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“Semi-empirical 
models are great for 

interpreting signals …”



300-m depth

Ip = –46.5 kA

R = 5.6 km
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Wemhoner et al.

[JGRA, 2025]

Temperature
Measurements vs. Modeling

• Current modeled with MTLL model.

• Then plugged into plasma model.
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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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• Update charges• Update current

• Update conductivity 
• Perhaps update temperature 

(T) first;

• Update σ with production & 

loss rates depending on E & T.

• Update E field



• The lightning plasma temperature is a key quantity to determine its impacts.


• It is also key to probe its fundamental physics.


• Therefore, we must extend data availability and inclusion in models. 


Temperature is Important
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Modeling Conductivity
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✦ First principles: hydrodynamic equations including 
species-dependent continuity and energy balance equations.

Pantuso and da Silva [JGRA, 2024]

✦ Example:

✦ Model reduction is key: reduction in dimensionality, 
number of source processes [da Silva et al., JGRA, 2019].



Self-Consistent Positive Leader Simulation

8Model ref.: Pantuso and da Silva [JGRA, 2024]
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Return Stroke: Charge Neutralization Wave

Adapted from Bazelyan and Raizer [Lightning Physics and Protection]

Telegrapher’s Equations:
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Top view

Nonlinear Resistance Model:
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ZZ

da Silva et al. [JGRA, 2019]
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R
0  = 3 Ω

Driving boundary condition:

Self-Consistent Return Stroke Simulation

: ground attachment time
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“All models are wrong. 
Some are useful.”


-Caitano da Silva

-Andy Fierro


-Matt Hopkins

-Someone else before him




Background photo: Langmuir Lab         Credit: Harald Edens
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Lightning Physics Session at AGU25
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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.



References

14

• Wemhoner, J., C. L. da Silva, A. F. R. Leal, S. Bandara, J. G. Pantuso, and R. G. Sonnenfeld (2025), Near-
infrared atomic oxygen photometry of lightning, J. Geophys. Res. Atmos., 130(3), e2024JD042,256, doi: 
10.1029/2024JD042256.


• Pantuso, J. G., and C. L. da Silva (2024), Modeling the inception and stepped propagation of upward 
positive lightning leaders, J. Geophys. Res. Atmos., 129(23), e2024JD041,596, doi: 
10.1029/2024JD041596. 


• Jensen, D. P., X.-M. Shao, R. G. Sonnenfeld, and C. L. da Silva (2024), Estimating the electric fields driving 
lightning dart leader development with BIMAP-3D observations, J. Geophys. Res. Atmos., 129(23), 
e2024JD041,078, doi: 10.1029/ 2024JD041078. 


• da Silva, C. L., W. P. Winn, M. C. Taylor, G. D. Aulich, S. J. Hunyady, K. B. Eack, H. E. Edens, R. G. 
Sonnenfeld, P. R. Krehbiel, E. M. Eastvedt, and J. J. Trueblood (2023), Polarity asymmetries in rocket-
triggered lightning, Geophys. Res. Lett., 50(17), e2023GL105,041, doi: 10.1029/2023GL105041.


• Wemhoner, J., L. Wermer, C. L. da Silva, P. Barnett, C. Radosevich, S. Patel, and H. Edens (2023), 
Lightning radiometry in visible and infrared bands, Atmos. Res., 292, 106,855, doi: 10.1016/
j.atmosres.2023.106855.


• Taylor, M. C., C. L. da Silva, T. D. Walker, and H. J. Christian (2022), Data-constrained simulations of the 
lightning return stroke channel properties, IEEE Trans. Electromag. Compat., 64(5), 1461–1469, doi: 
10.1109/TEMC.2022.3189590.


• da Silva, C. L., R. G. Sonnenfeld, H. E. Edens, P. R. Krehbiel, M. G. Quick, and W. J. Koshak (2019), The 
plasma nature of lightning channels and the resulting nonlinear resistance, J. Geophys. Res. Atmos., 124 
(16), 9442–9463, doi: 10.1029/2019JD030693.

(relevant recent work at NMT)


