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Abstract 

 
 The ionization rate of the upper atmosphere can be significantly increased by space weather events, examples 
being solar proton events (SPE), solar flares and energetic electron precipitation from the radiation belts. In this 
study we use radio wave observations from the AARDDVARK receivers located at Edmonton, Canada and Scott 
Base, Antarctica to determine the typical behavior of the received amplitude so as to determine the Quiet Day Curve 
(QDC) and perturbations from that curve. We will present work we are undertaking to develop an algorithm to 
automatically define the QDC for a given transmitter-receiver path from many years worth of observations. 
 

Background Information 
 
 The ionization rate of the upper atmosphere can be significantly increased by space weather events, examples 
being solar proton events (SPE) and solar flares. An increase in the ionization rate leads to a lowering of the lower 
edge of the ionospheric D-region. To study the effect of space weather events on our atmosphere it is important 1) to 
be able to detect the events and also 2) to have some way of determining changes in height of the D-region. Very 
low frequency (VLF) radio waves propagate in the waveguide between the surface of the Earth and the lower edge 
of the ionosphere (D region). Changes in the height of the D-region lead to changes in the amplitude and phase of 
the received signal. To gain an accurate indication of the size of these changes we need to know what the 
undisturbed signal, known as a Quiet Day Curve (QDC), would have been if no space weather event had taken 
place. High power narrow-band communications transmitters operated by multiple nations provide the VLF radio 
signals used in this technique. Here we use observations  from the Antarctic-Arctic Radiation- belt Dynamic 
Deposition VLF Atmospheric Research Konsortia (AARDDVARK) [1] network of receivers. 
 
 In this study we use radio wave observations from the AARDDVARK receivers located at Edmonton, 
Canada and Scott Base, Antarctica to determine the typical behavior of the received amplitude.  
 
 We will present work we are undertaking to develop an algorithm to automatically define the QDC for a 
given transmitter-receiver path from many years worth of observations. We demonstrate two methods for 
determining a QDC by algorithm. These are Principal Component Analysis and 2 dimensional Fourier Transforms. 
Diurnal variations for each day of the year and yearly variations will be found. Once the QDC is determined we then 
provide examples of how the differences between the received VLF signal and the QDC can be used to detect space 
weather events, in particular those caused by solar flares and SPEs.  
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