Numerical modeling of VLF spectrograms of nonducted emissions caused by lightning 
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Recently, numerical modeling of VLF spectrograms related to nonducted lightning-induced emissions became a new line of VLF investigations. The spectrograms observed by a satellite in the magnetosphere depend on several factors: the properties of the source, wave propagation features, which in turn depend on the geomagnetic field structure and cold plasma distribution, and the evolution of emissions in the magnetosphere caused by wave resonant interactions with energetic particles. Therefore, numerical modeling of spectrograms and comparing them with real ones may serve as an indirect tool of investigation of the mentioned above factors and processes. This tool is especially effective when the source of emission is known, in particular, in the case of lightning-induced emissions. We discuss the main theoretical aspects in numerical modeling of spectrograms that include: 

· wave-field presentation in the form of wave packets treatable in the frame of 


geometrical optics;

· construction a frequency-time plot basing on the notion of  group fronts;

· calculation of spectral intensity displayed on a spectrogram, using energy conservation for wave packets and Parseval's relation.

Numerically simulate VLF spectrograms are compared with real ones from the MAGION 4 and MAGION 5 satellites.

