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P E C A S U S  D A S H B O A R D S
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IONOSPHERE 

Exists because of ionising solar e.m. radiation 
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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

R A D I O  W AV E S  A N D  I O N O S P H E R E

The ionosphere (/aɪˈɒnəˌsfɪər/[1][2]) is the ionized part of Earth's upper atmosphere, from about 60 km (37 mi) to 1,000 km (620 mi) altitude, a region that 
includes the thermosphere and parts of the mesosphere and exosphere. The ionosphere is ionized by solar radiation. It plays an important role in 
atmospheric electricity and forms the inner edge of the magnetosphere. It has practical importance because, among other functions, it influences radio 
propagation to distant places on the Earth.[3]

The Total Electron Content (TEC) is the integrated total number of electrons present along a path between a radio transmitter and receiver.
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The ionosphere has the ability to reflect radio waves. If the degree of ionisation would be zero, no radio waves would be reflected and all would pass.

Ionisation can change over time.
Ionisation is not the same everywhere.

HF goes through
LF are reflected

During the night, the ionisation decreases - the skill to reflect drops.
—> also LF goes through —> Maximum Usable Frequency, MUF decreases.
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I O N O S P H E R I C  S T O R M S

How the ionosphere behaves has an impact on HF communication and navigation

Ionospheric storms primarily affect the equatorial regions but can also extend into the middle latitudes and affect GNSS navigation. 

An ionospheric storms impacts the signal itself -> radio signal delay ->signal reception 

X-rays: sudden ionospheric disturbances (SID)[edit]
When the Sun is active, strong solar flares can occur that hit the sunlit side of Earth with hard X-rays. The X-rays penetrate to the D-region, releasing electrons that rapidly increase absorption, causing a high 
frequency (3–30 MHz) radio blackout. During this time very low frequency (3–30 kHz) signals will be reflected by the D layer instead of the E layer, where the increased atmospheric density will usually increase the 
absorption of the wave and thus dampen it. As soon as the X-rays end, the sudden ionospheric disturbance (SID) or radio black-out ends as the electrons in the D-region recombine rapidly and signal strengths 
return to normal.

Protons: polar cap absorption (PCA)[edit]
Associated with solar flares is a release of high-energy protons. These particles can hit the Earth within 15 minutes to 2 hours of the solar flare. The protons spiral around and down the magnetic field lines of the 
Earth and penetrate into the atmosphere near the magnetic poles increasing the ionization of the D and E layers. PCA's typically last anywhere from about an hour to several days, with an average of around 24 to 
36 hours. Coronal mass ejections can also release energetic protons that enhance D-region absorption in the polar regions.

Geomagnetic storms[edit]
A geomagnetic storm is a temporary intense disturbance of the Earth's magnetosphere.

During a geomagnetic storm the F₂ layer will become unstable, fragment, and may even disappear completely.
In the Northern and Southern pole regions of the Earth aurorae will be observable in the sky.
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C O N T R A R Y  T O  S O L A R  R A D I O  B U R S T S

Noise increase -  the ionosphere is not impacted but the signal itself. The noise of the Sun is too loud, 
the GPS receiver can’t hear the satellite signal clear enough. Or the radar interprets the radio waves 
coming from the Sun as being a plane.

Impact of SRB itself
Noise increase - the ionosphere is not impacted but the signal itself

GPS station
Signal/noise - signal is from the satellite. GPS receivers are designed to be sensible to the signal above them, not at the horizon.
When there is a strong radio burst - in the typical GPS frequencies - the noise increases.
GPS receiver ontvangt signalen die niet van een satelliet komen maar van de Zon. De GPS ontvanger maakt geen onderscheid tussen solar noise en satelliet 
signaal.

Radar interference 
Radars are monitoring the planes near the horizon - descending and ascending planes.
Radar ‘ziet’ vliegtuigen door de reflectie van radio-signaal. Radio-signalen van de zon kunnen geïnterpreteerd worden als ‘spook’-vliegtuigen: vliegtuigen 
die je ziet op het radar-scherm maar er in werkelijkheid niet zijn.

