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STET model results: 
Ionospheric Conductance

ALL,	Σ" = 6.45	S
No	Conj.	Σ" = 4.44	S
NO	MI,	Σ" = 3.77	S
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NO	MI,	Σ" = 5.83	S
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NO	MI,	Σ. = 4.33	S

MI	coupling	physics	increases	height-integrated	conductance	up	to	40-70%.



Summary and Discussion

This	material	is	based	upon	work	supported	 by	the	National	Science	Foundation	under	Award	No.	1331368.

v We	examine	ionosphere	 – magnetosphere	 energy	interchange	in	the	region	of	
diffuse	aurora	using	SuperThermal electron	transport	code.	

v Our	study	showed	that	the	MI	coupling	processes	produce	stronger	auroral	
precipitation	and	increase	height-integrated	conductance	up	to	40	– 70%.	

v Note	that	we	introduce	moderate	strength	of	aurora	precipitation	and	wave	
activities.	During	 geomagnetic	events,	MI	coupling	 impact	can	be	significant.

v By	ignoring	 the	MI	energy	interchange,	the	current	global	models	can	severely	
underestimate	ionospheric	 conductance,	miscalculate	ionospheric	electric	fields	
and	magnetospheric	 convection,	and	thus	misguide	our	understanding	 of	MI	
coupling.	

For	details,	please	visit	my	poster	#35	“MI	coupling	processes	and	their	impact	
on	the	ionospheric	conductance	in	the	regions	of	diffuse	aurora”
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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' 
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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 
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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. 
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Revisit	of	Robinson	et	al.	[1987]

ΣP

ΣH

ΣH/ΣP

v Considering	 20%	of	embedded	 error	in	the	Robinson	 formulae,	our	calculation	
matches	Robinson	 formulae	very	well	above	1keV.

v Robinson	 formulae	may	underestimate	the	impact	of	soft	electron	precipitation	
whose	typical	energy	is	several	hundreds	 eV.

Major	change	in	our	calculation

Rees	energy	deposition	 function	
[1963]	for	5	– 54	keV electrons
➤ Fang	function	 [2010]	for	

100eV	– 1MeV	electrons.

Fang/Robinson	 ratio	
ΣP ΣH	

Robinson	Fitting	error

Fang	(solid)	vs	Robinson	 (dashed)	conductance



[A] [B]

[A]	Pederson	conductance	(ΣP),	Hall	conductance	(ΣH),	and	Hall	to	Pederson	ratio	(ΣH/ΣP)	 	
calculated	with	MI	coupling	 (solid	 lines)	and	without	MI	coupling	 (dashed	 lines)

[B]	With-MIC	vs	Without-MIC	conductance	ratio	(Pederson	and	Hall	conductance)

Benchmark	study	of	Robinson	et	al.	[1987]
using	STET	code	with/without	MI	coupling
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STET	code	results	of	Maxwellian	auroral	precipitation	 input
using	E0 =	400	eV	and	total	auroral	energy	flux	1mW/m2

[A] [B]

[C] [D]

[A]	Maxwellian	energy	distribution	 of	precipitating	aurora	electrons
[B]	Altitudinal	profile	of	ionization	 rate
[C]	Altitudinal	profile	of	Electron	density
[D]	Altitudinal	profile	of	Pederson	and	Hall	conductivities



[A] [B]

[C] [D]

STET	code	results	of	Maxwellian	auroral	precipitation	 input
using	E0 =	5	keV and	total	auroral	energy	flux	1mW/m2

[A]	Maxwellian	energy	distribution	 of	precipitating	aurora	electrons
[B]	Altitudinal	profile	of	ionization	 rate
[C]	Altitudinal	profile	of	Electron	density
[D]	Altitudinal	profile	of	Pederson	and	Hall	conductivities


