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How is the ionosphere built?  
What can change it?
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Based on G.W. Prölss, Physics of the Earth’s Space Environment, Figure 2.13
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18 Empirical modelling of the thermosphere
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Figure 2.1 Altitude profiles of atmospheric temperature (left) and density (right),
according to the NRLMSISE-00 model, evaluated for 18:00 on July 15 2000
and 2006, over Delft, The Netherlands.

changes in the slope of the temperature profile. The maximum temperature is
asymptotically reached in the topmost layer, the thermosphere. The level of the
temperature in this region is highly dependent on the Sun, as will be explained
in more detail below. The variations in temperature lead to variations in density,
which can span several orders of magnitude.

2.1.1 Overview of observed density variations
Figure 2.2 shows modelled density variations over an 11-year period, with two
zoomed in views for 2000 and 2006. The NRLMSISE-00 [Picone et al., 2002] model
was evaluated at a single location: 400 km over Delft, The Netherlands. The major
variations in density visible in this plot will be described below. A more detailed
description of the drivers behind these variations will be provided in further sec-
tions of this Chapter.

THERMOSPHERE IS THE ATMOSPHERE ABOVE 90 KM
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THE SOLAR ELECTROMAGNETIC SPECTRUM
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ELECTROMAGNETIC RADIATION PENETRATION DEPTH
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O + ℏν ⟶ O+ + e−

O + ℏν ⟵ O+ + e−

Very fast

Very slow

Instead, recombination goes like this (for example)

O+ + N2 + e− ⟶ NO+ + N + e− ⟶ NO + N + dissipated energy

IONISATION AND RECOMBINATION IN THE THERMOSPHERE



Regions in the mid-latitude 
ionosphere
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fp ∝ no
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The plasma frequency affects the 
refractive index of the medium

fp ∝ no n = 1 −
f2
p

f 2

Each layer will reflect or absorb or 
let pass radio waves depending on 
their frequencies and on the 
characteristic frequency.
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BALANCE BETWEEN IONISATION AND RECOMBINATION
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DISTRIBUTION OF FREE ELECTRONS
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EXPERTS

Scientific expertise on the IONOSPHERE
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MONITORING THE IONOSPHERE FROM BELOW - IONOSONDE
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VTEC = surface

DIURNAL VARIATION
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MONITORING THE IONOSPHERE FROM ABOVE - GNSS
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DIURNAL VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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• (Mid latitude) ionosphere has typical variations with time of day, 
season, and solar cycle.

• Seasonal anomaly: higher ionisation in winter than in summer.
• Lower layers only depend on solar irradiation, F2 layer is more 

complicated.



 Low and high latitude 
ionosphere



 magnetosphere 

magnetosphere-ionosphere coupling
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AMPERES LAW







MAGNETOSPHERE - IONOSPHERE COUPLING
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Low-latitude ionosphere
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THE EQUATORIAL IONISATION ANOMALY

Pfaff, 2012, The Near-Earth Plasma Environment

44 R.F. Pfaff

Fig. 19 SAMI2 model calculations versus latitude and altitude of the plasma density for 1500 SLT at 205◦
East. The upward E × B drift at the magnetic equator is driven by the eastward electric field, and there is
subsequent flow downward along the magnetic field lines

Fig. 20 SAMI2 model
calculations of the global total
electron content (TEC) at
22:32 UT, showing the equatorial
anomaly enhancement in the late
afternoon. The center of the
globe corresponds to 17:44 LT
(Figure courtesy J. Huba)

Referred to as the so-called “fountain effect” or the equatorial ionization anomaly (EIA),
this phenomenon represents a significant, fundamental mechanism that characterizes the
near-earth plasma environment. Model total electron content calculations for moderate solar
conditions are shown in Fig. 20 that were calculated with the SAMI2 model (Huba et al.
2000) and show how the anomaly “wings” dominate the late afternoon ionosphere at low
latitudes.

Another process at work at low latitudes that drives the plasma is the so-called “F-region
dynamo”. At high altitudes in the low latitude F-region during the daytime, wind-driven
field aligned currents flow along the magnetic field lines between the F and E-regions. At

https://doi.org/10.1007/s11214-012-9872-6


https://svs.gsfc.nasa.gov/4617

https://svs.gsfc.nasa.gov/4617
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THE EQUATORIAL IONISATION ANOMALY



https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014JA020708

EQUATORIAL PLASMA BUBBLES
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http://www.apple.com/uk
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014JA020708
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SOUTH ATLANTIC ANOMALY



High-latitude ionosphere
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Ionisation Ionisation
Particle RadiationParticle content

IMPACT OF SOLAR STORMS
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POLAR CAP AND AURORAL OVAL
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POLAR CAP
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POLAR CAP - COMPLICATED
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POLAR CAP PATCHES & IONISATION TONGUES

Irregularities



51

POLAR CAP - OPEN MAGNETIC FIELD LINES
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POLAR CAP - OPEN MAGNETIC FIELD LINES
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AURORAL OVAL
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AURORAL OVAL
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INCREASE AND DEPLETION OF ELECTRONS  
IN THE F-LAYER / AURORAL OVAL - MID LAT 

INCREASE OF ELECTRONS DUE TO PRECIPITATING ELECTRONS  
IN THE D-LAYER IN THE AURORAL OVAL 


