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Hemispheric asymmetry 
of the dayside aurora due 
to imbalanced solar insolation
Kan Liou* & elizabeth J. Mitchell

Unlike the nightside aurora, which is controlled mainly by magnetic field reconnection in the 
magnetotail, the dayside aurora is closely associated with magnetic field merging at the dayside 
magnetopause. About two decades ago, it was discovered that the aurora is also controlled by solar 
insolation. Because the finding was based on data acquired mainly in the Northern Hemisphere, an 
outstanding question is if the auroral solar insolation effect also exists in the Southern Hemisphere. 
The present study addresses this question by studying dayside auroras from both hemispheres. We 
analyze 6 years’ worth of Earth disk emissions at far ultraviolet wavelengths acquired by the Global 
UltraViolet imager on-board the thermosphere ionosphere Mesosphere energetics and Dynamics 
satellite from 2002 to 2007. It is found that the solar insolation effect also exists in the Southern 
Hemisphere. In essence, the energy flux deposited as electron precipitation, is larger when the 
polar hemisphere is sunlit and is smaller when the polar hemisphere is dark. Because auroras are 
produced mainly by electron precipitation and because electrons are the main current carrier, this 
north–south asymmetry is consistent with the previous finding that larger (smaller) field-aligned 
currents are flowing out of the sunlit (dark) hemisphere. This trend is independent of the solar wind 
driving, suggesting that it is an effect associated with solar insolation. A small north–south asymmetry 
in the dayside auroral energy flux was identified. We discuss the asymmetry in the context of 
magnetospheric current and voltage generators.

The dayside aurora is loosely defined as auroral activity that occurs in the sunward half of the auroral oval 
delineated from the nightside aurora by the dawn-dusk meridian. When viewed from space in far ultraviolet 
(FUV), there is a distinctive difference between dayside and night auroras. Unlike the nightside aurora, which 
is produced mainly by particle precipitation originating from the nightside plasma sheet, the dayside aurora 
has its precipitating sources from a variety of magnetospheric regimes such as the cusp, mantle, lower-latitude 
boundary layer (LLBL), and the dayside extension of the central plasma sheet/boundary plasma sheets (CPS/
BPS)1. Dayside auroras are most intense in the region from 1,400 to 1,600 magnetic local time (MLT)2–4, which 
is often referred to as the postnoon (or 1,500 MLT) auroral bright spot. The location of the peak intensity of the 
postnoon aurora coincides with the peak occurrence frequency of electron  precipitation5. While precipitating 
particles that produce dayside auroras can have their magnetospheric origins from various magnetospheric 
source regions, there is evidence that the brightest auroral features seen in the postnoon sector are associated 
with particle precipitation from the BPS and near the boundary between the plasma sheet and other  regions3.

Past studies have suggested that the intensity of dayside auroras is controlled by plasma and field parameters 
in the solar  wind6,7. While the dayside aurora is closely associated with the solar wind-magnetosphere coupling, 
its intensity also depends on whether or not the local ionosphere is in sunlight. Using four months’ worth of 
FUV auroral images from Polar, it was shown, for the first time, that the intensity of postnoon auroras increase 
from April to July (e.g., increasing with the amount of sunlight received by the ionosphere)8. This finding was 
further demonstrated with significantly more data in a later study that showed dayside auroras are more intense 
in summer and less intense in  winter9. This dayside auroral-sunlight effect was further confirmed with a different 
data set that covered ~ 6 years’ (2002–2007) worth of FUV auroral images acquired from the Global Ultraviolet 
Imager (GUVI) on board NASA’s Thermosphere, Ionosphere, Mesosphere Energetics and Dynamics (TIMED) 
 satellite10. In this work, it was found that dayside auroral enhancements are associated with electron precipita-
tion with weaker energy flux (< ~ 5 erg/cm2-s) and average energy (< ~ 5 keV). They also found that suppression 
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of the nightside aurora in sunlight was associated with larger energy flux (> ~ 10 erg/cm2-s) and average energy 
(> 10 keV). These findings are consistent with in situ particle  measurements11,12.

The auroral solar insolation effect has been studied using auroral images acquired from the Northern 
 Hemisphere8,9 or in situ particle data from combined hemispheric  measurements11,13. It is still not known if such 
an effect exists in the Southern Hemisphere. Some scientists invoke a voltage generator in the magnetosphere 
to explain the auroral solar insolation effect on the dayside  aurora9. A magnetospheric voltage generator would 
predict a symmetric response of auroral activity if the ionospheric conductance from the two hemispheres is 
identical. In this study we will focus on the following two questions: (1) If the well-known auroral-sunlight 
response that has been reported for the Northern Hemisphere is also present in the Southern Hemisphere and 
(2) if there is a difference in their response to sunlight?

