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Parametric Model and Optimization

The ionosphere’s D-region and the Earth’s surface
form what is known as the Earth-ionosphere
waveguide (EIWG), facilitating long-distance
propagation of very low frequency (VLF) signals
within this waveguide. Lightning discharges emit
VLF signals, known as sferics, which can travel
hundreds or thousands of miles in the EIWG with
little degradation. The characteristics of lightning
sferic waveforms are impacted by the D-region
along the path of propagation between the source of
the strike and the receiver. Thus, sferics are
exceedingly useful for remote sensing of the D-
region. In this work, we present a parameterized
time-domain model of lightning sferics to aid in the
analysis of the D-region. The model is then applied
to large VLF datasets obtained under typical
atmospheric conditions and during abnormal
geophysical events, and the resulting variation in
sferic parameters is analyzed.

« Begin with a logarithmic frequency chirp:
Tkt fi

c(t) = sin|@g + 27 f n (k) %

« Take a scaled Rayleigh distribution envelope:
r(t)

« The final expression is:

s(t) = c(t) * r(t)

These parameters are optimized using nonlinear
constrained optimization in MATLAB such that the
correlation between the original and reconstructed
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Sferics detected on three days in July 2023 with
little space weather activity are parameterized and
optimized, and sferics with a correlation of <80% are
discarded. The one-minute mean is then computed
for parameters f, and o, as shown below. Consistent
diurnal patterns are observed on each date, and
distinct jumps in parameter values are seen at

Sferics originating from near Southern Mexico are
isolated based on their apparent angle of arrival
during the October 14, 2023, eclipse and the
following day. A perturbation in f, that is not seen
on the subsequent day aligns with the time that the
path of propagation crosses the path of the eclipse.
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