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Table 1 Parameters of the flares

i i} et/ UT BRRE/UT SRetE/UT i g EE O BSER/(Jmo?)

1997-11-04 0552 0558 0602 S14W33/2B  X2.1 5.6 x 1072
1998-11-22 0630 0642 0649 S27TW82/1N  X3.7 2.0 x 1071
1998-11-23 0628 0644 0658 S28W89/SF  X2.2 2.4 x 1071
1998-11-28 0454 0552 0613 N17E32/3N  X3.3 5.0 x 107!
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Fig.1 The profiles of the electron density observed by MF radar during the flare on Nov. 4, 1997
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Fig.2 The temporal variation of the electron density at different heights during these solar flares
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Fig.3 The contour lines of the electron density with the time and height during the flare on Nov. 28, 1998
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Fig.4 The temporal TEC variation curves derived from GPS observations, 1 TECU =101%m—2
(a) 1997-11-4; (b) 1998-12-18
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Fig.5 The relationship among the temporal rate of TEC curves observed by GPS, the electron density
observed by MF radar and the X ray flux observed by GOES satellite during the flares
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Table 2 The estimated effective recombination coefficient

FifE /km HARK (x10712)/ms~?
66 5.2
68 6.4
70 6.5
72 3.5
74 1.7
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THE STUDY OF THE ELECTRON DENSITY IN
IONOSPHERIC D REGION USING MF RADAR
DURING FLARES PERIOD

ZHANG Donghe'** XIAO Zuo®* WU Jian® GONG Jiancun' LIU Siqing'
1(Center for Space Science and Apllied Research, The Chinese Academy of Sciences, Beijing 100080)
2(The Department of Geophysics, Peking University)

3( Chinese Research Institute of Radio-wave Propagation)

Abstract

In this paper, the behavior of the electron density between the height of 66 and
80 km observed by MF radar at Waknnai station (45.36°N, 141.81°E) during four
X-class flares is studied. The sudden increase of the electron density is observed
during all of the flare period. The results show that the MF radar can be used
as one routine method to observe electron density of the ionospheric D region. By
comparison with the soft X-ray flux, it is found that the temporal variation of the
electron density in the lower D region has a good correlation with the soft X-ray flux
observed by GOES. Nevertheless, the correlation is not good in the higher altitude
because of the atmospheric disturbances in the D region. On the other hand, the
increases of electron density depends on the parameters of these four flares, the
increase of the electron density for some of flare reach as high as 400cm=3, some
of them is only about 100 cm=3. Compared with the increase of the total electron
content (TEC) caused by the flare with similar parameters, the total increase of
electron density between the height of 66 and 80 km is only about one thousandth of
TEC that almost has no effect on the delay time of the radiowave. But, the effect of
the Sudden Ionospheric Disturbances caused by the increase of the electron density
is very strong due to the very high number density of the atmospheric neutral
compositions in the height of D region. In the end, the effective recombination
coefficient at different heights is estimated using the electron density at the recovery
period during the flare on Nov. 4, 1997.

Key words MF radar, Electron density, Solar flare
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