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• SPACE IT UP is a program aiming at enhancing the space technology of Italy to be used for 
space exploration and exploitation for the benefit of planet Earth and the entire humankind.

• The main objective of the Spoke 6 is aimed at protecting critical infrastructures from Space 
Weather (SWE) events by fostering research and tools that can potentially be translated into 
future operational services.

• Within this task, we study the Thermosphere-Ionosphere system in response to adverse SWE 
conditions at regional scale. 

INTRODUCTION
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METHODS

THE OCTOBER 2024 STORM IONOSPHERE-THERMOSPHERE RESPONSE OVER CENTRAL EUROPE

• The authors thank M. Mauro Regi and P. Bagiacchi for their contribution to this work.

• RM041 ionosonde data are provided by the Istituto Nazionale di Geofisica e Vulcanologia (doi: 10.13127/eswua/hf) and 
are freely available at http://eswua.ingv.it/.

• JR055 ionosonde data from other stations are provided by the Lowell DIDBase through GIRO (http://giro.uml.edu/).

Selected events are studied and compared making use of ionospheric data and an original 
method able to retrieve a consistent set of aeronomic parameters at mid-latitude locations 
around local noon from ionosonde observations.

The ability to obtain thermospheric information from ground-based 
observations is of particular relevance, since the knowledge of the state of 
the thermosphere is of great importance for numerous low-earth-orbiting 
(LEO) satellites, but its monitoring is not routinely performed due to the high 
costs of satellite observations.

• Ionospheric data:

○ F2-layer critical frequency (foF2) from ionosondes

○ Calibrated vertical Total Electron Content (vTEC) from

GNSS receivers (Cesaroni et al., 2021)

• Thermospheric data:

○ Aeronomic parameters from THERmospheric parameters 

       from IONosonde observations (THERION) method 

                 (Perrone & Mikhailov, 2018)

• Geomagnetic data:

    ○ Characterization of the geoeffective events in terms of geomagnetic indices 

    ○ Data analysis to study the ionospheric current system variations

• Comparison with standard thermospheric empirical models (e.g. MSISE00)

This study is carried out within the Space It Up project funded by the Italian Space Agency, ASI, and the Ministry of University and Research, MUR, under contract n. 2024-5-E.0 - CUP n. I53D24000060005.

• Period of analysis: from 6/10 to 15/10.

• Two different storm signatures peaking on 08/10 and 10-11/10.

G3 Strong

Kpmax=7

Dstmin=-148 nT

G4 Severe

Kpmax=9-

Dstmin=-333 nT

• Significant electron density
depletion on 8/10 and 11/10.

○ Ionosonde data: 1st storm of 
longer duration during daytime 
at higher latitudes.

○GNSS data: 2nd storm
stronger at higher latitudes.

• Similar behaviour at the two locations.

• Significant [O] depletion and [N2] increase on 08/10 and 11/10.

CONCLUSIONS
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• Comparison with the thermospheric empirical model MSISE00 to highlight the increased

ability of the method in reproducing the thermospheric variability under adverse SWE

conditions.

• Analysis of geomagnetic field data provided by the INTERMAGNET network to study the

ionospheric current system variations.

• Study of the SWE events occurred in January 2025 with the same methodologies in order to

make a comparison of the T-I response in the same region to different events having

similar characteristics.

FUTURE WORK

• THERION method can be used to investigate I-T coupling processes under adverse SWE conditions at mid-
latitudes during noon hours.

• The ionospheric response of the October 2024 storm over Central Europe revealed a clear F2-layer electron 
density decrease during daytime hours of the most disturbed days (8/10 and 11/10).

• This negative response was due to a significant [O] depletion and [N2] increase, concurrent with Tex increase.

• The noontime positive vertical drift under storm conditions is associated to a reversal of the diurnal
meridional wind from poleward to equatorward direction, which brings the compositional disturbance to
lower latitudes.

• This behaviour is explained in the framework the well-known F2-layer storm mechanism.

• Exospheric temperature Tex increase during the same days.

• Vertical plasma drift W reversal during 7-8/10 and 10-11/10.
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