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Ion motions in the polar region

• Interactions of the solar wind 
with the magnetosphere

• Resulting electric field drives 
ion motions

• Two cell plasma convection

http://superdarn.jhuapl.edu



Neutral motions in the polar region
• Neutrals are accelerated and heated via collisions with 

convecting ions in addition to being driven by pressure gradient 
from solar heating on the dayside.

248 S. E. Haaland et al.: High-latitude plasma convection from Cluster EDI measurements
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Fig. 7. Electric potentials in the northern hemisphere, as a function of AACGM latitude and magnetic local

time, for 8 clock-angle orientations of the IMF, obtained by mapping the Cluster EDI velocity measurements

into the ionosphere. The background color shows the value of the potential, according to the color bar at the

center. Lines are drawn at fixed values of the potential, with a 3 kV spacing.The minimum and maximum

potentials are listed at the bottom, and the total potential at the upper right of each map.
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Fig. 7. Electric potentials in the Northern Hemisphere, as a function of AACGM latitude and magnetic local time, for 8 clock-angle
orientations of the IMF, obtained by mapping the Cluster EDI velocity measurements into the ionosphere. The background color shows the
value of the potential, according to the color bar at the center. Lines are drawn at fixed values of the potential, with a 3 kV spacing.The
minimum and maximum potentials are listed at the bottom, and the total potential at the upper right of each map.

convection cells (often referred to as “lobe-cells”) through
reconnection of already open polar cap field lines with a
strongly northward IMF, resulting in a channel of sunward
flow in between them, has been predicted by Burke et al.
(1979) and Reiff and Burch (1985), and discussed in Cowley
and Lockwood (1992); Hill (1994); Reiff and Heelis (1994);
Greenwald et al. (1995b). But as far as we know, the resulting
four-cell pattern has never been observed this clearly in sta-
tistical convection maps. Figure 2 of Weimer (2005) shows

a third cell quite clearly for northward IMF, and a fourth cell
ever so weakly. Some sunward flow also begins to appear
in the maps of Ruohoniemi and Greenwald (2005) for north-
ward IMF, but not in the form of one or two well-defined
cells.

For northward IMF combined with a positive or negative
By component (Sectors 1 and 7, respectively), the prediction
is for just one extra cell wholly on open field lines (e.g., Reiff
and Burch, 1985), but this is not apparent in our data.

Ann. Geophys., 25, 239–253, 2007 www.ann-geophys.net/25/239/2007/

www.gfz-potsdam.deFörster and Haaland, 2015



Ion-neutral coupling in the Polar Region

• Neutral motions are predominantly determined by ion 
drifts in the polar region.

• By simultaneous observations for ion and neutral 
motions, we attempt to answer the following questions:

• How much do the states of ions (e.g., ion drifts & ion 
density) affect the neural motions? or vice versa (flywheel 
effect)?

• How fast do the neutrals respond to the changes of ion 
motions? 



Jang Bogo Staton
Observation sites in the Polar Region

Geomagnetic 
North Pole

Dasan Station (& KHO)
78° 55' N, 11° 56' E

King Sejong Station (KSS)
62° 13' S, 58° 47' W

Jang Bogo Station (JBS)
74º 37' S, 164º 13' E Kiruna (Esrange)

67° 51' N, 20° 13' E

Geomagnetic 
South Pole



Simultaneous observations for 
ion and neutral motions

• FPI neutral winds from OI-630.0nm 
emission every 55 min. during winter 
in 2017

• VIPIR-dynasonde Doppler velocity 
every 2 min. in 2017

FPI

VIPIR



Winds vs. Ion drifts at 250 km
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FPI 250 km Horizontal Neutral Winds (Geomagnetic coord.)
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Dynasonde F-region Horizontal Ion Drifts (Geomagnetic coord.)
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FPI 250 km Horizontal Neutral Winds (Geomagnetic coord.)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
12

18

00

06

12

M
LT

 [H
ou

r]

 

 

 

 

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month in 2017

12

18

00

06

12

M
LT

 [H
ou

r]

 

 

 

 

 
  

 

 

 

 

 

 

 

-300

-200

-100

0

100

200

300

W
-E

 v
el

oc
ity

 [m
/s]

  
 

 

 

 

 

 

 

-300

-200

-100

0

100

200

300

S-
N

 v
el

oc
ity

 [m
/s]

Dynasonde F-region Horizontal Ion Drifts (Geomagnetic coord.)

Winds vs. Ion drifts at 250 km

Winter-time observations
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Dynasonde F-region Horizontal Ion Drifts (Geomagnetic coord.)

Monthly mean vectors



Neutral winds vs. Ion drifts
• Magnitude of ion drifts is 

larger than neutral winds

• Systematic differences also 
exist in their directions

neutrals
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Neutral winds vs. Ion drifts
• Magnitude of ion drifts  is 

larger than neutral winds

• Systematic differences also 
exist in their directions

• Strong dawn-dusk 
asymmetry in the neutral 
winds: closer to ion drifts 
at dust sector

Monthly averaged 250km Ion drifts and Neutral winds

- Overall, the neutral wind vectors are 
rotated clockwise with respect to the 
ion drift vectors.

- The directions of the neutral wind 
vectors follow those of the ion drifts 
vectors well during 14 ~ 22 MLT.

- Magnitudes of the neutral wind 
vectors are smaller than those of the 
ion drift vectors.

- And the magnitude of the neutral 
wind vectors show the largest values 
during this time interval.

neutrals
ions



Mean plasma densities are greater in 
the afternoon and evening

Larger density ➔ larger ion-neutral collisions  
➔  Neutral winds become closer to ion drifts



   TIEGCM   Observation       

• There is a significant 
discrepancy in the 
ion drifts from 
model and 
observations.

• Model substantially 
underestimates ion 
drifts; even smaller 
than neutral winds!
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Summary
• Jang Bogo Station (JBS) is located mostly in the southern 

polar cap region

• Simultaneous observations for the ion drifts and neutral 
winds are performed by VIPIR and FPI at JBS, respectively

• There exists significant and rather systematic differences 
between them

• Effect of ion drift seems to show a strong dependence on 
ion density

• TIEGCM greatly underestimates ion drifts



Future works

• Time resolution of FPI wind measurements will be 
improved from 55 min. to 15 min.

• Continuously operate FPI and VIPIR for a long-term 
observation to further investigate the ion-neutral 
couplings for various geophysical conditions such as IMF, 
F10.7, Kp, auroral activity etc.



Jang Bogo Station, JBS

Thank you!

POLA-05 “Comparison of neutral winds and ion drifts observed at Jang Bogo station, Antarctica”, 
presented by Ham,Young-bae 



Jang Bogo Staton

JBS


