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Outline
 What is space weather?
* Impacts on aviation (HF COM, GNSS, RADIATION)
* |ICAO 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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What is space weather?
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400 km

Impact of space weather
on HF Communications

Space weather modifies the ionosphere,
blocking or degrading HF communications HF

Space Weather Impacts:

« Complete loss of HF COM on dayside SATCOM
(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 HF Communications
(HF COM) and SATCOM

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
e Loss of satellite tracking
Poor Quality / Availability of SATCOM
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Impact of space weather on radiation levels

Radiation bursts from the sun increase the ionising
radiation environment in the Polar Regions

Space Weather Impacts:

Increased radiation dose rates at flight altitude in
Polar Regions

Poorly understood impacts on avionics

Impacts stronger at higher altitude and higher
latitude

Radiation dose map at 37000 feet (11,3 km) for 2021-05-18 (max 10.8 wSwh)

- L ¥ B []
Dose Rate (Swh)




Recommended Practices (SARPs)
pace Weather for Intl. Air Navigation
ipdated ICAO documentation (Annexes)

ICAO Space Weather Advisory Centre (SWXC)
operational requirements

ICAO SWXC nominations / audits

SWXC selection

Global Service Model
/ Operational

service 07

Nov 2019 _

2012 2013 2014
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The Australia-Canada-France-Japan (ACFJ) Consortium

ACFJ
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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 centers active all the time and rotate through the following roles:
On Duty Center - Primary Backup Center >
Secondary Backup Center > Maintenance and Observation Centre

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

*  The Primary and Secondary Backup Centers 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

Secondary
Backup
Centre
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Meteorological Service for International Air Navigation (Annex 3)

Standards and Recommended Practices (SARPs) for Space Weather, addressing four
distinct categories:
* HF radio communications advisories (HF COM)
mEm -@' *  GNSS navigation and surveillance advisories (GNSS)
* Advisories for elevated radiation dose rates (RADIATION)

P S s ‘
__ Air Na ? * Satellite communications advisories (SATCOM)

Appendiv 2

L
A 3 — gical Yervice for Ii fanal Air igari

SR | . Yearintdl snduniqe  ADVISORYNR.  nonnnslinh ADVESORY NR. 201871
E— . Specifies template for e
- | space weather advisory e e
e | o]
s-muwmnl S EFFECT. HF COM MOD or SEV o SWK EFFECT. HF COM MOD
=
GHSS MOD or SEV or GN3S 5BV
Two formats: s —

* Simple text
* XML (https://schemas.wmo.int/iwxxm/3.0/spaceWxAdvisory.xsd)
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Space Weather Advisory Example — Moderate HF Communications disturbance

FNXX02 EFKL 150645 GLOBAL HF COM ADVISORIES

SWX ADVISORY Grophic issued at 0645UTC 15 Moy 2021, by Bureou of Meteorology

DTG: 20210515/0645Z 900 1 105 120 199 150 169 140 -160-150-135-120-105 90 =73 —60 =45 =30 =13 090
SWXC: PECASUS et FE LIl T 1] bt
ADVISORY NR: 2021/18 A s I ﬂﬁ%ﬁ:&‘i By .
NR RPLC: 2021/17 =y y ¢ U &
SWX EFFECT: HF COM SEV ey il N i
OBS SWX: 23/0535Z EQS W045 - E045 N T f
FCST SWX +6 HR: 23/1800Z NOT AVBL R RIS R ~
FCST SWX +12 HR: 23/0000Z NOT AVBL ° "\k'.'.’“f"_-:*.‘

FCST SWX +18 HR: 23/0600Z NOT AVBL | gl

FCST SWX +24 HR: 23/0600Z NOT AVBL - ST

RMK: SPACE WEATHER EVENT (MAXIMUM USABLE i A
FREQUENCY DEPRESSION) IS IN PROGRESS. IMPACT ON HIGHER HF - .

COM FREQUENCY BANDS EXPECTED. LOWER FREQUENCY BANDS MAYBE. =

LESS IMPACTED. s m 45 60 75 90 105 120 135 150 :es |-a§_.|%;%mmmr::m 45 -

NXT ADVISORY: WILL BE ISSUED BY 20210515/1222Z= Legend MOD s

http://www.bom.gov.au/aviation/space-weather-advisories/
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Space Weather Advisory Example — Moderate HF Communications disturbance

FNXX02 EFKL 150645 GLOBAL HF COM ADVISORIES
SWX ADVISORY Grophic issued ot 0645UTC 15 Moy 2021, by Bureou of Meteorology
DTG: 20210515/0645Z 900__1 4 105 120 135 150 165 180 —165-150-135-120-105-90 —75 —60 —45 -30 -1 90
SWXC: PECASUS deb P ed | P Nl
ADVISORY NR: 2021/18 Space Weather Effect + ol i el S =~ 3 ’;'*;Lla‘{-: ‘i:':‘§ 2 At |
NR RPLC: 2021/17 Severity AR y 11 R %

