
32nd URSI GASS, Montreal, 19-26 August 2017 

 
 

Lower D-Region Height and Sharpness at High Mid-Latitude 
 

Neil R. Thomson*(1), Mark A. Clilverd(2), and Craig J. Rodger(1) 

(1) Physics Department, Otago University, Dunedin, NZ 
(2) British Antarctic Survey, Cambridge, UK 

 
 

Extended Abstract  
 
The lower D-region, at heights below 90 km, is the lowest layer of the Earth’s ionosphere and forms the upper boundary of 
the Earth-ionosphere waveguide. Radio waves at and near VLF (i.e. ~3-30 kHz) propagate over great distances in this 
waveguide with the propagation being rather sensitive to the exact height and sharpness, H’ and β, of the electron number 
density versus height profile of this upper boundary. During daytime, even in quiet conditions, the height and sharpness vary 
both with time and latitude due to the relative ionizing effects of solar Lyman-α and galactic cosmic rays. Lyman-α 
penetration varies with solar zenith angle and so with geographic latitude, season and time of day. In contrast the intensity of 
galactic cosmic rays does not vary with time of day but does vary with geomagnetic latitude because of the greater shielding 
effect of the Earth’s magnetic field near the equator than near the poles. 
 
VLF signals at 23.4 kHz from the German transmitter, DHO, have recently (summer, 2015) been measured over the North 
Sea on two paths. For one of these paths, phases and amplitudes were measured with a GPS-referenced portable loop system 
as functions of distance over several days along the west coast of Denmark. For the other path, phases and amplitudes were 
recorded as functions of time at a fixed location ~745 km away (in Scotland); these recordings were available for the same 
time period as for the Denmark measurements, and for several weeks on either side. These observed amplitudes and phases 
are then compared with calculations from the US Navy code, Modefinder, thus enabling values of H’ and β to be found as 
functions of time of day and hence solar zenith angle at this medium to high latitude. The summertime midday values of H’ 
and β so found at this mid- to high latitude were 72.8 ±0.2 km and 0.345 ±0.015 km-1. In comparison, for low latitudes, 
typical values of H’ = 69.3 ±0.3 km and β = 0.49 ±0.02 km-1 have been reported [1] during summer and similar solar cycle 
conditions (F10.7 cm radio flux index ~115-120 sfu). The measured increase in D-region height and decrease in sharpness 
with increasing latitude are consistent with the expected corresponding reduction in solar UV influence and increase in 
cosmic ray influence on the daytime D-region profile. 
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