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Based on G.W. Prdélss, Physics of the Earth’s Space Environment, Figure 2.13
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THERMOSPHERE IS THE ATMOSPHERE ABOVE 90 KM
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Movie download: https://surfdrive.surf.nl/files/index.php/s/VRNAAMDiTOYHeLA
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https://surfdrive.surf.nl/files/index.php/s/VRNAAMDtTOYHeLA
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ELECTROMAGNETIC RADIATION PENETRATION DEPTH
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|ONISATION AND RECOMBINATION IN THE THERMOSPHERE

Very fast

O+hr — Ot + e~
O+hy «— O +e”

Very slow

Instead, recombination goes like this (for example)

O"+N,+e~ —> NO"+ N+ e~ —> NO + N + dissipated energy

LN
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Regions In the mid-latitude
lonosphere




The electron density and the plasma frequency are related

Oscillation of free electrons
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The plasma frequency affects the

refractive index of the medium cach layer wil or or

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

We can calculate the plasma frequency if we know the electron density

500 Oscillation of free electrons
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Radio waves interact with a plasma
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Radio waves interact with a plasma
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It looks as if there are reflecting layers.
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MONITORING THE IONOSPHERE FROM BELOW -

( Lowell
DIGISONDE

IONOSONDE
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DIURNAL VARIATION
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MONITORING THE |IONOSPHERE

FROM ABOVE - GNSS

4

2023-03-03 (day 062) from 10:00 to 10:05 UTC
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DIURNAL VARIATION




SEASONAL AND SOLAR CYCLE VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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Solar cycle effect
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SEASONAL AND SOLAR CYCLE VARIATION

Solar cycle effect
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SEASONAL AND SOLAR CYCLE VARIATION
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SEASONAL AND SOLAR CYCLE VARIATION
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Solar cycle effect

0. - -tT .
- “hwn ' e b
- - RS
/~‘ o\goo.'-.‘,g oos..o‘. & ',' .
- PRRALS shi =’y Fare s ="y o na’" Yo
P Pon? oo a? ", ..}' CVmrlo,vm “ ..
4 AN B o e s -
'.. ’ LY S
2014 Summer %,
. sturany
\. ~ - e
. ey
2014 Winter Vo rcnccan?
wmwmmews 2019 Summer
wmmmwws 2019 Winter
0 R R R TR AN T A A A A T A T AN

e

SRR S P R R Pt et S P R P L
P S T P T P T T T P T TP T P T P T F P ST 5559555

Time [UT]

30




e (Mid latitude) ionosphere has typical variations with time of day,
season, and solar cycle.

e Seasonal anomaly: higher ionisation in winter than in summer.

| ower layers only depend on solar irradiation, F2 layer is more
complicated.

3



Low and high latitude
lonosphere




magnetosphere

magnetosphere-ionosphere coupling



Interplanetary Medium
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AMPERES LAW
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MAGNETOSPHERE - IONOSPHERE COUPLING
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| ow-latitude Ionosphere



THE EQUATORIAL IONISATION ANOMALY

Electron Density, SAMI2 Model
22 Sep 2009, SLT=15 hr, Long. = 205" E

1500
1250 Magnetic Field
1000 - - 10°
Y 2 e Log
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500 | - 10°
250- ®E “\\\.‘
. | i
0 I I I I I I I I I

25 20 15 10 5 0 -5 -0 -15 -20 -25
Geographic Latitude (deg)

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

Pfaff, 2012, The Near-Earth Plasma Environment
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THE EQUATORIAL IONISATION ANOMALY

2021-11-03 21:05 UTC
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EQUATORIAL PLASMA BUBBLES

Equatorial Plane: T = 1200 s
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High-latitude ionosphere




IMPACT OF SOLAR STORMS \l/




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

1200 MLT

——  W—.....

| se— |
=
=
=l
| s— |
=
=
=e
| m— |
=
=1
=
----------------- —
=l
=
=1

-
[
\

Irregularities




POLAR CAP - OPEN MAGNETIC FIELD LINES

~ Attenuotion
(Maoximum Absorption)

0 15 20 | C 35
Deqraded Frequency (MHz)

Minor X—ray flux Minor Proton Flux
Product Valid At : 2011-=03-08 10:48 UTC NCAA /SWPC Boulder, CO USA




POLAR CAP - OPEN MAGNETIC FIELD LINES

~ Attenuotion
(Maoximum Absorption)

0 15 20 | C 35
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Product Valid At : 2011-=03-08 10:48 UTC NCAA /SWPC Boulder, CO USA




AURORAL OVAL

NOAA Space Weather Prediction Center — Forecast Lead Time: 43 minutes
% <HPI: 12.4 GW (Range 5 to 200)

Aurora Forecast
For 2025-10-20 12:08 (UTC)

/0

Probability of Aurora
10% 50% 90%

0 1 2 3 4 >4 — OVATION Aurora Model
Model Run at 2025-10-20 11:25 (UTC)

oy e L1 Obsérvations at 2025-10-20 11:22 (UTC)

ergs/cm2




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