Data and analysis
It is desirable to compare snapshots of auroral images simultaneously from identical sensors and from the two 
opposite hemispheres. Unfortunately, such a data set does not exist, and a statistical study is the only way to 
reveal the auroral solar insolation effect. In this study we will analyze auroral images acquired by the Global 
Ultraviolet Imager (GUVI)14 aboard the TIMED spacecraft from February 2002 to November 2007. GUVI is a 
(mirror) scanning spectrometer in the far ultraviolet (FUV)  wavelength15. The FUV emissions of the Earth’s disk 
are scanned horizon-to-horizon along the TIMED orbit, including the polar region. Each cross-track scan covers 
~ 22.5° of longitudes (~ 2,500 km). Due to the “low” inclination (74°) and 625 km near-circular orbit, TIMED 
precesses ~ 3° per day and covers the entire local time in ~ 3 months. The present analysis and results comparison 
will be statistical because the TIMED single satellite observation cannot provide simultaneous snapshot auroras 
from both hemispheres. From 2002 to 2007, the total number of auroral oval images is 28,774 from the Northern 
Hemisphere and 29,742 from the Southern Hemisphere. It is desirable to present the auroral intensity in a more 
physical meaningful quantity for easy comparisons with other data. Therefore, we will analyze the inferred energy 
flux of electron precipitation from the Lyman–Birge–Hopfield long band within the GUVI FUV  spectra16. We 
resample the energy flux data into 2,763 nearly uniform square bins, starting from 60° magnetic latitude (MLat) 
and magnetic midnight counting anti-clockwise from the magnetic midnight with 1° in latitude and an equal 
length in longitude, in the Altitude Adjusted Corrected Geomagnetic Magnetic (AACGM)  coordinates17. Figure 1 
shows a comparison of the statistical pattern of auroral energy flux from the two hemispheres. The number of 
measurements per bin for each hemisphere is also provided (lower panels) and is estimated to be on the order of 
~ 104 in the auroral region. This number is smaller than the number of the actual polar crossing by the TIMED 
spacecraft because each polar scan only covers no more than ~ 1/2 of the oval. As shown in the top panels, the 
energy flux patterns from the two hemispheres are nearly identical. The statistical energy flux resembles FUV 
auroral oval with a midday gap and a midnight maximum [e.g.,8]. A pixel-by-pixel linear regression analysis 
of the relationship between the northern and southern hemispheric energy flux gives the y-intercept equal to 
0.014 ± 0.002 and the slope equal to 0.992 ± 0.002 (not shown), which is very close to one. The Pearson correla-
tion coefficient is also close to one (r = 0.996). It is suggested that the long-term averages of the auroral energy 
deposited into the northern and southern hemispheres are nearly symmetric and identical.

Because there is a close relationship between dayside auroral particle precipitation and solar wind driving 
[e.g.,6,18], the effect of solar wind driving needs to be considered and controlled when studying the auroral 
sunlight effect. Here we simplify the solar wind driving by the solar wind magnetosphere coupling function, 
dϕMP/dt (= C v4/3 Bt

2/3sin8/3(θc/2), where v is the solar wind speed, Bt is the component of the IMF transverse to 
the Sun–Earth line, and θc is the IMF clock angle)19, and use it to constrain the data. The solar wind magneto-
sphere coupling function is a proxy of the time rate of change of open magnetic flux (or merging rate) at the 
magnetopause. The coupling function can be converted to rate of opening of magnetic flux in Weber (Wb/s) by 
substituting 100 MWb  nT−4/3 (km/s)−2/3 for  C20. Typically, the value of dϕMP/dt is under 2 MWb/s, with a median 
value of ~ 0.5 MWb/s. During geomagnetic active periods, such as storms and large substorms, nightside auroral 
activity can expand to dayside. We also calculate and use the time-weighted coupling function, 〈dϕMP/dt〉, which 
is derived from the four previous hours of solar wind and IMF  data19, to limit the nightside effect. The solar wind 
data are obtained from the 1-min OMNI data, which is time shifted to the subsolar bow  shock21.

