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IONOSPHERE

Atmospheric layer with free electrons.
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RADIO WAVES AND IONOSPHERE

The electron content of each layer defines a characteristic frequency which in turn affects
the refractive index of the medium. Each layer will reflect or absorb radio waves
depending on their frequencies. The reflection is used for long distance communications.
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RADIO WAVES & IONOSPHERE

The ionosphere seems to be the key-layer for HF communication and
GNSS pertormance: or radio waves are reflected at, or pass through the
ionosphere.

Very High Frequency Waves Pass Through the Atmosphere ~___

e

-Higher Frequency
Waves Travel Further
Before Being Reflected
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GNSS - GLOBAL NAVIGATION SATELLITE SYSTEM

. PP 2020-10-12
Amplitude Scintillation n 14:15 0.25 QUIET Q

2020-10-12

2020-10-12

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




IONOSPHERIC SCINTILLATION
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A Station connects with many satellites.
IPP are concentrated in the area of the station.
Scintillation is a localised phenomenon.

A green/orange/red dot are |5 dots on top of each other:last |5 min
data, the max Is the top dot.

Stations without green dots: station doesn't provide data - data outage.
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RADIATION
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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 cosmic ray intensity recorded by
oround based detectors. Radiation at FLV in particular latitude bands will

INncrease.

What? : Strong Solar Radiation Storm
Consequences Increased radiation
What to monitor micro-Sieverts/hour
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AURORAL ABSORPTION - KP[(p)

During seomagnetic 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
Conseqguences ; .
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 “p)

Kiruna riometer 2021-01-29 08:32:30, Last 24 hours, UTC

14
- 18
12 - 16
14
- P -4 12 ;%
4 8 | 1 c
—_— Q
o . e
> L 10 =
2
= — o]
6 8 =
-6
a _—'——-—-m_‘_“_‘____ pmom ot IAn
e S ] ey IR PR
H{a
2 -
-4 2
% 101 101 101 101 101 :ol n04l nol 101 101 lol 101 0
B 0% 20 a0 60 80 0 20 0 O 6 w®
w— 30 MHz Quiet curve 30 MH= w— 38 MHz Quiet curve 38 MH= Abzorption 30 MH= Abzorption 38 MH=

&time=2020-10-12+15:06

21


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 .
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SHORT WAVE FADE OUT

The soft Xray flux increase will iInduce 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

®

Cb 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
highest 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 to monitor

lonospheric disturbances

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

Global radio communication

troubles
MUF
: % decrease
mediansogqys(fol2)
F
fFy =1, «\/n MUF = 2o
cos 6
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