
1. Introduction
The Pedersen conductivity characterizes the ability of ionospheres to carry currents perpendicular to the 
magnetic field in the presence of an electric field. On Jupiter, it is an important quantity that partly regulates 
how electric currents can circulate between the magnetosphere and the high-latitude ionosphere. It con-
trols the flow of ionospheric current and the closure of the magnetosphere-ionosphere (M-I) circuit in the 
ionosphere. It is therefore a key element in the understanding of how and where the Jovian aurora is formed 
and how currents flow and heat up the neutral atmosphere. Model studies have investigated the magnitude 
and altitude distribution of Jupiter’s ionospheric conductivity (Millward et al., 2002; Singhal, 1996; Strobel 
& Atreya, 1983). Nichols and Cowley (2004) showed that auroral precipitation can substantially modify the 
Pedersen vertically integrated conductivity (conductance) and influence the distribution and intensity of 
the field aligned currents closure in the auroral ionosphere. This interaction was subsequently introduced 
in 1-D, 2-D, and 3-D models (Bougher et al., 2005; Majeed et al., 2009; Ray et al., 2010, 2015; Smith & Ayl-
ward, 2009; Tao et al., 2009; Yates et al., 2012, 2020).

Abstract Ionospheric conductance contributes to regulate the characteristics of the ionospheric 
current and the closure of the magnetosphere-ionosphere circuit in the ionosphere. Measurements 
of Birkeland currents with the Juno magnetometer have indicated that they are statistically larger in 
the south. It has been suggested that these asymmetries may be the consequence of a higher Pedersen 
conductance in the southern hemisphere. We have derived the local precipitated electron energy flux 
and their characteristic energy from 14 multi-spectral images collected with the ultraviolet spectrograph 
on board Juno. This information was then used as input to an ionospheric model providing the density 
of H3

+, H+, and hydrocarbon ions to calculate the spatial distribution of the Pedersen conductance for 
Juno perijoves 1–15. We show that the area-integrated conductance is closely proportional to the H3

+ 
ion content and quasi equal in the north and the south. The mean conductance is 0.47 mho in both 
hemispheres. However, local variations in the Pedersen conductivity and/or hemispheric differences 
between the magnetospheric rotation and the rotation velocities of the neutrals can also result in 
asymmetry of Birkeland currents.

Plain Language Summary The electric conductance of Jupiter’s partly controls the currents 
that circulate in its ionosphere and the current loops closing in this conducting region. Measurements of 
the ionospheric current intensity with the magnetometer along Juno’s trajectory have shown that these 
currents are statistically stronger in the southern than in the northern hemisphere. A possibility has been 
raised that this asymmetry is related to a higher value of the Pedersen conductivity in the south. To test 
this hypothesis, we have compared the vertically integrated conductivity in both hemispheres derived 
from the intensity and spectral composition of images obtained with the Juno Ultraviolet Spectral Imager 
during its first 15 orbits around Jupiter. Comparison of the pairs of global conductance maps indicates 
that there is no significant statistical conductance asymmetry as both the area-integrated and the mean 
conductivity are quasi equal in the two hemispheres. Possible causes for the observed ionospheric current 
asymmetries are the local aspect of the magnetometer measurements and/or hemispheric differences 
between the magnetospheric rotation and the rotation velocities of the neutrals.
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Numerical simulations by Millward et al. (2002) for different electron initial energies and precipitated en-
ergy fluxes showed that the main contribution to the auroral Pedersen conductance is from H3

+. These are 
the dominant ions over a wide range of altitudes in the auroral ionosphere. The density of H+ becomes 
increasingly important relative to other ions at high altitude but its contribution to the integrated conduc-
tivity remains small in conditions of auroral precipitation. Gérard et al. (2020) used auroral spectral imag-
es collected with the ultraviolet spectrograph (UVS) on board the Juno spacecraft to calculate the spatial 
distribution of the conductivity profiles and create conductance maps. These results confirmed the leading 
role played by H3

+ ions in the Pedersen conductance, but also pointed out the contribution of hydrocarbon 
ions formed near and below the homopause. They demonstrated that the Pedersen conductance is spatially 
highly variable with larger values generally located along the main auroral emission, the Io footprint and 
bright auroral polar spots.

