
Solar-Terrestrial Centre of Excellence

Collaboration of

SPACE WEATHER 

INTRODUCTORY COURSE



Space weather impacts

Jan Janssens

2



Space Weather impacts (SWx impacts)

ÅRecap

ÅSWx impacts from
ÅSolar flares

ÅProton events

ÅICMEs

ÅCoronal holes
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Drivers of disturbed SWx

Solar flares

Electromagnetic 
Radiation

Particles

Proton events Coronal Mass Ejections

Solar eruptions
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Coronal Holes



SWx impacts on aviation

Solar flares Proton events Coronal Mass Ejections

HF Com Radiation GNSS

Ground Support Biological Electronics
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HF Com: High Frequency Communications (3-ол aIȊύ Τ Db{{Υ Dƭƻōŀƭ bŀǾƛƎŀǘƛƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳǎ όDt{Σ DŀƭƛƭŜƻΣΣΧύCurrently NOT covered by SWx advisories for ICAO
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Space Weather impacts (SWx impacts)

ÅRecap

ÅSWx impacts from
ÅSolar flares

ÅProton events

ÅICMEs

ÅCoronal holes
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Solar flares



SWx impacts from solar flares
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SWx impacts from solar flares

ÅFrom EUV & X-ray radiation
Å{ƻƭŀǊ ŦƭŀǊŜ ŜŦŦŜŎǘ όάƳŀƎƴŜǘƛŎ ŎǊƻŎƘŜǘέύ
Å=> Effects from ICMEs

Å{ƘƻǊǘǿŀǾŜ ŦŀŘŜ όάwŀŘƛƻ .ƭŀŎƪƻǳǘέύ
Å=> PECASUS

ÅFrom radio emission
ÅGNSS disturbances

ÅRadar disturbances

EUV: Extreme Ultraviolet ; GNSS: Global Navigation Satellite Systems ; VLF: Very Low frequency ; MF/HF: Medium/High Frequency
PECASUS: Pan-European Consortium for Aviation Space weather User Services 
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SWx impacts from solar flares on aviation

Solar flares

HF Com GNSS

Ground Support

HF Com: High Frequency Communications (3-ол aIȊύ Τ Db{{Υ Dƭƻōŀƭ bŀǾƛƎŀǘƛƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳǎ όDt{Σ DŀƭƛƭŜƻΣΣΧύCurrently NOT covered by SWx advisories for ICAO
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SWx impacts from solar flares on HFCom

ÅShort-wave fade (SWF)
Å!ƪŀ άwŀŘƛƻ ōƭŀŎƪƻǳǘέ
ÅMisleading term

ÅSXR from solar flare
ÅSunlit hemisphere of the Earth
ÅIncrease ionospheric plasma (D-region)

ÅIncrease in HF absorption

ÅAffects lower frequencies most
ÅҐҔ .ŀŎƪǳǇ ǎȅǎǘŜƳǎ ό{!¢/ƻƳΣΧύ

Å=> Difficult to reach locations (polar 
ȊƻƴŜǎΣΧύ ŀƴŘ ŘƛǎŀǎǘŜǊ ŀǊŜŀǎ

ÅDuration depends on
ÅIntensity/duration solar flare

ÅFrequent, long duration X-class flares!

ÅSolar zenith angle

ÅAdvisories for aviation
ÅX1/X10 (moderate/severe)Credits: Poppe et al. (2006)

HF Com: High Frequency Communications (3-30 MHz) ; SXR: soft x-rays ; SATCom: Satellite Communication ; MHz: megahertz



SWx impacts from solar flares on HFCom

ÅShort-wave fade (SWF)
ÅSeptember 2017
ÅSeveral strong solar flares following 

hurricanes Irma and Jose in Caribbean
ÅNo HFCom for several hours

ÅContact with 1 cargo plane lost for 1.5h 

14
Courtesy of CIRES, Terry Bullett



SWx impacts from solar flares on GNSS

ÅFrom radio emission @ GNSS 
frequencies
ÅSolar radio burst (SRB)

