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Abstract ThePanEuropeanConsortiumfor Aviation Spaceweather UserServicegPECASUSpnsortiumhasbeencreatedin responseto the call from the International Civil Aviation OrganisationICAQO)o provide a GlobalSpace
WeatherInformation Service Therequestedservicefocuseson the disseminatiorof warningmessage$advisories'Yowardsaviationactorsand correspondgo extremespaceweathereventswith impacton aviationGNSSystems,
HFcommunication satellitecommunicationsandradiationlevelsat flight altitudes

TheExpertGroupfor RADiationEGRAD within the PECASUSnsortiumis coordinatedby BIRAIASBwithin the STCHESolarTerrestrialCentreof Excellencein collaborationwith SeibersdortaboratoriesWe presenthere the key
productsthat are usedto put duty officerson alert andto generatethe input for the radiationadvisorymessages

RADIATIONDOSES&t FLIGHRLTITUDES

Theradiationenvironmentat aviationaltitudesis shapedmainly by GalacticCosmidRadiation(GCRand occasionabolarEnergetidParticle(SEPgvents,both phenomenacomprisedof highenergeticparticles sy == G%"
(mainlyprotons)that interact with Earth'satmosphereand generatesecondaryparticles Highenergyprotonsenteringthe funnetlike cuspsin the Earth'smagneticfield abovethe polar capsimpactnot only i >
the health of crewand passengerdyut alsoelectronicdevicesand HFcommunicationsWhen,due to a SERevent, an elevatedradiationlevelis recordedon Earthit is knownasa GroundLevelEnhancement Geomaghelie
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In EGRAD radiation conditionsat aviationaltitudes are assesseavith thg AV DOSool. AVIDO®rovidesnowcastof radiation exposuredue to GCR&and SEPsEvery5 minutes,a maximumand a minimum —
expectedeffective doserate is producedat any geographicaposition (5A5Alon-lat grid) and in an altitude rangefrom 8 kmto 15 km. Theautomated AVIDO®roceduremakesuse of near reattime (NRT) BeESEEtEY)
observationon GroundLevelEvents(GLE)providedby ANeMoSGLEalert + servicd and NRT1-min datafrom the Neutron Monitor (NM) in Oulu. AVIDOSloseestimationshavebeencarefullyvalidatedby
comparisonsvith TissueEquivalentProportionalCountersand havegoodcorrespondencavith the measurementgref. Latocha M. and Beck,P, 2016 doi:10.1109RADEC30168093139 Proton
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Minimum Effective Dose Rate - 5 minutes update
UTC: 2018-10-31T14:20:00
Altitude: 11 km
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NOTIFICATIONSNPOTENTIAENHANCEMENTSDOSHRATES

In additionto AVIDOSseveraltools are consultedasindicatorsfor a possibleincreaseof the radiationexposureand usedto warnthe forecastersandto increasetheir alertness

TheCOMESEBSEPForecastool predictsthe probability of occurrenceandthe expectedstrength (level)of radiation stormswith proton energies> 10 MeV and > 60 MeV following the observationof a soft X-ray flare (M or X class)
providedby the COMESEFaremaiklert tool.

TheHESPERIBMASEFS00tool is a reaktime predictor of >500 MeV SERand GLEevents It correlatesGOESoft X-ray and differential proton fluxes above500 MeV energiesto detect magneticconnectivityalongwhichthe solar
protonsarrive.

TheGLEAlert + serviceshowsthe generalGLEalert levelaswell asa recenttimeline of the numberof neutron monitor stationsthat are in alert mode(i.e. haveenhancedevelsof countrates) It alsoprovidesanindicationwhenthe
radiationlevelsstartto decreaseagain

- Forecast of integral
& HESPERIA UMASEP-500 (=500 MeV SEP event and GLE forecaster) 3
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OMESEP Alert viewer 06-11-2013 09:16 prﬂtun flux
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The risk level for a CME geomagnetic storm is MODERATE following the observation of powered by ISMet Sun, Sep 10, 2017 at 17:06:42 UTC
Geomagnetic Storm a CME that erupted at 05:12 on 2013-11-04 UTC. The risk level results from the following I ' |

Alert pdal forecasted parameters: 1) occurrence probability: VERY UNLIKELY 2) storm level: Service Description Disclaimer Acknowledgement Archived GLEs Get GLE Email

