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Key Points 10 

1. The stronger summer (northern) hemispheric power could be the cause of double hump in 11 

the dayside meridional winds. 12 

2. TIEGCM was able to reproduce the double-hump features seen by the HIWIND, and 13 

single hump in the winter hemisphere observed at Jang Bogo. 14 

3. TIEGCM overestimates the poleward wind on the dayside and equatorward wind on the 15 

nightside in the summer hemisphere.    16 

 17 

Abstract 18 

Using the HIWIND balloon and Antarctic Jang Bogo station high latitude conjugate observations 19 

of the thermospheric winds we investigate the seasonal and hemispheric differences between the 20 

northern and southern hemispheres in June 2018.   We found that the summer (northern) 21 

hemisphere dayside meridional winds have a double-hump feature, whereas in the winter (southern) 22 

hemisphere the dayside meridional winds have a single hump feature.   We attribute that to stronger 23 
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summer, perhaps, northern hemisphere cusp heating.   We also compared the observation with 24 

NCAR TIEGCM (Thermosphere Ionosphere Electrodynamics General Circulation Model) model. 25 

The TIEGCM reproduced the double-hump feature because of added cusp heating.    The summer 26 

hemisphere has stronger anti-sunward winds.  This is the first time we have very high latitude 27 

conjugate thermospheric wind observations.    28 

Plane language abstract 29 

Using balloon instrument in the northern hemisphere and ground based instrument in the southern 30 

hemisphere, we study the conjugacy of the thermospheric winds of high latitudes.   We found that 31 

the more summer hemispheric heating alters the thermospheric winds and resulted in a double-32 

hump feature on the dayside meridional winds. We also used model with cusp heating to simulate 33 

the winds and were able to reproduce the double-hump feature. 34 

Introduction 35 

Inter-hemispheric conjugate observations are always very revealing about the intrinsic 36 

hemispheric differences and seasonal variations [e.g., Kosch et al., 2010; Wu et al., 2014. Wu et 37 

al., 2019c].    While for most ionospheric observation using radio wave method, seasonal variations 38 

at high latitude are not an issue for data coverage, it is an entirely different story for the optical 39 

remote sensing observations such as those of all sky camera and Fabry Perot interferometer (FPI) 40 

wind observations.    Long polar summer daylight prevents any of these observations from the 41 

ground.   That leaves large gap on the summer polar coverage.    Only carefully selected time near 42 

equinox may provide some narrow windows for observations near the auroral zone as in the case 43 

analyzed by Kosch et al. [2010].   They used FPI instruments from northern Europe and Antarctica 44 

simultaneously observed conjugate thermospheric winds.   Because of relative short nighttime on 45 

both ends of the conjugate points, the observation could not cover daily variation.  Other conjugate 46 
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FPI observations are mostly performed in the mid latitudes [e.g., Wu et al., 2014; 2019c].  There 47 

are past studies using satellite observations of two hemispheres for inter-hemispheric comparison, 48 

most of them are based on statistical results and lack of instantaneous dynamic features [e.g., Luhr 49 

et al., 2007].   50 

 51 

Conjugate comparison can show how the ionosphere thermosphere interacts during different 52 

seasons under nearly the same solar and geomagnetic conditions.   The NASA supported HIWIND 53 

balloon FPI made a 5-day flight from Kiruna to northern Canada in June 2018, which finally 54 

provided much needed daytime summer thermospheric winds [e.g., Wu et al., 2012; 2019a, 2019b; 55 

Tan et al., 2022; Moe and Wu, 2014; Zhang et al., 2016].  The last two days of 2018 HIWIND was 56 

located at magnetic latitude about 75 degree, which was investigated by Wu et al. [2019b] and Tan 57 

et al. [2022].   In recent years, more FPIs have been deployed in the high latitudes [e.g., Wu et al., 58 

2016].   In Antarctica, an NCAR built FPI [Wu et al., 2004] was deployed at Jang Bogo station 59 