Kotsiaros et al. (2019) analyzed azimuthal magnetic field perturbations detected with the Juno magnetome-
ter when the spacecraft was crossing the auroral region. They derived the intensity of the downward current 
flowing into the ionosphere using Ampère’s law and assuming azimuthal symmetry. They found that the 
total downward current varies significantly from ∼6 to 62 MA in the north and ∼26 to 91 MA in the south, 
with a mean value significantly larger (by a mean factor of ∼2.4) in the southern hemisphere. To guarantee 
current conservation, the total downward current between the pole and Juno’s footprint must be equal to 
the equatorward ionospheric Pedersen current. Kotsiaros et  al. (2019) found that the mean ionospheric 
current density is 1.3 μA m−2 in the north and 3.1 μA m−2 in the south auroral region. They tentatively 
explained this difference by an asymmetry in the Pedersen conductance Σp. Since the Pedersen conduc-
tivity decreases with increasing B field intensity, they argued that this asymmetry may be caused by the 
weaker mean B-field intensity in the south allowing stronger currents to flow in the southern hemisphere. 
However, they pointed out that the azimuthal symmetry assumption could not be appropriate, as the Juno 
crossings could not be modeled by an infinite current sheet.

In this study, we take advantage of the capability of UVS on board Juno to determine the global distribution 
of the auroral conductance. We analyze global auroral images collected during the first 15 perijoves of the 
mission to assess the variability and detect possible Σp asymmetries. In particular, we address the following 
questions:

 -  How variable from orbit to orbit is the global hemispheric conductance?
 -  What is the main driver of this variability?
 -  Do the global conductance values derived from UVS spectral images indicate that the Pedersen conduct-

ance is globally larger in the south?

The method used to create auroral Pedersen conductance maps and quantify the hemispheric global con-
ductance is explained in Section 2. Section 3.1 presents the results of the hemispheric area-integrated con-
ductance, the mean conductance and the relationship between the H3

+ ion hemispheric total content and 
the conductance. In Section 3.2, we create average north and south conductance maps and discuss their 
ratio. The absence of north-south conductance asymmetry and its relation to the current intensity is dis-
cussed in Section 4.

2. Methodology
The methodology we follow is largely based on the approach used by Gérard et al. (2020) to construct au-
roral Pedersen conductance maps based on observations made before and after Juno perijoves. In brief, we 
use the spacecraft rotation (30 s spin period) to construct multispectral images collected with the UVS in-
strument (Gladstone et al., 2017) on board the Juno spacecraft orbiting Jupiter (Bagenal et al., 2017; Bolton 
et al., 2017). A scan mirror allows UVS to move the field of view by up to 30° on either side of the spacecraft 
spin plane. The spectral resolution depends on which part of the “dog bone” entrance slit (0.2° × 2.5° or 
0.025° × 2.0°) slit is used. The wide and narrow parts of the slit have a filled slit spectral resolution of 2.2  
and 1.3 nm respectively (Greathouse et al., 2013). The point-spread function corresponds to about three 
detector pixels. The spatial resolution on the aurora is typically ∼250 km perpendicular to the slit axis and 
150 km along the slit at a distance of 1 RJ above the cloud top level. These spectral images are calibrated 
(Hue et al., 2019) and projected on orthographic maps from an altitude of 400 km above the 1 bar level 
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(Bonfond et al., 2015). The spatial resolution of the reconstructed maps is inversely proportional to the dis-
tance from the aurora and depends on the orientation of the slit relative to the arc or other auroral structure. 
It takes ∼20 min and different scan mirror pointings to build a global image of the aurora in one hemisphere 
from a distance of 1.6 RJ.