: HF COM % : bt [
OBS SWX: 23/0535Z EQS W045 - E045 S i - s _
FCST SWX +6 HR: 23/1800Z NOT AvBL | GNSS MOD / SEV REA, | TN R
FCST SWX +12 HR: 23/0000Z NOT AvBL RADIATION ° NFR i
FCST SWX +18 HR: 23/0600Z NOT AVB ‘o
FCST SWX +24 HR: 23/0600Z NOT AVBL = ‘ =
RMK: SPACE WEATHER EVENT (MAXIMUM USABLE :
FREQUENCY DEPRESSION) IS IN PROGRESS. IMPACT ON HIGHER HF |-i.i —
COM FREQUENCY BANDS EXPECTED. LOWER FREQUENCY BANDS MAYBE: =~ R B I B R A 55
LESS IMPACTED _wu 15 so 45 60 75 90 105 120 135 150 :e.': 180 |%%mmo§_a_rs_m 45
NXT ADVISORY: WILL BE ISSUED BY 20210515/1222Z= 'Le'ge; s Buwoo - SEV

http://www.bom.gov.au/aviation/space-weather-advisories/
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Space Weather Advisory Example — Moderate HF Communications disturbance

FNXX02 EFKL 150645 GLOBAL HF COM ADVISORIES

SWX ADVISORY Grophic issued ot 0645UTC 15 Moy 2021, by Bureou of Meteorology

DTG: 20210515/0645Z 900__1 4 105 120 135 150 165 180 —165-150-135-120-105-90 ~75 -60 -45 -30 =15 0Ogp
SWXC: PECASUS - - S A N N NN
ADVISORY NR: 2021/18 Time and Location i NP Bmmme - - B
NR RPLC: 2021/17 HNH / HSH agh y 11 R %
SWX EFFECT: HF COM SEV 23 o L 1 .10
0BS SWE: 23105362 EQS W0d5 Jreas—| Mo/ MOH [ llonrange] |l P B
FCST SWX +6 HR: 23/1800Z NOT AvBL | EQN/EQS RER R (N EEE
FCST SWX +12 HR: 23/0000Z NOT AvBl| DAYSIDE ° e '

FCST SWX +18 HR: 23/0600Z NOT AVBL [ABV FLxx] ‘o

FCST SWX +24 HR: 23/0600Z NOT AVBL - ‘ -

RMK: SPACE WEATHER EVENT (MAXIMUM USABLE :
FREQUENCY DEPRESSION) IS IN PROGRESS. IMPACT ON HIGHER HF|..: —

COM FREQUENCY BANDS EXPECTED. LOWER FREQUENCY BANDS MAY BE. =~ B T O O N N S

LESS IMPACTED _wu 15 so 45 B0 75 90 105 120 135 150 :e.': 1w-|%%mmmrrs_—m -45 -

NXT ADVISORY: WILL BE ISSUED BY 20210515/12227= Legend voo  HMsev

http://www.bom.gov.au/aviation/space-weather-advisories/
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Space Weather Advisory Example — Moderate HF Communications disturbance

FNXX02 EFKL 150645 GLOBAL HF COM ADVISORIES
SWX ADVISORY

Graophic issued ot 0645UTC 15 Moy 2021, by Bureou of Meteorology
DTG: 20210515/0645Z 9001 4 105 120 135 150 165 180 -165-150-135-120-105-90 -75 -60 -45 -30 -15 0gp
SWXC: PECASUS

kg - e i . i S

t"ib‘ Rl
Vi

q—a 7";‘

ADVISORY NR: 2021/18 ol NS B
NR RPLC: 2021/17 = G
SWX EFFECT: HF COM SEV Details R ey el
OBS SWX: 23/0535Z EQS W045 - E045 VA S ’ f
FCST SWX +6 HR: 23/1800Z NOT AVBL | [Free text] RER R Wi
FCST SWX +12 HR: 23/0000Z NOT AVBL
FCST SWX +18 HR: 23/0600Z NOT AVBL
FCST SWX +24 HR: 23/0600Z NOT AVBL
RMK: SPACE WEATHER EVENT (MAXIMUM USABLE
FREQUENCY DEPRESSION) IS IN PROGRESS. IMPACT ON HIGH
COM FREQUENCY BANDS EXPECTED. LOWER FREQUENCY BA
LESS IMPACTED.

