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LSTM Time Series Forecasting

An LSTM is used for time series
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reconstructions, particularly
capturing fine details of
irregularities.
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DOY, LT, Kp, F10.7, Vertical Drifts,
and Horizontal Winds.
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JRO’s new MPISR mode observes plasma
drifts nearly every night. 67 nights of data

Table 1: Dimensionality reduction reconstruction errors. October 20 was an outlier date with particularly strong ESF.
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simulation. Results will act as training data Figure 1: Comparison of radar observations and

for the more efficient emulator. simulated electron densities in the equatorial plane. Fig. 5 shows emulator results for August 19, when no ESF (or only bottom-type irregularities) was observed. Fig. 6 shows emulator results for October 15, when topside irregularities were observed. Dynamic evaluation
Temporal patterns of latent dimensions are generally captured by both evaluation strategies. No irregularities fails to produce rapid fluctuations in latent space time series suggesting the LSTM acts as a regulator.

o are produced in the topside. Errors remain low, with the dynamic evaluation showing the largest error, Estimated irregularities are clear and are produced at the correct zonal locations but are approximately
m _ _ - ,—.HH m.ﬁOH. Og.ﬁHHHﬂ—.m likely due to error accumulation. Interestingly, the dynamic evaluation best captures the small tilted 50-100km shorter than those observed and simulated. All errors tend to grow beyond approximately 40

wavefronts indicative of bottom-type irregularities [7]. minutes suggesting dimensionality reduction is the primary error source for topside ESF events.

The emulator model consists of two individual components that are coupled together during

evaluation. First, a Convolutional Autoencoder (CAE) is used to perform dimensionality 2023-08-19 (231) 2023-10-15 (288)

reduction on simulated electron densities, transforming to a latent space. Principal Component (a) & O (a) 05 (c) 12
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Analysis (PCA) was also utilized, but results were worse (see Dimensionality Reduction section).
Next, a Long-Short-Term Memory (LSTM) recurrent neural network is used to perform time
series forecasting in the latent space. Similarly structured emulators for global thermosphere
models have shown recent success [3,4].
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