
Multi-Instrument View of Ionospheric Turbulence
D. Przepiórka-Skup, M. Pożoga, B. Matyjasiak, M. Grzesiak, H. Ciechowska, H. Rothkaehl

LOFAR Annual Meeting 2026, Dublin, Ireland CBK PAN, Bartycka 18A, 00-716 Warsaw, Poland



The ionosphere: general picture

Kelley, 1989

Depends on:

- LT/MLT
- seasons
- solar activity
- geomagnetic activity
- location
- ...

Matyjasiak+, 2016



Irregularities of various scales

Pożoga+,2025

• TIDs

• Fresnel-scale irregularities

• small-scale irregularities preceded by
large gradients (Fallows+,2020)

• structuring of large gradients, i.e.
main trough (Liu+,2021)



Why do we care?



Fine structure of large gradients

Chen+,2018



Fine structure of large gradients

Depends on:

- LT/MLT
- seasons
- solar activity
- geomagnetic activity
- location
- ...



Case study

Mission: DEMETER
Altitude: 660-700 km (∼ fixed)
Time: LT 1030 / 2230 (fixed)



Density analysis: instrument 1 - ISL

µT = polar_wall_gradient

equatorial_wall_gradient

usually: µT > 1



Correlations with Dst



Why only position follows the Dst trend?

• Large-scale MIT dynamics: well described by MHD models

• Smaller-scale features (width, depth, morphology): driven by turbulent processes &
ion-scale energy cascades, including TGDI on both walls

• TGDI may be a possible mechanism responsible for the cascading on MIT walls
(Nishimura+,2021; Liu+,2021)



Particle precipitation and VLF emissions: instruments 2, 3 - ICE, IDP



Particle precipitation and VLF emissions

Intensification of fluxes and VLF emissions occurs at the end of the main phase and beginning
of the recovery phase.



Future work

• Calculating intermittency metrics on each wall

• Identification of specific emission

• Linking to specific instability mechanisms

• Get FAC estimates

• Extend the sample



Think wide

swri.org



Summary

• Turbulence is a common/fundamental process in space plasmas

• The resulting small-scales irregularities impacts GNSS, telecommunication,
radio-astronomical observations

• Ionosphere interacts multidirectional - and depends on many factor - hard to decouple or
find a single source of instability

• To resolve (for some extent) turbulence in ionosphere and understand its role in the
energy exchange in the system multi-instrument is a must

Thank you!!


