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Space Weather for Aviation
» Space Weather impacting Aviation - Examples
» Rules

» SWx information from the US Space Weather
Prediction Center (SWPC)

» SWx information from ESA
» ICAO SWx advisories

» ICAO SWx advisories in flight operations
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» Space Weather impacting Aviation: Examples

AIRCREW SAFETY & HEALTH
Cosmic lonizing Radlation

What you need ta kmow
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https://www.cdc.gov/niosh/topics/aircrew/cosmicionizingradiation.html
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AIRCREW SAFETY & HEALTH
Cosmic lonizing Radlation

What you need ta kmow
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AIRCREW SAFETY & HEALTH

Cosmic [anizi

What you need
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Background (1 of 2)
Galaxy 15 Satellite Anomaly - Impacts
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» Space Weather impacting Aviation: Examples

&

08 Apr 2010 = Intelsat reporis that the Galany 18
stopped responding 1o ground commands
[Amomaly time: 06 April & 09:48 UTC)

10 Aps 2010 - FAA predicis erosion of WAAS
capabilidy due o Galaxy 15 tailure

20 Apr 2010 - Orbital atiributes the loss of
Galaxy 15 to space weathar

30 Apr 2010 - Intel reports Galaxy 15 still adeift
and threatens nearby satellides (Le frequency
Interference)
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» Space Weather impacting Aviation: Examples

AIECBEW SAFETY & HEALTH
Cosmic [onizj

What you need

Amnsirulian Fronspos &

Background (1 of 2) 3

Galaxy 15 Satellite Anomaly - Impacts

What s coenye o

e Ll -I"-—I— = : _ — e 08 Apr 2010 = Intelsat reporis that the Galaxy 18
abaiin - - ) B stopped responding 1o ground ecommands
: {Anomaly time: 06 April (& 09:48 UTC)
Coemk Ediaion - - : . . . — 10 Ape 2010 - FAA preciicts erosion of WAAS
: i L Bl e canability due o Galaxy 156 Isilure
e " French Civil Aviation Authority
|.II':-|II||'| 'Fl'&l'lﬂ'l Cﬂli &nation authonties mmd that HF
g radlo contact was lost with one mon-Contraller Pilat
3 - Data Link Communications (CPOLC) equippad aircraft
off the goasts of Bragd and French Guyana for
———————— approximately S0 minutes, riggering an alst phass
SPCE NEY ,‘l until @ positon repert was received by New York radle”
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» Space Weather impacting Aviation: Examples

AIECBEW SAFETY & HE!
Cosmic [onizj

What you need
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» Space Weather impacting Aviation: Examples

AIECBEW SAFETY & HE!
Cosmic [onizj

What you need

What s coenye o
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» Space Weather impacting Aviation - Examples : Everything

» During an active period in 2017, multiple impacts occurred at
the same time. They affected aviation, too !

FAA
Solar Radiation Alert

USAF survey for Sept 2017 found: % Systern ACTIVATED

> 06 Sept. ....: Radar interference issues reported WO WP 11626
ALTPAY
. . . . q-L'll-q.l‘ Wemhie '~||.1u'||_'|:l: b ALTEAY
> 10 Sept. ....: HF Comm issues in the Caribbean and SE Asia Serial Nuzsher: 760
| Tima 2017 Sep 10 1821 LT
ALERT: Sodar Badistion Alen m Flight Adeimikes
> 10 Sept. ..... SATCOM issues noted over Florida it e
i
Satellite messiprements indicae aneanlly high levels of
> 11-14 Sept.: High latitude communication issues / protons Ry pan oy fu 86 kL e 2wy
eRpgs e mahanin dioses 10 &IF Crreekss o Ifade~farsl’
amd ot hagh-lacimids: |'||=||I-\. wer map &
hitpefwere e govidatn_restarchrocarchimed hirman(w

> 04-11 Sept.: Sat anomalies in 4 NATO satellites, aeromedienl/richotriolgyiaatarradition

1 USN Satcom. 2 HEO Sat ke tolbow g Qosee, dose rake, aed nek csimates do
> ek nde any shiglilng: by the Earth's mragnesi fhekd

