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Abstract In geomagnetic field mapping, the magnetic fields generated by the ionospheric currents

are sources of interference that should be removed. In this paper, the ionospheric currents generated

by neutral wind, gravity drift and pressure gradient are calculated by Thermosphere-Ionosphere-

Electrodynamics General Circulation Model (TIE-GCM). The global current distribution is used to

examine the magnetic field generated by the ionospheric currents at a specific location. The variation

of the three components of the magnetic field with latitude has been analyzed. The results show that

the current densities in the E layer, especially in the magnetic equator and polar regions, are as high
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as about 103 nA·m−2, while the current densities in the F layer are about 10nA·m−2. The magnetic

field between 50◦N and 50◦S induced by ionospheric currents is about several nT from 22:00LT to

04:00LT in the magnetic quiet day (Kp � 1), and the north-south and radial components of the

ionospheric magnetic field are substantially larger than the east-west component. By comparing

with CHAMP observation data, it is proven that the TIE-GCM has good performance in calculating

ionospheric currents and magnetic fields at low and middle latitudes. However, the results are not

very good at high latitudes and TIE-GCM should be improved in order to increase the calculating

accuracy.
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Fig. 1 Current density and horizontal component for H = 450 km at 04:00UT on June 22, 2009. The arrow

direction is the direction of current density in the horizontal plane, and the arrow length represents

horizontal current density magnitude. The background color represents the total current density.

The black line represents the magnetic equator
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Fig. 2 Current density and horizontal component for H = 105 km at 04:00UT on June 22, 2009. The arrow

direction is the direction of current density in the horizontal plane, and the arrow length represents

horizontal current density magnitude. The background color represents the total current density.

The black line represents the magnetic equator



���B: �� TIE-GCM ����C�DC��Æ�C�DEF 33

:8e&

6371.2 + 95 < H < 6371.2 + 650,

0◦ < θ < 180◦, 0◦ < ϕ < 360◦.

2�JJkklmf

2.1 ;<=TUVWYZ
@ TIE-GCM<.A 2009G 6N 22H 04:00UT

"#+%,+-85,<J@4 (4)A:H = 450km

:;?+%, !,8�, hZ 3 3L. @Z 3 6
h, "#+%,+-[785n>&i%4J7"
6, O;4J%89*6. Br, Bθ, Bϕ o(O;D
AO*,Z& 60 nT.%89*+%, !$ Br 8�
(f7#eQ&]*, j7#&\*, >2g?& 0.

Br (\gXc9* >2gmL(gCO*), 6
�0 Sq +->&@. Bθ 8�(\gXc.%9*
589*OÆP4. Bϕ 8�[7?6A>igC8
�. hF, +%, !0\9*$@>F=pi, i
%/7"j9*$n>klbm"'+.

2.2 VWYZ]^_`abc
2.2.1 ;<=;>TU

POMME-7 50+ CHAMP $%/ Ørsted $
% !$ *+$% !,1, >BF 15 l, 
!, 133 l%m!, 2 l , !7>q=!. *,
=G%E+DE [6] %$1K(/+%, ! [14].

jD 2009 G 6 N 22 H (Kp � 1) CHAMP $%
$,c-"$ , nn POMME ,4&.1I(&
+%, !$-"*, hZ 5 %oU3L. $ X
"& 2009 G 6 N 22 H 04:22:22UT−05:06:33UT,

$%@fO5jO-., $%(%89*$%1X
& 02:30LT−02:54LT, %*Z& 320∼330km, >!
7C47%1XhZ 4 3L. &p%1XWXn>,

Z 4 %o)7 24:00LT /$%1XDL&]*.

5 WXc TIE-GCM+%,,K+-85, 0
+4 (4) <. CHAMP $%3(C4$,4+%,
 !, >,8� (Br, Bθ, Bϕ) hZ 5 3L. &Dr%
dL%89*$+%,+- !, Z 5%NS96)
%89* [−50◦, 50◦] $+%,+- !. @Z 5 6
3A:34&p.

[ 3 H = 450 km _`\ 2009 ^ 6 [ 22 � 04:00UT �����	�	� Br, Bθ, Bϕ

Fig. 3 Three component of ionospheric magnetic field Br, Bθ , Bϕ for H = 450 km

at 04:00 UT on June 22, 2009



34 Chin. J. Space Sci. ������ 2018, 38(1)

(1)  9]Xq, 7"%89+%, !$�H
&B nT, %9*k>5O;�@:Br nT. %89
-"0,4+%, !n>kl,e,J(%9*k
>5O;G6M_B4.

(2) ,4+%, !j9*$n>KB9s, J
-"+%, !n>qr.lo7/Im$nh1,
5 TIE-GCM,4\9*8eMI& 2.5◦, '�ic
+%,%$6p*+-. s,Cnh5$%-"$
 nn POMME,4 !*&om"(/ ,+-
$pq.

&A�,4$B., <r9RsM

σ =

∑
|bmo − bob|

n
. (7)

N !$sMq8K

δ =
∣∣∣bmo − bob

bob

∣∣∣
/
n. (8)

>%, n &F;"'$-")$. '+9*;"'$
 !,8�#N !$9RsM7N !$sMq
8KtAD 1.

[ 4 CHAMP ��utu�s����
_���
Fig. 4 Location and local time variation of

CHAMP satellite

[ 5 2009 ^ 6 [ 22 � 04:22:22 UT−05:06:33 UT 	��v�����	�Æ�
Fig. 5 Comparison of ionospheric magnetic field obtained by simulation and observation
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