The successive steps are as follows:

 -  the energy flux carried by the electrons is calculated on a latitude-longitude grid of 0.1° × 0.1° on the basis 
of the unabsorbed H2 auroral intensity between 155 and 162 nm (Bonfond et al., 2017). These values are 
multiplied by 8.1 to get the total H2 emitted Lyman and Werner bands UV brightness. It is then assumed 
that 10 kR of H2 emission are emitted for a precipitated electron flux Fe of 1 mW/m2, as discussed by 
Gustin et al. (2016). The bins corresponding to the Io footprint and tail are manually excluded since they 
are spatially unrelated to the aurora and their structure and extension depends on the position of Io inside 
the plasma torus (Gérard et al., 2006)

 -  the FUV (CR) ratio of the two spectral bands R = I (155–162 nm)/I (126–130 nm) is also calculated in each 
grid element. The 126–130 nm interval is used instead of the classical 123–130 nm to avoid contamination 
in the vicinity of the strong Lyman alpha hydrogen line at 121.6 nm also produced by electron impact on 
H2. The appropriate correction is applied based on a synthetic auroral spectrum (Gustin et al., 2013). R is 
related to the average electron energy

E0 of the precipitating electrons. The relation derived by Gérard et al. (2002) and Gustin et al. (2016) is used 
to convert the color ratiointo E0, based on the atmospheric model described by Grodent et al. (2001).

 -  the ionization rate profile q(z) is calculated versus altitude using the auroral electron energy flux Fe and 
mean energy E0 values for each bin from the analytical expressions given by Hiraki and Tao (2008)

 -  the q(z) profiles are inputs to an ionosphere model describing the generation and loss of the different ion 
species (Gérard et al., 2020). The resulting vertical distributions of H3

+, hydrocarbon ions and electrons 
are then calculated for each UVS latitude-longitude bin

 -  the altitude-dependent Pedersen conductivity σP is obtained by adding the electron and ion contribu-
tions based on the classical Pedersen conductivity formulation combining the ion-neutral and the elec-
tron-neutral contributions:

   
  

 
 

tot
P 2 2 2 2σ

ν
e en e i in i

i
en e in i

eN en
B B 

where e is the electron charge, me the electron mass, νen the electron-neutral collision frequency, ωe the 
electron gyration frequency, Ne the electron density, ni is the density of ions i, νin is the ion-neutral collision 
frequency of ions i, ωi their ion gyration frequency and B the magnetic field intensity. The contribution 
of the ions is dominant relative to the electrons. The Pedersen conductance ΣP is the vertically integrated 
conductivity, expressed in mho. The magnetic field intensity is provided by the JRM09 model, based on 
magnetometer measurements on board Juno (Connerney et al., 2018).

 -  The conductivity σP is integrated with respect to altitude to obtain a two dimensional map of the auro-
ral Pedersen conductance ΣP

Eight examples of Pedersen conductance and H3
+ column density maps have been illustrated in Gérard 

et al. (2020). They demonstrated the nonuniformity of the auroral conductance, showing local values rang-
ing from less than 0.1 to several mhos. The largest values were obtained in the main UV emission, the Io 
auroral footprint and in the bright spot regions frequently observed at high latitude. In their preliminary 
study, the conductance values appeared to show limited variability between orbits, but maps in both hemi-
spheres were only obtained for Juno’s orbit 12.

For this study, 14 auroral conductance maps were constructed for both hemispheres, corresponding to peri-
joves (PJs) 1–15, with the exception of orbit 2 when the scientific instruments were not operating. We first 
analyze global conductances by integrating the individual conductance maps over the auroral area in each 
hemisphere separately. We examine the variability of these area-integrated conductance maps. We then 
determine their north to south ratio and the mean hemispheric conductance values. In a second approach, 
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we create average north and south conductance maps from the 28 in-
dividual maps and calculate the ratio of their area-integrated Pedersen 
conductance.