Tuble 1. Effective dose rote esiimabes: ol selectod ol budes

> 12-18 Sept.: 4 LEO, 1 HEO, 1 MEO and 3 GEO anomalies v e et XS gl oo e i

Adtipalke Edecoive Diose Kme
1) iMicresievenshour)

(( Total: 16 satellite anomalies )) T radiation
40000 S5 exposure
L LR,

USAF CPT B.Ross, NOAA Annual Meeting 2018 G000 5 increased
TR T
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> Rules

» US FAA requires information on radiation,
» a plan for the mitigation of radiation for polar region flights
» and constant communication, which means HF might not be OK

@ Fedaral Aviation Bt b Ry
s by 14 CFR Appendis P ta Part 121 - Reqairemeets for ETO0S and Palar Operations

Dvsureesst nConied @ Retaped Do e g

eSS AC 120-61B - Inflight Radiation < Catapey e
EIFIEIE-IJFEI Coflection Cade off Fedeial Reapilmiadid faregal od e

Document Information Ealine Class Munsher AE 3 10R-EL

Comtalned Within T 18- dmon st i Soace
Chaler | - FEDERAL GWATION ADNIKISTRETIIN, DEPRHTMENT Of
120-818 - in-flight Radiation Exposure TRAMSPORTETION (COMTIMUED]
Gubchecter G- AR CARRIERS AND DPERATORS FOR COMPENRSATION DR HIRE
CERTIFICATION AMD CFERATIONS

Dl aied

—— (....) Section III.
S Approvals for operations whose

Depmpiioe airplane routes are planned to traverse either
the North Polar or South Polar Areas. (...)
(6) A training plan for operations in these
areas.
(7) A plan for mitigating crew exposure to
radiation during solar flare activity.
(8) A plan for providing at least two cold
weather anti-exposure suits in the aircraft (...)
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> Rules

» Europe: Crew radiation protection requirements according
to the general Euratom Basic Safety Standards

Council Directive 2013/59/Euratom (new BSS)

Official Journal
of the Buropean Union
Violam= 57
| T Fanmary 3014
T
*  Councll Dlirecthie 200050 Euraloim of 5 Decenibier DOLY layieg down Lok aalety
stanidardy Far prefeclisn agimi (B damgers arisiing Tram wipetary U inoreisg

rulisticn, aod ropealing Mevctive 8B LR Faratom, 50641 Eurabom, 96830 Earatom,
BT AN Euratom amd 20881 23 Furaiom

https://eur-lex.europa.eu/legal-content/de/TXT/?uri=CELEX%3A32013L0059

Summary

Maximum radiation dose for exposed
workers shall be 100 mSv / 5 years,
and 50 mSv in any single year. For
pregnant women there is a maximum
dose of 1 mSv during the remainder of
the pregnancy.

If more than 1 mSv / year is expected,
dose assessment is required.

Workers have to be informed about the
risk their work involves.

PLUS: national legislation, which may
set occupational exposure limits at
other values for crew, like 6 mSv/year.
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> Rules

» EASA: comprehensive but non-binding information bulletin on

Space-Weather.

» Imminent or on-going Space-Wx: recommend delayed use of
polar route, fly at lower altitude for atmospheric shielding.
» Detailed certification for electronics with regards to radiation
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Certification Memorandum

Single Event Effects [SEE) Caused by Atmospheric
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Certification Considerations and an Analysis Method ©a
Demonstrate the Lcceptahility of Effects an Aircraft,
Engine, APU ana Fropeller Systems and Egui pment, caused
by Atmospherie Rediation

BRSSO fie - ORS00 e 0 mawd 0@ iy L0
Bage by snpeiinrsmafial Sk 03-H G0, -39, T4 o el E5-25C