(JBS, 74.6 S, 164.2 E, MLAT 77 S) in 2014.  It has been taking thermospheric wind observations 60 

during nighttime for every austral winter season since then and have been used to study high 61 

latitude thermospheric winds [e.g., Wu et al. 2016].   During the HIWIND flight, the JBS FPI was 62 

operational.   To examine how the HIWIND data can be related to the Antarctica data, we projected 63 

the HIWIND flight path onto the southern hemisphere according to the magnetic coordinates, 64 

which we will show in more detail later in the paper.    It happens that the HIWIND projected path 65 

pass not far from JBS during the finally two days (180 and 181, June 29 and 30) of the flight.   66 

Hence, by pairing up the HIWIND and JBS observations we will have the first conjugate 67 

thermospheric wind observations in the high polar region.   We will use the two data sets to 68 

examine the seasonal and hemispheric differences in the wind pattern in this paper.  The paper is 69 
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organized as follows.   We will give a brief description about HIWIND and JBS observations as 70 

well as models used in this paper.  The results will be discussed and summarized.    71 

 72 

Observations and Models   73 

HIWIND (High altitude Interferometer WIND experiment) 74 

HIWIND is a NASA supported stratosphere balloon borne FPI for thermospheric wind 75 

observations, which had two successful flights in 2011 and 2018.  It has a 10 cm aperture etalon 76 

[Wu et al., 2012].   The balloon was at about 40 km altitude during the flight, where the sunlight 77 

background was sufficiently low to allow daytime O 630 nm emission observation of the 78 

thermospheric winds.   The balloon gondola orientation is controlled by a rotator, which locks the 79 

gondola solar panels to face the sun.  The gondola maintained pointing with 1 +/- degree stability.    80 

The instrument took observations through four portholes in orthogonal directions.  The integration 81 

time is 1 minute.   The meridional and zonal winds are determined by decompose the 82 

measurements from the four orthogonal directions.    The balloon orientation and speed are 83 

determined by the GPS compass.   The balloon speed was removed in the data processing.     During 84 

the 2018 flight, the HIWIND instrument obtained data from the high magnetic latitudes as shown 85 

in Figure 1.  In search of the conjugate locations along the balloon flight path, the magnetic 86 

projection in the southern hemisphere (SH) is plotted in Figure 1b.   We used the Apexpy to 87 

calculate the conjugate points along the HIWIND path [Emmert et al., 2010].  The balloon was 88 

launched on June 25, 2018 from Kiruna and the flight ended on June 30, 2018 just south of the 89 

Resolute.   The balloon flight path maintained at roughly same geographic latitude as the balloon 90 

was carried westward by the prevailing stratospheric wind during the northern hemisphere (NH) 91 

summer season.   Because of the Earth magnetic dipole offset the magnetic latitude of the balloon 92 
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gradually increase. Each of the days are marked with different colors.  The SH conjugate projection 93 

passed the South Pole and near the Jang Bogo station.    Because the Jang Bogo station had an 94 

operation FPI, we selected the day 180 and 181 (June 29 and 30) for conjugate study.    The 95 

geomagnetic condition during the two days were very quiet (Kp < 1).     96 

 97 

JBO FPI 98 

Jang Bogo station FPI has a 10 cm aperture etalon during the 2018 season, the instrument was 99 

operated in the 630 nm emission only mode.   The instrument routinely samples winds at four 100 

cardinal directions with a 45-degree elevation angle and zenith.   The integration time is 100 101 

seconds.  The wind errors are a few meters per second.    The data have been used before for polar 102 

thermospheric wind study [e.g., Wu et al., 2016].   103 

 104 

TIEGCM Model  105 

We used two models to examine the conjugate thermospheric winds in comparison with the 106 

HIWIND and JBS observations. One is TIEGCM (Richmond et al., 1992).  TIEGCM is a NCAR 107 

community model with fully incorporated equatorial electrodynamics.   At high latitude the model 108 

is driven by the Weimer ion convection model [Weimer, 2005].  At the lower boundary of 97 km 109 

the TIEGCM is driven by the GSWM (Global Scale Wave Model) tidal climatology [Hagan and 110 

