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1. Swarm-Derived Indices
▪ Swarm Dst
▪ Swarm AE
▪ Swarm AE-North/AE-South
▪ Interhemispheric Asymmetry (I.A.)

2. Information Theory (I.T.)
▪ Shannon Entropy
▪ Block Entropy
▪ Tsallis Block Entropy

3. Information-Theoretic Perspective of I.A.

4. … and two more things



The topical issue (TI) is dedicated to 
new results from ESA’s Swarm 
mission, in particular to investigations 
of the Magnetosphere-Ionosphere 
Coupling, Ionospheric and 
Thermospheric processes, and their 
implications for Space Weather, 
including potential impacts on critical 
infrastructure.

This issue seeks to bring together 
cutting-edge studies that shed light on 
the quiet-time and dynamic 
ionosphere, including the study of 
Alfvén waves, Equatorial Spread-F 
events, plasma bubbles, ULF plasma 
waves, Field-Aligned Currents etc.



• Convert BNEC -> BMFA: Bpar (or Btotal)
• Subtract CHAOS Internal Field Model
• Clean & Interpolate
• Keep only values between certain 
 magnetic latitudes

• Average to 1-min resolution
• Merge Swarm-A & B measurements
• Low-pass filter (diff. cut-off frequency 
   for each index)
• Linear Transform

Index Magn. Latitude Limits

Dst/SYM-H [-30°, +30°]

ap [-60°, -55°] & [+55°, +60°]

AE [-75°,- 65°] & [+65°, +75°]







Liou et al. (Sci. Rep. 2018)

 Substorm onset is far from north-south symmetric; it is more likely to be 
initiated in a dark than a sunlit oval; preferred locations of substorm 
onsets coincide with the local peak of the Earth's magnetic field (or a 
minimum in the ionospheric conductivity)











Unpublished work



Unpublished work



For electromagnetic energy input at 
Swarm altitudes, northern 
preference can likely be explained 
by the relative displacement of the 
north and south auroral ovals with 
respect to the Earth’s rotation axis, 
causing effective interhemispheric 
differential solar illumination of the 
two auroral ovals.









May 2024 

superstorm: 

GIC activity indices



Complex systems-based methods: 

 Have the potential to identify previously 
unrecognized precursory structures and, thus, 
contribute to a better understanding of dynamical 
processes manifested in observable magnetic field 
fluctuations prior to geospace magnetic storms

 Provide a novel way to anticipating and predicting 
incipient transitions in the dynamical regime of 
geomagnetic field variations in time and space
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