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Extended Abstract 
 
The Earth’s ionosphere is a projection of 1015 million cubic km (40,000 times the volume of Earth) of solar-magnetosphere 
driven processes in the near- earth space environment. By observing the ionosphere we can study the science of space 
weather, identify the near-earth physical drivers, and develop methods to model, monitor and predict space weather impact on 
practical systems (ranging from integrity of satellite- based navigation and communication systems to spacecraft operations, 
for example). Canada is arguably one of the countries most affected by space weather. Ionospheric phenomena of interest for 
safety-critical systems include the aurora, polar patches, traveling ionospheric disturbances and storm enhanced density – all 
readily observed in electron density (plasma) measurements, auroral emissions, and radio and magnetic field measurements.  
 
The University of Calgary operates several ground-based observing systems to study, characterize, and model impact of high 
latitude ionospheric phenomena. These include All-Sky Imagers (Blue/NIR, Redline, and THEMIS), Global Navigation 
Satellite System (GNSS) receivers, and our Incoherent Scatter Radar (ISR) at Resolute Bay (RISR-C). This amounts to more 
than 60 instruments and a hardware investment of more than $40M. Our observing systems provide a unique opportunity to 
characterize impact of ionospheric phenomena on national services, operations and infrastructure. Our ground-based 
networks serve as a testbed to actively acquire key observations for model development and to field trial detection and 
mitigation strategies. 

 
Figure 1. Current and upcoming University of Calgary ground-based ionospheric observing systems. 
 
In this presentation, we provide initial results of our model development for a new GNSS auroral space weather product 
generated from ground-based ionospheric observations. This model focuses on GNSS satellite signal propagation that is 
affected by ionospheric scintillations relating to instabilities due to ionization gradients (associated with particular types of 
aurora), and/or by absorption that occurs in regions of large energy deposition into the ionosphere by the aurora. Real-time 
(or predictive) knowledge of where the ionosphere will affect such navigation technologies is of national interest. Our model 
is driven by observations of auroral images and GNSS scintillations and produces expected GNSS user impact (anticipated 
loss of signal, position accuracy, etc.) at a given location. Using real-time auroral data, we have the capability to produce a 
spatial “nowcast” across Canadian regions. Our initial results capture differential impacts of discrete versus patchy pulsating 
aurora and establish the potential of exploiting auroral imagery for space weather monitoring and mitigation. 
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