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Outline

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 one more thing
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Swarm-derived Indices of Geomagnetic Activity

• 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 & Swarm-B measurements
• Low-pass filter (diff. cutoff 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°]
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Swarm-derived Dst/SYM-H Index
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Swarm-derived AE Index
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Swarm-derived AE Index
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North-South Asymmetry

“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)”

I Pakhotin, IR Mann, K Xie, J Burchill, D Knudsen. Northern 

Preference for Terrestrial Electromagnetic Energy Input 

from Space Weather- Authorea Preprints, 2022

Liou K, Sotirelis T, Mitchell EJ. North-South Asymmetry in the Geographic Location of 

Auroral Substorms correlated with Ionospheric Effects. Sci Rep. 2018 Nov 

22;8(1):17230. doi: 10.1038/s41598-018-35091-2
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Information-Theory
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Information-Theory

Rényi entropy Tsallis Entropy
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Information-Theory
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Information-Theory
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Entropy Analysis of Swarm Dst/SYM-H

Swarm-derived SYM-H                                                                        Ground-based SYM-H
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Entropy Analysis of Swarm AE North vs South

Swarm-derived AE                                                              Ground-based AE
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Entropy Analysis of Swarm AE North vs South

Swarm-derived AE-North                                                              Swarm-derived AE-South
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Entropy Analysis of Swarm AE North vs South

Δ(Entropy) of Swarm-derived Regional AE Indices (North – South)
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Summary

• Regional, Swarm-derived indices can 
help elucidate the asymmetries of the 
terrestrial Ionosphere/Magnetosphere 
and their related phenomena

• Analysis based on Information-Theory 
tool is another possible avenue of 
exploration in highlighting these 
differences.
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Swarm-based Radial Diffusion Coefficients DLL

FAST DATA

TFA Tool
ULF Wave Analysis

Pc3-Pc5
(2mHz – 100 mHz)

𝑫𝑳𝑳
𝑩 = 𝒄 ෍
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THEN                                                                                                           NOW
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