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Defines noise



Noise In radio systems

"A time-varying electromagnetic phenomenon having components in
the radio-frequency range, apparently not conveying information and
which may be superimposed on, or combined with, a wanted signal.”

ITU REC 573



Minimum noise level In systems

P, = kTA,

P~ —174 dBm
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Noise received by antenna
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Antenna, with gain G,
pointed at a source
with flux density F



Simple interference threshold
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Double the noise that enters the system

S/N decreases by 3 dB



Quiet Sun impact



Quiet Sun

The radio Sun

The Sun is the strongest radio source in the sky (free-free emission)
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A: estimated median city area man-made noise
B: galactic noise
C: galactic noise (toward galactic centre with infinitely narrow beamwidth)
D: quiet Sun (%2° beamwidth directed at Sun)
E: sky noise due to oxygen and water vapour (very narrow beam antenna);
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Flux [SFU]

Quiet Sun flux at solar cycle minimum

Quiet Sun flux density at solar minimum

F,=1.94.107%1%2 30 - 350 MHz

Fo=8.45-10"'f9°°" 350 - 6000 MHz

Fo=2.79-107f"** 6000 - 400000 MHz
F [SFU = 10"2W-m™2- Hz™']
Benz, 2009
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SATCOM 300 MHz
Gain 9.7 dB

Fo~ 17 SFU

P, = — 182 dBm

No issue with quiet sun
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SATCOM Ka band 20.7 GHz
Gain 52.1 dB

Fo =977 SFU

Ppr=— 159 dBm

Potential problem with quiet sun



Solar outages at high frequency
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Solar radio bursts
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Bursts are mostly intense from HF to S bands
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Example in L band

Solar observations from Belgium
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Radio bursts

Solar radio bursts are produced by
accelerated during eruptive events of all ﬂ

magnitudes type Il burst — —— - shock wave

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

- CME

flament eruption

type IV burst
f \/ﬁe
. N
Spectral signatures (type I, type Il, type Il ...) “OrONa 5otons & electron
acceleration -
- I 'S
Above, ECM, gyroemissions, gyrosynchrotrons or bremstrahlt cm radio } TN

emissions dominate hard xray _'

CHROMOSPHERE Ho [ "’ ‘“.
. . / i,

PHOTOSPHERE white light

eruption



Type | & noise storms

Non flaring radio bursts linked to sunspots

2024-10-03 - SPADE (HUMAIN

= ® Type | are the individual bursts, storm is the ensemble = =
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Type Il bursts

linked to shock waves propagating out in the corona

GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] - 2024/03/10
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Type Il bursts Most frequent type of bursts

2024-10-04 - SPADE (HUMAI

L e Fast (1/3 c) electron
& beams :
e Propagate along open [§
| field lines
~ e |solated or in groups
o All flare magnitudes
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Type IV bursts

Energetic electrons trapped in post-flare loops
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GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] - 2024/02/09
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Fine temporal and spectral structures

If observed with LDE, indicative of CME
Can be very intense
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GOES Xray Flux | Humain radio spectra [ARCAS + HSRS] - 2022/03/28
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Frequency range Properties Impact
: can be intense, long
Noise storms / Type | HF, VHF duration (days), frequent
Type |l HF, VHF last few minutes, rare No
Type III HE. VHF Intense, short duration, No
very frequent
Intense, long duration,
Type IV HF, VHF, UHF Yes

broadband




Impact of SRBs



May 2024 events

e Series of radio bursts observed from
May 4 till May 14

e Mostly decimetric type IV bursts
(energetic electrons trapped in post flare
loops)

e 2 Major events on May 8 and May 9

=) wiz Extremely severe geomagnetic - X +

C @ O 8 https://www.sidc.be/article/extremely-severe-c & Sﬁ? Q, Search ) .ﬁ I ED @ é]

