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SAPS (Sub-Auroral Polarization Stream) and SAID 
(Sub-Auroral Ion Drift)

• SAPS: very fast westward 
flow located equatorward of 
the auroral oval, broadly 
distributed in latitude 
ranging from afternoon to 
postmidnight sectors

2023/03/08 Japanese SuperDARN Workshop 2(Foster and Burke, EOS, 2002) (Nagano et al., EPS, 2015)



Distribution of SAPS
Previous studies
• Kunduri et al. (2018) used North American 

SuperDARN radars – their FOV is limited to >~ 52 
MLAT

• Erickson et al. (2011) used Millstone Hill IS radar –
their results also show only the points poleward of 
~52 MLAT 

• Kataoka et al. (2009, AG) used SuperDARN Hokkaido 
East radar – there was limited data accumulation (only 
about 2 years)

In this study,
• We use SuperDARN Hokkaido East radar database for 

11 years, covering the region poleward of  ~40 MLAT, 
to investigate the statistical characteristics of the SAPS 
geomagnetic latitude distribution

Selection of  SAPS events for 2012-2022 
• Located equatorward of 65 deg MLAT, Beam 5 LOS > 

300 m/s
• Duration > 1 hour
• Total 34 events found
• MLAT: lowest value of the equatorward edge
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HOP East radar
(2006.11-)

HOK BEAM 5



HOK SAPS MLAT vs MLS 
(left: original, right: MLT corrected)
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SAPS MLAT vs Dst (MLT corrected)
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Sep 8, 2017 event
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Sep 08, 2017: solar wind / geomagnetic activity 
(@OMNIWeb)
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Period of interest: around 14 UT on Sep 08 , 2017
• Main phase of weak geomagnetic storm, 

preceded by a bigger one (at ~ 0 UT)
• IMF was strongly southward (less than -10 nT)
• AL/AU were very active (min. AL ~ -2000 nT)



2017/09/08 Hokkaido East quicklook
plot and SD convection map movie

2023/03/08 Japanese SuperDARN Workshop 6

s Vlos

SAPS extended up to 48 
MLAT at about 14 UT



Obana et al. (2019, SW) discussed the unusual erosion of 
the plasmasphere during the September 2017 storm, and 
compared the Arase data with the numerical modeling and 
SuperDARN observations
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They proposed that this unusual plasmasphere erosion was due to the deep penetration of 
the electric field, although its cause is still unknown.



Discussions and conclusions
• SuperDARN Hokkaido Pair of radars (East and West) are  powerful 

tools for investigating the spatial temporal variation of the SAPS type 
flows.

• 11-year statistical analysis (including 34 events observed by the
SuperDARN Hokkaido East radar) shows that the SAPS geomagnetic 
latitude is generally highly correlated with the MLT and Dst index.

• One of the few exceptions is the 2017 Sep 08 event, where the SAPS 
type flows observed by the HOP radars were located a few degrees 
equatorward of the statistical location.

• The above unusual characteristics could be due to: 
Abrupt southward turning of the IMF, which cause the sudden intensification 

of the ring current (Dst index) leading to the equatorward expansion of the 
SAPS structure. 

A previous storm event (that occurred 12 hours before), which possibly set up 
a pre-conditioning for the unusual equatorward expansion of the SAPS flow 
region.

At 2022 Fall AGU Meeting, Larry Lyons commented that a substorm might play 
a crucial role, where the auroral streamer structure push the SAPS structure 
further equatorward. It is necessary to check the substorm activity during the 
event.

• More detailed study is necessary.
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