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Fig. 1. Comparison of relations between conductances and the 
average energy of a Maxwellian distribution with an energy flux of ! 
ergs/cm 2 s. The results of Vickrey et al. [1981] represent those ob- 
tained using an energy deposition code. The results shown by dashed 
lines are those given by equations (3) and (4) of this paper. 

expressions relating Hall and Pedersen conductances to the 
average energy and energy flux of the electrons' 

40E 

Z!' = 16 + œ2 (:I)• •/2 (3) 
- 0.45(E-) ø'ss (4) 

Zp 

where Zp and Z. are the Pedersen and Hall conductances, 
respectively, œ is the average energy in keV and • is the 
energy flux in ergs/cm 2 s. It should be emphasized that these 
expressions represent fits to the calculated values and there- 
fore are not exact. The solid line in Figure 1 shows the results 

presented by Vickrey et al. [1981] plotted as a function of 
average energy instead of characteristic energy. The calcula- 
tions are based on energy deposition functions derived by 
Rees [1963]. This method for computing the height profile of 
electron density between 80 and 200 km altitude has been 
validated by Vondrak and Robinson [1985]. The Banks and 
Kockarts [1973] 1000 ø exosphere neutral atmosphere model 
was used with an ion-neutral collision frequency given by 3.75 
x 10-•øN s -•, where N is the neutral number density in 

cm-3. The dashed lines in Figure 1 indicate the fits to these 
values given by equations (3) and (4). The fitted values are 
within 20% of the actual values below about 10 keV. The 
triangles in Figure 1 show the fits to the results of Vickrey et 
al. [1981] presented by Spiro et al. F1982]. The difference in 
the fits results from the assumption made by Spiro et al. 
F1982] that the characteristic energy and average energy are 
equal. This assumption, which is not consistent with the as- 
sumed MaxwellJan distributions used by Vickrey et al. F1981], 
leads to Pedersen conductances that differ from the actual 
values by as much as a factor of 2. 

Figure 1 also includes conductances computed by Wallis 
and Budzinski [1981]. Although the Hall to Pedersen ratio 
agrees well with our values, the Pedersen conductances com- 
puted by Wallis and Budzinski F1981] are systematically 
higher. Wallis and Budzinski F1981] used essentially the same 
method as that used by Vickrey et al. [1981] to derive the 
conductances from electron fluxes so that the source of this 

systematic difference is unknown. However, as mentioned 
above, the code used by Vickrey et al. [1981] has been vali- 
dated using simultaneous electron spectrometer data from the 
AE-C satellite and ionization measurements made by the 
Chatanika incoherent scatter radar FVondrak and Robinson, 
1985]. 

CALCULATION OF AVERAGE ENERGY 

The average energy as defined in equation (2) depends on 
the values used for œm• and œm.' Errors can result in the use 
of equations (3) and (4) if either Em• • or Em. is too low. Let us 
first consider the situation in which Em. is such that a signifi- 
cant number of high-energy electrons are excluded from the 
calculation. Most electron spectrometers on satellites have 
upper energy limits of 20-30 keV. When the average energy of 
the electrons is high a correction factor should be applied to 

Fig. 2. 
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Correction factor to be applied to the results given by (3) and (4) when the spectrum is measured below an energy 
Ema x. Curves are given for five different values of the average energy. 

Robinson+ 1987

𝚺P, up FAC, down FAC 

Advantage: large 
spatial areas

Credit: ICC
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The data sets: auroral emissions, FACs, substorms

SOPHIE substorm list

Forsyth+ 2015


Modal 𝛅t = 0.15 hr or 9 min

Variable grid: -2𝛅t to +4𝛅t, 0.25𝛅t steps

DMSP/SSUSI list

AMPERE list


Bins from magnetic latitudes:

50° - 63°,  63° - 65°, 65° - 67°, 

67° - 69°, 69° - 71°, 71° - 90° 



Variable time grid: 63° - 65° 

Onset

Difference from previous time step


Increase, decrease



SSUSI parameters: 21 hr to 4 hr MLT, 10° to 35° co-latitude

21 hr MLT

4 hr MLT



Variable time grid, by magnetic latitude

Mean energy, E0 Mean energy flux, Q 

Broadly ordered by magnetic latitude


Mag. lats largest values, largest change: 63° - 65°


Peak ~< 1.25 𝛅t after onset


Lower latitude onsets - longer duration



Variable time grid, by magnetic latitude

E0/Q 

Increase in flux Q driving change in ratio

Histogram of flux Q 



𝚺H 𝚺p

Variable time grid, by magnetic latitude



FACs: 4 hr to 5 hr MLT



Variable time grid, by magnetic latitude

FACs - up (R2) FACs - down (R1)

Mean up FACs (R2) ~ordered by magnetic latitude, highest bin exception


Mean down FACs (R1) ordered by magnetic latitude


Lowest onset substorms give highest FAC j, behaviour over substorm clearer


Peak ~< 1.25 𝛅t after onset cf. SSUSI results


Similar recovery time for majority of onset latitudes



Summary & Conclusions
• Height-integrated conductances & FACs by substorm phase & magnetic latitude of onset


• Time grid based on expansion phase


• Carter+ 2020: https://doi.org/10.1029/2020JA028121 


• Carter+ 2022 in prep


• Statistical maps may be useful for primers for global M-I-T models: testing


• Disadvantage: not height resolved


• Benefits: large spatial regions ~simultaneously


• Energies, fluxes, conductances, and FACs


• ~ordered by magnetic latitude, lowest = largest values


• Largest energies, fluxes, conductances and FACs for magnetic latitudes 63°-65°


• Optimal onset latitude 


• Brightest longest duration aurora -> largest conductances -> consistent with literature


