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Mid-latitude aurora above Russia in the 24-25 solar cycles
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Solar activity represented in sunspot number (left axis) and geomagnetic activity 
represented by daily Ap index (right axis) during the 23 - 25 solar cycles.
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Electron Radiation Belt (ERB) of energetic electrons (above tens of keV) 
is governed by geomagnetic field. 

ERB topology traces the geomagnetic field.

ERB consists of the inner and outer zones.

Outer ERB

Inner ERB

- Electrons from the outer ERB precipitate into the atmosphere at high and middle 
latitudes due to pitch-angular scattering into the loss cone. 
- Electrons from the inner ERB penetrate into the atmosphere in the region of South 
Atlantic Anomaly (SAA) during eastward azimuthal drift and due to anomalous ExB radial 
transport 



Data availability of NOAA/POES satellites.

At LEO orbit, electrons from ERB are monitored for several decades by NOAA/Polar-
orbiting Operational Environmental Satellites (POES). They have Sun-synchronous 
orbits at altitudes of ~800-850 km in different local time sectors. 

Medium Energy Proton and Electron Detector (MEPED) instruments on board POES 
satellites allow measuring electrons with energies >30, >100, and >300 keV in vertical 
and horizontal directions. That makes it possible to observe: 
- electrons precipitating vertically to the atmosphere from the outer ERB
- trapped and quasi-trapped electrons in the SAA region and in a forbidden zone



Geographic maps of >30 keV electron 
fluxes measured by NOAA/POES 
satellites during different levels of the 
solar activity in the 23rd solar cycle 
(left column) and in the 24th solar 
cycle (right column): upper panels -
solar maximum (the years of 2001 
and 2013, respectively); middle 
panels - declining phase (the years of 
2004 and 2016, respectively); and 
near the solar minimum (the years of 
2007 and 2019, respectively). 
Geomagnetic equator is shown by the 
black curve. The horizontal dashed 
lines depict the latitude of 65°. The 
bottom panel represents the 
difference in the electron flux maps 
between 2019 and 2007. The trace of 
the northern magnetic dip-pole from 
1995 to 2015 is indicated with a black 
dotted line with triangular nodes at 
every five years (from right to left) in 
the bottom panel.

The fluxes in the outer ERB are increasing
The fluxes in the inner ERB are decreasing

Dynamic of electron fluxes in ERB



Geographic maps of normalized 
occurrence probability to detect 
>30 keV electron fluxes with 
intensity > 1E4 (cm2 s sr)-1 within 
one year during different levels of 
solar activity in the 23rd solar 
cycle (left column) and in the 
24th solar cycle (right column): 
upper panels—solar maximum 
(the years of 2001 and 2013, 
respectively); middle panels—
declining phase (the years of 
2004 and 2016, respectively); 
and near the solar minimum (the 
years of 2007 and 2019, 
respectively). Geomagnetic 
equator is shown by the black 
curve. The bottom panel 
represents the difference 
between 2019 and 2007.

The outer ERB moves equatorward over 
Siberia

The size of the inner ERB has decreased 
dramatically!

Dynamic of the spatial scales of ERB



Determination of a quiet day

V < 400 km/s

Pd ~ 2 nPa

Bz > -5 nT

AE < 200 nT

Dst ~ 0 nT



Latitudinal profiles of >30 keV electron fluxes with pitch angles of 90 observed by POES 
satellites during quiet days in different years in the 2-hour vicinity of local noon at 
longitudes around 100E (red circles), 0E (blue crosses) and 80W (black diamonds). 
Vertical dashed and solid lines indicate latitudes of the maximum and inner edge of the 
outer radiation belt, respectively.

Dynamic of the outer ERB at different longitudes 30 keV
100 keV
300 keV



Geographic latitude of the maximum (left) and inner edge (right) of the outer ERB projection at height of 
~850 km and around 100E during magnetic quiet days. Dashed curves show a latitudinal shift predicted by 
IGRF model of corresponding epochs. 
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Dynamic of the outer ERB at different longitudes



Geographic latitude of the maximum (a) and inner edge (b) of the outer ERB measured during geomagnetic quiet 
days at longitude of 100 E for electrons with energies of > 30 keV. Bottom panels show the sunspot number in 
the 23rd-24th solar cycles (2001–20014, black curves) and in the 24 th- 25th solar cycle (2012–2024, red curves). 
The outer ERB location is shown using black and red symbols, respectively. It can be seen that the outer ERB is 
systematically located at lower latitudes during the the 24 th & 25th solar cycles compared with its location during 
the 23rd solar cycle.

Dynamic of the outer ERB at 100°E



Conclusions:

- The intensity of energetic electron fluxes in the SAA and forbidden regions, 
as well as their area, significantly decreased in the 24th solar cycle compared 
to the 23rd cycle. This was caused mainly by prominent changes in the 
geomagnetic field at low latitudes such that the magnetic field strength 
increased in the SAA region, which resulted in elevation of the inner ERB.

- The area of electron precipitation from the outer ERB shifted over eastern 
longitudes (Siberia) toward the equator. This is in good agreement with the 
latest data on the dynamics of the geomagnetic North Pole.

- The changes in projections of the ERB at low latitudes are related with 
changes of the magnetic field of the Earth and thus the ERB technique can 
be used for tracing the long-term variation of the geomagnetic field.
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