3. Results
3.1. Hemispheric Conductance, Variability and Symmetry

The area (in km2) subtended by each bin is calculated from their projec-
tion on Jupiter. These areas depend on the Juno-Jupiter distance and the 
emission angle. They are used to calculate the hemispheric area-integrat-
ed conductance from the expression:

   P P
S

HI dS 

where the integral includes all auroral map elements with the exception 
of the Io footprint and tail.

During the period between PJ1 and PJ15, the spacecraft orbital precession 
brought Juno deeper into the radiation belts and the visibility of the north-
ern aurora slightly deteriorated. These changes caused the appearance of 
regions void of observation. To mitigate these effects, we have corrected 
for the missing data of each perijove by dividing the observed power by 
the fractional auroral area actually covered in each image. An estimate of 
the associated uncertainty is obtained by comparing the values corrected 
following this procedure with cases PJ1 north and PJ3 south with full cov-
erage (Table 1). We estimate the corresponding uncertainly as less than 
2% for the south cases, between 1% and 3% in the north except for PJ4 and 
PJ15 (11%) and PJ4 (7%). The Σp (HI) values for each perijove are present-
ed in Table 2 and plotted in Figure 1a. They vary by less than a factor of 
two in both hemispheres, ranging from 5.6 × 108 to 9.3 × 108 mho km2 in 
the north and 4.9 × 108 mho km2 to 8.8 × 108 in the south. The N/S ratio 
is highest for PJ6 (1.5) and lowest for PJ8 and PJ10 (0.8). The mean N/S 
ratio is 1.1 with a 1-σ standard error of 0.06. One notes that PJ1 shows the 
highest integrated conductance in both hemispheres. These orbit-to-or-
bit variations are much less than the changes of the ionospheric currents 
measured by the Juno magnetometer in the northern auroral region by 
Kotsiaros et al. (2019). The relative intensity and morphological charac-
teristics of the aurora observed in both hemispheres during PJ1 were dis-
cussed by Bonfond et al. (2017). No trend in the time variation or signifi-
cant north-south correlation is observed in Figure 1a.

The evolution of the area-integrated H3
+ column density, that is the di-

mensionless total number of H3
+ ionospheric ions in one hemisphere, 

is also shown in Figure 1. This plot shows similarity with panel (a) for 
both hemispheres, suggesting a causal relationship between the two quantities. This correlation is further 
demonstrated in Figure 2 where the variation of the Pedersen conductance is shown versus the correspond-
ing H3

+ hemispheric content. In this plot only latitude-longitude bins filled with data have been considered. 
A correlation is observed in Figure 2 for both northern and southern hemispheres. The linear correlation 
coefficients are 0.91 for the north and 0.98 for the south. The values in the north for given levels of H3

+ con-
tent are similar to or slightly larger than in the south. These results are in agreement with one-dimensional 
models of auroral Pedersen conductance (Hiraki & Tao, 2008; Millward et al., 2002) that have shown that 
the amount of H3

+ ions is the key quantity controlling the Pedersen conductance. In turn, the H3
+ content 

in each hemisphere varies nearly proportionally to the square root of the precipitated auroral power (Gérard 
et al., 2020; Tao et al., 2011).
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Perijove N/S Observed power (TW) Area ratio
Corrected 

power (TW)

