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The Radio Sun

ITU REC 372 C. Marqué

Mostly thermal emission from hot corona 

Quiet Sun
The Sun is the strongest radio 

source in the sky above ~100 MHz



All layers of the solar atmosphere are accessible to radio observations
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F10.7 index

λ = 10.7 cm ≡ 2.8 GHz

Tapping 2013
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Solar radio bursts



Radio bursts

Solar radio bursts are produced by non-
thermal electrons accelerated during 
eruptive events of all magnitudes.

Above, gyroemissions, gyrosynchrotrons or 
bremstrahlung emissions dominate.

For frequencies (f) below ~ 1- 2 GHz, the 
dominant emission is called plasma 
emission, where energetic electrons trigger 
local plasma oscillations which are then 
converted into E. M. radiations


 


Spectral signatures (type I, type II, type 
III ...)
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Example in L band
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Spectrogram - Radio Spectrum
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Radio bursts



Type I & noise storms

• Energised electrons in loops 
• Observed from 200-300 MHz down to 20-30 MHz 
• Type I are the individual bursts, storm is the ensemble 
• Can occur with groups and storms of type III bursts

Non flaring radio bursts linked to sunspots



Type II bursts

• Slow drifting bursts 
(hundreds km/s) 

• Few hundred MHz --> few 
MHz 

• Show complex structures 
(harmonic, band split) 

• Speed can be derived 
from density model 

• Magnetic field can be 
estimated

Linked to shock waves propagating out in the corona



Type II bursts

Linked to shock waves propagating out in the corona



Type II bursts

Linked to shock waves propagating out in the corona



Type III bursts

• Fast (1/3 c) electron 
beams 

• Propagate along open 
field  lines 

• Isolated or in groups 
• All flare magnitudes

Most frequent type of bursts



Type IV bursts

• Broad frequency range (MHz --> GHz) 
• Long duration 
• Fine temporal and spectral structures 
• If observed with LDE, indicative of CME 
• Can be very intense

Energetic electrons trapped in post-flare loops







Impact of solar 
radio bursts



Radar altimetersSurveillance radars

Cell phones
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• ATC radars in Sweden suffered 
severe disturbances between 
14:20 UT and 16:00 UT
• Sweden: Partial closure of air 

space for an hour (Incoming 
flights were deviated, no 
departures allowed)
• Minor disturbances in Norway, 

Belgium
• Geomagnetic storm was 

initially considered as the 
source of disturbances (media)

November 4, 2015 - a media storm









Impact on radar systems



Marqué et al 2018

Impact on radar systems



M3.7 flare - peak at 13:52 UT

Solar event
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M3.7 flare - peak at 13:52 UT

Solar event



In Humain

https://www.sidc.be/humain





Radar band Saint-Hubert Air base, 21 km



Frequency range Properties Impact

Noise storms / Type 
I HF, VHF

can be intense, long 
duration (days), 

frequent
Possible

Type II HF, VHF last few minutes, rare No

Type III HF, VHF
Intense, short 

duration,

very frequent

No

Type IV HF, VHF, UHF Intense, long duration, 
broadband Yes



Links



Where to find solar radio data?

Bursts & radio 
events

https://www.swpc.noaa.gov/products/solar-and-
geophysical-event-reports


https://www.ncei.noaa.gov/products/space-weather/
partners/swpc-products-and-data

Recent radio 
flux https://services.swpc.noaa.gov/text/solar_radio_flux.txt

F10.7 https://spaceweather.gc.ca/forecast-prevision/solar-
solaire/solarflux/sx-5-en.php

Humain data https://www.sidc.be/humain 🇧🇪
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