STRONG

Forecast for a SEP radiation storm following a X3.3 fiare with peak at 2013-11-05 SEP threshold (0.8)—= . -
22:12UT (protons > 10 MeV: MODERATE, POSSIBLE: protons > 60 MeV: MINOR, General Alert Status Stations Summary

SEP Proton Storm Alert POSSIBLE).
> 10 MeV 06/111309:15 | Forecast for a SEP radiation storm following a M2.5 flare with peak at 2013-11-05 [05] Total [34]
08:18UT (protons > 10 MeV: MINOR, VERY UNLIKELY; protons > 60 MeV: NONE, VERY WADMINC :
WARNINGE D] ® Real Time [18]
UNLIKELY). x
2 : : : - : : WARNING

» Forecast for a SEP radiation storm following a X3.3 flare with peak at 2013-11-05 , _ [ WATCH O & Near Real Time [02]
22:12UT (protons > 10 MeV: MODERATE, POSSIBLE: protons > 60 MeV: MINOR, Time (UTC) 00 Oct 28 9:00 Oct 28 1bo]

SEP Proton Storm Alert 06/11/13 09:15 POSSIBLE). | A Automatic forecast: QUIET l 29 ] ® Not in Real Time [ 14 ]
> 60 MeV *® Forecast for a SEP radiation storm following a M2.5 flare with peak at 2013-11-05

08:18UT (protons > 10 MeV: MINOR, VERY UNLIKELY; protons > 60 MeV: NONE, VERY I-Ray flux . . . . . . A GLE event is expected.
UNLIKELY).
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Mocdel inferences in real-time:

The earth izswell-connected
MﬂgﬂEﬁE with a =olar flaring region

connectivity in which a X17.2 flare has
estimation high erupted at 11:08.

= 1
“..1..11.““..,“—_44‘

! ! ! ! ! ! Signatures of well-connected 16:03 16:08 1643 1648 16223 1628 1633 1638  16:43 16:48  16:53  16:58

medium protons were recognized in Stations in GLE Alert KERG TERA (2) Raw Data
: : i i i i the energy ranges: Last GLE Alert 2017-09-10 17:03:00 Stations in Last GLE Alert INVK KERG SOPB THUL (4) History

[ oty - P11 (> 700 Mev)

Number of stations in Mert mode
Number of stations in Mlert mode

EG RAD WORKFLOW SPACE WEATHER ADVISORY for RADIATION

A spaceweather advisoryfor radiationis issuedwhen heightenedradiation occurs The severity of the radiation
Impact, moderate (MOD)or severe(SEV)is defined in terms of the effective doserate (in micro-Sievert/hour).

ThelCACthresholdsarecurrentlysetat >30 (MOD)

HESPERIA UMASBB0O  |bereeesrreeessmmimseriseessseeeans _ MOD advisoriesare only issuedwhen the MODthresholdis reachedat F1460 (~14 km) and below. SEVadvisories
areissuedwhenthe SEMhresholdis reachedat anyflight level

GOES/HEPAD proton fluxes
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GOES/Xay fluxes —

(communication header)
SWX ADVISORY

DTG: 20190419/0300Z

SWXC: PECASUS

SWX EFFECT: RADIATION MOD

ADVISORY NR: 2019/2

FCST SWX: 20190419/0300Z HNH HSH E18000-W18000 ABV
FL460

FCST SWX + 6 HR: 20190419/0900Z HNH HSH E18000-W18000 ABV
FL460

FCST SWX + 12 HR: 20190419/1500Z HNH HSH E18000-W18000 ABV
FL460

FCST SWX + 18 HR: 201970419/2100Z NO SWX EXP

FCST SWX + 24 HR:

( N
NM data ——[ ANeMoSGLE Alert +
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RMK: RADIATION AT AIRCRAFT ALTITUDES

SDOJ/AIA images COMESEP SEP = = |l-rmemmmmemccccece e
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SOHO/LASCO images —
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ELEVATED BY SMALL ENHANCEMENT JUST
AVIDOS ADVISORY ABOVE PRESECRIBED THRESHHOLD.
DURATION TO BE SHORT-LIVED. SEE
WWW.PECASUS.EU
NXT ADVISORY: NO FURTHER ADVISORIES
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