BASE Carifloafior. Mamarands chaly iha Lorpaan bl sfion Sakeby dgunry’s gersaral o of sglas ae
il B co n bt vl Tha p e o 19085 el Lo prorvkde puabdirecs wr & g s b sl pot il 36 reoer-trrahogg
anilei L piay poirkde s oavglirrdlaiy biode Bl ed g guaiiees L dormgda rg v A it A th Cginend
riacerh. Cerbicsfon Wesorsnh == provnies for mimrabon pogcss srly and P nioi s
g e e sy dicadadl vtk e da o o Core plsio JRMC] i 2 Gopbdide @ s L poe |
Lo Hrrion Mmoo pdy vy rol Sipeded o *EgRETr ror i reedily peiiing
rertorhon repyiresentr sed 4o rol coreSra i asp gy chigeiEn,

LEAA Vot il e Bl mraw wra e ww Fvag v s e vt b b i Bewe mdd dboiead dwrmn o add Niwrad mrims
mas b roarpnmed 62 aer a8 a s ed B iderdled by EALAL

VEREINIGUNG
4. COCKPIT © 2018 Vereinigung Cockpit e.V. 20.6.2022




» SWx information from the US Space Weather Prediction Center (SWPC)

» Traditional source of SWx for aviation - storm conditions, 08 Sep 17
» R:Radio Blackouts S: Radiation Storm  G: Geomagnetic Storm

SN,

= B L LR A GERETR SRER A

* EOACE WEATHER PREDICTION CENTER
S EEAN AN AFUOSPHERIC ADWETRATION

BOME  ADCHIT SPACE WEATHER  PHORCTS AHDDATA  [ASIBOARDS  HCIRA AWDRESORIRCES  SUBECHIDE  AMFUAL MCCTIHG  FEEBACH
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> SWx information from ESA

» Comprehensive information - science oriented
» Registration required. Log-in available the next day
» Consult the Service to Aviation section for more information
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> ICAO SWx advisories

» Basic rules, like message formats, organizational matters,
to be found in ICAO Annex 3
» Threshold values , science description in the Manual

i+ | (CAD

Doc 10700

logical Service Manual on Space Weather Infarmation
ional Alr Navigation in Support of International Air Nawgation
Park | — Care SERPe
Fard 1T — g il G o il A bt Fares Eul B AITW
Fwanbirih B, Jaly J00E

HTERHATIONSL CAHL SVIATION ORGaMIZATION
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> ICAO SWx advisories

» SWx advisories are issued on a rotating schedule by the four
global SWx Centres SWPC, PECASUS, CRC and ACFJ
» South Africa is associated with PECASUS for now

$) [ICAO BANGKOK  UNITING AVIATION

Eurapean
PECASUS
LS Space
Weather 4
Prediction Russia
Cariter Consortium

(SWPC) ~ S A : (CRC)

China,

Australia,
South Canada,
Alrica France,

(Regional lapan (ACFJ) 4
Centra) ’

A Naidu, BOM , https://www.icao.int/APAC/Meetings/2021%20METATM%20Seminar%20and%20METR%20WG10/SP11_AIL2 AUS_SpaceWeather.pdf
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> ICAO SWx advisories

» Website of PECASUS, with link to real-time advisories
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> ICAO SWx advisories

» Overview of affected systems covered.
» Advisories only provided when thresholds are reached

Annex 3 — Meteorolagical Service for International Air Navigalion

6. SPACE WEATHER CENTRES

6.1 space weather advisory information

6.1.3 Recommendation.— e or more aof the following spoce weather effecrs should be inclided in the space
wearher adiisory iformation, using their vespective abbreviations as imdicated below:

HF conmmmications (propaganion, absorprion) HF COM

commmications vio saieliite (propagarion, chsorprion) SATCOM

GNSS-based nervigation and sirveillemes rdegradation) GNSS

racintion af flight fevels (increased expastire) RADIATION

6.1.4 Recommendation.— e faflowing fmensities should be included in space weather advisory inforanation, wsing
hedr respective abbrevigrions as ndfeared belon:

prndEriTieE MOy

eV

VEREINIGUNG L .
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> ICAO SWx advisories

» Overview of affected systems covered.
» Advisories only provided when thresholds are reached

