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Ionospheric Plasma Convection Observed by HF Radar
Network in the Northern Polar region

BAARY i 52 HA ¢ K&E—9h H {H—
HASHIMOTO K. Kumiko, KIKUCHI Takashi, KUNITAKE Manabu, OHTAKA Kazuhiro,
and WATARI Shin-ichi
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ERFICEEXRESNIBERI XN P, BRBEERBERSRICE-TERLBERER O L EHH
%,

The space weather forecast is getting more and more important issue for the operations of
the spacecrafts and telecommunication facilities. Among several important research subjects in
the space weather, we studied the transmission mechanism of the electromagnetic energy into
the inner magnetosphere and to low latitude ionosphere, using radar and magnetometer
networks. We report in this article that the ionospheric plasma convection in the polar region is
closely related with magnetic disturbances at the equator and in the inner magnetosphere. With
these observational facts, we emphasize a crucial role of the ionosphere in transmitting the
electromagnetic energy to the space.
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lonospheric convection, Convection electric field, DP2 current,
Magnetosphere-lonosphere coupling system
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%o TDI=DIT, 1995 FEH DB L — 7 —id
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LT EDEETH 5o
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%9 % EPEAT ASE B 1% &2 F 729 [Kikuchi et
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B AAR S NI ES AN, i &
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AFTlE. SOYF ) A EWGET 572012, HiIE
RS L REEEERE X oS, Z LT, BUkE
Wi pEl & NERRE S & DA A % SuperDARN L —
=%y b7 =27, @hitdy by —72
(INTERMAGNET., IMAGE. MACCS % &), &
LC. #REBT—% ZHW TR,

2 Fﬁﬁt EEEB 77 XHikEE& DP2
EREERR

WP 7 7 A=t % BB 3 5 Rk A L ¥ —
. BB EERIC BT S IMF & R
*El-ﬂ’lfﬂi 2 & o TRAENICH AT 5 (Dungey,
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BroT. THIRVETHIBERBENE%R SN
(Southwood and Kivelson, 1991, Lijima, 2000), %
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IMF Ol & 28I X ) WiidssgE T 2B,
A T DNICH? S REE T, HDH W
ENSH F T DP2 Mot ELIVERT %
(Kikuchi et al. 1996, Ridley et al. 1998,
Ruohoniemi and Greenwald 1998. Murr et al. 2001
7 L) DR L, B oL & oxbi
F— BN IN L B FE T, 4~6 5h
7*% (Hashimoto and Kikuchi, 2005a), = ® Z &1,
WRBHNDT T A= WA E D285 — VITA

18:52:00 -
18:54:00 UT

(a@). (b)1814-18168UT, (c). (d) 1852-1854 UT IZ SuperDARN T#RRIS N IMF OREAEZEDE#|CESRIS N
RIGERHE (F B) DTSV I—2, (a). (c)2 hFidD HF L—4— (Saskatoon. Kapuskasing) CERIST=1RER
EEZEHR LU TESNIZEBAID TS XY, (0). () APL/JHU OIRT Y w)LRw TEFIUCKDBESNIZ TS AR

[Hashimoto and Kikuchi, 2005al,

106 BEEMIRHEZ®RV01.53 No.1/2 2007



Wb 2LDIZ, 4~6 UL LD H 5 & %
AT 5, F2. FoA DY SuperDARN THEINIS 5%
WD 7 5 A= i, IR HE ) R
7 VY VEBICL VB S h b 0T IMF O
1) & BRI AU TR 72 1280 L 72 iR RE
&, AL & IMF (2 & 2B i A 3t fr ¥
BT LERLTVD, ZOkF 1L, Tanaka (2000)
ARL72Z2— 3V MHD Y2 b—¥ 3 YOk
REIL—HT 5,

Y EofERIE, mEARE L R 2SR R T
THHIN, ZOREEIC. 77 A=tk DP2
BIRPREET S LR LTWb, NEIHE
¥it. IMF Bz ofj&lica vy bu—L3hThh,
IMF 23t RIS b L7z & & &, #k 1 i
IR ERDPIEE LIRD 72012, RiBE &L

v — V)V EREEIC DP2 EIRARET S LA L.
BOREEEE T, 4~6 75OM. Wil O IRE
WARAFL T, BAETE LWL DA
DIRE» LI E DRBABITTIEEZ LN
o BWHBIYVIZT V7 RUPFEIC X ) DS
T B B L AR L 7o &, AR AR
W3 2h% S ORPFIERDS, R —
EARERANDO T AN F —EZREEWHEICL TV
%o DX, WAE-EHEEARTOT A
WXk %% 25 LT, BEEO ANV —1{x
EE L CTORFDPEETH 5,