PJ1 N 2.82 1.00 2.82

PJ1 S 2.46 0.97 2.54

PJ3 N 1.26 0.99 1.27

PJ3 S 1.82 1.00 1.82

PJ4 N 1.05 0.85 1.24

PJ4 S 1.41 1.00 1.41

PJ5 N 2.32 0.96 2.42

PJ5 S 1.84 0.99 1.85

PJ6 N 1.98 0.99 1.99

PJ6 S 1.74 0.95 1.83

PJ7 N 2.12 1.00 2.12

PJ7 S 1.92 0.99 1.92

PJ8 N 1.48 0.99 1.48

PJ8 S 1.52 0.97 1.57

PJ9 N 1.80 0.98 1.84

PJ9 S 2.24 1.00 2.24

PJ10 N 2.17 0.85 2.54

PJ10 S 3.23 1.00 3.24

PJ11 N 2.38 0.96 2.48

PJ11 S 1.26 1.00 1.26

PJ12 N 1.88 1.00 1.88

PJ12 S 2.08 0.99 2.10

PJ13 N 1.26 1.00 1.26

PJ13 S 1.09 1.00 1.09

PJ14 N 1.21 0.92 1.31

PJ14 S 1.27 0.98 1.29

PJ15 N 2.29 0.93 2.48

PJ15 S 3.16 0.99 3.20

Note. Mean corrected north power and standard deviation of the mean.
North: μ = 1.94 TW, σμ = 0.14 TW; South: μ = 1.95 TW, σμ = 0.17 TW.
N/S ratio of the mean = 0.99.

Table 1 
Observed Hemispheric Emitted H2 Auroral Power (1012 W), Correction 
Factor for Missing Data and Corrected Emitted Power



Journal of Geophysical Research: Space Physics

The values of the mean hemispheric conductance have also been calcu-
lated for each of the 14 spectral images using the expression:







PS
P

S

dS

dS
 

The values of p are listed in Table 3 and their evolution is plotted in 
Figure  3. The mean hemispheric conductances  p  vary from 0.46 to 
0.66 mho in the north and 0.48 to 0.74 mho in the south, with mean val-
ues of 0.50 and 0.53 mho respectively. The N/S ratio of the hemispheric 
mean conductances varies from 0.71 to 1.39. Although their ratio shows 
limited variations, the mean conductances are better correlated between 
the two hemispheres than the area integrated values shown in Figure 1a.

The variations of the north/south ratio of the area-integrated conduct-
ance are listed in the last column of Table 2. They are represented in Fig-
ure 4 by the red dots, together with the total H3

+ content. The two quanti-
ties clearly co-vary as expected from the dominant role of H3

+ ions in the 
value of the Pedersen conductance.

3.2. Mean Hemispheric Conductance Maps and Their Ratio

Another approach to quantify the mean ratio of the Pedersen auroral con-
ductance is to first create mean conductance maps in both hemispheres, 

calculate the integrated conductance value and examine their ratio. The mean conductance maps are ob-
tained by co-adding the values of Σp in each latitude-longitude and dividing this sum by the number of 
contributions inside each bin. The resulting maps are shown in Figure 5. As before, the contribution of the 
Io footprints and trailing tails have been removed. A statistical region of conductance less than 0.2 mho is 
seen slightly shifted from the south pole along the 30° SIII meridian. In the north, a minimum is located 
near 70° N and a SIII longitude of 185°. The highest values are roughly co-located with the position of the 
H2 statistical main emission (Bonfond et al., 2012; Grodent et al., 2003). This near-coincidence is consistent 

with the idea that the electron energy flux is the main driver for both the 
H2 auroral intensity and the production of H3

+ ions, which in turn mostly 
control the value of the Pedersen conductance.

The integrated Pedersen conductance is 1.24 × 109 mhos km2 in the north 
and 1.23 × 109 mhos km2 in the south, leading to a north/south ratio of 
1.006, implying that it is not statistically different from 1. The mean con-
ductance value in the northern hemisphere is 0.470 mho, also very close 
to 0.465 mho in the south, corresponding to a hemispheric ratio of 1.01, 
not significantly different from unity.

Our conductance maps show values in the range 0.3–1.2 mho along the 
main ultraviolet emission. These values are comparable to those obtained 
in numerical simulations with models of M-I coupling. Examples of peak 
values in the modeled latitudinal distribution include 0.25  mho in the 
JIM model (Millward et al., 2002), 0.75 mho (Tao et al., 2009), 0.7 mho 
(Ray et al., 2015), but up to 12 mhos in Bougher et al.’s JTGCM (2005).

