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¡ Earth’s atmosphere
¡ Ionosphere facts
¡ Structure

§ Altitude
§ Latitude

¡ Processes
¡ Further Reading





¡ Ionized upper atmosphere that acts as the interface between 
earth and space environments.

¡ Closely coupled to the thermosphere and magnetosphere
¡ Located at ~60 to 1000+ km
¡ Altitude structure is separated into regions

§ D region (60 – 100 km)

§ E region (100 – 150 km)
§ F1 region (150 – 250 km)
§ F2 region (250+ km)

§ Topside Ionosphere (above F2 peak)



¡ Latitude structure is defined by processes that occur due to 
Solar EUV effects, Earth’s magnetic field, Solar wind, IMF and 
Geomagnetic storms interactions

¡ Boundary Definitions
§ Lower Boundary: 
§ Upper Boundary: start of  the plasmasphere, where H+ becomes 

dominant
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¡ D region (60 – 100 km)
§ Photochemistry dominant, complicated

▪ Negative ions
▪ Hydrated ions
▪ electrons

§ Major Ion: O2
+, NO+ and water cluster ions

§ Major Neutral: O2, O and N2
¡ E region (100 – 150 km) Chapman layer

§ Weakly ionized plasma
§ Photochemistry dominant
§ Major Ion: N2

+, O2
+ and NO+

§ Major Neutral: O2, O and N2
¡ F1 region (150 – 250 km) Chapman layer

§ Partially ionized plasma
§ Photochemistry dominant
§ Major Ion: O+ and NO+

§ Major Neutral: O
¡ F2 region (250+ km)

§ Partially ionized plasma 
§ Transition from chemical to diffusion dominance
§ Major Ion: O+

§ Major Neutral: O
¡ Topside ionosphere (above the F2 peak)

§ Diffusion dominant
§ Major Ion: O+ and H+





Solar EUV Effects
No Magnetic Fields
Addition of Earth’s 
Magnetic Field

Addition of Solar Wind
And IMF

Addition of Geomagnetic
Storms



¡ The escaping of thermal plasma along the 
open field lines at the poles in the topside 
ionosphere.

¡ Important transitions
§ Chemical to diffusion dominance
§ Subsonic to supersonic flow
§ Collision-dominated to collisionless regimes
§ Heavy to light ion composition



¡ Flow pattern at the 
poles due to solar 
wind-
magnetosphere 
interactions 



¡ Electric field induces currents that drive 
plasma upward, then diffuses down magnetic 
field lines away from the equator





¡ Pedersen conductivity is the electrical 
conductivity parallel to the electric 
field in the Earth’s ionosphere.

¡ Hall conductivity is that which is 
perpendicular to the electric field. In 
the ionosphere this conductivity is due 
to the drift motion of the electron 
(ExB drift) and maximum in the E 
region where only electrons drifts in 
the direction of ExB. Hall currents are 
how the auroral electrojet forms.

¡ Specific conductivity is a scalar 
conductivity that depends only on the 
collision frequencies; parallel electrical 
conductivity.

From the plot above, it can be seen that
Pedersen currents dominate the F-region
while Hall currents dominate the E-region.
This is important for Magnetospheric-
Ionospheric coupling.



Equatorial anomaly 
(arcs)

Dayside formation of peaks on 
either side of the magnetic 
equator due to the fountain 
effect. 



Seasonal anomaly
NmF2 in the winter is greater 
than NmF2 in the summer 
despite the fact that the solar 
zenith angle is smaller in 
summer, which occurs because of 
the seasonal changes in the 
neutral atmosphere.



South Atlantic anomaly an extreme value due to the magnitude of the 
geomagnetic field/radiation belts in this region
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¡ Diurnal – related to the 
change in solar zenith 
angle and change in 
solar radiation flux due 
to the rotation of the 
Earth

¡ Seasonal – related to a 
solar zenith angle 
change

¡ Solar Cycle – related to a 
change in the solar EUV 
and X-ray radiation 
fluxes


