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1. Extended Abstract 
	
Space weather deposits energy into the polar regions primarily via Joule heating that results from a Poynting 
flux electromagnetic energy flow between the magnetosphere and ionosphere.  To observe this energy 
deposition it is necessary to observe the polar ionosphere electron density profile (EDP), especially that of the 
topside.  The topside profile shape contains information on both the non-diffuse thermal condition as well as 
ionospheric plasma outflow.  The altitude location of the ionospheric peak provides further information about 
the net vertical transport. 
 
The standard technique to generate these ionospheric EDPs is the incoherent scatter radar; unfortunately few 
exist and have restricted periods of operation.  The bottom side EDP can be obtained via ionosonde sounding, 
but during interesting space weather events this technique is often unable to provide bottom side EDPs due to 
absorption, blanketing sporadic E, spread F, etc.   In-situ satellite plasma and field measurements do exist, but 
inferring EDP shape is challenging when non-diffusive, outflow conditions are prevalent.  There exists a 
relatively untouched data base of topside ionograms obtained from polar orbiting satellites, specifically the 
Alouette I and II and ISIS I and II, that spanned 1962-1990 [1].  From a space weather point of view this was an 
extremely active period. 
 
We have begun a program to extract polar cap EDPs from ISIS II topside ionograms collected from the Resolute 
Bay ground station.  EDPs from three geomagnetic storm periods (Table 1) will be shown.  Quiet-recovery 
EDPs are contrasted with those found in the polar cap region during the most intense storm periods.  Figure 1 
compares ISIS II ionogram inversions of a quiet and active period.  They are taken at similar UT and locations 
near the center of the magnetic polar cap.  Each EDP is represented as a pair of traces corresponding to the 
upper and lower bounds of the ionogram O trace.  These three storms have been selected both for their 
geomagnetic activity levels and also because the passes are near summer 
solstice and hence the northern polar regions are sunlit.  The results 
illustrate the systematic evolution of the topside ionosphere EDP during the 
progression of a geomagnetic storm.  They also raise the topside ionogram 
challenge of accurately locating the height of the ionospheric peak.  The 
difference in hmF2 between the two sets of EDPs in Figure 1 suggests that 
during this active period the ionospheric peak is located in the F1 region, or 
even the E region.  This latter parameter is particularly important in the 
context of understanding the transport drivers.  During quiet periods 
comparisons with ground-based ionograms can be made and even then the 
mismatch of the hmF2 technique is difficult to interpret.  Comparisons with 
first principles ionospheric models will be presented. 
 
Table 1. Three storm periods selected for study using topside soundings 
collected at Resolute Bay. 
Event Storm Date Max Kp Min Dst 
1 1972 170 8+ -190 
2 1972 137 6 -79 
3 1973 103 7+ -84 
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Figure 1. Comparison of quiet 
and active topside EDPs for 
Event 1 in 1972. 
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