4. Discussion
These results lead to the conclusion that the global hemispheric con-
ductance varies by less than a factor of 2 between for the data collected 
during the 14 individual Juno perijove passes. This is a consequence of 
the relatively limited changes observed in the global auroral intensity, 
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PJ North (108 mho km2) South (108 mho km2) Σp N/S ratio

1 9.3 8.8 1.1

3 6.2 6.7 0.9

4 6.0 6.8 0.9

5 7.7 6.4 1.2

6 7.1 4.9 1.5

7 7.1 6.1 1.2

8 6.8 8.2 0.8

9 7.1 6.2 1.1

10 6.4 7.6 0.8

11 7.0 5.3 1.3

12 6.0 4.4 1.4

13 5.6 5.7 1.0

14 6.7 6.5 1.0

15 7.2 7.6 1.0

Table 2 
Area-Integrated Pedersen Conductance and Their Hemispheric Ratio 
(Corrected for Missing Data)

Figure 1. (a) Area-integrated conductance in the northern (red dots) 
and southern (blue dots) hemispheres for Juno perijove passes 1–15 
expressed in mho km2 (b) total dimensionless number of H3

+ ions in both 
hemispheres.
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even during period of active solar wind. Clarke et al. (2009) and Nichols 
et al. (2009) found that the emitted auroral power varied by less than a 
factor of 2 in response to solar wind activity reaching Jupiter. Our study 
also confirms the close relationship between the ionospheric content of 
H3

+ ions and the conductance. Our earlier study indicated that for auro-
ral electron energies in excess of about 50–100 keV, part of the H3

+ ions 
are converted into hydrocarbon ions that also contribute to the column 
integrated conductivity value. However, the proportionality between the 
H3

+ ion column density and the conductance generally remains high 
enough that the presence of hydrocarbon ions does not strongly affect 
the H3

+-conductance relationship. The ultimate driving factor appears to 
be the total amount of energy precipitated into the atmosphere. Using the 
hemispheric images in the unabsorbed wavelength range 155–162 nm, 
we have determined the total hemispheric power emitted by H2. Since Ju-
no-UVS only observes a limited section of the whole aurora at each spin, 
it sometimes occurs that coverage gaps persist in the integrated maps. We 
have accounted for these gaps by dividing the observed power by the frac-
tional auroral area actually covered by the observations in each image.

The total H2 emitted power corrected for the missing data is found to vary 
by a factor of about 2.8 with values between 1.09 and 3.24 TW with a mean 
value of 1.94 in the north and 1.95 TW in the south (Table 1), in good agree-
ment with those derived from Hubble auroral images by Grodent et  al. 
(2018) showing values between 1 and 3 TW. Part of the hemispheric differ-

ences in the brightness and integrated conductance may stem from the time delay between the images in the 
north and in the south. As mentioned earlier, the H2 power is closely proportional to the power carried by the 
auroral electron flux. The mean value of the N/S ratio of emitted hemispheric power is 1.04 following correction 
for coverage gaps (Table 4), and 0.94 in the noncorrected case, also in statistical agreement with a nearly equal 
power emitted in the two hemispheres.

No evidence is thus observed for a statistically significant difference between the Pedersen conductances 
of the two hemispheres nor between the precipitated power carried by the energetic auroral particles. This 

result may appear counter-intuitive if the magnetic field intensity was 
globally stronger in the north than in the south. Our numerical simula-
tions have indeed confirmed that the Pedersen conductance decreases 
with increasing values of the magnetic field value. However, it is impor-
tant to note that the north B-field is only stronger than the south in a lim-
ited segment (140°–220°) of the north statistical auroral oval (Connerney 
et al., 2018; Gérard et al., 2013) and weaker elsewhere. In any case, our 
analysis of the hemispheric UVS auroral images leads to the conclusion 
that we do not observe statistically significant difference in the auroral 
emitted power or, if any, to a slightly larger value in the north.