Forbes, 2002].  The simulation used in this study has a spatial resolution 2.5 deg and vertical 111 

resolution of 0.5 scale height.  The simulated data are outputted at hourly interval.   112 

 113 

 114 

Observation and Simulation Results 115 
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Figure 2 shows the observed thermospheric winds data from HIWIND and JBS on June 29-30, 116 

2018 (days 180 and 181).   Also shown are the simulation results at HIWIND locations and JBS 117 

from TIEGCM.   The JBS data were shifted by 7 hours to match the JBS midnight with that of 118 

HIWIND at 19 UT.     The sign of the meridional winds from JBS is reversed to make the 119 

interhemispheric comparison easier and the positive winds are poleward in both hemispheres.  120 

Local noon at HIWIND in the northern hemisphere is at 19 UT and midnight is about 7 UT.   121 

 122 

In general, the winds from high latitudes have a strong diurnal variation in both zonal and 123 

meridional winds, which is the manifestation of the prevailing anti-sunward winds resulted from 124 

day/night pressure gradient and possible anti-sunward ion convection.     In the case of the June 125 

2018 data, the geomagnetic activity is very low [Tan et al., 2022], so the driving force of the anti-126 

sunward winds are most likely from the pressure gradient.    127 

 128 

Wu et al. [2019b] compared HIWIND data from Day 2018180 with TIEGCM simulations.   Tan 129 

et al. [2022] have compared the data with TIEGCM simulations.    The TIEGCM comparisons 130 

with the HIWIND in this paper are similar to that from Tan et al. [2022] and Wu et al. [2019b].    131 

Wu et al. [2019b] focused on the nightside discrepancy between the TIEGCM simulation 132 

(overestimated anti-sunward) and the HIWIND observation.     More soft electron precipitation 133 

was added to the TIEGCM and the discrepancy was reduced due to increase of the ionospheric 134 

density and ion drag in the polar cap.    Tan et al. (2022) was mainly focused on the day-to-day 135 

variability of the HIWIND data in comparison with TIEGCM simulations.    136 

 137 
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The additional comparison with the JBS observation is new for this paper along with the TIEGCM 138 

simulation at JBS.  And the focus of this paper is on the dayside meridional winds.   The JBS data 139 

reveals some important insight about the seasonal variations of dayside thermospheric winds at 140 

high latitudes. On the dayside, the HIWIND meridional winds have a distinct double-hump feature 141 

(one at 12 UT day 180; and another at 3 UT day 181) whereas JBS showed a single hump feature 142 

at 19 UT and local noon day 180.  This is one of the most important distinctions between the two 143 

hemispheres.   144 

 145 

The TIEGCM JBS simulations showed a single hump feature for the wintertime southern 146 

hemisphere meridional winds.    In the HIWIND comparison, the TIEGCM also showed double 147 

hump.     Overall, the diurnal variation in the NH is larger than that in the SH from models and 148 

observations.  As mentioned, the diurnal variation is a manifestation of the anti-sunward winds.   149 

The JBS FPI zonal winds in general were much less westward than those from HIWIND.     150 

 151 

Figure 3 shows the vectors winds in local time from observations and simulations in the two 152 

hemispheres.    In the northern hemisphere (Figure 3a), the dayside HIWIND winds showed 153 

smaller poleward winds relative to the TIEGCM.  On the duskside, both HIWIND and TIEGCM 154 

show enhancement of poleward wind before turned equatorward. The duskside zonal wind from 155 

HIWIND and TIEGCM were westward showing mostly anti-sunward tendency.    On the dawnside, 156 

the observations and simulations have better agreement, all show enhanced poleward wind then 157 

equatorward winds.     The TIEGCM model overestimate poleward winds on the dayside and 158 

equatorward winds on the nightside compared to the HIWIND observations.    HIWIND has 159 

noticeable westward wind on the dayside similar to the TIEGCM.  160 
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 161 

