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Figure 1 Geometry of the calculation of virtual reflection height of D
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Figure 2 The ground wave peak and ionospheric reflection peak in a RS waveform. The virtual reflection height (in VLF band) of D region is
calculated by using the time difference between the ground wave peak and ionospheric reflection peak in the waveform of return stroke (RS)
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Figure 3 The time difference between the ground wave peak of return stroke and its ionospheric reflection peak as a function of distance from observed
sites. The solid line indicates the arrival of predicted reflection waveform versus distance when the virtual reflection height of D layer is 70 km
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Figure 9 Comparison between the X-ray flux density in local
horizontal plane and the reflection heights of D layer. R1, R2 are the
relevances between the reflection heights of D layer from HF station and
the X-ray flux density in two band. R3, R4 are the relevances from MC
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Using time domain waveforms of return strokes to retrieve the daytime
fluctuation of ionospheric D layer
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It suffers great difficulties in remote sensing of the lower ionosphere by using conventional probing measurements during past 50 years.
By far a new sounding technique basing on the powerful very low frequency(VLF) radiation emitted by lightning discharges is under
developing. In this study, we introduced and established a lightning based detection network to locate the lightning events and record
lightning waveforms during 2012. Basing on acquired waveforms occurring in a life cycle of thunderstorm and calculation of the
virtual ionosphere heights, fluctuations of ionospheric D layer can be retrieved. One case study in 8:00-18:00(local time) July 7th,
2012 is performed in this article. The results indicate that in this case study the virtual D layer reflection height of VLF radiation
emitted by lightning discharges is in the range of 60—75 km and its variation trend is consistent with changing of solar zenith angle.
Further correlation analysis between D layer reflection heights and solar X-ray flux densities recorded by GOES satellite reveals that
solar flares will cause significant modification of the lower ionosphere in 3—4 min.

detection of ionospheric D layer, lightning, daytime fluctuation of ionospheric D layer, solar activity, detection network of
lightning
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