Annex 3 — Meteorolagical Service for International Air Navigalion

6. SPACE WEATHER CENTRES

6.1 space weather advisory information

6.1.3 Recommendation.— Cwe or more aof the following spoce wepther effecrs shonld be foclvded in the space
wearher adiisory iformation, using their vespective abbreviations as imdicated below:

HF conmmmications (propaganion, absorprion) HF COM

: £ 3 re. . = -
.E eD “””I!:“”” I“' 5“'“”” Ip’ﬁ-‘l'ﬂgwrrun_ LALEILAT LIAyLrT Iy

GNSS-based nervigation and sirveillemes rdegradation)

rdition af flight levels fincreased expostired RADIATION

= About SATCOM
« |CAQ has not given yet the thresholds for advisories
= [Data and voice drop out at frequencies < 2 GHz (L-band)
« No big problems in 5, C, Ku and Ka
= 5Wh something to keep in mind when planning future automated ATM

systems PECASUS : https://presentations.copernicus.org/EGU2020/EGU2020-7650_presentation.pdf
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> ICAO SWx advisories

» Thresholds for ICAO SWx advisory issuance
Table 3-1. Thresholds for space weather advisory

fackerats

Amphitude Scintillation (54 dimensioniess )y

Phasa Scinfilation (Sigma-Philiradians)

Verical TEC (TEC Linis)

RAMATION

Effaciiva Do2a (micro-Sewertsnoury®

Auwrmoral Ab=orpdion (Kp) | “

PCA (dB from 30MHzZ Riometer deta) ) a

Solar X-rays (0.1 - 0B nmiW-m~) ixi0t (X X107 (X10)

Post-Storm Copression (MLUF ™ 3% Sy

MO advsomes wil anly be rssued when e MO0 threshald 5 reached af FLAGE amd below,. SEV adwsomes will be rssued wihen
fhe SEV thveshold 1 reached af any FL
Az compared o a J30-day rwming median of fre cornfical frequency of fhe F2 Tayer (fol=2).

flote — A more detailed descripiion of haow these vales wers defermined carn be found i Appendiy 7

VEREINIGUNG .
4. COCKPIT © 2018 Vereinigung Cockpit e.V. Source: ICAO Doc 10100 20.6.2022



» ICAO SWx advisories in flight operations

» Volcanic Ash Advisory <> SWx Advisory (ICAO Annex 3)

FuWRd2l KHES 141133
WE ADTSORY

DTaE: I81E18ld4, 11887
VAL WASHIMNGTON

WOLCAND: FUBGO 543650
PEN: Hi428 WeSakl

AREL: GUATEMALA

SUMMIT ELEV: 12348 FT (3763 H)

AOVISORY hR: 281K R4E

INFD SOUHCE: SOES-E&ST. MWF MODELS. CIMSS WOLCAT.
ERUPTION DETATLES: OMGOING WA EMS

OES WA DOTA: 14711187

085 WA CLD: SFCYFL1TE Hi4sd Wa925% - NIG2E Weoa52
- Hid412 Hé911S - Hid3E LWa9122 - H1429 We9a53 MOV
£d E-18KT

RBLET WA CLD <EHR; 14717387 SPCSPLATE NI42S LWESARl
- N142E WE9a5ZF - N14R3% 1Ke0iZrs - NI42E We012& -
Hi&ZS Wasess

BEST VA CLD <12HA: 14728847 SPEC/FL17a Wid:ig
WASHEL - NMO42E Wedebs: - Nidiz Wesizs - Hi14d2E
Wo91lE - MN1429 NeSREE

FLST %& CLD +16HRA: 15/@55&Z SFC/FLITE WO ASH EXP
RME: “io EMS CONT To MOV WEW GND PXTD ROUBSHLY %3

WA FM SUMMIT. NP MODEL SGUIDANCE CONT TO SHOW A
W-LY EOv THREU T+12 HRS. .. KIBLER

SWX ADVISORY
DTG: 20161108/01002

SWXC: DONLON®

ADVISORY NE: 20162

NR RPLC: 2016/1

SWX EFFECT: HF COM MOD AND GNSS MOD

OBS SWX: 08/0100Z HNH HS5H E18000 — W 18000

FCST 8WX +6 HR.: 08/0700Z HNH HSH E18000 — W I1EB0ODD
FCST SWX +12 HR! 08/1300Z HNH HSH E18000 — W18000
FOST 5WX +18 HR: 08/1200Z HNH HSH E15000 — W 500
FCST SWX +24 HR (/01002 NO SWX EXP