In the southern hemisphere (Figure 3b), the overall wind magnitudes are small than these in the 162 

northern hemisphere.   TIEGCM overestimate the nightside winds and underestimate dayside 163 

winds.  On the duskside and dawnside, the TIEGCM results have stronger equatorward winds than 164 

the JBS FPI observations.   165 

 166 

Discussions 167 

One of the key differences between the NH and SH is the location of the sunlight terminator.   In 168 

the NH, the terminator is poleward of observation locations and equatorward in the SH.   One 169 

should expect that the pressure gradient is larger on the dayside because of the heating gradient 170 

approaching the terminator.    That is consistent with the simulations and observations of the two 171 

hemispheres, which show stronger diurnal variation in the NH than in the SH indicating stronger 172 

anti-sunward winds in the NH.    173 

 174 

The difference in the dayside meridional wind is the double-hump (HIWIND) vs single hump (JBS) 175 

feature, which is due probably to the strong cusp heating in the summer hemisphere.    At first we 176 

thought that cusp heating can produce density enhancement near the cusp blocking the poleward 177 

winds [Lühr et al., 2004; Moe and Wu, 2014].  The summer hemisphere tilts towards the sun can 178 

result higher particle influx and summer higher ionospheric conductivity can lead to stronger joule 179 

heating.  CHAMP observations have shown that the summer cusp density enhancement is larger 180 

than that in the winter [Kervalishvili and Lühr 2013].    In addition, there are inter-hemispheric 181 

difference in cusp neutral density enhancement from the cusp heating [Lühr and Marker, 2013;  182 
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Rentz and Lühr, 2008], the SH density enhancement is shown to be smaller than that of NH.   More 183 

cusp heating was added in the model to match HIWIND observations [Sheng et al. 2015].       184 

 185 

Because the double-hump features extend passing dawn to 18 -22 LT, there are questions on 186 

whether cusp region is sufficiently large enough to influence the winds beyond dawn.      We 187 

further examined the TIEGCM thermospheric temperature in both hemispheres during the local 188 

noon at HIWIND (June 29, 2018, Day 180, 19 UT) and Jang Bogo (June 30, 2018, Day 181, 01 189 

UT).    Figure 4 shows the thermospheric temperature in the two hemispheres.   Because of the 190 

higher summer ionosphere conductivity, not only the cusp heating is enhanced, the overall 191 

hemispheric heating is higher compared to the winter hemisphere.  The summer hemispheric 192 

power is twice of that in the winter [Luan et al., 2010].    As a result, the northern temperature has 193 

a plateau in the polar cap blocking the poleward thermospheric wind near local noon as shown in 194 

Figure 4.    In the southern hemisphere, the temperature enhancement in the polar cap is weaker 195 

and not poleward of the JBS as in the case of HIWIND.  Hence, there is not strong equatorward 196 

push from the temperature gradient at the local noon.   197 

 198 

Figure 5 shows the potential map in the two hemispheres at the HIWIND local noon and JBS local 199 

noon.  In the northern hemisphere, the HIWIND is on the dayside of the polar cap, the polar cap 200 

ion convection will pull the ion drift poleward in the meridional direction.     In the southern 201 

hemisphere, because of the offset of the magnetic pole, the JBS is not at the dayside of the polar 202 

cap, rather it is in the dusk cell.     203 

 204 
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To further examine the ion drift and the temperature effect on the northern hemisphere meridional 205 

winds,  we plotted the ion drift and negative temperature gradient in the meridional direction for 206 

the northern hemisphere (Figure 6).       The convergence of the dawn and dusk convection cells 207 

near local noon formed a strong poleward ion drift plateau.    The negative temperature gradient 208 

has a strong equatorward component centered at the local noon (highlighted by light-green color) 209 

will push the meridional in the opposite direction of the ion drift.  Consequently, we see a valley 210 

in the meridional neutral wind forming a double-hump feature.      Hence, we can see the double-211 

hump is a results of strong heating in the polar cap and poleward ion drift.    The large area of the 212 

polar cap leads to the humps to extend beyond local dawn and dusk.     213 

 214 

Because of the unique capability of daytime wind measurement, HIWIND was able to offer this 215 

rare opportunity to examine the summer high latitudes and JBS happened to be in the right place 216 

to provide a good winter reference to see the seasonal contrast.  The JBS zonal is less westward 217 

then HIWIND winds.  That is because lower temperature in the winter polar cap can lead to smaller 218 

equatorward winds, which in turn lead to weaker westward wind from the Coriolis force. 219 