The spatial variability of the vertical and horizontal methane distribution 
in the Jovian upper atmosphere is still largely unexplored. Missing ob-
servational information on this question, we have assumed that the ver-
tical CH4 distribution is spatially uniform in the auroral region. Recent 
ground-based infrared spectral observations by Sinclair et al. (2020) sug-
gest that the altitude of the hydrocarbon homopause may increase inside 
the aurora relative to lower latitude regions. They claim that the homo-
pause altitude in the north is higher by about 100 km in the aurora than 
outside. However, these observations did not allow detailed mapping the 
altitude of the homopause. There is also a possibility that the altitude of 
the methane homopause is different between the two hemispheres and 
spatially variable inside the different auroral regions (main oval, active 
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Figure 2. Correlation between the hemispheric auroral conductance 
and the total number of H3

+ ions in the northern (red dots) and southern 
(black dots) auroral hemispheres.
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Perijove North South

1 0.66 0.74

3 0.47 0.53

4 0.48 0.47

5 0.49 0.49

6 0.47 0.55

7 0.59 0.59

8 0.48 0.50

9 0.47 0.55

10 0.49 0.54

11 0.48 0.51

12 0.46 0.48

13 0.51 0.51

14 0.54 0.53

15 0.55 0.58

Table 3 
Mean Hemispheric Conductance (mho)
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and swirl regions, and equatorward aurora). However, the existence and 
the amplitude of these variations are essentially unknown at this point. 
If the homopause altitude varies from region to region, it would modify 
the CR-E0 relation in a way depending on the local strength of the hy-
drocarbon upwelling and effect the calculated penetration depth of the 
electrons. As a sensitivity test, we have modified the CR-E0 relationship. 
For example, an increase of the eddy diffusion coefficient at the homo-
pause from 1.4 × 106 to 1.4 × 107 cm2 s−1 in the Grodent at al.’s 1-D model 
corresponds to an upward shift of the methane homopause of 66 km. The 
modified CR-E0 relation between the mean electron energy and the color 
ratio has been applied to UVS data images from perijove 1. The results 
show that the area-integrated conductance increases by a factor of 1.16. 
The N/S ratio of the integrated Σp remains equal to 1.1, as in the standard 
case. The N/S ratio of the mean global conductivity is 0.95 (compared to 
0.90). Therefore, even if the global conductance shows some dependence 

on the CR-E0 relationship, the ratio of the hemispheric conductance values remains quasi constant and 
equal in the two hemispheres.

The global conductance symmetry is in contrast, but not necessarily in contradiction, with the measurements 
by Kotsiaros et al. (2019) indicating that the ionospheric currents are stronger in the southern auroral region. 
However, we do not confirm the assumption that this asymmetry results from differences in the Pedersen 
conductances, at least not on a global scale. One aspect is that the measured ionospheric current asymmetries 
are local, but are not global in the hemisphere and do not satisfy the assumption of azimuthal symmetry 
of the currents. Our results do not necessarily overrule local conductance asymmetries averaged along the 
ionospheric projection of the Juno trajectories that only sample a limited fraction of the auroral ionosphere. 
Future studies with more extended coverage may establish whether the current asymmetry is global.

Another possible explanation is that, despite the intrinsic Pedersen conductance symmetry, the intensity of 
the current flow is not symmetrical. Two force balances must be considered: (1) the balance between the 
Lorentz force (depends on j x B) and the neutral-ion collision force on the ionospheric ions (that depends 
on the momentum cross section and the relative velocities of ions and neutrals) and (2) the balance be-
tween the ion-neutral collision force and a combination of vertical propagated viscosity (that depends on 
the eddy diffusion profile) and the horizontal wind system. This suggests that the high-latitude eddy diffu-
sion coefficient and the wind system asymmetries are important factors that drive the observed auroral cur-
rent symmetry. In particular, the existence of polar vortices suggests that the vertically propagated viscous 
momentum from the lower atmosphere is not a simple corotational flow and the overlay of the Pedersen 
conductivity enhancements onto the polar vortex grids are very different between the south and the north.

Majeed et  al.  (2016)’s model simulations resulted in a plasma drift about 20% stronger in the southern 
than in the northern polar region as a consequence of the value of the mapping of the VIP4 magnetic field. 