3 ERECABETREICH DN
FEDFEIEFE

BT 7 X~ OFEERLWIET & o THIA
S, HERBEMIC X 23R Z2 R0 o1k
LT, Hhxk— RSS2 M3 2 EEERE E
JEx 5 EE A2 R 2012, RHEEAREAND
BT AN F—53%I2E 5T BEF MO
PEIRELS BNV LR TH D, FAIZ, HE
IANF AR BT LM - B2, EEEE
DIEARWEE L & 5 2 T, WIS E~NDZ 2V
F—{RRBITBT 2 EHEEOREF 2 T2 72012,
o 7 e Pl o o & LS O RE A B O BIfR &
WMRTzo WiH OFIIRR D & NFEBRESE D %)
WE2RET 25T ANEF—PED L) %E— FTfE
WS H0%2HETE 5,

B 3 1&. IMF 2%t & oo o i e 76 e Pl o i

(a)  1056-1058 UT

1998 £ 3 F 26 H (a) 1056-1058 UT,

(b) 1106-1108 UT [C SuperDARN T#
AlENeRIRERE (FE) 0 TS5 XY/
=2

APL/JHU DT> v )Xy TET) V76
[Hashimoto and Kikuchi, 2005b],

NE—v(a) &, BHENWLEEED/IY = (b)
Z/RTo 63D SuperDARN HF L —%—I12X %
BT =5, KFyr vy FTEFNE
ML, £hzh, 1998 4 3 H 26 H 1056-1058 UT
& 1106-1108 UT @5 — % & AW TV 2 2 Kot
7T ARMNY = TH Do (a) iZdLinE IMF
X2 4NNy =2 THolds (b) TIER
XEIMFIZX2 28N —IZEBLL2Z &8
BB —h. HWEBOBEHIICX S L.
H%Uﬂgm&m%gﬁﬁfib(l4tah
i 3ok 7B Bk PR k) 0 O B M SR F o 7z A5, xS
¥ —iE, I 2 M3 % 5T, 1100 UT A
S5 6 5HBIC. 4 uhS 2 NVIZEALL 7

107

A —J7 ¢ N—Q—TE S

0 S T DX BT - Ui —N

o e
B

3
=l

&S



g - LEATEAEISER

Polar Cap Slations 380326

150 f-ﬂ‘\H’,w
] fM

N

S0,

P =l
ofF TN
10:00  10:30 100 1130 12:00  12:30  13:00
GOES3

50 .
= 50 1
w0 i et E
2 aof v "“W

. R
fop————"""" |

Hrn (nT)
TR
Ll |l;|-l;g1|x

Hp (nT)
238
Ll 1}

.00 10:30 11:00 11:30 12:00 12:30 13:00
tniversal Timo

(a) EEOMHET X K% & (b) GOES-9
BETHASNHES 3 5D
1100UTI[CDP2 BRANMNEELUC,. TDE.
1106 UT [C GOES9 HE£ TS Hp B DA =8
AL, MKBREDY Y Z U IhaE ol EFERU
TWL% [Hashimoto and Kikuchi, 2005b] .

(Hashimoto and Kikuchi, 2005b) o

BOREREPEXROFE L . AP REEBDO X
PRELIZEXICRONE T I AV —b - TV
=V 7 ORBE LT 572012, BERo DP2
W28 & GOES-9 i1 X - THIl S 7zl
HRBE OB 3 A EK 4 1R T, M4 LB
DEPDOMEMPRT X 92, WdsEE.
1100 UT 28§hmZ ded. 1106 UT (2B L T
Wb X4 FEITRLZEREWLE o GOES-9
T LA U 72885 Hp isrid. 1106 UT (24
Lt 72o GOES-9 ki 1100 UTIZ 0020 MLT
WAELTE Y. Hp KOO WAE. AR
DERDF EMEEI N (TIA< = - v >
U7 ZEERLTEY, BRBERHEOTI X
SR AMHE S . FRIEELED T T 2= EAHN
L7z EEZ oM,

DP2 Bt R2S 1100 UT I25EL, Zhh b
6 7 FEBL72 1106 UT (2. 7T A=A 4 &IV
Mo 2Ny — 22 EL (M 3b). GOES-9
WROMBTTI A Y=t - ¥y =V 7HhA
L7z& ) Bggi, 220 3R P8 o ki o
FIEDS, FIR 1 IRIIRERIC X 5 2 VA
XEWICR 57 L EICHBTA2Z EEZ/RLTW
%o HIiTHR~R7zL B0, DP2 EitRiE, HEKT