To explore sunlight effects on northern and southern dayside auroras, we separate data using solar zenith 
angles (SZA; the angle between the zenith and the center of the Sun). Figure 2 shows dayside (06–18 MLT) auroral 
energy flux under dark (top panels) and sunlit (bottom panels) conditions. The solar wind driving, both dϕMP/dt 
and 〈dϕMP/dt〉, is set to a range between 0 and 2 MWb/s to exclude extreme events. We only present the dayside 
portion of the polar region poleward of 60° MLat. It would be misleading to show both dayside and nightside 
auroras together for the present study because dayside and nightside auroral activities are associated with dif-
ferent processes and have different response times to the solar wind driving. Furthermore, instead of binning 
data using summer and winter, we organize the data by sunlight. In the present study, we use the astronomical 
dawn (SZA = 108°, which corresponds to an ionospheric shadow height of ~ 327 km) to determine dark and 
sunlit conditions. That means pixels with SZA > 108° are considered in darkness and pixels with SZA < 108° are 
considered in sunlight. As shown in Fig. 2, there is a clear difference between the postnoon (around 14–16 MLT) 
energy flux, which is larger under sunlit than under dark ionospheric conditions, irrespective of the hemispheres. 
Moreover, the oval tends to be narrower in darkness and wider in sunlight. This appears in both hemispheres. 
The enhancement is more pronounced in the Southern Hemisphere. In the prenoon sector, changes in the energy 
flux exist for both hemispheres but not as significant. Previous studies have suggested that auroras in the prenoon 
sector behave like nightside auroras in response to nightside geomagnetic activity. This is because convecting 
magnetospheric electrons drift from the nightside to the dayside through the dawn flank. They precipitate mostly 
there, along the dawn flank, and rarely cross the noon  meridian1.
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It has been shown that the brightest dayside aurora occurs statistically in the postnoon sector around 
1,400–1,600  MLT8. However, there is clear evidence of an extension of the nightside aurora into the day sector 
in Fig. 2. That means nightside auroral activity may contribute to the average pattern. To minimize the nightside 
effect, the time-averaged solar wind driving is reduced to 0.0 < 〈dϕMP/dt〉 < 0.2 MWb/s. In addition, the solar wind 
driving is limited to moderate values, e.g., 0.2 < dϕMP/dt < 0.5 MWb/s. The result is shown in Fig. 3. Comparing 
Fig. 2 (all solar wind driving) and Fig. 3 (weak solar wind driving), there are a few significant differences in the 
postnoon aurora. First, the “auroral oval” is wider in latitude for all solar wind driving and is narrower for weak 
solar wind driving. This is not unexpected because a larger (smaller) variability in the solar wind control param-
eters would result in a larger (smaller) auroral variability. The auroral oval moves equatorward for all solar wind 
driving and poleward for small solar wind driving. This is also expected because the polar cap contracts when 
the solar wind driving weakens. Second, a local peak appears in the energy flux at ~ 1,500 MLT for weak solar 
wind driving. This is probably due to the imposed weak solar wind driving as a preceding solar wind condition. 
Under such a condition, nightside auroras would have retreated from dayside after the nightside geomagnetic 
activity has subsided. A distinct postnoon auroral form in the NH during weak solar wind driving has been 
shown with the Polar  data7. Third, although the peak auroral energy flux in the 1,400–1,600 MLT sector is larger 
under weak solar wind driving than under all solar wind driving, the total energy flux is smaller under weak 
than under all solar wind driving. The latitudinally averaged energy flux over the local time sector from 60° to 
85° MLat for NS and SH is 0.39 and 0.40 erg/cm2-s, respectively, for all solar wind driving and 0.35 and 0.34 erg/
cm2-s, respectively, for weak solar wind driving.

To provide quantitative measures of the dayside auroral enhancement from a dark to a sunlit ionosphere, we 
plot the latitudinal profile of averaged energy flux at three magnetic local time sectors in Fig. 4. The three local 

Figure 1.  Longterm (2002–2007) averages of auroral energy flux inferred by TIMED/GUVI FUV auroral 
emission data for (a) Northern Hemisphere (NH) and (b) Southern Hemisphere (SH) in magnetic latitude 
(MLat)—magnetic local time (MLT) formats. The number of measurements per bin that are used to calculate 
the averaged energy is provided in (c) for NH and (d) for SH. There are 2,763 bins in total in each hemisphere. 
The figure is produced by the first author using the Interactive Data Language (IDL) software version 8.2.3. The 
ULR link for IDL is https ://www.harri sgeos patia l.com/.

https://www.harrisgeospatial.com/
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time sectors represent the statistical locations for the postnoon auroral hot spot (a and d: 1,400–1,600 MLT), 
midday aurora (b and e: 1,100–1,300 MLT), and the morning warm spot (c and f: 0,900–1,100 MLT). In general, 
there is a latitudinal difference in the auroral energy flux increase from dark to sunlit ionosphere. The sunlit-to-
dark energy flux ratio increases roughly linearly with the latitude, from ~ 2 at 60° MLat to ~ 4 at 85° MLat. This 
trend appears in both hemispheres.