UPDATE 11 May 2024 at 07:30UTC - An extremely severe geomagnetic storm (Kp=9) developed during 10-11 May. Kp of 9 was
reached during the 21-24 and 00-03UTC intervals (GFZ Potsdam ; Map). The K_Bel index, based on observations in Dourbes
and Manhay (Belgium) reached 8 (severe). The vertical component of the interplanetary Magnetic Field (Bz) reached -50 nT at
21:51 UTC and 00:48 UTC, a very rare event indeed not seen in nearly 20 years. Bz was mostly negative since the start of the
geomagnetic storm, currently between -30 and -40 nT (DSCOVR ; Map). Solar wind speed is still near 700 km/s, but is showing
signs of decline. The Disturbance storm-time index (Dst) reached a preliminary extreme of -403 nT. This is a value not seen
since 20 November 2004, and stronger than the famous Halloween storms (-383 nT). A strong Forbush decrease, i.e. a
decrease in cosmic rays due to the shielding of this potent CME, has been observed (Oulu ; -10%). Aurora have been
observed as far south as Texas and Florida in the United States, Spain and Italy in Europe, and from Australia and New
Zealand (Spaceweather.com). In Belgium, the aurora were bright enough for people to grab their lawn chair and watch the
spectacle from their backyard. Underneath is a compilation of pictures (handheld GSM) taken by STCE members last night
(Freek Verstringe, Emil Kraaikamp, Brenda Dorsch and Jan Janssens). This storm is not over yet, with more CMEs on their way
to Earth. Strong geomagnetic storming is still possible for the next 2 nights.

UPDATE 11 May 2024 at 18:30UTC - An extremely severe geomagnetic storm (Kp=9) developed during 10-11 May. Kp of 9 was
reached during the 21-24UTC, 00-03UTC and 09-12UTC intervals (GFZ Potsdam ; Map). The K_Bel index, based on
observations in Dourbes and Manhay (Belgium) also reached 9 (extremely severe) during the latter interval. The vertical
component of the interplanetary Magnetic Field (Bz) is gradually weakening and returning to more nominal values, currently
varying between -5 and -25 nT. Bz was mostly negative since the start of the geomagnetic storm (DSCOVR). Solar wind speed
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 Very intense type IV burst linked to X

class flare

e Solar flux observed even within the FM

band rejection filter ! (blue)
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Interference of cell phone towers

Only published report on proven effects of SRBs on cell phones
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:4 : Face 3 = West

Usage Weighted Dropped Call Rate, Percentage

Y
Face 1 = North
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Hour of Day, Local Time

Figure 1. Usage-weighted dropped call rate for a wireless system base station, showing an
enhanced level of dropped calls on the east-facing receivers near local sunrise. From Gary et al. 2001

Lanzerotti et al. (1999).



Surveillance radars




Impact on radars
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Impact on radars
Military devices - UK, World W¢

= 106 SFU
50 - 75 MHz
Solar Radiations in the 4-6 Metre Series of optical flares

Radio Wave-Length Band

Tae solar radiation spectrum does not normally
oxtend into the 5-metre wave-length region with
sufficient intensity to be detectable on radio receiving
equipments in commercial or Service use. It is now
possible to disclose that, on one occasion during the
War, Army equipments observed solar radiations of
the order of 105 times the power expected from the | R
sun, assuming that the sun behaves as a perfect BT
black-body radiator at a temperature of 6,000° K.

This abnormally high intensity of solar radiation
occurred on February 27 and 28, 1942, when Army
radar receiving equipments, working ab various wave-
lengths in the 4-6 metre band, noticed strong
directional radiations similar in character to the
random fluctuations of internal receiver noise (thermal
and valve noise). The radiation was first detected in
the afternoon on February 26, 1942, and was almost

Hey, 1946

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



RADIO DEVELOPLIENT LABORATORY,
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it to the Sun itself Teke 0p No. T

Likely the radar picked up intense noise storm emission from sunspot groups
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Primary radars : 2800 MHz

Air traffic radars Secondary radars: 1030 & 1090 MH2

Civil aviation

T

GPS: Shows pilots their position

but not normally used by ATC Z

Secondary radar:
Tracks plane and its ,\—'\\\:\\

identity via transponder

% ACARS: Transmits
% aircraft data to the ground

Flight data
> Air traffic control (ATC)

Source: BBC Primary radar: Can only show approx position. No radar coverage 240km from land



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 ROADWARNORVGTKEs e s s o
initial Iy considered as the Solar storm made every plane in Sweden

disappear from the country's radar screens

source of disturbances
(media)




A European wide disruption

- Sweden: ATC radars
suffered severe B
disturbances e LE

14:20 UT - 16:00 UT

+ Sweden: Partial
closure of air space
for an hour

- Minor disturbances
INn Norway, Belgium
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GOES Xray Flux | Humain radio spectra [Callisto + HSRS] - 2015/11/04
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An exceptional event?

