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34 geomagnetic storms from 1997 to 2006 is used to analyze the energy flux of upflowing ions as a
function of storm phases, and analyze the relationships between the flux and the parameters, including

Sym-H index, Kp index, and the Poynting flux to construct empirical models. Results show that, in the

main phase of the storm, the energy flux exceeds 10° eV-cm %s st eV !, and in the initial and recovery

phases, the energy flux can exceed 10" eV-cm *s st eV . The averaged energy flux in the main phase
is higher than that in the initial and recovery phases. In the initial phase, the flux is significantly
positively correlated to Sym-H, Kp and the Poynting flux. The correlation coefficients are 0.890,
0.664 and 0.660, respectively. In the main phase, the correlation coefficients are 0.858, 0.823 and 0.541,
respectively. Empirical formulas for the energy flux as functions of the Sym-H and the Poynting flux

In the — 1(6-469£0.798

_ 5.324+40.581 1.46540.340
J’L+ =10 H ) Jfr

are constructed. main phase, X Sym- X

Gy 0-888£0-703 T the initial phase, due to the rapid injection of the energy during geomagnetic
disturbance and the rapid energy acquisition of ionospheric ions, the ion energy flux is highly correlated
with the geomagnetic disturbance indices. Meanwhile, the energy flux increases by two orders of

magnitude in the main phase. The Joule dissipation caused by the downward Poynting flux is one of the

2022, 42(1)

important sources of ion energy acquisition, and a strong correlation is observed.
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Fig. 1

Spatial distribution of selected events. (a) and (b) are observations in the Northern Hemisphere (NH)

and the Southern Hemisphere (SH), respectively
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Table 2 Empirical formula parameter estimates and
correlation coefficients
Magnetic storm phase a b r

Initial Phases 1.231(+0.420)  6.005(40.476)  0.890

Main Phase 1.465(4+0.340)  5.324(+0.581)  0.858

Recovery Phase 0.660(£0.199)  6.186(40.322)  0.545

B SS N5 %EE X,

#* 3 KA Sym-HFMEITEERENE (o= 0.05)
Table 3 Mean value of Sym-H and upflow ions energy

flux of each phase (x=0.05)

Mean absolute value
of Sym-H / nT

Mean of energy flux /
(eV-cm *s hsr eV

Initial Phases 17.769(+£10.872)  5.909%107(£5.773x107)

Main Phase 67.333(+18.325)  1.363x10°(+6.279x10")

Recovery Phase  54.340(+10.067)  3.026x107(+7.801x10°)
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Relationship diagram between the mean value of upflow ions energy flux and geomagnetic activity index

Kp. The gray scatters represent the events of 1997, the pink scatters indicate the events of 1998, the yellow scatters

indicate the events of 2001, the blue scatters indicate the events of 2004, the green scatters indicate the events of

2005, and the cyan scatters mean the events of 2006
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Table 4

ZHEAL Kp M EITEEBEZME (a=0.05)
Mean value of Kp and upflow ions energy
flux of each phase (x=0.05)

Mean of energy flux /

Mean of Kp index (eV-cm’Z-sfl-srfl-eV&)

Initial Phases 2.7(£1.1) 5.909%107(£5.773x107)
Main Phase 5.0(£1.0) 1.363x 10%(46.279x 10")
Recovery Phase 3.5(+£0.4) 3.026x107(+£7.801x10°)
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Scatter plot of the mean of upflow energy flux and Poynting flux. Scatters mean the averaged values of

the upflow energy flux and the Poynting flux during the upflowing time intervals, while error bars represent

the one sigma variation of the two quantities. The gray scatters represent the events of 1997,

and the pink scatters indicate the events of 1998
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Table 5 Mean value of Poynting flux and upflow

energy flux of each phase («=0.05)

Magnetic storm  Mean of Poynting

flux/(mW-m )

Mean of energy flux /

phase (eVeem *s hsr eV )

Initial Phase 2.192(£1.202)  5.909%107(£5.773x107)

Main Phase 15.020(£6.710)  1.363x10°(£6.279x10")

Recovery Phase 9.961(+2.933)  3.026x107(+7.801x10%
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Table 6 Empirical formula parameter estimates and

correlation coefficients

Magnetic storm phase a b r
Initial Phase 0.484(40.551)  6.898(+0.284)  0.660
Main Phase 0.888(4+0.703)  6.469(40.798)  0.541
Recovery Phase 0.446(4+0.186)  6.969(+0.169)  0.575
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Fig. 7 Scatter plots of the averaged upflow energy flux versus the parameters on initial phases, main phases,

and recovery phases. In each plot, 7 represents the correlation coefficient between the upflow

energy flux and the parameters
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