We also calculate the ratio of the total auroral energy flux (e.g., integrated over the sector) for sunlit and dark 
conditions and the result is provided as inserts in each panel. Regardless of the three local time sectors and the 
two hemispheres, the auroral energy flux is larger when the ionosphere is in sunlight (red and blue) than when 

Figure 2.  Averaged dayside auroral particle energy flux under (a,b) dark and (c,d) sunlit conditions for all solar 
wind driving (dϕMP/dt = 0–2.0 MWb/s and 〈dϕMP/dt〉 = 0–2.0 MWb/s). The figure is produced by the first author 
using the Interactive Data Language (IDL) software version 8.2.3. The ULR link for IDL is https ://www.harri 
sgeos patia l.com/.

Figure 3.  Averaged dayside auroral particle energy flux under (a,b) dark and (c,d) sunlit conditions for all 
IMF By and weak solar wind driving (dϕMP/dt = 0.2–0.5 MWb/s and 〈dϕMP/dt〉 = 0–0.2 MWb/s). The figure is 
produced by the first author using the Interactive Data Language (IDL) software version 8.2.3. The ULR link for 
IDL is https ://www.harri sgeos patia l.com/.

https://www.harrisgeospatial.com/
https://www.harrisgeospatial.com/
https://www.harrisgeospatial.com/
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the ionosphere is in darkness (orange and cyan). For example, the sunlit-to-dark ratio of the total energy flux 
within the 1,400 and 1,600 MLT sector is 1.66 and 1.81 for the NH and the SH, respectively, and the sunlit-to-
dark ratio of the peak energy flux is 1.45 and 1.51 for the NH and the SH, respectively (see Fig. 4a). In addition, 
the sunlit-to-dark energy flux ratio is larger for weaker solar wind driving. In the 1,400–1,600 MLT sector the 
integrated (peak) energy flux ratio is 1.87 and 1.99 for the NH and SH, respectively (see Fig. 4d). While the 
auroral energy flux is small at midday (e.g., the midday gap), its increase from darkness to sunlight is the largest 
among the three sectors. In the morning warm spot, the increase of auroral energy flux is smallest. This is prob-
ably because auroras in the dawn sector are mainly of the diffuse type. Diffuse auroras in the dawn sector are 
associated with precipitation of earthward and eastward drifting electrons from nightside central plasma sheet 
and are associated with nightside geomagnetic activity.

Discussion
We have compared the response of auroral energy flux in the dayside part of the Northern and Southern Hemi-
spheres to sunlight with FUV emission data acquired by TIMED/GUVI from 2002 to 2007 continuously. Our 
statistical result clearly shows significant enhancements in the dayside auroral energy flux from a dark to a sunlit 
ionosphere, as expected from previous studies of northern hemispheric auroras [e.g.,9,10]. The present study also 
demonstrates, for the first time, that the same auroral sunlight effect that was first discovered in the Northern 
Hemisphere also exists in the Southern Hemisphere and suggests an inter-hemispheric asymmetry in the dayside 
auroras due to the unequal sunlight received by the two hemispheres.

The sunlight enhancement of auroras was found to occur at all dayside local times. In the prenoon sector, the 
auroral energy flux increase is smaller. The diffuse type of electrons dominates particle precipitation in the dawn 
sector of the auroral  oval18. Diffuse auroras show little sunlight  effect11. In the noon sector, the auroral energy 
flux increase in sunlight is consistent with the fact that the cusp has much higher fluxes in summer  hemisphere11. 
While the enhancement of auroral energy flux occurs at all dayside local times, the afternoon sector clearly stands 
out when the solar wind driving is and has been low for a few hours. The major source of particle precipitation in 
the postnoon sector around 1,500 MLT is monoenergetic events associated with the LLBL and BPS [e.g.,18]. Past 
studies have shown that monoenergetic auroral energy flux in this local time increase from winter to  summer11, 
unlike their counterpart in the dusk-to-midnight quadrant, which is suppressed in  sunlight13. Ion precipitation 
also contributes to FUV auroral emission in this local time sector. However, the global ion precipitation increase 
is less than ~ 4% from winter to  summer22 and cannot account for the much larger increase observed in this study. 

Figure 4.  Comparisons of the latitudinal energy flux profile at (a,d) the 1,400–1,600 MLT, (b,e) 1,100–1,300 
MLT, and (c,f) 0,900–1,100 MLT sectors for (top panels) all solar wind corresponding to Fig. 2 and (bottom 
panels) weak solar wind driving corresponding to Fig. 3. In each panel, blue is for sunlit NH, orange is for dark 
NH, red is for sunlit SH, and cyan is for dark SH. The vertical bar at each latitudinal bin represents standard 
deviation of the mean. The inserts in each panel are the sunlit-to-dark ratio of latitudinal integrated and peak (in 
the parenthesis) energy flux.
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Furthermore, ion precipitation contributes mostly to the nightside aurora and very little to the dayside  aurora18. 
Therefore, we may rule out ion precipitation as the major cause.