Å6 December 2006
ÅX6.5 flare

Å1415 MHz: 106 sfu
ÅbƻǊƳŀƭƭȅ ŀǊƻǳƴŘ млл ǎŦǳΧ

ÅRadio bursts > 100.000 sfu
ÅAbout 2 per year

Db{{Υ Dƭƻōŀƭ bŀǾƛƎŀǘƛƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳǎ όDt{Σ DŀƭƛƭŜƻΣΣΧύ Τ ǎŦǳΥ ǎƻƭŀǊ ŦƭǳȄ ǳƴƛǘǎ Τ DIȊΥ ƎƛƎŀƘŜǊǘȊ Τ LD{Υ LƴǘŜǊƴŀǘƛƻƴŀƭ Db{S service
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Currently NOT covered by SWx advisories for ICAO
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SWx impacts from solar flares on Ground Support

ÅRadar disturbance
Å4 November 2015
ÅM3 flare paralyzes Swedish air traffic

Å23 May 1967
ÅBMEWS disturbed

ÅRadio meteors

19Credits: HAER ; BMEWS in Alaska, 5 July 1962

Credits: Felix Verbelen ; 25 October 2013



Space Weather impacts (SWx impacts)
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Proton events
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SWx impacts from proton events



SWx impacts from proton events

ÅPolar Cap Absorption (PCA)
Å=> PECASUS

ÅRadiation
ÅAstronauts, Polar flights
Å=> PECASUS

ÅSatellites
ÅStar trackers

ÅSolar arrays

ÅSingle Event Effects (SEE)

ÅGround Level Enhancement (GLE)

22
PECASUS: Pan-European Consortium for Aviation Space weather User Services 



SWx impacts from proton events on aviation

Proton events

Radiation

Biological Electronics

HF Com

HF Com: High Frequency Communications (3-30 MHz) Currently NOT covered by SWx advisories for ICAO
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SWx impacts from proton events on HF Com

ÅPolar Cap Absorption (PCA)
ÅFrom 10 MeV proton flux
ÅDeviated by MF to poles

ÅAffects lower ionosphere

ÅImpacts HF Com at poles
ÅCan last for days

ÅPolar flight detours
ÅE.g. 7-8 March 2012

ÅFrequency
ÅProton events:
ÅStrong: 8 per solar cycle

ÅSevere: 2 per solar cycle

MeV: megaelectronvolt ; MF: magnetic field ; HF Com: High Frequency Communications (3-30 MHz)  ; pfu: proton flux units ; dB: decibel 
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SWx impacts from proton events on HF Com

ÅThe disappearance of the HMS Acheron (1956)

26



SWx impacts from proton events : Biological

ÅEnergetic particles
ÅGalactic Cosmic Rays (GCR)
ÅSolar Energetic Particles (SEP)
ÅCan damage DNA and cause cancer & 

reproductive problems

ÅRadiation dose
ÅmSv/h , mSv/year
ÅICAO thresholds 

ÅMitigation polar flights
ÅHalloween storms October 2003

ÅSevere storm (29.500 pfu) + GLE (3!)
ÅDecrease altitude
ÅReroute (away from poles)

ÅMitigation astronauts
ÅhŎǘ мфуфΣ Wǳƭ нлллΣ hŎǘ нллоΣ Wŀƴ нллрΣΧ

ÅShelter in more shielded parts of ISS
ÅNo space walks

ICAO: International Civil Aviation Organization ; ISS: International Space Station ; GLE: Ground Level 
Enhancement ; mSv/h: microsievert per hour ; mSv: millisievert ; FL: Flight Level (100 feet) ; pfu: proton 

flux units 
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SWx impacts from proton events : Satellites

ÅSatellites
ÅStar trackers
ÅSpacecraft orientation
ÅPhotonics noise due to proton 

« impacts»

ÅTrue stars?

ÅMisorientation

ÅSolar panels oriented away 
from the Sun

ÅNo energy

ÅScience & Data loss

ÅGravity Probe-B

ÅCoronagraphs
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SWx impacts from proton events : Satellites

ÅSatellites
ÅSolar Arrays
ÅDisplacement damage

ÅReduces efficiency in electricity 
production

ÅSeveral % loss from one proton 
event is possible
Å2% loss during Bastille Day 

event (14 July 00)

Å5% loss during extreme 4 
August 1972 event

ÅOverall aging process of 
satellite and its instruments
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SWx impacts from proton events : Satellites

ÅSatellites
ÅSingle Event Effect (SEE)
ÅDirect hit of an electronic 

component by an energetic particle 
resulting in an anomaly

ÅSeveral variations
Å{9¦ όōƛǘ ŦƭƛǇύΣ {9[Σ {9.ΣΧ

ÅSources
ÅGalactic Cosmic Rays (GCR)

