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• Advanced modular incoherent scatter radars (AMISRs) are              systems 
capable of taking volumetric measurements of               
plasma (ion and electron temperature, plasma density,               
and line-of-sight velocity)

• AMISRs like the Resolute Bay Incoherent Scatter Radar               North 
(RISR-N) located at 74.7 N, 94.9 W have been operational                
since 2011 in a variety of modes to understand the               
dynamics of the E and F region of the lower auroral zone

• During periods of intense geomagnetic activity, strong electric              
fields can cause temperatures in the F region to become              
anisotropic relative to the magnetic field due to a distortion                      
in the O+ velocity distribution [3] [5].

• The impact of temperature anisotropy during geomagnetic events is not currently corrected 
for in radar fitting routines or atmospheric models, and as such we would like to characterize 

its effects.        

• F-region plasma along the same magnetic field line will be subject to the same plasma dynamics 
and E x B drift, implying that closely overlapping radar look directions are observing the same 
processes at different aspect angles.

• F-region RISR-N observations between 2010-2020 were labelled as a heating event if: 1) the ion 
temperature exceeded 1000 K, 2) the electron temperature was less than 3000 K (indicating 
low/no precipitation), and 3) plasma density exceeded 1e10m-3 (indicating reliable data). 

• If the Spearman correlation coefficient between two overlapping observations between 200 km 
and 400 km exceeded 0.7 (finding the appropriate 2-hour heating window using 15-minute 
rolling increments):
1. The ion temperatures parallel and perpendicular to the magnetic field were calculated (Eqs. 1, 

2) [3]. A three-point rolling average was applied to both calculated temperatures to reduce 
noise. 

2. Orthogonal distance regression was used to calculate β∥1 / β⊥1 (Eq. 3)
3. Assuming the neutral winds were negligible, vi was calculated using the north and east 

components of the ion flow [2].
4. β∥2 and β⊥2 were then fit for using orthogonal distance regression and used to       

generate β∥2 / β⊥2 (Eq. 4). 
5. The two beta ratios are compared, and the individual beta parameters validated (Eq. 5) [4].  

• This is repeated for several heating events of varying intensities. 
• A case study is performed on a 9/12/2014 extreme heating event [1] where the ion temperature 

exceeded 3500 K, and there were no signatures of precipitation.

This method allows for calculating the degree of temperature anisotropy for both extreme and 
generally high intensity heating events measured by RISR-N at high latitudes, and we have 
demonstrated enough robustness through several validation methods to be confident in the 
results. As the intensity of the of the event decreases, our confidence in the Beta parameter 
decreases due to the lower correlations involved, but our initial fits from the high intensity event 
converge to β∥ / β⊥  ≈ 0.25 ± 0.18. With basic statistical filtering techniques and examining the 
physically incompatible (and unvalidated) fits for trends, the uncertainty in this ratio will decrease 
and allow more confidence in using this technique on a larger catalogue of events.   

Figure 2:  Range Time Intensity Plot of RISR-N Data from WorldDay 
9/12/2014. Beam 11 with Azimuth Angle of 26 degrees, Elevation 

Angle of 90°, respectively.
Panel 1 is ion temperature, panel 2 is the error for the ion 

temperature, panel 3 is electron temperature, panel 4 is plasma 
density on a logarithmic scale, panel 5 is the northward velocity 

component, and panel 6 is the eastward velocity component

Figure 4: All of the β∥1 / β⊥1 and β∥2 / β⊥2 
are calculated for 1800 to 2000 UTC 

9/12/14 for the nearest 4 range gates for 
altitudes between 200-400 km colored by 
the corresponding paired beam. Panels 1-

9 are comparing each beam pair’s β∥1 / 
β⊥1 as a function of magnetic latitude, 

panels 10-18 are checking the ratio 
between β∥1 / β⊥1 and β∥2 / β⊥2, and 

panels 19-27 are checking the validity of 
Eq 5. by summing β∥2 and 2β⊥2 and 

dividing by 2
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Figure 3: Top panel: Line-of-sight 
ion temperatures for Beams 6 and 
10 at 238 km with one sigma error 
bars. Bottom panel: Corresponding 

perpendicular and parallel ion 
temperature. A three-point rolling 

average is applied.  Line colors 
match corresponding variables in 

methodology.

Figure 5: Just as in Figure 4, 
all of the β∥1 / β⊥1 and β∥2 / 
β⊥2 are calculated for 1715 

to 1915 UTC 6/30/16 for the 
nearest 4 range gates for 

altitudes between 200-400 
km colored by the 

corresponding paired beam. 
Note that this is a 

Calibration experiment and 
therefore only has 6 beams 
running, rather than World 
Day’s 11, though this does 

mean lower signal to noise.  
Panels 1-5 are comparing 

each beam pair’s β∥1 / β⊥1 as 
a function of magnetic 

latitude, panels 6-10 are 
checking the ratio between 
β∥1 / β⊥1 and β∥2 / β⊥2, and 
panels 11-15 are checking 

the validity of Eq 5. by 
summing β∥2 and 2β⊥2 and 

dividing by 2. 
     

Figure 1. Photo of Resolute Bay 
Incoherent Scatter Radar- 

North (RISR-N) (Photo Credit 
Craig Heinselman) 

Introduction

Figure 5:  Beam Map of WorldDay 
Experiment as a function of latitude 

and longitude. In color are the beams 
shown in Figures 2-3
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