Solar radio bursts impacts on
aviation
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Aeronautical Frequency Spectrum Management

Accurate navigation, landing quidanca, situational awareness
(airberne collision avoidance system, radar, radio altimatars)
waalher radar and rebable communications with air trallic control
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ILS: Instrument Landing System (108 - 112 MHz, 329.5 - 335 MHz)

TCAS : Traffic Collision Avoidance System (1090 MHz)

DME: Distance Measuring Equipment (960 - 1215 MHz)

RA: Radar Altimeter (4200 - 4400 MHz)

GNSS: 1175 - 1575 MHz

VHF .. VOR VHF Omnidirectionnal range (108 - 117.75 MHz), short range positioning (with ground based network)

ATC 1030, 1090 MHz
SATCOM data + voice between plane ATC, airline communication outside coverage, eg. Inmarsat 1626 - 1660, 1525-1559 MHz
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How 5G puts airplanes at risk - an electrical
engineer explains
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Surveillance radars




WIKIPEDIA

Detected in Hull, Bristol, Southampton
Transmission power 0.1 - 1 MW
55 MHz



Impact on radars
Military devices - UK, World W

= 106 SFU
3 50 - 75 MHz
Salar Radiations in the $6 Mectre Series of optical flares
Radlo Wave-Length Band
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source: https://observations-solaires.obspm.fr/




Impact on radars,
Military radars - NZ, World War 1"~ * = ...
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* In March - April1945, ‘~ LA

Royal New Zealand Air

Force radar station on the i
Norfolk Island picked up P e
increase level of noise at | 9 xatmend il
Sun rise and Sun set at o

200 MHz :

* The head of the ORS of
Radio Development Lab.,
Elisabeth Alexander
investigated it, with new A= g, e S i
measurements and linked o Lty ekl e Jorill, MR
it to the Sun itself T L

T Mamewws Rulls s S 4ho xazt.

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

Elizabeth Alexander was the head of the Operational Research Section of the Radio Development Laboratory in New Zealand.
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=< -, Jamming of Ballistic Missile Early Warning System ==

i (BMEWS) radars at 440 MHz LW

"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."
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| 373 kSFU @ 606 MHz
85 kSFU @ 1415 MHz
Low freq. type IV
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Picture of Alaskan station - other stations: Colorado, Greenland, Yorkshire, Trinidad, New Jersey

https://en.wikipedia.org/wiki/Ballistic_Missile_Early_Warning_System
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Primary radars : 2800 MHz

Air trafﬁc radars Secondary radars: 1030 & 1090 MHz

Civil aviation

x
GPS: Shaws plots their position
but not normally used by AIC 7
Socondary radar: o~
Tracks plane and its N\ ‘
identity via franspordes TN\ b 3
_— \ } / )
M \
. -\‘\\‘ ) ! ” ':.
.:{;\‘1 ¥ ", ACARS: Transmits
L\ I i, @ircraft data 10 the grounc
x < \
Flight data —
—_— Air lraffic contral [ATC)

Source: BBC Primary radar: Can only show apprax position. No radar coverage 240km kom Lind




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)
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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




A European wide disruption
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- 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

Marqué et al 2018




Solar event
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An exceptional event?

Strong magnitude

ORFEES (1000 MHz)1 1

100 kSFU

Blein (1000 - 1250 MHz)&

123 kSFU

Humain (1060 MHz)LR

157 kSFU

But...

610 MHz 1 li 1

820 - 1000 SFU

1415 - 1427 MHz 2 1=

5200 - 6300 SFU
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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"),
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)
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So how vulnerable are we?

+  Okdest radars a@re mos) @l risk
+ Lpgrades are plannec

+ Newer radas hal Ue least
disturbance
Betier signal srocessing

v ARTAS Wucker orly parlly clegnyd ths
up

+  Mode S on MSSR had mner influgnze

+ New \WAM system
QOnly smal inTuenze inside coverage
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GNSS systems
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In conclusion

* The November 4 2015 event one of the strongest radio events of cycle 24
* Impact on ATC radars depends on radar type and technologies
* Impact on ground based GNSS stations (no report from aviation industry)

* Type IV bursts can be delayed by almost an hour with respect to the X ray
flare

* Flux density can vary by several order of magnitudes in narrow bands