RME: LOW LVL GEOMAGNETIC STORMING CAUSING
INCREASED AURORAL ACT AND SUBSEQUENT MOD
DEGERADATION OF GNSS AND HF COM AVBL IN THE
AURORAL ZONE. THIS STORMING EXP TO SUBSIDE IN
THE FCST PERIOD.

SEE WWW SPACEWEATHERPROVIDER. WEB

NXT ADVISORY: NO FURTHER ADVISORIES

20.6.2022
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» ICAO SWx advisories in flight operations

> First real SWx advisory ever issued. 28 September, 2020

{02001 28 05 5600

FHEEOL. s ZBO555
Sad ADVISORY
OTha: 20200928/ 05557
SEE S ALF]
ADVISORY HE: 2020, 26
Swx EFFECT: HF-C0fd MOD
OBES SwX: ZB/053FZ HKH MuH EOOO - EOGO
FCST Tex +6 HE: ZE/L200Z MO SAX ESP
FCST Sa 412 HR: 2B/1B00Z MO -Sel EXP
FCST Sed 418 HR: 29/0000Z KO SeX EXP
FCST Sel +24 HR:® 29/0G00Z. MO Sed EXP
RME: SPACE WEATHER EVENT (MAXTIMUM USAELE FREQUERCY
DEPRESSIONY IN PROGRESS IMPACTIME HIGHER HE COM
FREQUERCY EAND, LOWER FREDUERCIES MaAY BE LESS
IMPALTED. I=20OLATED AREAS OF SEVY HF [0 DEGRADATION
FOSSIELE.
WAT ADNVISORY D WILL BE ISSUED BY 2020MMH28/1140Z=

Mo warnings

LR L U T e e R U IR o e
1 1 { | { | ']

N B L I e T
Piass ran Frairalan Do of Walsasieg

Decoding

Issued 2020 Sep 28, 0555 GMT,
by SWx Centre ACFJ

Impact: HF COM MOD
Observed SWx at 05:32 GMT:
affected area:

high latitudes N hemisphere
mid latitudes N hemisphere
00E - 060 E

Forecast SWx 28/ 12 GMT

no SWx expected

()

VEREINIGUNG o )
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» ICAO SWx advisories in flight operations

» Flight operations are teamwork.
» All involved are on the same page - thanks to the ops manual

Besides assuring regulatory compliance, OPS- manuals: assuring that everyone is —actually- on the same page

The Airlines * operation manuals specify - general information, organizational structure and policies, safety management
- aircraft spacific operating matters, normal and abnormal procedures
- regulations and information about routes, roles of personell, aerodromes
- training and evaluation of staff, health matters

VEREINIGUNG
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» ICAO SWx advisories in flight operations

» ADVISORY: GNSS SEV. Go or no-go ? That” s the question !

..single C1 flare ...
prominences
.....high-speed

stream ... Co-rating

___Interaction Regio

L]

-
-

] s

S

Aociatior and Space Waather Internatonal Forum, Pars, 17 March 2016

Source: Presentation by J. Lafeuille, Aviation and Space-WX, Paris 2016
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» ICAO SWx advisories in flight operations

» Answer: ensure that they are not needed for the flight !
» Check, if navigation for the flight is not depending on GPS.
» Choose alternate airport with conventional approach

> All ok: decide that it is safe to fly.

CEFARTMENT OF TRONSPORTATION

MASTER MINIMUOM EQUIPHMENT LIST

=

FEDERAL AVIATION ACMINISTRATION

AIRUCRAFT : EEVISION NC:

R330-200, A3I30-200F, A330-300

DATE: 03/31/2013

Aot f

i = B
SYSTEM & TIHBEER INSTALLEL

SEQUEIC ! 5 {5 NUMBER REQUIRED FOR DISFATCH

MNUMBHRI
2 4. REMARKS OR EXCEE

provided alternats

izhed and uased.