Strong magnitude

ORFEES (1000 MHz)x A

100 kSFU

Blein (1000 - 1250 MHz) &

123 kSFU

Humain (1060 MHz)u

157 kSFU

But...
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Interference threshold comparison

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



So how vulnerable are we?

* QOldest radars are most at risk
 Upgrades are planned

* Newer radars had the least
disturbance

« Better signal processing

 ARTAS tracker only partly cleaned this
up

e Mode S on MSSR had minor influence

* New WAM system

* Only small influence inside coverage
area
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GNSS systems




Interference Thresholds

- Change the level of noise,
decrease in C/NO (AC/N,)

- Decrease in C/NO triggers
loss of locks with satellites,
decrease in positioning
precision, etc..

- First report: September
2005 Cerruti et al., 2006

- Dec. 2006 event (Cerruti et
al., 2008; Carrano et al.,
2009; Demyanov et al. 2012)

L1 3dB

20000 SFU

Klobuchair,

1999

L2 3dB

codeless

Thresholds

L1 3dB L2 5.2 dB

~8000 SFU 10000 SFU 10000 SFU

Chen et al.
2005

Cerruti et al., 2006

L1 signal L2 signal
tracking fail tracking fall

10000 SFU 4000 SFU

Demyanov et al., 2012
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Impact on WAAS/EGNOS systems
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Radar altimeters




Radar altimeter

Estimated susceptibility

 Measurement of height Above
Ground Level

e 4.2 -4.4 GHz

* Devices on the plane belly

Mc Kee et al., 2023

Downward wave| | Reflected wave

Ground
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Simulated altimeter error vs. SRB

Error (m)

10? 10° 10* 10° 10°
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Should we worry ?

TABLE 2
SINGLE FREQUENCY RADIO BURST MAXIMA 1956—PRESENT
Frequency Peak Flux
Symbol Observatory MHz Date Units
10" Wm~* Hz™!

A Nagoya 1000 March 29, 1960 247000
B Nagoya 2000 March 29, 1960 49000
C Nagoya 3750 March 29, 1960 8250
D Tokyo 9500 March 29, 1960 ~ 25000*
E Hollandia 545 March 29, 1960 ~ 100000
F . Hollandia 200 March 29, 1960 38000
G Nagoya 9400 February 23, 1956 31400%
H.. Nagoya 0400 July 10, 1959 26500
I Nagoya 9400 November 15, 1960 24000
J . Nagoya 3750 February 23, 1956 180001
K Nagoya 3750 April 5, 1960 14200
L. Nagoya 3750 November 15, 1960 11600
M Nagoya 3750 September 3, 1960 12000
N Nagoya 3750 September 15, 1960 8080
0 Nagoya 2000 November 11, 1960 9600
P Tokyo 3000 September 3, 1960 5600
Q Nagoya 1000 November 11, 1960 47000
R Hollandia 545 July 14, 1959 40000
S Hollandia 200 August 26, 1958 85000
T Nagoya 1000 July 14, 1959 10600
U Nagoya 1000 September 15, 1963 13800
V Nagoya 1000 April 5, 1960 18000
W Netherlands 200 April 8, 1959 ~ 500000

* Estimated mean data
t See Kundu (1965) p. 201,

Castelli, 1968

Table 3. Peak flux densities in SFU for the strongest radio bursts since 2000 (peak flux greater

than 50000 SFU at 1415 MHz) tabulated by NOAA’ (RSTN network at 1415 MHz) and by the
Nobeyama Observatory* (1000 and 2000 MHz)

Date Flux at 1000 MHz Flux at 1415 MHz Flux at 2000 MHz
2001 April 15 N/A 54 000 N/A
2002 April 21 150000 110000 9000
2006 December 06 N/A 13900042 N/A
2006 December 13 440000 130 000¢ 302000
2006 December 14 N/A 55600 N/A
2011 February 15 46 000 54 000 1500
2011 September 24 N/A 110000 N/A
2012 March 05 502 000 20000°¢ 19 000

@) ftp://ftp.swpc.noaa.gov/pub/warehouse/
@) http://solar.nro.nao.ac.jp/norp/index.html @ Saturation limit ® Cliver et al. (2011) report
for that event a peak flux density of ~ 10° SFU from OVSA observations between 1 and 1.6 GHz ) End of
observations at peak flux; probably underestimated

Our own study, 2018



In conclusion

* Long duration and intense radio bursts (type V) are to be monitored

o 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...)

« Communication services are also susceptible to be interfered with (

)