ÅDSCOVR

ÅSolar proton storms

ÅRadiation belts

31
SEU: Single Event Upset ; SEL: Single Event Latchup

SEB: Single Event Burnout ; DSCOVR: Deep Space Climate Observatory

http://www.nature.com/news/cosmic-rays-may-threaten-space-weather-satellite-1.20880
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SWx impacts from proton events : Electronics

ÅSingle Event Effects (SEE)

ÅGround Level Enhancement (GLE)
ÅSharp increase #neutrons @ 

ground

ÅMain source
ÅStrong SEPs ~500 MeV per nucleon
Å=> RARE!! (about 1 per year)

ÅImpacts
Å/ƻƳǇǳǘŜǊ ƎƭƛǘŎƘŜǎΣ ǎŜǊǾŜǊǎΣΧ

ÅPacemakers, defibrillators, and other 
ƳŜŘƛŎŀƭ ŘŜǾƛŎŜǎΣΧ

ÅDifficult to prove connection! 

SEP: Solar Energetic Particles ; GCR: Galactic Cosmic Rays ; MeV: megaelectronvolt
SEU: Single Event Upset ; SEL: Single Event Latchup ; SEB: Single Event Burnout

Qantas Airbus A330 ς 7 Oct 2008

Currently NOT covered by SWx advisories for ICAO
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Space Weather impacts (SWx impacts)
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Coronal Mass Ejections



SWx impacts from ICMEs

41

Credits: ESA
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SWx impacts from ICMEs



SWx impacts from ICMEs

ÅFrom magnetic field
ÅSatellites
ÅMagnetopause crossings

ÅHigh-Precision industry
ÅGCR: Forbush decrease

ÅFrom particles
ÅAurora
ÅSatellites
ÅDrag
ÅCharging effects
ÅSatellite-based Comms/Nav applications (GNSS)

Å=> PECASUS

ÅHF Communication (aviation)
Å=> PECASUS

ÅGeomagnetically Induced Currents (GIC)

44GCR: Galactic Cosmic Rays ; GNSS: Global Navigation Satellite Systems ; Comms/Nav: Communications/Navigation
PECASUS: Pan-European Consortium for Aviation Space weather User Services  ; HF: High Frequency



SWx impacts from ICMEs on aviation

Coronal Mass Ejections

HF Com GNSS

HF Com: High Frequency Communications (3-ол aIȊύ Τ Db{{Υ Dƭƻōŀƭ bŀǾƛƎŀǘƛƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳǎ όDt{Σ DŀƭƛƭŜƻΣΣΧύ
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SWx impacts from ICMEs 

ÅSatellites
ÅMagnetopause crossings
ÅCME pushes magnetopause inside 

GEO

ÅSatellites directly exposed to solar 
wind
ÅOrientation problem

46GEO: geostationary (equatorial) orbit



SWx impacts from ICMEs
Rapid geomagnetic variations

ÅSolar flare effect (SFE)
Å!ƪŀ άƳŀƎƴŜǘƛŎ ŎǊƻŎƘŜǘέ

ÅSource
ÅStrong solar flare

ÅHa: 2B (30%)

ÅX-ray: X1 (50%)

Åf(local time & latitude)

ÅExamples
Å4 Nov 2003: + 115nT

Å1 Sep 1859: + 110nT

ÅStorm Sudden Commencement 
(SSC)
ÅSudden impulse (SI)
Å= no geomagnetic storm

ÅSource
ÅDayside compression by strong ICME

ÅGlobal, but f(local sit.)

ÅMax. Amplitude: +/- 300 nT
Å10-11 May 2024: 108 nT

47



SWx impacts from ICMEs
Rapid geomagnetic variations

ÅHigh-precision industry
ÅIndustries depending on 

amplitude of magnetic field 
Åmagnetic anomaly surveys

Ådirectional wellbore drilling

ÅPerformance degradation
ÅMitigation possible

Å4 August 1972
ÅVietnam: sea mine detonation

Å10-11 May 2024
ÅONC ς Ocean Networks Canada
ÅDeep-sea compasses activated 

48
IIFR: Interpolated In-Field Referencing



SWx impacts from ICMEs

ÅAurora

>200 km: Oxygen: red

<200 km: Nitrogen: blue

<200 km: Oxygen: green

(<100 km: Nitrogen: crimson)

