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1 Extended Abstract

A natural waveguide is formed by the Earth and the D-region of the ionosphere. VLF radio waves propagate
through this waveguide over long distances with low loss and high phase stability, making them useful for global
communication and long-range navigation systems. These signals are also used to probe the lower ionosphere and
aid in the study of this region of the atmosphere and its coupling with higher and lower altitudes. The amplitude
and phase of a VLF wave measured by a receiver is related to the electron density profile, which is commonly
parameterized by an effective height h′ and ionosphere sharpness β for the D-region.

For known transmitter and receiver positions, VLF waves can be used to probe the D-region ionosphere. We
have used a 2-dimensional FDTD model to simulate the transmission of a VLF radio wave through the Earth-
ionosphere waveguide and predict the amplitude and phase at a predefined receiver location. We perform a large
number of Monte Carlo runs with randomly-varied ionospheric parameters, and then use a neural network to model
the relationship between h′ and β and the measured field amplitude and phase at a receiver. We then invert this
model by training a neural network on a subset of the amplitudes and phases to predict the corresponding D-region
parameters over an area of interest. With this modeling structure, we estimate the ionosphere state, parameterized
by h′ and β , by training the neural network with the field amplitude and phase sampled at several frequencies
within the bandwidth of the VLF transmitter signal. We demonstrate that the ionosphere state can be estimated
over a region of interest by using inverse neural network models and present the accuracy of this method. Finally,
we apply this method to measured data from a network of transmitters and receivers in the continental U.S., and
compare the estimated ionosphere to the expected diurnal variation.
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