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Outline
 What is space weather?
* |Impacts on aviation (HF COM, GNSS, RADIATION and SATCOM)
* |CAO development of space weather information Standards for aviation
 The Global Space Weather Advisory Service
* Space Weather Advisories
e Advisory Dissemination

* Operational Considerations
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Space Weather impacts on aviation
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Impact of space weather
on HF Communications

Space weather modifies the ionosphere,
blocking or degrading HF communications
Space Weather Impacts:

* Complete loss of HF COM on dayside
(solar flares)

 Complete loss of HF COM across polar caps
(energetic protons)

 Reduced HF COM frequency set
(ionospheric storms)
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Impact of space weather on GNSS (GPS) performance
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Space Weather Impacts:
* Lower positioning accuracy
* Loss of satellite tracking
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Radiation dose map at 37000 feet (11.3 km) for 2021-05-18 (max 10.8 uSv/h)

Impact of space weather on radiation levels

Radiation bursts from the sun increase the ionising
radiation environment in the Polar Regions
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Space Weather Impacts:

* Increased radiation dose rates at flight altitude in
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e Poorly understood impacts on avionics i
* Impacts stronger at higher altitude and higher — :
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Towards an ICAO standardized global space weather service for aviation

Weather

1 Recommended Practices (SARPs)

n Space Weather for Intl. Air Navigation

aft updated ICAO documentation (Annexes)

ICAQO Space Weather Advisory Centre (SWXC)
operational requirements

ICAO SWXC nominations / audits

SWXC selection
Global Service Model
Operational
2012 2013 2017 2018 2019 Service 07

Nov 2019 _
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The Australia-Canada-France-Japan (ACFJ) Consortium

ACFJ
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Bureau of Met Canada Frgce .
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24 / 7 global space weather advisory service for aviation
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A global space weather advisory service

Coordination model

. Global centres active all the time and rotate through the following roles:
On Duty Centre = Primary Backup Centre >
Secondary Backup Centre > Maintenance and Observation Centre

*  The On Duty Centre is solely responsible for the creation and dissemination of all
defined SWX products

*  The Primary and Secondary Backup Centres are on standby
*  The fourth global centre acts as Maintenance and Observation Centre added

Rotation cycle
. Rotation cycle is 2 weeks, per the rotation model >

Handover between global centres
. Routine handover is at 08UTC on every second Tuesday

. Detailed handover procedures have been developed to ensure the handover is
seamless and transparent to external users

4-centre model

Centre

Primary Secondary
Backup Backup
Centre Centre
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Meteorological Service for International Air Navigation ZAnnex 3;

Standards and Recommended Practices (SARPs) for Space Weather, addressing four
distinct categories:

* HF radio communications advisories (HF COM)

*  GNSS navigation and surveillance advisories (GNSS)

— {@} ‘1 * Advisories for elevated radiation dose rates (RADIATION)
o {
| N N . . .
e 1 * Satellite communications advisories (SATCOM)
e e ‘\. Note: Advisories for SATCOM not issued
Air Navigation \
= Annex 3 — M. logical Service for I ional Air Navigati Appendix 2
s st “Element ‘Detailed conient Template(s) Examples
. Advisory number [ Yearin full and unique | ADVISORY NR:  nnnn/[n][n][rjn ADVISORY NR: 201811
EEEETETE Specifies template for v sk
e .
r— spa ce Weather advlso ry qubﬂofadvﬁory Mlmelolrmeprw\m\y NR RPLC: nnnn/[n][n[njn NRRPLC: 20161
== being repiaced (G) mmsownem
SSISutu Svs Ausetin Depieintion Space weather Effectand intensity of | SWX EFFECT: HF COM MOD or SEV or SWX EFFECT: HF COM MOD
o e amob o estoomsev

HF COM MOD or SEV AND
GNSS MOD or SEV or GNSS SEV/
RADIATION? MOD or SEV

HF COM MOD AND GNSS|
MOD

Details: Manual on Space Weather Information in Support of International Air
Navigation (Doc 10100)



ICAO BANGKOK  UNITING AVIATION

Space Weather Advisory Example — Moderate HF Communications disturbance

FNXX02 EFKL 150645 GLOBAL HF COM ADVISORIES

SWX ADVISORY Space Weather Centre Grophic issued ot 0645UTC 15 May 2021, by Bureau of Meteorology
SWXC:[PECASUS - - et e b degl f S g
ADVISORY NR: 2021/18 Timeandlocation — 4 i N | ot ek S | = |
NR RPLC: 2021/17 o iy ] il y 7 s |
|SWX EFFECT: HF COM SEV } Dasaile iR, XY » 4 “n
OBS SWX:[23/0535Z EQS W045 - E045 Next update i

FCST SWX +6 HR: 23/1800Z NOT AVBL e - Fiky B S

FCST SWX +12 HR: 23/0000Z NOT AVBL [ DATSIDE i Yo * i
FCST SWX +18 HR: 23/0600Z NOT AVBL [ABV FLxx] - .
FCST SWX +24 HR: 23/0600Z NOT AVBL -% e -%
[RMK: SPACE WEATHER EVENT (MAXIMUM USABLE 2

