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SPACE WEATHER
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Space weather impact our
navigation and radio
communication systems and can

((*I») HF communication ‘ cause an increase of radiation
levels at flight altitude.




PECASUS

o [GAC




A

V) -

radiation at Sto m

_ arameters

e
Sy, " Thresholds
L Sl GNSS positional
errors

(((l))) HF c.ommumcatlon
dlsturbagces

.
e —— )

Petra.Vanlommel@oma.be



IONOSPHERE

Atmospheric layer with free electrons.

lonization by solar x-ray, extreme
ultraviolet radiation and particle radiation.



RADIO WAVES & [ONOSPHERE

The electron content of each layer
. , , 2501
defines a critical frequency which In_jgs
turn affects the refractive index of z128 |
the medium E=ipe

];OC\/;O n= 1—i

Fach layer will reflect or absorb or kel
et pass radio waves depending on fea it
their frequencies and on the
characteristic frequency.
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RADIO WAVES & IONOSPHERE

The ionosphere is the key-layer for HF communication and GNSS
performance: or radio waves are reflected at, or pass through the
ionosphere. The reflection is used for long distance communications.

Very High Frequency Waves Pass Through the Atmosphere ~___ u
-~
°

s ,‘%7&{3? _ ~__ -Higher Frequency
”‘l" Waves Travel Further
. Before Being Reflected
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Can a Solar Radio Burst impact
the ionosphere?



CONTRARY TO SOLAR RADIO BURSTS ((‘))

Noise increase - the ionosphere is not impacted but the signal itself. The noise of the Sun is too loud,
the GNNS receiver can't hear the satellite signal clear enough. Or the radar interprets the radio waves

coming from the Sun as being a plane.
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RADIO WAVES AND IONOSPHERE

Each layer will reflect or absorb or let pass radio waves depending on the frequency of
the radio wave and on depending on the refractive index. The refractive index depends
on the electron content.

Height (Km)

Night Day
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Surveillance Communications GNSS
SSR 1030 - 1090 MHz 118 - 137 MHz GPS
PSR [215 -1350 MHz 226 - 400 MHz GALILEO 164 - 1610 MHz
2700 - 2900 MHz 410 - 450 MHz GLONASS
% Solar activity
;(” / Solar radio bursts
: \ g §
Navigation )
960 - 1215 MHz Long distance
329 - 335 MHz Solar activity communication
108 - |18 MHz Solar Xray flares / & data link
75 MHz Geomagnetic storms 2.8 -22 MHz
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GNSS - GLOBAL NAVIGATION SATELLITE SYSTEM

. o 2020-10-12
Amplitude Scintillation n 14:15 0.25 QUIET UIET
E 0o
o0
2020-10-12 33 S0
. 2020-10-12
Vertical TEC 125 175 14:15 61.92 QUIET 61.93 QUIET

2020-10-12 Q 0 QUIET

Effective Dose FL<460 - 0 QUIET
2020-10-12
Effective Dose FL > 460 -n 4120 QueT L QUIET

14:20

HF COM Time UTC Values/Flags Max-3h values | Max-3h status

. 2020-10-12
Auroral Absorption (AA) 14:16 3.0 QUIET Q 3.0 QUIET

. 2020-10-12

Polar Cap Absorption (PCA) 14:20 0.00 QUIET Q 0.00 QUIET
2020-10-12

Shortwave Fadeout (SWF) - a1 < M.5-flare QUIET L) <Ms5flare QUIET

Post-Storm Depression 30% 509 2020-10-12 QUIET QUIET
(PSD) ’ ’ 14:15
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IONOSPHERIC
DISTURBANCES

DISTORTED
GNSS SIGNALS

GNSS RECEIVER FOR
SIGNAL MONITORING

SWX ADVISORY
VIA AFS

NORMAL
GNSS SIGNALS




RADIATION

. o 2020-10-12
Amplitude Scintillation Q 0.35 QUIET

0.25 UIET
14:15 a

2020-10-12
Phase Scintillation 0.7 s 0.13 QuET Q) 0.14 QUIET
. 2020-10-12
Vertical TEC 125 | 175 |Aau 61.92 QuET O 61.93 QUIET

2020-10-12
Effective Dose FL<460 - 0 QUIET Q 0

14:20

2020-10-12
Effective Dose FL > 460 -n 14:20 QUIET Q

HF COM Time UTC Values/Flags Max-3h values | Max-3h status

. 2020-10-12
Auroral Absorption (AA) 14:16 3.0 QUIET Q 3.0 QUIET

. 2020-10-12

Polar Cap Absorption (PCA) 14:20 0.00 QUIET Q 0.00 QUIET
2020-10-12

Shortwave Fadeout (SWF) - a1 < M.5-flare QUIET L) <Ms5flare QUIET

Post-Storm Depression 30% 509 2020-10-12 QUIET QUIET
(PSD) ’ ’ 14:15




ATMOSPHERIC RADIATION ENVIRONMENT

The radiation environment at aviation altitudes is shaped mainly by Galactic Cosmic

Radiation (GCR) and occasional Solar Radiation Storm (SEP - Solar Energetic Particles), both
phenomena comprised of high energetic particles.

