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Susceptibility to interferences
First estimate


Calculate the interference level that equals the receiver thermal noise, that 
is, decrease S/N by 3 dB
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Bala et al., 2002
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Surveillance radars



Military devices - UK, World War II
Impact on radars

One of the Chain Home radar stations, in the UK
from the collections of the Imperial War Museums, Public domain

Transmission steel towers (4)

Receiving wooden towers

73 m

110 m

WIKIPEDIA



Impact on radars
Military devices - UK, World War II

Hey, 1946

≳ 106 SFU 

50 - 75 MHz


Series of optical flares 

source: https://observations-solaires.obspm.fr/ 



Impact on radars
Military radars - NZ, World War II

• In March - April1945, 
Royal New Zealand Air 
Force radar station on the 
Norfolk Island picked up 
increase level of noise at 
Sun rise and Sun set at 
200 MHz


• The head of the ORS of 
Radio Development Lab., 
Elisabeth Alexander 
investigated it, with new 
measurements and linked 
it to the Sun itself

Likely the radar picked up intense noise storm emission from sunspot groups



Impact on radars
Military    

373 kSFU @ 606 MHz

85 kSFU @ 1415 MHz

Low freq. type IV


Jamming of  Ballistic Missile Early Warning System 
(BMEWS) radars at 440 MHz

"Cold War military commanders viewed full scale jamming of 
surveillance sensors as a potential act of war. (...) the online 
memorial tributes to Col C. K. Anderson, (...) clearly credit him 
and his NORAD solar forecasting staff (...) with providing the 
information that eventually calmed nerves and allowed aircraft 
engines to cool as they returned to normal alert stance."

M3

X2X6

Knipp et al. 2016



M3 X6 X2

Quiet Sun: 101 SFU

Quiet Sun: 200 SFU

Quiet Sun: 258 SFU

Quiet Sun: 391 SFU

Quiet Sun: 72 SFU

5200 x QS

850 x QS

27 x QS

37 x QS

59 x QSWeather radars

GNSS, ATC

ILS, Com....



Air traffic radars
Civil aviation

Primary radars : 2800 MHz

Secondary radars: 1030 & 1090 MHz

Source: BBC



November 4 2015
A media storm

• ATC radars in Sweden 
suffered severe disturbances 
between 14:20 UT and 16:00 
UT


• Incoming flights were 
deviated, no departures 
allowed


• Geomagnetic storm was 
initially considered as the 
source of disturbances 
(media)



A European wide disruption

• Sweden: ATC radars  
suffered severe 
disturbances     
14:20 UT - 16:00 UT


• Sweden: Partial 
closure of air space 
for an hour


• Minor disturbances 
in Norway, Belgium

From A. Skjervold - Avinor Flysikring

Marqué et al 2018



Solar event

M3.7 flare peaking @1352 UT

NOAA AR 2243



In Humain

http://sidc.be/humain



Radar band Saint-Hubert Air base, 21 km



An exceptional event?
Strong magnitude

ORFEES (1000 MHz)🇫🇷 100 kSFU

Blein (1000 – 1250 MHz)🇨🇭 123 kSFU

Humain (1060 MHz)🇧🇪 157 kSFU

610 MHz 🇫🇷🇧🇪 820 - 1000 SFU

 1415 – 1427 MHz🇨🇭🇧🇪🇺🇸 5200 - 6300 SFU

But...



Interference threshold comparison

• The interference threshold for such radars is about -102 dBm (6,3 . 10-14 W) at 
receiver input.


• The quiet sun level on that day was about 75 SFU (75 . 10-22 W.m-2.Hz-1), 
which results in a power at receiver input of -101 dBm


• At the peak of the burst the Sun emission level was more than 100 000 SFU, 
which gives at least a power at receiver input of -68 dBm 

 34 dB above interference threshold ( ~ 2500 times that level)



Castelli, 1968 Our own study, 2018



http://www.mn.uio.no/english/about/news-and-events/events/The%20Birkeland%20Anniversary/andreas-d-skjervold_150617.pdf



GNSS systems



Other services
GNSS

• M7.1 flare, max @ 13:20 UT


• AR 11302, Ekc, β𝛾


★110000 SFU @13:02 UT [Sag. Hill]


★60000 SFU [San Vito]


• Dm type IV burst (Bleien, Ondrejov)

C/N0 degradation



Impact on WAAS/EGNOS systems

December 6 2006 event

• X6 flare producing an intense 
SRB (type IV) at 1415 MHz 
(  SFU - RHCP)106

Cerruti et al., 2008



Radar altimeters



Radar altimeter
Estimated susceptibility

• Measurement of height Above 
Ground Level


• 4.2 - 4.4  GHz


• Devices on the plane belly

Mc Kee et al., 2023



In conclusion

• Long duration and intense radio bursts (type IV) are to be monitored


• ATC radar and GNSS (WAAS/EGNOS) systems used by the aviation industry 
are susceptible to interferences from Solar Radio Bursts


• Radar altimeters may be susceptible


• These systems may be degraded during critical parts of flights (landing, traffic 
around airports etc...)


• New generations systems show some robustness


• Awareness of operators and pilots is critical