Enhancements of the large-scale R-1/R-2 currents in the sunlit over the dark hemisphere have been reported 
 previously23. These studies found an increase (by a factor of ~ 2 for geomagnetic quiet time periods) in the upward 
and downward R-1/R-2 FACs on dayside (0,800–1,800 MLT) and nearly unchanged FACs in the midnight-to-
morning (0000–0,800 MLT) sector. The present finding of the auroral energy flux enhancement is consistent with 
the reported FAC enhancements. A later study also found that the current density of FACs at DMSP altitudes in 
the dusk-to-premidnight (16–22) sector tends to be larger in the illuminated than in the unilluminated  events24. 
The cause of the increase of FACs in sunlight is still not well understood. Solar illumination is the primary cause 
of ionospheric ionization in the afternoon sector. Therefore, the finding that the R-1 FACs are linearly correlated 
with the ionospheric conductivity suggests a voltage generator in the dayside magnetosphere as the driver of 
the dayside R-1/R-2  FACs25. On the other hand, a higher Pedersen conductance in the sunlit ionosphere implies 
stronger coupling between plasma and neutrals and hence more inertia, and hence requires larger magnetic 
stress forces in the magnetosphere and in the ionosphere. Because the magnetic stress is released by the FAC, a 
larger ionospheric conductance would draw more FAC and create brighter auroras.

It is worth noting that the BPS, which is on closed field lines, is one of the major sources of the afternoon 
electron  precipitation1, the auroral hot  spots3, and upward R-1 FACs26. It is also known that the BPS is the major 
source of electron acceleration events (i.e., auroral arcs). On the nightside, monoenergetic acceleration events 
are suppressed in  sunlight5. Explanation of the nightside auroral sunlight effect often invokes an ionospheric 
feedback  theory27. The theory assumes an auroral generating circuit driven by a current generator in the nightside 
magnetosphere. In a dark ionosphere, the conductance is low. A potential drop is generated along the magnetic 
field and generates acceleration events to close the current loop. On the other hand, in a sunlit ionosphere, the 
conductance is high. When the conductance is high enough to support the current driven by the magnetosphere, 
field-aligned potential drops and electron acceleration events will not be generated. In the afternoon sector, 
electron precipitation from the BPS is expected to resemble the behavior of its nightside counterpart. Because 
the BPS is closer to the Earth than the LLBL, it maps to lower-latitude part of the auroral oval, equatorward 
of the lower-latitude boundary. We expect the auroral response to sunlight in the afternoon sector will have a 
mixed effect, meaning an energy flux decrease at lower latitudes and increase at higher latitudes in sunlight. The 
present study shows a larger (smaller) auroral energy flux increase from darkness to sunlight at higher (lower) 
latitude. We suspect that the LLBL voltage generator may be dominating in generating afternoon auroras and the 
averaging process may have smeared the result. We will address this issue in detail in a future work.

The dayside auroral energy flux in both hemispheres shows an increase from darkness to sunlight and the 
increase is larger in the Southern than in the Northern Hemisphere. This north–south asymmetry may be due to 
the north–south asymmetry in the Earth magnetic field. The larger tilt of the south magnetic dipole axis allows 
the dayside ionosphere to receive more sunlight, thus increasing the ionospheric conductance and field-aligned 
currents. In addition, there is an asymmetry in the magnitude and distribution of the magnetic field in the north-
ern and southern polar  region28. Both of these factors are expected to cause an asymmetry in the ionospheric 
conductivity in the polar region even if the solar radiation stays the same. It has been shown that the asymmetry 
in the north–south field and solar illumination can affect the occurrence of auroral  substorms29. Therefore, it is 
reasonable to suspect that this north–south asymmetry can also cause a north–south asymmetry in the aurora 
energy flux. To explore this possibility, we calculate the ionospheric Pedersen conductance generated by photo-
ionization using an empirical  formula10,30. The result is shown in Fig. 5 for weak solar wind driving as shown 
in Fig. 2. Note that the result for all solar wind driving is similar and will not be shown and discussed here. The 
photo-conductance is calculated for bins where data are available, thus representing the ionospheric background 
conductance where electron precipitation occurred. When the ionosphere is in darkness (see Fig. 5a,b), there is 
a little difference in the Pedersen conductance between the two hemispheres, especially in regions where auroras 
typically occur. On the other hand, when the ionosphere is in sunlight (Fig. 5c,d), the distribution and magnitude 
of the Pedersen conductance show a significant difference between the two hemispheres. For example, in the 
1,400–1,600 MLT sector, the mean photo-conductance between 72° and 80° MLat is 6.43 mho in the NH and 
5.82 mho in the SH. The north–south percentage difference is ~ 1% for a dark ionosphere and ~ 10% for a sunlit 
ionosphere. The small (~ 1%) difference in the ionospheric photo-conductance implies that contribution of the 
difference in the magnetic field magnitude to the conductance is small and negligible. If the postnoon aurora is 
generated mainly by a voltage generator in the LLBL as described above, one would expect that the NH will have 
a larger auroral increase than the SH. This is consistent with the present study result for regions poleward of the 
energy flux peak. The region equatorward of the energy flux peak is likely associated with BPS precipitation and 
its auroral response to sunlight is controlled by the ionospheric feedback mechanism, meaning suppression of 
the aurora in sunlight.

