regional service model
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Services Within ICAO — Example Products

Example A2-4: Space weather advisory message (RADIATION effects)

350

NXT ADVISORY':

AURORAL ZONE. THIS STORMING IS EKPEL TED TO bUBf:aIDE
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Adding Value

¥ Radiation
= For the September GLE/radiation storm, operations were affected, but to
what degree should they have been? Peak of the event on the order of the
ICAO Moderate event threshold

» GNSS
¥ Augmentation systems generally monitor performance and shut down
accordingly, but knowing that ahead of time may lead to different flight
planning

= Communications
= For the same September event, reports of loss of communication with a US
cargo aircraft for Y90 minutes between ATC in French Guyana and New
York
% ATC in Miami had issues with lost communications for aircraft flying
oceanic routes around Hurricane Irma
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Interpreting Products — Exposure Example

A common substance example:

Median Lethal Dose (LDsg)
* 192 milligrams per kilogram in rats

* (Estimated) ~150-200 milligrams per kilogram in humans
Holmgren, et al. 2004
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Interpreting Products — Exposure Example

A common substance example:

Median Lethal Dose (LDsg)
* 192 milligrams per kilogram in rats
(Estimated) ~150-200 milligrams per kilogram m humans

Holmgren, et al. 2004

Amount of
caffeine per cup:

27 m
19mg 20mg g .

3mg.
3/\.! ‘fr

Decaf Hot Green Shot of Can of Black Red .instant Brewed
coffee chocolate tea espresso cola tea Bull coffee coffee

http://www.mountainstrongdenver.com/caffeine-and-sports-performance/
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Modeling Progress....

GIoTEC TEC: Data Driven Assimilative Model

Space Weather Prediction Center
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Evolution of Services and Needs

= Radiation
¥ As aircraft fly farther and longer, exposures will
Increase
¥ n situ observations will help with model validation,
data assimilation, and operational decision making

> GNSS
¥ Additional GNSS frequency adoption can largely
eliminate ionospherically-induced position errors
¥ Engineers with time and money can engineer around
some challenges, but some will remain
¥ Scintillation will likely remain the primary issue
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Evolution of Services and Needs

= Communications
¥ Application of HF is changing. HF datalink use still
Increasing...
¥ Geosynchronous and LEO-based satellite
communication

¥ Short-term forecasting gains are coming

» However, no paradigm shifts in multi-day forecasting
are likely in the foreseeable future

¥ Given the chaotic, eruptive nature of the
phenomena, space weather may never be like
weather, but we can try...
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NOAA Space Weather Prediction Center

Boulder, Colorado
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IGS Network Dual Frequency Code Observations, 6 December 2006
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Cerruti, A. P., P. M. Kintner Jr., D. E. Gary, A. J. Mannucci, R. F. Meyer, P. Doherty, and A. J. Coster (2008), Effect of intense
December 2006 solar radio bursts on GPS receivers, Space Weather, 6, S10D07, doi:10.1029/2007SW000375.
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http://dx.doi.org/10.1029/2007SW000375

December 2006 — 1415MHz Radio Bursts

GOES Kray Flux {5 minute data) Begin: 2006 Dec & Aray Flux (5 minute data) Begin: 2006 Dec & K10y Flux (5 minute data) 5 Xray Flux (5 minute data) Begin: 2006 Do 13 0000 UTG
g™ T L e =T o A L

0 3 : = : g <«

- F : T - 192

i I ' 1 i 177

0 : : = E J 09

E F : I F )

b - o - - - 4 = o

£t - = 07

S 2 : x £ ER

T oL I . N T C 1700

J B ,

z107g = : E: 3 : E

£ r B 3 = EB <

- 1 i 1T oo

10_7 : - : . a L | T

- - " Iy}

C - i 4 o

107 i = Mﬁb‘ : 5 H -

E \w F o

- i - o

WU_g ....... [ Ly P R S E T S S S RS S ST N RS S S o

Dec & Dec & Dec 7 De- 8 Dec 9 Dec 10 Dec 11 Dec 13 Dec 14 Dec 15 Dec 16
Universal Tims Universal Time Universal Time Universal Tims

Updated 2006 Dec 7 23:56:08 UTC NOAA/SEC Baul2008 Dec 10 23:56:07 UTC NOAA/SEC Bauld2008 Dec 13 23:86:08 LTC 2006 Dec 15 23:56:07 UTC NOA4/SEC Boulder, €O USA




December 2006 — 1415MHz Radio Bursts

~4,000 SFU Cerruti et al. (2008)

1,000,000+ SFU ~440,000 SFU (1GHz) ~150,000 SFU (1.6 GHz)

GOES Xray Flufl (5 minute data) BeginADec 5 Xray Flux {5 minute data) Beqm 2006 et 83’ Xroy Flux (N data) 5 me Flux {5 minute data) \ Begin: 2006 Do 13 0000 UTG

'“%U

SOES1Z O.5—4.0 A GOES12 1.0—58.0 A

P SR S S R ! Lo L
Dec & Dec 6 De: 8 Dec 9
i

i
Updated 2006 Dec 7 23:56:08 UTC NOAA/SEC Baul2008 Dec 10 23:56:07 UTC NOAA/SEC Bauld2008 Dec 13 23:86:08 LTC 006 Dec 15 23:56:07 UTC

NOA4/SEC Boulder, €O USA




