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Feature of ion up-flow at high-latitude topside ionosphere during geomagnetic

storms from the Defense Meteorological Satellite Program

ZHOU Kang-Jun'?, CAI Hong-Tao"?, CHENG Li-Jun"?*, MA Shu-Ying'?,
ZHAN Wei-Jia''?, SHEN Ge'?, LI Fei'*?
1 School of Electronic Information , Wuhan University » Wuhan 430072, China
2 Key Laboratory of Geospace Environment and Geodesy» CNEM, Wuhan University , Wuhan 430072, China

Abstract A statistical study was carried out on the characteristics of storm-time bulk ion upflows
at high-latitude topside ionosphere, with observations from DMSP F13 and F15 spacecraft during
58 geomagnetic storms (—472 nT< Min. Dst<{_— 71 nT)in the period of 2001—2005. Analysis
shows that, during the geomagnetic storms, topside ionospheric ion upflows were primarily
detected in the cusp and night-time auroral region. In the northern hemisphere, high-speed

(=500 m + s ') up-flowing ions were frequently observed at altitudes above 65° MLat before
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magnetic noon, and high-speed ion up-flowing region was extended to lower latitude with slightly

higher velocity after magnetic noon. In the southern hemisphere, however, high-speed up-

flowing ions could be detected everywhere before midnight. It was found that storm-time ion

upflows at high-latitude topside ionosphere are usually accompanied by electron/ion heating,

during which electron heating predominated. Analysis of O density variation indicates that up-

flowing ions observed by DMSP spacecrafts during storms are mainly from topside ionosphere. It

is suggested that electron heating is an important driving force for storm-time ionospheric up-

flowing ions.
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Fig. 2 An Illustration of ion up-flow events identified from DMSP observations

During the period of 1356-—1423 UT on March 19, 2001, spacecraft F13 was crossing the Antarctic from dayside to nightside.

The identified ion up-flow events were indicated by the two pairs of vertical red lines.
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Fig. 3 Temporal-spatial distribution of ion up-flow

occurrence during geomagnetic storms in the Northern

Hemisphere (Blank in the figure presents no data,

similarly hereinafter)
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Fig.4 Temporal -spatial distribution of ion up-flow occurrence

during geomagnetic storms in the Southern Hemisphere
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of ion up-flow region in the Northern Hemisphere
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Fig. 9 Temporal-spatial distribution of averaged electron temperature during geomagnetic storms (a) and

storm-time ion up-flowing events (b) by DMSP F13/15 spacecraft in the Northern Hemisphere
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Fig. 10 MLT distribution of various types of ion/electron temperature response associated with ion up-flow events

during geomagnetic storms observed by DMSP F13/15 spacecraft in Northern Hemisphere

Red bars present ion/electron temperature both increase more than 100 K in relative to background. Green (cyan) bars indicate that only

electron (ion) temperature increased more than 100 K. Blue bars indicate variation of ion/electron temperature both were less than 100 K.
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Fig. 11 Temporal-spatial distribution of depletion (a) and increase (b) of topside ionospheric density inside

up-flowing regions detected by DMSP spacecraft during geomagnetic storms in Northern Hemisphere
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Fig. 12 MLT distribution of various types of O density response associated with ion up-flow events

during geomagnetic storms observed by DMSP F13/15 spacecraft in Northern Hemisphere

Red bar indicates O density depletion. Green bar indicates increase of O density.

Blue bar indicates dubious variation of O density.
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