Primary Cosmic Rays

Galactic Cosmic Rays (GCR) » Background radiation
* Always present

* Protons + heavy ions

* Global

Solar Energetic Particles (SEP) —— Increased radiation exposure !!
» Sporadic (solar storms)

* Mainly protons

* High latitude regions

Secondary particles:
Neutrons

Protons

Muons

Pions

Photons

» Electrons/positrons
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RADIATION -uSv/h

During a strong Solar Radiation Storm, a Ground Level Enhancement (GLEs)
may occur. A GLE Is sudden increase in the radiation intensity recorded by
ground based detectors. Radiation at FLV in particular latitude bands will
Increase.

What? : Strong Solar Radiation Storm
Consequences Increased radiation
What to monitor micro-Sieverts/hour

o D
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HF COM l

. I 2020-10-12
Amplitude Scintillation n e 0.25 QUIET 0 0.35 QUIET

2020-10-12

. 2020-10-12
Vertical TEC 125 | 175 (SN 61.92 QuET  Q 61.93 QUIET

2020-10-12
Effective Dose FL<460 - 0 QUIET Q 0 QUIET

14:20

2020-10-12
Effective Dose FL > 460 -n 4120 QueT L QUIET

: 2020-10-12

Auroral Absorption (AA) 14:16 3.0 QUIET 3.0 QUIET
. 2020-10-12

Polar Cap Absorption (PCA) 14:20 0.00 QUIET 0.00 QUIET
2020-10-12

Shortwave Fadeout (SWF) - 14:17 < M.5-flare QUIET < M.5-flare QUIET

Post-Storm Depression 30% 509 2020-10-12 QUIET QUIET
(PSD) ’ ’ 14:15







AURORAL ABSORPTION - KP[(p)

During geomagnetic storms, energetic particles will enter the polar regions of
the 1onosphere and trigger excess 1onisation, triggering radio absorption, called
an

Strong geomagnetic storms
What? Kp>8

radio fade out in both polar
’ region

......................................................................................................................................................

What to monitor Kp indices

https://www.swpc.noaa.gov/products/planetary-k-index
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https://www.swpc.noaa.gov/products/planetary-k-index

POLAR CAP ABSORPTION

During proton events or solar radiation storms, energetic particles from
the Sun will trigger extra ionisation of the D-layer in the polar regions
inducing a radio fade out, called a

What? Solar radiation storm

radio fade out in both
polar regions

What to monitor Absorption >2 dB
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http://pecasus.stce.be/dashboards/pecaDashboard_HF_PCA.php?&time=2020-10-12+15:06

PCA - RIOMETERS )

Kiruna riometer 2021-01-29 08:32:30, Last 24 hours, UTC
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http://pecasus.stce.be/dashboards/pecaDashboard_HF_PCA.php?&time=2020-10-12+15:06
http://pecasus.stce.be/dashboards/pecaDashboard_HF_PCA.php?&time=2020-10-12+15:06

PCA - D-RAP MODEL |

Conditions in the D-region of the ionosphere have a dramatic effect on HF communications. The global
D-Region Absorption Predictions (D-RAP) depicts the D-region at high latitudes where it is driven by
particles as well as low latitudes, where photons cause the prompt changes.

_ Attenuation
(Maximum Absorption)

Highest Frequency Affected by 1dE Abscrption Estimated Recovery Time
ﬁ : ' I .

0 5 10 15 20 25 30
Degraded Frequency (MHz)

Normal X—ray Background Strong Proton Flux
Product Valid At : 2012-03-07 18:00 UTC NOAA/SWPC Boulder, CO USA

b
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SHORT WAVE FADE OUT

The soft Xray flux increase will induce an excess 1onisation of the D layer
triggering an absorption of low HF frequencies (fade out).

What? Strong flares (>X1)
radio fade out in the Sun-lit
5 hemisphere

long Max: 3.23094e-8 short Max: 1.54217e-8

®

C'i | https://www.swpc.noaa.gov/products/goes-x-ray-flux
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https://www.swpc.noaa.gov/products/goes-x-ray-flux

POST STORM DEPRESSIONS

The maximum usable frequency (MUF) for a given communication path is the
hishest HF radio frequency that can be used for communication via reflection.
In the late phases of ionospheric storms, the ionosphere remains in an
unsettled state, triggering disturbances in long range radio communications.
The MUF varies with respect to their undisturbed values.

What? jonospheric disturbances
Global radio communication
Consequences
troubles
What t it | MO
at 1o monitor ) % decrease
' mediansog,(f,Fy)

29



SOLAR ENERGETIC - z
PARTICLES : Auni?:&ts
UV LIGHT FROM
A SOLAR FLARE
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ABSORPTION

NORMAL REFLECTION

FROM THE IONOSPHERE NO REFLECTION

HF SIGNAL




