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Self-consistent modeling
of currents in leader and
return stroke channels
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“Semi-empirical
models are great for

interpreting signals ...”
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*“... but self-consistent
models are necessary to
improve understanding and

to make predictions.”



What do we mean by self consistency”?
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Te m pe ratu re IS | m pO rtant (in leaders and return strokes)

* The lightning plasma temperature is a key quantity to determine its impacts.
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* It is also key to probe its fundamental physics.
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* Therefore, we must extend data availability and inclusion in models.



Modeling Conductivity

4+ First principles: hydrodynamic equations including
species-dependent continuity and energy balance equations.

4+ Model reduction is key: reduction in dimensionality,
number of source processes [da Silva et al., JGRA, 2019].
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Self-Consistent Positive Leader Simulation
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Return Stroke: Charge Neutralization Wave
Fields: ;237 ,;Zj
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Height (m)

Self-Consistent Return Stroke Simulation
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Lightning Physics Session at AGU25

Physics of Streamers,
Leaders, and the
Lightning Discharge

® Session shall be proposed once again to
AGU.

® Speakers today should consider submit
update abstracts to this session.

® 15-19 December, 2025, New Orleans, LA.
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