SRB can impact HF communication (no feedback from industry) and navigation
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I O N O S P H E R I C  S T O R M S
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G N S S  -  G L O B A L  N AV I G AT I O N  S AT E L L I T E  S Y S T E M
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What 
Ionospheric scintillation is the rapid modification of radio waves caused by small scale 
structures in the ionosphere. Scintillation of radio waves impacts the power and phase of 
the radio signal. Scintillation is caused by small-scale (tens of meters to tens of km) 
structures in the ionospheric electron density along the signal path and is the result of 
interference of refracted and/or diffracted (scattered) waves. 

Consequences 
Severe scintillation conditions can prevent a GPS receiver from locking on to the signal 
and can make it impossible to calculate a position. Less severe scintillation conditions can 
reduce the accuracy and the confidence of positioning results. 

What to monitor 
Scintillation is usually quantified by two indexes: S4 for amplitude scintillation and σφ 
(sigma-phi) for phase scintillation. 

I O N O S P H E R I C  S C I N T I L L AT I O N

the phase of a periodic function F of some real variable t is the relative value of that variable within the span of each full period.


The phase is typically expressed as an angle ϕ(t), in such a scale that it varies by one full turn as the variable t goes through each period (and F(t) goes through each 
complete cycle). Thus, if the phase is expressed in degrees, it will increase by 360° as t increases by one period. If it is expressed in radians, the same increase in t will 
increase the phase by 

2 π.


Can be induced by solar flare, by geomagnetic storm
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TEC is the total number of electrons integrated between two points, along a tube of one 
meter squared cross section, i.e., the electron columnar number density. It is often 
reported in multiples of the so-called TEC unit, defined as TECU=10^16 electrons/m^2.  
The STEC depends on the length of the signal's path trough the ionosphere and is 
consequently dependant on the satellite elevation. To correct for this effect, an 
estimation of the Vertical TEC (VTEC) above a given point on the Earth surface is 
necessary. To determine this, the Single Thin Layer Model is usually employed. This 
model assumes that all the free electrons are concentrated in a layer of infinitesimal 
thickness located at the altitude H. 
The VTEC is estimated at each ionospheric Pierce Point (IPP) 

V E R T I C A L  T E C

https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Meter_squared
https://en.wikipedia.org/wiki/Cross_section_(geometry)
https://en.wikipedia.org/wiki/Columnar_number_density
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R A D I AT I O N

Micro = 10^-6
Sieverts = J/kg



ATMOSPHERIC RADIATION ENVIRONMENT

!14

The radiation environment at aviation altitudes is shaped mainly by Galactic Cosmic 
Radiation (GCR) and occasional Solar Energetic Particle (SEP) events, both phenomena 
comprised of high energetic particles. 

Secondary particles:
• Neutrons
• Protons
• Muons
• Pions
• Photons
• Electrons/positrons

Galactic Cosmic Rays (GCR)
• Always present
• Protons + heavy ions
• Global

Solar Energetic Particles (SEP) 
• Sporadic (solar storms)
• Mainly protons
• High latitude regions

Background radiation

Increased radiation exposure !! 

Only CR particles with sufficient energy (>200 MeV) can penetrate into the atmosphere to 35 km for producing secondary radiation at flight level. Protons with energies 
10, 30 and 100 MeV cannot penetrate the atmosphere deeper than about 58, 45 and 32 km respectively. They can penetrate only in the polar cap region.  


The radiation environment at aviation altitudes is shaped mainly by Galactic Cosmic Radiation (GCR) and occasional Solar Energetic Particle (SEP) events, both phenomena comprised of high energetic particles
(mainly protons) that interact with Earth's atmosphere and generate secondary particles.

Neutron monitors:
They measure energetic particles at the earth surface. It measures the background radiation - which is always present and are in fact the GCR. This background radiation is modulated by solar activity, they are in anti-phase: high solar activity/
strong solar wind corresponds to less GCR on earth.

The neutron monitors can measure a Ground Level Event, GLE. There will be a peak on top of the background GCR.
You can have a GLE in case of a strong Solar Energetic Proton storm.