FREQUENCY DEPRESSION) IS IN PROGRESS. IMPACT ON HIGHER HF -0 = -8
COM FREQUENCY BANDS EXPECTED. LOWER FREQUENCY BANIDS MAY BE EE | e e
LESS IMPACTED' =0 15 30 45 60 75 90 105 120 135 150 165 180 -\65-'5‘;)-1.!5-\20-'05- 0 ~75 ~60 -45 -30 -15 ;%
NXT ADVISORY: WILL BE ISSUED BY 20210515/122274——— Legend woo BB sev

http://www.bom.gov.au/aviation/space-weather-advisories/
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Space Weather Advisory (SWXA) dissemination

[ REGIONA-Originating | REGIONB-Receiving
Regular testing of e e S\A{XC IROG
the dissemination § mJlm "o Te ___.__*_,m /\m
system (using SWXAs | RS VAN N RDIDB |
' User User ' | ! '
with STATUS: TEST) ' Roc ol User NOC |
i ROC Lt :
has been conducted | 7 | SA[}EQWFS < o |
+ NoOC ROC v User  User :
since 2019 ; | (| (user user .
(1 test advisory every |/ s L e e e
2 weeks) . IROG — | N\ PN
E | i User User User User
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« Solar activity has increased
as we progress toward solar
maximum of solar cycle 25

* Increased solar activity
especially observed in April,
May, August and December
of 2022

« January 2023 — largest
sunspot number since 2014

« Majority of flare activity
below MOD ICAO threshold
(X1)
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Sunspot Number [v2]
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How often will space weather advisories be issued?

HF COM (77 real advisories)

GNSS (106 real advisories)

A

"6 Radiation (no real advisories)

A summary of all Space Weather Advisories issued by the ICAO centres
from 1 March 2022 to 20 February 2023

9 — 10 March 2022



Verification of ICAO SWX advisories in real airplanes needs to begin - NOW!
Start your test program!

SEVERE
CONFIRMED?
MODERATE
CONFIRMED?
MODERATE
CONFIRMED?

ca )
NXT ADVISORY: WILL BE ISSUED BY 20220819/0500Z«
+18 WR: 2
+24 HR: 21/01
: SWX EVENT GENERALLY STRONGER ON THE NIGHTSIDE
NXT ADVISORY: WILL BE ISSUED BY 20230220/0649z=

No warnings

Report Impacts - Help Aviation!

”

VEREINIGUNG
' COCKPIT

Credit: Klaus Sievers —German
Airline Pilot Association
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Space Weather Impacts

SPACE WEATHER: IT IS REAL !!! 1S ;
4 AIRCRAFT, 2 AIRPORTS >
NEAR SIMULTANEOUS LPV FAILURE !

Current WAAS Vertical Navigation Service Snapshot Display

120
"
Report from Canadian CADORS system. Occurrance: 25 Feb 2023
00
Report
90
2023Q0875
Date Entere 230307 o
On approach for Runway 25 at Kuujjusq, n((cvw) n Exact Alr Inc. Beech A100 (C-FLTS/ETB23) e m'nlu]-q,m
(CYTQ) to Kuujjuaq, QC (CYVP) lost the Io(lx« teral
navigation (LNAV) and during the previous approach ing this, an Alr Inuit Ltd. d.mu-‘dn«(uu
Nari (c ac Ri (mu» o Ko uljuag, QC (CYVP) mentioned having the same 7
problem when on approach for Runway 25. An Alr Inult Ltd. de Havilland DHC-6-300 (C-GTYX/AIEESS) from
Kangiqsujusg, QC (Wakeham Bay) (CYKG) to Kuujjuaq, QC (CYVP) that was following C-AIES27 had the same problem on
approach for Runway 25 at CYVP and for its previous spproach st CYKG. &
0
ICAO SWx ADVISORY ?  None known
NOTAM ? None issued ™
Consequences ? To be discussed at the Met Panel and other venues. i

Credit: Klaus Sievers —German
Airline Pilot Association

VEREINIGUNG
w COCKPIT blue = good, red = bad
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ICAO Annex 3 (Meteorological Service for International Air
Navigation) including the new SARPs for Space Weather

ICAO Manual on Space Weather Information in Support of
International Air Navigation (ICAO Doc #10100)

Space weather advisories

BoM Information Brochures:

Space Weather Advisories
http://www.bom.gov.au/aviation/data/education/space-weather-advisories.pdf

Space Weather Hazard
http://www.bom.gov.au/aviation/data/education/space-weather.pdf




Geomagnetic Storm space
weather event occurred
between Sat, 22 April to
Monday, 24 April 2023

On Sat, it was G3 strong and
escalated to G4 event,
severe event.




Possible impacts:

e GNSS positioning accuracy and availability degraded,
availability of location information with vertical guidance
through LPV-200 and position data through ADS may be
affected. Impacts more severe in the equatorial and high
latitude regions but they may also extend to middle latitudes.

* Ground-based augmentation systems (GBAS) for GPS may be
compromised.

* HF communications may be severely degraded or unavailable
in some regions.

e Strongest effects are likely over the polar regions where both
GNSS-based positioning and HF communications may be
completely unavailable.
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