Finally, it is worth pointing out that a larger (~ 6–20%) sunlight-to-darkness auroral energy flux increase 
in the SH than in the NH may be associated with a larger ionospheric conductivity in the SH. Indeed, the SH 
receives slightly more insolation when integrated over the year. This is because the orbit of the Earth around the 
Sun is not circular but elliptical and because the Earth is closer to the Sun during northern winter (southern 
summer) by a few (~ 3.4%) percent. The distance between the Sun and the Earth is 1.52 × 108 km at aphelion 
and 1.47 × 108 km at perihelion. Since the solar radiation is inversely proportional to the square of the distance 
from the Sun, the difference between the Sun and the Earth can result in ~ 7% more solar radiation at the Earth’s 
orbit during northern winter than during northern summer. Note that this effect is not included in the above 
empirical Pedersen conductance model, although it is not likely to offset the north–south conductance difference 
resulting from solar insolation and magnetic field asymmetry.
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conclusions
We have investigated the response of dayside auroras to sunlight using the FUV emission data acquired by the 
GUVI imaging spectrometer on board the TIMED spacecraft from 2002 to 2007. We compared auroral energy 
flux deposited into the sunlit and dark hemispheres for both Northern and Southern Hemispheres. It was found 
enhanced dayside auroras in the sunlit hemisphere for both hemispheres. The increase in the auroral energy 
flux was significant (by a factor of up to ~ 2) over the dayside sector. The present result is consistent with previ-
ous findings that large-scale dayside field-aligned currents increase in summer against the winter season and 
suggests a voltage driven dayside magnetosphere-ionosphere system. Although there is a complexity in the 
role of the background ionospheric conductance that plays in the dayside aurora, the present result suggests 
that the dayside aurora is rarely symmetric probably because of the north–south asymmetry in the ionospheric 
photo-conductance.

Received: 19 September 2019; Accepted: 1 June 2020

References
 1. Newell, P. T. & Meng, C.-I. Mapping the dayside ionosphere to the magnetosphere according to particle precipitation characteristics. 

Geophys. Res. Lett. 19, 609–612 (1992).
 2. Cogger, L. L., Murphree, J. S., Ismail, S. & Anger, C. D. Characteristics of dayside 5577Å and 3914Å aurora. Geophys. Res. Lett. 4, 

413–416. https ://doi.org/10.1029/GL004 i010p 00413  (1977).
 3. Liou, K. et al. Source region of 1500 MLT auroral bright spots: Simultaneous Polar UV*images and DMSP particle data. J. Geophys. 

Res. 104(A11), 24587–24602. https ://doi.org/10.1029/1999J A9002 90 (1999).
 4. Hu, Z.-J. et al. Dayside auroral emissions controlled by IMF: A survey for dayside auroral excitation at 557.7 and 630.0 nm in 

Ny-Ålesund, Svalbard. J. Geophys. Res. 117, A02201. https ://doi.org/10.1029/2011J A0171 88 (2012).
 5. Newell, P. T., Lyons, K. M. & Meng, C.-I. A large survey of electron acceleration events. J. Geophys. Res. 101, 2599–2614. https ://

doi.org/10.1029/95JA0 3147 (1996).
 6. Liou, K., Newell, P.-T., Meng, C.-I., Brittnacher, M. & Parks, G. Characteristics of the solar wind controlled auroral emissions. J. 

Geophys. Res. 103(A8), 17543–17557. https ://doi.org/10.1029/98JA0 1388 (1998).
 7. Shue, J.-H., Newell, P. T., Liou, K. & Meng, C.-I. Influence of interplanetary magnetic field on global auroral patterns. J. Geophys. 