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

http://www.swpc.noaa.gov/phenomena/galactic-cosmic-rays

Galactic Cosmic Rays (GCR) are the slowly varying, highly energetic background source of energetic particles that constantly bombard Earth. GCR originate outside the solar system and are likely formed by explosive events such as supernova. 
These highly energetic particles consist of essentially every element ranging from hydrogen, accounting for approximately 89% of the GCR spectrum, to uranium, which is found in trace amounts only. These nuclei are fully ionized, meaning all 
electrons have been stripped from these atoms. Because of this, these particles interact with and are influenced by magnetic fields. The strong magnetic fields of the Sun modulate the GCR flux and spectrum at Earth.
Over the course of a solar cycle the solar wind modulates the fraction of the lower-energy GCR particles such that a majority cannot penetrate to Earth near solar maximum. Near solar minimum, in the absence of many coronal mass ejections 
and their corresponding magnetic fields, GCR particles have easier access to Earth. Just as the solar cycle follows a roughly 11-year cycle, so does the GCR, with its maximum, however, coming near solar minimum. But unlike the solar cycle, 
where bursts of activity can change the environment quickly, the GCR spectrum remains relatively constant in energy and composition, varying only slowly with time. (See Forbush decrease for short-term changes of GCR related to 



space strong solar events)
These charged particles are traveling at large fractions of the speed of light and have tremendous energy. When these particles hit the atmosphere, large showers of secondary particles are created with some even reaching the ground. These 
particles pose little threat to humans and systems on the ground, but they can be measured with sensitive instruments. The Earth’s own magnetic field also works to protect Earth from these particles largely deflecting them away from the 
equatorial regions but providing little-to-no protection near the polar regions or above roughly 55 degrees magnetic latitude (magnetic latitude and geographic latitude differ due to the tilt and offset of the Earth’s magnetic field from its 
geographic center). This constant shower of GCR particles at high latitudes can result in increased radiation exposures for aircrew and passengers at high latitudes and altitudes. Additionally, these particles can easily pass through or stop in 
satellite systems, sometimes depositing enough energy to result in errors or damage in spacecraft electronics and systems.
Image courtesy of: http://www.windows2universe.org/physical_science/physics/atom_particle/cosmic_ray_spallation_big.jpg
(link is external)
Impacts: Satellites Humans in Space Passengers and Crew on aircraft at high latitudes (polar routes)
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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 
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

Effective dose takes the sort of radiation into account, the human body, the tissue and the organs being radiated and tells you what the effect is at the end. 


It says something about the chance, probability to develop cancer. 


It is not about dropping death because of a sudden increase of radiation. This is the absorbed dose.


Effective dose is a dose quantity in the International Commission on Radiological Protection (ICRP) system of radiological protection.[1]


It is the tissue-weighted sum of the equivalent doses in all specified tissues and organs of the human body and represents the stochastic health risk to the whole body, which is the probability of cancer induction and genetic effects, of low levels of 
ionising radiation.[2][3] It takes into account the type of radiation and the nature of each organ or tissue being irradiated, and enables summation of organ doses due to varying levels and types of radiation, both internal and external, to produce an 
overall calculated effective dose.


The SI unit for effective dose is the sievert (Sv) which represents a 5.5% chance of developing cancer.[4] The effective dose is not intended as a measure of deterministic health effects, which is the severity of acute tissue damage that is certain to 
happen, that is measured by the quantity absorbed dose.[5]
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H F  C O M



AURORAL ABSORPTION - KP
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During geomagnetic storms, energetic particles will enter the polar regions of 
the ionosphere and trigger excess ionisation, triggering radio absorption, called 
an auroral absorption.

What?
Strong geomagnetic storms


Kp>8


Consequences radio fade out in both polar 
region

What to monitor Kp indices



POLAR CAP ABSORPTION
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During proton events or solar radiation storms, high energy protons from 
the Sun will trigger extra ionisation of the D-layer in the polar ionosphere 
inducing a radio fade out, called a Polar Cap Absorption.