Yy e 1nopsratlVve [ W 1OED roCcequras
not redqulra 1T LSe
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» ICAO SWx advisories in flight operations

» EUROCONTROL has looked into loss of GPS scenarios :
» very much reduced capacity
» need for conventional infrastructure as backup

Tabular Summary of Reversion Scenaria 1
Available Navaid Infrastructure iy bbbkl ¢ [IVIE [DMIE) WORDIME, L5

Fleet Positioning Capability for PEN debe + D > 90% + VOR/DME [10% can only do conventional);
T R
et il o Mo

PB4 Oparation: Surveillance Sensors Used PEE; MULTIPLE S5R; with vk or MLAT
2 Communication Service Used WC R, dk———

Data Link Explanation. Whils! Dafa Link may nof be lost mmediately, # can be Inst in the longer ferm if e outrage fming 15
extemiad

Timing for On-Board Systems [depandant e e——————
Timing for Ground Systems Indepard snt e
CONTINGENCY OPERATIONS (ENR & SID/STAR GNSS REVERSION)

Applications which can continue in Airspace: RMAY 5 (ATS Routes + FRA): Rkkked + RF (miajority of SID/STAR):
RNAY 1 [remaining SI0/STAR); S (4] Heli); Exicting
conventional Procadures.

Apphications Explanation (i) For reversions of shod deirahion, RNAY T withiwilhout RF coukd substifide for 50% of the fleet and
ANAV 1 for ofher roufes; thowgh 108 of the fleet would require verdamg or comfinue on eonveniinnal procedues: For reversion
to OMEDWE operations, special comdiions may apply to e infrastucure (refer io PBN kandbook No 4)
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» ICAO SWx advisories in flight operations

» Detailed guidance on handling of SWx advisories in real life
has not been published or mandated by FAA or EASA

» The European Cockpit Association has a publication:

- | M ECA

ICAD Spac&ﬁi Advisories -
| instructions to be included in the
e
Ops-Manual ™
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» ICAO SWx advisories in flight operations

Non-Distribution of SWx advisories - Safety Bulletin

Space Weather Advisory (SWXA) disseminatio
EH5I0M & - Orginating : RGN B - Recphning

Regular testing of S“Ixc - IROG
the dissemination .
system (using SWXAs
with STATLS: TEST)
nas been conducted : ,
since 2019 and wil 5 . L W
continue through :

2021

(1 test advisory every

-+ SADIS/WIFS

NOCT —  MOC
g Leer  Lhes  Lber

$ weeks)

Grapic :

ROC =
Rgional Opment
Center

IROC =
Inter- Regional
Opmet Center

NOC =
National
Opmet Center

User = ?????

https://www.icao.int/APAC/Meetings/2021%20METATM%20Seminar%20and%20METR%20WG10/SP11_Al.2_AUS_SpaceWeather.pdf
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» ICAO SWx advisories in flight operations

SAFETY BULLETIN

IFALFA 225AB10

21 April 2022

Space Weather Advisories

ICAQ Annex 3, Chapter 9 provides detailed Standards and Recommended Practices for
Meteorological information to be supplied to operators and flight crew members for
preflight planning, inflight replanning, use by flight crew members before departure,
and aircraft in flight.

It has recently been discovered that some providers of the flight briefing packages do
not include the ICAQ - standard Space Weather Advisories as provided for in ICAD
Annex 3 Chapter 9, 9.1.3 k. This means that many pilots do not receive the advisories,

Unitil such time as the distribution of Space Weather Advisories to flight crew members
is implemented, they should be cbtained from official sources by a query to the local

Met Office or via the internet,

AUTHORITATIVE AMD FREE WEBSITES
https://ifalpa.org/media/3755/22sab10-space-weather-advisories.pdf
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Thank you for your attention !

Klaus Sievers
Klaus.Sievers@VCockpit.de
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