© G. Gonzales, Iowa State University, Oct 2003

53

© G. G. Howes, University of Iowa, 2021



SWx impacts from ICMEs
Aurora on 10-11 May 2024
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SWx impacts from ICMEs

ÅSatellites
ÅAtmospheric drag

ÅLow Earth Orbit (LEO)
ÅSources

ÅShortterm: ICME
ÅNOAA: Kp > 6

Å Longterm: Solar EUV radiation (solar cycle)
ÅNOAA: F10.7 > 250 sfu

ÅSlows down satellite
ÅBurns up in atmosphere

ÅExamples
ÅMarch 1989

Å 1000 satellites off-track
ÅPremature mission end

ÅSolar Max, Skylab, Starlink
Å 10-11 May 2024: ISS lost 0.5 km

ÅSpace debris
ÅCleaned up by high solar activity

ÅSpaceX Dragon crew capsule trunk 
ÅEarly re-entry (27 April 2023)

57
ISS lost 10 km during Bastille Day event



SWx impacts from ICMEs on SATCom/GNSS 

ÅSatellite Communication (SATCom)
ÅaŜŘƛŀΣ aŜǘŜƻΣ aƛƭƛǘŀǊȅΣ LƴǘŜǊƴŜǘΣΧ

ÅWide frequency range
Åusually UHF/SHF

Å!ǇǇƭƛŎŀǘƛƻƴǎ ǎǳŎƘ ŀǎ ²!!{Σ 9Dbh{ΣΧ

Å{ƛƎƴŀƭǎ ǘǊŀǾŜƭ ǘƘǊƻǳƎƘ ƛƻƴƻǎǇƘŜǊŜΧ
ÅIonospheric scintillation

ÅSmall scale irregularities in e- density

ÅMay develop in large structures 

ÅRapid fluctuations in satellite signal

ÅPhase and intensity

ÅMay result in signal loss

61
GHz: gigahertz ; (I)CME: (Interplanetary) Coronal Mass Ejection ; WAAS: Wide Area Augmentation System ; EGNOS: 

European Geostationary Navigation Overlay Service ; UHF: ultra high frequency ; SHF: super high frequency 

ionosphere



SWx impacts from ICMEs on SATCom/GNSS 

ÅSatellite Communication (SATCom)
ÅaŜŘƛŀΣ aŜǘŜƻΣ aƛƭƛǘŀǊȅΣ LƴǘŜǊƴŜǘΣΧ

ÅWide frequency range
Åusually UHF/SHF

Å!ǇǇƭƛŎŀǘƛƻƴǎ ǎǳŎƘ ŀǎ ²!!{Σ 9Dbh{ΣΧ

Å{ƛƎƴŀƭǎ ǘǊŀǾŜƭ ǘƘǊƻǳƎƘ ƛƻƴƻǎǇƘŜǊŜΧ
ÅIonospheric scintillation

ÅSmall scale irregularities in e- density

ÅMay develop in large structures 

ÅRapid fluctuations in satellite signal

ÅPhase and intensity

ÅMay result in signal loss

62
GHz: gigahertz ; (I)CME: (Interplanetary) Coronal Mass Ejection ; WAAS: Wide Area Augmentation System ; EGNOS: 

European Geostationary Navigation Overlay Service ; UHF: ultra high frequency ; SHF: super high frequency 



SWx impacts from ICMEs on SATCom/GNSS 

ÅBattle of Takur Ghar
Å4 March 2002

ÅIonospheric disturbance 
contributed to SATCom outage 
during Mil operation
ÅDespite active to unsettled 

geomagnetic conditions
ÅCan occur anytime!

63

Credits: US Air Force Research Laboratory



SWx impacts from ICMEs on SATCom/GNSS
10-11 May 2024 storm - Strongest geomagnetic storm in 20 years 

ÅSatellite Communication (SATCom)
ÅGNSS applications such as WAAS /  EGNOS
Å10-11 May 2024 (Kp = 9o)

ÅWAAS Extreme storm detector (ESD) tripped for the 
first time since its inception in 2007 causing an 
extended loss of LPV/LPV200 over entire WAAS 
coverage volume