Res. 106(A4), 5913–5926. https ://doi.org/10.1029/2000J A0030 10 (2001).
 8. Liou, K., Newell, P. T., Meng, C.-I., Brittnacher, M. & Parks, G. Synoptic auroral distribution: A survey using Polar ultraviolet 

imagery. J. Geophys. Res. 102(A12), 27197–27205. https ://doi.org/10.1029/97JA0 2638 (1997).
 9. Liou, K., Newell, P. T. & Meng, C.-I. Seasonal effects on auroral particle acceleration and precipitation. J. Geophys. Res. 106(A4), 

5531–5542. https ://doi.org/10.1029/1999J A0003 91 (2001).
 10. Liou, K., Zhang, Y.-L., Newell, P. T., Paxton, L. J. & Carbary, J. F. TIMED/GUVI observation of solar illumination effect on auroral 

energy deposition. J. Geophys. Res. 116, A09305. https ://doi.org/10.1029/2010J A0164 02 (2011).
 11. Newell, P. T., Sotirelis, T. & Wing, S. Seasonal variations in diffuse, monoenergetic, and broadband aurora. J. Geophys. Res. 115, 

A03216. https ://doi.org/10.1029/2009J A0148 05 (2010).
 12. Morooka, M. & Mukai, T. Density as a controlling factor for seasonal and altitudinal variations of the auroral particle acceleration 

region. J. Geophys. Res. 108(A7), 1306. https ://doi.org/10.1029/2002J A0097 86 (2003).
 13. Newell, P. T., Meng, C.-I. & Lyons, K. Suppression of discrete aurorae by sunlight. Nature 381, 766–767. https ://doi.

org/10.1038/38176 6a0 (1996).
 14. Christensen, A. B. et al. Initial observations with the Global Ultraviolet Imager (GUVI) in the NASA TIMED satellite mission. J. 

Geophys. Res. 108, 1451. https ://doi.org/10.1029/2003J A0099 18 (2003).

Figure 5.  Dayside maps of the Pedersen photo-conductance for (a) dark NH, (b) dark SH, (c) sunlit NH, and 
(d) sunlit SH. The figure is produced by the first author using the Interactive Data Language (IDL) software 
version 8.2.3. The ULR link for IDL is https ://www.harri sgeos patia l.com/.

https://doi.org/10.1029/GL004i010p00413
https://doi.org/10.1029/1999JA900290
https://doi.org/10.1029/2011JA017188
https://doi.org/10.1029/95JA03147
https://doi.org/10.1029/95JA03147
https://doi.org/10.1029/98JA01388
https://doi.org/10.1029/2000JA003010
https://doi.org/10.1029/97JA02638
https://doi.org/10.1029/1999JA000391
https://doi.org/10.1029/2010JA016402
https://doi.org/10.1029/2009JA014805
https://doi.org/10.1029/2002JA009786
https://doi.org/10.1038/381766a0
https://doi.org/10.1038/381766a0
https://doi.org/10.1029/2003JA009918
https://www.harrisgeospatial.com/


8

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:13451  | https://doi.org/10.1038/s41598-020-70018-w

www.nature.com/scientificreports/

 15. Paxton, L.J. et al. Global Ultraviolet Imager (GUVI): Measuring composition and energy inputs for the NASA thermosphere 
ionosphere mesosphere energetics and dynamics (TIMED) mission. In Optical Spectroscopic Techniques and Instrumentation for 
Atmospheric and Space Research III. Proceedings of SPIE, Vol. 3756 (ed. Larar A.M.) 256–276 (1999).

 16. Zhang, Y. & Paxton, L. J. An empirical Kp-dependent global auroral model based on TIMED/GUVI FUV data. J. Atmos. Sol. Terr. 
Phys. 70, 1231–1242. https ://doi.org/10.1016/j.jastp .2008.03.008 (2008).

 17. Baker, K. B. & Wing, S. A new magnetic coordinate system for conjugate studies at high latitudes. J. Geophys. Res. 94(A7), 
9139–9143. https ://doi.org/10.1029/JA094 iA07p 09139  (1989).

 18. Newell, P. T., Sotirelis, T. & Wing, S. Diffuse, monoenergetic, and broadband aurora: The global precipitation budget. J. Geophys. 
Res. 114, A09207. https ://doi.org/10.1029/2009J A0143 26 (2009).

 19. Newell, P. T., Sotirelis, T., Liou, K., Meng, C.-I. & Rich, F. J. A nearly universal solar wind-magnetosphere coupling function inferred 
from 10 magnetospheric state variables. J. Geophys. Res. 112, A01206. https ://doi.org/10.1029/2006J A0120 15 (2007).

 20. Cai, X. & Clauer, C. R. Magnetospheric sawtooth events during the solar cycle 23. J. Geophys. Res. Space Phys. 118, 6378–6388. 
https ://doi.org/10.1002/2013J A0188 19 (2013).