NXT ADVISORY: WILL BE ISSUED BY 20210515/1222Z=

.
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http://www.bom.gov.au/aviation/space-weather-advisories/
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Space Weather Advisory Example — Moderate HF Communications disturbance

FNXX02 EFKL 150645 GLOBAL HF COM ADVISORIES
SWX ADVISORY Grophic issued at 0645UTC 15 Moy 2021, by Bureou of Meteorology
DTG: 20210515/0645Z 9001 4 105 120 135 150 165 180 -165-150-135-120-105 -0 -75 -60 -45 -30 -15 090
SWXC: PECASUS i et ey 3

P S o M =

ADVISORY NR: 2021/18 P Nl Suse,
NR RPLC: 2021/17 i TR

o
LS

.

i":‘§ \{ _i oo
. e e 3 . ;};q—a #;
SWX EFFECT: HF COM SEV e o8l g '
OBS SWX: 23/0535Z EQS W045 - E045 | Next update e - T f
FCST SWX +6 HR: 23/1800Z NOT AVBL HWioUdiw s e G
FCST SWX +12 HR: 23/0000Z NOT AVBL ° '
FCST SWX +18 HR: 23/0600Z NOT AVBL
FCST SWX +24 HR: 23/0600Z NOT AVBL -
RMK: SPACE WEATHER EVENT (MAXIMUM USABLE
FREQUENCY DEPRESSION) IS IN PROGRESS. IMPACI|I ON HIGHER HF
COM FREQUENCY BANDS EXPECTED. LOWER FREQUENCY BANDS MAY BE -
LESS IMPACTED. '

NXT ADVISORY: WILL BE ISSUED BY 2021051 J 0 15 30 45 60 75 90 105 120 135 150 165 180 -165-150-135-120-105-90 =75 =60 -lt.')--SEV
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http://www.bom.gov.au/aviation/space-weather-advisories/
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Space Weather Advisory (SWXA) dissemination

Regular testing of
the dissemination
system (using SWXAs
with STATUS: TEST)
has been conducted
since 2019

(1 test advisory every
2 weeks)
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Operational Considerations
How often will space weather advisories be issued?
Space weather events closely

follow the 11-year solar activity 300
cycle.

Solar Activity Cycle 1750 - present

g

More intense events are
expected to occur near
solar maximum
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Operational Considerations

How often will space weather advisories be issued?

g

Solar Cycles 23 and 24

Space weather events closely
follow the 11-year solar activity 300
cycle.

Solar Activity
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The next solar maximum is

Operational Considerations expected around 2024

How often will space weather advisories be issued?

Space weather events closely
follow the 11-year solar activity
cycle.

More intense events are
expected to occur near
solar maximum
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Currently, we are just
past solar minimum
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How often will space weather advisories be issued?

HF — BOM Responsibility (30 real advisories)
With input from Canada

GNSS — France responsibility (4 real advisories)
QC checks by BOM, Canada, backup by Japan

Radiation — France responsibility (no real advisories)
QC checks by Japan, backup by BOM and Canada

ICAO space weather daily briefs - BOM
With inputs from France, Canada, Japan

24-7 Admin watch (BOM, France, Japan)
24-7 Scientific watch (shared between BOM, France, Canada)

roup 20

9 — 10 March 2022
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Space weather mitigation

To mitigate the immediate effects of severe space weather, operators might take the following actions.

High-frequency radio communications
» Switch to lower HF radio frequencies during ionospheric storms and higher HF radio frequencies during solar
flares/HF absorption events (per ICAO recommendations).
+ Use alternate forms of communication, where available, such as satellite or very high frequency (VHF) radio.
» Delay or re-route flights where alternative communication technology is inadequate, particularly in polar regions

Satellite-based navigation and surveillance
* Increase spacing between aircraft on the ground or in-flight to mitigate increased GNSS position uncertainties.
» Use alternative navigation technology in impacted locations. Impacts are strongest in high latitudes, and near
the equator after dusk.
* Ground-based and space-based GNSS augmentation system operators should monitor service performance
and execute risk mitigation plans.

Radiation exposure on polar routes
* Reduce altitude of polar flights. A 2100 m decrease in altitude lowers the radiation dose by approximately 50%.
» Re-route polar flights to lower latitudes. The Earth’s magnetic field provides greater shielding against dangerous
radiation at latitudes less than about 60°.
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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)

BoM Information Brochures:

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

Space Weather Hazard
http://www.bom.gov.au/aviation/data/education/space-weather.pdf
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¥ IcA0

North American

Central American Western and European and Eastern and

and Caribbean South American IcA0 Central African North Atlantic Middle East Southern African Asia and Pacific Asia and Pacific
{NACC) Office [SAM] Office Headquarters |WACAF) Office [EUR/NAT] Office (MID) Office (ESAF) Office [APAC) Sub-office  [APAC) Office
Mexico City Lima Montréal Dakar Paris Cairo Nairobi Beijing Bangkok

THANK YOU