ÅNOTAMs issued advising on navigational 
disruptions

ÅEGNOS limited over Europe

ÅESD tripped again during the 10-11 Oct 2024 
ǎǘƻǊƳΧ

64

Db{{Υ Dƭƻōŀƭ bŀǾƛƎŀǘƛƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳǎ όDt{Σ DŀƭƛƭŜƻΣΣΧύ Τ L/a9Υ LƴǘŜǊǇƭŀƴŜǘŀǊȅ 
coronal mass ejection ; nT: nanotesla ; Dst: Disturbance storm time ; dB: decibel ; 
WAAS: Wide Area Augmentation System (WAAS) ; LPV: Localizer Performance with 
Vertical Guidance ; PECASUS: Pan-European Consortium for Aviation Space weather 

User Services ; EGNOS: European Geostationary Navigation Overlay Service ; 
NOTAM: Notice to Airmen



SWx impacts from ICMEs on HF Com

ÅIonospheric storm
ÅExample: 23-24 March 2023

ÅKp = 8o ; Dst = -163 nT

65
Credits images: PECASUS & DLR/IMPC

Credits: ROB/GNSS

HF: High Frequency ; (I)CME: (Interplanetary) Coronal Mass Ejection ; Kp: planetary K index ; Dst: Disturbance 
storm-time index ; nT nano tesla ; (V)TEC: (Vertical) Total Electron Content ; TECU: TEC unit

Positive phase of ionospheric storm

Negative phase of 
ionospheric storm



SWx impacts from ICMEs on HF Com

ÅAuroral Absorption (AA)
ÅHF Com due to aurora affecting lower 

ionosphere
Å18-19 Sep 1941
ÅKp=9- for 24 hours (!)
ÅRadio broadcast disturbed
ÅBombing raids under light of aurora

ÅPost-Storm Depression (PSD)
ÅNegative phase of ionospheric storm 
Å=> strong reduction electron content 

ionosphere
Å= Reduce HF higher frequencies

Å25-26 May 1967
ÅMost negative phase in TEC ever 

recorded

HF Com: High Frequency Communications (3-30 MHz) ; ICME: 
Interplanetary coronal mass ejection ; TEC: Total Electron Content
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SWx impacts from ICMEs

ÅGeomagnetically Induced 
Currents (GIC)
ÅElectrons from magnetotail => 

ionospheric currents => Magnetic 
field => currents in crust surface

ÅAffects all long conductors
ÅEnters via ground connections

ÅGIC depends on
ÅStrength ICME

ÅGeomagnetic latitude
ÅEq. Latitudes too!

ÅLocal conductance

ÅNetwork details

69



SWx impacts from ICMEs

ÅGICs
ÅPower grids
ÅDistortions voltage pattern
ÅTransformer damage
ÅSouth-Africa, Oct 2003

ÅGrid collapse
ÅQuébec, March 1989
ÅMalmö, Sweden, 2003

Å10-11 May 2024
ÅNo major impacts on grids

ÅLongterm effects of power loss!

70
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Effects from ICMEs

ÅGICs
ÅRailways

ÅNew York (USA), 14-15 May 1921
ÅSweden, 13-14 July 1982
ÅChina, 17 March & 23 June 2015

ÅPipelines
ÅCorrosion => Oil leaks

ÅTelephone/Telegraph
Å/ŀǊǊƛƴƎǘƻƴ ŜǾŜƴǘ όмурфύΣΧ
ÅTranscontinental cables

Å 4 August 1972

ÅTransatlantic cables
ÅCopper to optical fiber

ÅBut «optical repeaters»!
ÅMarch 1989 event

ÅHigh-precision industry
ÅWellbore drilling

ÅManitoba, Canada, 27 February 2023

71



Space Weather impacts (SWx impacts)

ÅRecap

ÅSWx impacts from
ÅSolar flares

ÅProton events

ÅICMEs

ÅCoronal holes
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Coronal Holes
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SWx impacts from CHs



SWx impacts from CHs

ÅSimilar to effects from ICMEs but less intense

ÅŜȄŎŜǇǘΧ

ÅFrom particles
ÅSatellites
ÅDeep di-electric charging

75GCR: Galactic Cosmic Rays ; GNSS: Global Navigation Satellite Systems ; 
PECASUS: Pan-European Consortium for Aviation Space weather User Services 



SWx impacts from CHs on satellites

ÅHigh-Speed Stream (HSS)
ÅSatellite charging
ÅDeep di-electric charging
ÅAbout 1 to a few MeV e-

ÅDeeply penetrate spacecraft (S/C)