 21. King, J. H. & Papitashvili, N. E. Solar wind spatial scales in and comparisons of hourly wind and ACE plasma and magnetic field 
data. J. Geophys. Res. 110, A02104. https ://doi.org/10.1029/2004J A0106 49 (2005).

 22. Newell, P. T., Wing, S., Sotirelis, T. & Meng, C.-I. Ion aurora and its seasonal variations. J. Geophys. Res. 110, A01215. https ://doi.
org/10.1029/2004J A0107 43 (2005).

 23. Fujii, R., Iijima, T., Potemra, T. A. & Sugiura, M. Seasonal dependence of large-scale Birkeland currents. Geophys. Res. Lett. 8, 
1103–1106. https ://doi.org/10.1029/GL008 i010p 01103  (1981).

 24. Ohtani, S., Ueno, G. & Higuchi, T. Comparison of large-scale field-aligned currents under sunlit and dark ionospheric conditions. 
J. Geophys. Res. 110, A09230. https ://doi.org/10.1029/2005J A0110 57 (2005).

 25. Fujii, R. & Iijima, T. Control of the ionospheric conductivities on large-scale Birkeland current intensities under geomagnetic quiet 
conditions. J. Geophys. Res. 92(A5), 4505–4513. https ://doi.org/10.1029/JA092 iA05p 04505  (1987).

 26. Wing, S. et al. Dayside field-aligned current source regions. J. Geophys. Res. 115, A12215. https ://doi.org/10.1029/2010J A0158 37 
(2010).

 27. Lysak, R. L. Coupling of the dynamic ionosphere to auroral flux tubes. J. Geophys. Res. 91, 7047–7056. https ://doi.org/10.1029/
JA091 iA06p 07047  (1986).

 28. Laundal, K. M. et al. North–south asymmetries in Earth’s magnetic field effects on high-latitude geospace. Space Sci. Rev. 206, 
225–257. https ://doi.org/10.1007/s1121 4-016-0273-0 (2017).

 29. Liou, K., Sotirelis, T. & Mitchell, E. J. North–south asymmetry in the geographic location of auroral substorms correlated with 
ionospheric effects. Sci. Rep. 8, 17230. https ://doi.org/10.1038/s4159 8-018-35091 -2 (2018).

 30. Rasmussen, C. E., Schunk, R. W. & Wickwar, V. B. A photochemical equilibrium model for ionospheric conductivity. J. Geophys. 
Res. 93(A9), 9831–9840. https ://doi.org/10.1029/JA093 iA09p 09831  (1988).

Acknowledgements
The GUVI instrument was designed and built by The Aerospace Corporation and the Johns Hopkins University. 
The Principal Investigator is Andre B. Christensen and the Co-PI is Larry J. Paxton. The GUVI data reported 
herein are available through the TIMED/GUVI website at https ://guvit imed.jhuap l.edu. The 1-min IMF and solar 
wind data were provided through OMNIWeb by the Space Physics Data Facility (SPDF: ftp://spdf.gsfc.nasa.gov/
pub/data/omni/highr esomn i/). This study was supported by the NSF (# 1743118) and AFOSR (# 26-0201-51-62) 
grants to the Johns Hopkins University Applied Physics Laboratory.

Author contributions
K.L. designed the study, collected and analyzed data and wrote the paper. E.J.M. aided data analysis and wrote 
part of the paper. All authors discussed the results and commented on the manuscript.

competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this license, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

https://doi.org/10.1016/j.jastp.2008.03.008
https://doi.org/10.1029/JA094iA07p09139
https://doi.org/10.1029/2009JA014326
https://doi.org/10.1029/2006JA012015
https://doi.org/10.1002/2013JA018819
https://doi.org/10.1029/2004JA010649
https://doi.org/10.1029/2004JA010743
https://doi.org/10.1029/2004JA010743
https://doi.org/10.1029/GL008i010p01103
https://doi.org/10.1029/2005JA011057
https://doi.org/10.1029/JA092iA05p04505
https://doi.org/10.1029/2010JA015837
https://doi.org/10.1029/JA091iA06p07047
https://doi.org/10.1029/JA091iA06p07047
https://doi.org/10.1007/s11214-016-0273-0
https://doi.org/10.1038/s41598-018-35091-2
https://doi.org/10.1029/JA093iA09p09831
https://guvitimed.jhuapl.edu
ftp://spdf.gsfc.nasa.gov/pub/data/omni/highresomni/
ftp://spdf.gsfc.nasa.gov/pub/data/omni/highresomni/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Hemispheric asymmetry of the dayside aurora due to imbalanced solar insolation
	Anchor 2
	Anchor 3
	Data and analysis
	Discussion
	Conclusions
	References
	Acknowledgements


