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observable in the low frequency (LF) and very low frequency (VLF) regions of the 

spectrum (Cummins et al. 1998a).  When propagation distances are less than about one 

thousand km, significant energy in both the VLF and LF band can propagate as a ground 

wave, as shown in Fig. 1. At greater distances, energy in the VLF portion of the spectrum 

between 3 and 30 kHz (sferics) can propagate effectively in the waveguide defined by the 

earth’s surface below and by the ionosphere above, specifically its lowest layer, the D 

region. Out to roughly 4000 km, most of the energy is carried in signals that can be 

accounted for using the first two “ionospheric hops” shown in Fig. 1. At even greater 

distances, propagation is more efficiently characterized using modal analysis (Wait 

1968).  Electron densities increase rapidly with height in the D region, typically from a 

few per cm3 to a few hundred per cm3.  VLF waves typically reflect from the heights 60-

75 km during the daytime when high electron densities extend into the lower ionosphere.  

During the night the high electron density retreats to higher altitudes, with the reflections 

occurring in the range 75-90 km.

Ionospheric D region characteristics are often defined by two parameters, the 

reflection height h’ and the exponential sharpness factor β (rate of increase of electron 

density with height) (Wait and Spies 1964).  The parameter values are particularly stable 

during the day, resulting in predictable daytime wave propagation (Thomson 1993; 

McRae and Thomson 2000).  The characteristics of the nighttime ionosphere are more 

variable and the signal propagation is less predictable than by day.  Thomson et al. (2007) 

measured the nighttime D region parameters from VLF phase and amplitude observations 

and found average midlatitude values of h’=85.1±0.4 km and β=0.63±0.04 km-1.  For 

daytime, McRae and Thomson (2004) found the value of h’ varying between 58-71 km 