ÅFluxes > 2 MeV e- 
ÅAccumulation effect within S/C 

(ESD: electrostatic discharge)

ÅDayside effect
ÅFluence (24h)

ÅDeclining phase solar cycle (coronal 
holes)
Å~ 20 ESD/yr/GEO sat

ÅAlso strong ICME, e.g. 3-4 Nov 2021
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SWx impacts from CHs on satellites

ÅHigh-Speed Stream (HSS)
ÅSatellite charging
ÅDeep di-electric charging
ÅAbout 1 to a few MeV e-

ÅDeeply penetrate spacecraft (S/C)

ÅFluxes > 2 MeV e- 
ÅAccumulation effect within S/C 

(ESD: electrostatic discharge)

ÅDayside effect
ÅFluence (24h)

ÅDeclining phase solar cycle (coronal 
holes)
Å~ 20 ESD/yr/GEO sat

ÅAlso strong ICME, e.g. 3-4 Nov 2021

77Credits: Wrenn et al. (2002)



SWx impacts from CHs on satellites

78

Frequency High fluence: ~18 days / year 
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:Issued: 2024 Mar 17 1231 UTC

:Product: documentation at http://www.sidc.be/products/tot

#--------------------------------------------------------------------#

 DAILY BULLETIN ON SOLAR AND GEOMAGNETIC ACTIVITY from the SIDC     #

#--------------------------------------------------------------------#

SIDC URSIGRAM 40317

SIDC SOLAR BULLETIN 17 Mar 2024, 1231UT

SIDC FORECAST 

SOLAR FLARES  : M-class flares expected (probability >=50%)

GEOMAGNETISM  : Quiet (A<20 and K<4)

SOLAR PROTONS : Quiet

PREDICTIONS FOR 17 Mar 2024  10CM FLUX: 144 / AP: 007

PREDICTIONS FOR 18 Mar 2024  10CM FLUX: 146 / AP: 007

PREDICTIONS FOR 19 Mar 2024  10CM FLUX: 148 / AP: 007

Solar Active Regions and flaring: There are five active regions visible on the solar disk. They all have simple beta or alpha magnetic field configuration and produced minor C-class flaring. The 
main activity in the last 24 hours has been observed from active regions behind the east limb, that will rotate into view in the next hours. The strongest was an M3.5 flare peaking at 16:35 UTC 
on 16 March, from a region not yet visible, located behind the east limb. As these regions rotate into view, we expect more M-class and possible X-class flares in the next 24 hours.

Coronal mass ejections: There was a partial halo CME (angular width about 180 degrees) directed towards the south, first seen at 03:24 UTC by LASCO C2. This CME originates from a filament 
eruption in the southern hemisphere. Since the filament was located close to the disk center, an ICME may arrive to the Earth on 20-21 March (a better estimation will be given when more data 
become available).

Solar wind: The Earth is inside slow solar wind, with speeds close to 350 km/s and an interplanetary magnetic field around 5 nT. Similar conditions are expected for the next 24 hrs.

Geomagnetism: Geomagnetic conditions were quiet both global and locally (NOAA_Kp up to 1 and K_BEL up to 1). Similar conditions can be expected for the next 24 hours.

Proton flux levels: The 10 MeV proton flux (measured by GOES-18) has come below the 10 pfu threshold, but remains elevated. It is expected that it will go back to low levels in the next 24 hrs.

Electron fluxes at GEO:  The greater than 2 MeV electron flux from GOES 16 was below the threshold level in the last 24 hours. It is expected to remain below the threshold during the next 24 
hours. The 24h electron fluence was at normal level and is expected to remain so.

TODAY'S ESTIMATED ISN  : 074, BASED ON 10 STATIONS.

SOLAR INDICES FOR 16 Mar 2024
WOLF NUMBER CATANIA    : ///
10CM SOLAR FLUX        : 144
AK CHAMBON LA FORET    : 005
AK WINGST              : 002
ESTIMATED AP           : 002
ESTIMATED ISN          : 058, BASED ON 23 STATIONS.

NOTICEABLE EVENTS SUMMARY
DAY BEGIN MAX  END  LOC    XRAY OP  10CM Catania/NOAA RADIO_BURST_TYPES 
16  1622  1635 1644 ////// M3.5          ///////      
16  2127  2155 2211 ////// M1.1          ///////      
END

Findingyour way

in the

URSIgram

> 2MeV electronflux & fluence



Questions?
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