What? Solar radiation storm

Consequences radio fade out in both 
polar regions

What to monitor
Riometer data

D-RAP model


Absorption >2 dB

A condition in the polar ionosphere where HF and VHF radio waves are absorbed and LF and VLF radio waves are reflected at lower altitudes than normal. PCA events 
usually originate from major solar storms that launch energetic protons that reach our outer atmosphere quickly and cause excess ionization that distorts the normal 
refractive properties of the polar ionosphere.



POLAR CAP ABSORPTION
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What? Solar radiation storm

Consequences radio fade out in both polar 
regions

What to monitor
Riometer data

D-RAP model


Absorption >2 dB

During proton events or solar radiation storms, high energy protons from 
the Sun will trigger extra ionisation of the D-layer in the polar ionosphere 
inducing a radio fade out, called a Polar Cap Absorption.

A riometer (commonly relative ionospheric opacity meter, although originally: Relative Ionospheric Opacity Meter for Extra-Terrestrial Emissions of Radio noise[1]) is an instrument used to quantify the amount of electromagnetic-wave ionospheric 
absorption in the atmosphere.[2] As the name implies, a riometer measures the "opacity" of the ionosphere to radio noise emanating from cosmic origin. In the absence of any ionospheric absorption, this radio noise, averaged over a sufficiently long 
period of time, forms a quiet-day curve. Increased ionization in the ionosphere will cause absorption of radio signals (both terrestrial and extraterrestrial), and a departure from the quiet-day curve. The difference between the quiet-day curve and the 
riometer signal is an indicator of the amount of absorption, and is measured in decibels. 



SOLAR XRAY - FLARES
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The soft Xray flux increase will induce an excess ionisation of the D layer 
triggering an absorption of low HF frequencies (fade out).

What? Strong flares (>X1)

Consequences radio fade out in the Sun-lit 
hemisphere

What to monitor GOES soft Xray flux



POST STORM DEPRESSIONS
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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? ionospheric disturbances


Consequences Global radio communication 
troubles

What to monitor
MUF

median30days( foF2)
% decrease

In the late phases of magnetic storms, the ionosphere remains in an unsettled state, triggering disturbances in long range radio communications. The MUF and the critical frequency vary with respect to their undisturbed 
values.


The maximum usable frequency (MUF) for a given communication path is the highest HF radio frequency that can be used for communication via reflection. A depression of the MUF prohibits aircraft from accessing the 
highest frequencies normally available.


In radio transmission maximum usable frequency (MUF) is the highest radio frequency that can be used for transmission between two points via reflection from the ionosphere (skywave or "skip" propagation) at a 
specified time, independent of transmitter power. This index is especially useful in regard to shortwave transmissions.


In shortwave radio communication, a major mode of long distance propagation is for the radio waves to reflect off the ionized layers of the atmosphere and return diagonally back to Earth. In this way radio waves can 
travel beyond the horizon, around the curve of the Earth. However the refractive index of the ionosphere decreases with increasing frequency, so there is an upper limit to the frequency which can be used. Above this 
frequency the radio waves are not reflected by the ionosphere but are transmitted through it into space.


The ionization of the atmosphere varies with time of day and season as well as with solar conditions, so the upper frequency limit for skywave communication varies on an hourly basis. MUF is a median frequency, 
defined as the highest frequency at which skywave communication is possible 50% of the days in a month, as opposed to the lowest usable high frequency (LUF) which is the frequency at which communication is 
possible 90% of the days, and the Frequency of optimum transmission (FOT).


Typically the MUF is a predicted number. Given the maximum observed frequency (MOF) for a mode on each day of the month at a given hour, the MUF is the highest frequency for which an ionospheric communications 
path is predicted on 50% of the days of the month.


On a given day, communications may or may not succeed at the MUF. Commonly, the optimal operating frequency for a given path is estimated at 80 to 90% of the MUF. As a rule of thumb the MUF is approximately 3 
times the critical frequency.[1]


MUF=critical frequency/cos θ[2]


where the critical frequency is the highest frequency reflected for a signal propagating directly upward and Θ is the angle of incidence.[3]