 220 

Wu et al. [2016] made a comparison between ground based FPI observations from Resolute and 221 

JBS with the TIEGCM simulations and noted that the TIEGCM predicted much larger wintertime 222 

diurnal variations in meridional and zonal winds of the two hemispheres.   In this paper, we see 223 

the same bias of the TIEGCM towards stronger anti-sunward winds.   224 

 225 

 226 

Summary 227 
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By combining this unique observational dataset from the two hemispheres, we are able to show 228 

for the first time the significant hemispheric (seasonal) difference in the thermospheric winds:  229 

1). The stronger summer (northern) polar cap  heating could be the cause of a double-hump feature 230 

in the summer dayside meridional winds in contrast with the single hump wintertime dayside 231 

winds.  232 

2). TIEGCM was able to reproduce the summer double-hump in the meridional winds and single 233 

hump in the winter hemisphere consistent with observations.  234 

3).  TIEGCM overestimates the poleward wind on the dayside and equatorward wind on the 235 

nightside in the summer hemisphere.    236 

 237 

 238 

It is rare to see summer polar cap winds and HIWIND was able to clearly show the cusp heating 239 

effect and seasonal difference in the thermospheric winds.  The observations can help further 240 

improve understanding of polar cap thermosphere in different seasons and assess the performance 241 

of the first principle model TIEGCM.   TIEGCM performed pretty well. 242 

 243 
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 346 

Figure 1.   HIWIND 2018 flight path (left) and its projection in the southern hemisphere (right).  347 

The flight started on June 25, day 176 and ended on June 30, day 181.    Each of the days are 348 

marked with different colors.    The starting point Kiruna and a high latitude station Resolute are 349 

plotted for reference.     The magnetic latitudes of 50, 60, 70, and 80 are also plotted.  In the 350 

southern hemisphere, the flight path projection passed South Pole and went near the Jang Bogo 351 

station.  Data from days 18180 and 18181 are used in this study, which are highlighted with thicker 352 

lines.  353 
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 354 

 355 

Figure 2.  Thermospheric wind observations from HIWIND (northern summer) and JBS (southern 356 

winter) along with the TIEGCM simulations at the respective locations.    The JBS data were 357 

shifted by 7 hours so that the local time of the JBS is approximately equal to that of HIWIND.  358 

The meridional winds from JBS were reversed so that the poleward meridional winds from JBS is 359 

positive for easy comparison with HIWIND data. 360 

 361 

 362 
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 363 

 364 

Figure 3 Vector wind plots for the northern and southern hemisphere observation and model 365 

comparison.   The southern hemisphere plot is converted to the northern hemisphere convention 366 

for easy comparison.   367 

 368 

 369 
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 370 

Figure 4.   Thermospheric temperature in the northern (summer) and southern (winter) 371 

hemispheres.  At local noon of HIWIND June 29, (day 180 19 UT), the HIWIND is just south of 372 

the polar cap, where the temperature is elevated.    In the southern hemisphere at JBS local noon 373 

June 30 (day 181 1 UT), the polar cap is off to the side.   Noon is at the top and midnight is at 374 

bottom.   The dusk is on the left in the northern hemisphere and right in the southern hemisphere 375 

in each of the plots.     376 
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 380 

Figure 5.  Potential maps of the two hemispheres at HIWIND local noon (left) and JBS local noon 381 

(right).     382 
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Figure 6.    Meridional winds (magenta line TIEGCM; points HWIND) , TIEGCM ion drift (green 387 

line), and TIEGCM negative temperature gradient (blue line) in the northern hemisphere.  The 388 

highlighted area (light-green) indicates strong equatorward push from the negative temperature 389 

gradient on the polar cap edge. 390 