Consequently, a larger departure of the southern polar drifts from coro-
tation than in the north was predicted. Huang and Hill (1989) found that 
the neutral atmosphere at ionospheric heights must “slip” relative to the 
deeper atmosphere. In this view, the altitude variation of the drift veloc-
ities of neutrals and ions in the ionosphere and the corotation lag of the 
magnetosphere are related to the atmospheric eddy diffusion coefficient 
at ionospheric heights. They assumed that this slippage could be pa-
rameterized in terms of an effective ionospheric Pedersen conductance 
convenient for use in M-I coupling models. The Pedersen conductance 
calculations in this study do not include this effect. M-I coupling models 
accounting for this effect have been described by Huang and Hill (1989), 
Smith and Aylward (2009), Ray et al. (2015), and Yates et al. (2020). An 
effective Pedersen conductance has been defined, equal to the intrinsic 
conductance multiplied by a correction factor (1-K), where K is the pro-
portion of the co-rotation lag.
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Figure 3. Mean hemispheric conductance in the northern (red dots) and 
southern hemispheres (blue dots) (see text).

Figure 4. North/south ratio of the area-integrated conductance (red dots) 
and the H3

+ ion content (blue dots).
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5. Conclusions
The results reported in this study lead to several interesting conclusions concerning the variability and 
hemispheric symmetry of Pedersen conductance in the Jovian aurora.

We have built and compared 28 Pedersen conductance maps based on 
Juno-UVS spectral images from the first 15 perijoves and an auroral ion-
ospheric model. We find that the orbit-to-orbit variability of the hemi-
spheric auroral Pedersen conductance is less than a factor of 2, although 
its spatial distribution may be quite variable. The area-integrated hemi-
spheric conductance varies quasi-proportionally to the integrated H3

+ ion 
content.

Statistically, both methods described in Section 3 lead to the conclusion 
that there is no indication that the Pedersen conductance is significantly 
larger in the southern hemispheres than in the north, although it may 
be the case in some sectors. This conclusion is based on the mean value 
of 1.04 of the ratio of the conductances associated with each perijove 
and on the equality of the hemispheric values of mean conductance 
maps constructed from the 14 Juno orbits. We have also derived the au-
roral emitted power carried by the precipitated electron and found that 
it varied by a factor of about 2.9, with values ranging from 1.1 to 3.2 TW. 
On the average, the emitted power is equal in the two hemispheres with-
in 4%.

We conclude that the asymmetry of the field-aligned currents measured 
with the magnetometer on board Juno does not appear to be caused by 
hemispheric differences in the magnitude of the area-integrated auroral 
nor the hemispheric average of the Pedersen conductance. However, we 
cannot reject the possibility that the asymmetry could be due to varia-
tions in the local Pedersen conductivity nor the hemispheric differences 
in the amount of ionospheric slippage and atmospheric conditions.
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Figure 5. Average Pedersen conductance maps for the northern (left) and southern (right) hemispheres based on 14 
Juno perijoves. The southern hemisphere is represented as if observed through the planet. System III longitudes are 
indicated every 90°.

Perijove Uncorrected Corrected

PJ1 1.15 1.11

PJ3 0.69 0.70

PJ4 0.74 0.88

PJ5 1.26 1.30

PJ6 1.14 1.09

PJ7 1.10 1.10

PJ8 0.97 0.94

PJ9 0.80 0.82

PJ10 0.67 0.78

PJ11 0.89 1.95

PJ12 0.91 0.90

PJ13 1.16 1.16

PJ14 0.95 1.02

PJ15 0.72 0.78

Note. Mean ratio (noncorrected) and standard error of the mean: 
μ  =  0.94, σμ  =  0.05. Mean ratio (corrected) and standard error of the 
mean: μ = 1.04, σμ = 0.08.

Table 4 
North/South Ratio of the H2 Emitted Auroral Power Without and With 
Correction for Missing Data
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Data Availability Statement
The data included herein are either archived or on schedule to be archived in NASA’s Planetary Data System 
(PDS) (http://pds-atmospheres.nmsu.edu/data_and_services/atmospheres_data/JUNO/juno.html).
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