108 'BEEiEMHEZ®RV0l.53 No.1/2 2007

ANF =L L HIHHETKPEWRT 2720
1100 UT (B 4a K#t) (CHIEA 58 - A i
AR LT B EEZ BN, LA L.
el X IMF 12X % 4 VR3S — ¥ h3%5k - T
WA 7202, WS E O ESR DMEIT T
BEREL L, FIARY—b - Y=V 7D
FEERMRIE. 2 VRGNS — oA ) b o 7z
1106 UT Tho7ztEZbh b,

Dungey (1961) OB E 7 VLK. KB

JEESy & ERBES AR G35 2 &I DAL
W7 7 v 7 AH, WARERIBICE T, s
BB b &E 2 b T&72, L4 Dungey €7
VIS E B ER R DNy — 23T 5720
WCRE SN, BN LRAEINRETVTH 5o
COETFNVTIR, BRT7 T v 7 A REEBERBERIC
ik ST, PRRESREIZIE S 5 DIZ, 30~50 45
Phbo L7235 T, Hiffi TR L ) %8
Bk BRSO AYE WIS D 72 o TRIBRCHE L. R
O EMEPE R AIR & FIREICHIET S L V) fF
TEEFIET 5o

K R P 35 25 B A2 A ) A3 P Al Pl D 3o O R
FEIZBI LT, Ridley (2> (1999) & Lockwood and
Cowley (1999) D428 & % L T, 1998~2002
ETHIT, TitOHNMERE W - ) Liziaike
W) Fe B TR AR AN R 5 T2,
©  FEMEEERI & AWM THREL DS 1 5N D

FECTHRICKE LR 2 (BHEE - Mk
L—%—o0% v b7 =28l (Ridley (I,
1998, Ruohoniemi and Greenwald, 1998,
Murr (27 2001 7 &),
@ 2 VIR OBHEBEXTRAS B2 SR MIEL
10 32T TR % (B — A VR fEhEr - L —
7 —#lic ko <) (Etemadi (T4, 1998,
Todd {32*, 1988 7 &)
SO, HHER OV E L B TN —T DR T,
BER P AY 1000 km/s DL E O #EE CTlrb 2 A
TR TRIRT B L W) EZ PR TH -
72 (Ridley Z4>, 1999, Murr (35, 2001, Slinker
(37, 2001) A5, WS 21533 2 M E DI
BRI BB 95 2 AT RV EIRIET 5

Bl £ 2% (Southwood and Kivelson, 1991, Tijima,

2000 &) & FIET 25D ThHoTz0 TOmwT
BRI DOV T VRV, T2, D
SR DIR O BEEE PRI RE SN THE D ik



EHERAREOHEAR

b Hok
e tEeiE R L — 5 — 8

P{EME — RiEOIP2RSER
B DEHR R

S B A &R

e 1 ERCh @D S A T

GOES i /2 BE5

— PIHENSMRET A — DR

B — REEREENT X)L F—REOHEN SFTEENIHEE - EHEESRNOBMI RILF—

[mXRRIE

T Bk PR L X R BB DB 5 & AT 3 RE R D%
BIET N OPHAN T ST TWwiz,

M2 SR8 F TOEMBT ANV X — (5% % Hikp
FADOHEEL LTE DX, TOPIREAR - A
PR IR D T A F — {5k (e 72 5 1 % Wik 5
BT ENUETHDI, ZhE T, BEBOIEE
fatk e v SRRl LT, BEEBEOEEL
PRV ST & 2o T RV F— R
LWV BRI LT, [FRIEME 2 TR 1x, v
b HUEBAMED B EEHTH 50D X ) I8
RITHEHMICED LEZOND, Frid. Bl
RO 2 . A — ARIE & 8 — K o TR R
IAVF—EEGTHDEVIBEI S, BB -
THEEE B O RO TR A L ¥ — DRk % Wil
T%ﬁﬁ%ﬁ‘of:o

ETRLZEDC, EoL —F— L Hpasl
NI RHTIZ. M — AR 38 R Pl 2SR — &
F—AWMT HREREHI L TVWE I EERL
TWb, ZORED BB SRR IE — EHEEER
HRNOERHT AN X —(ZARHR OB %K 5
WRY o BB A7 1 — NV FEHERE 2
A L. FERERE 2R LTS R R R
ERBRBERFNZET HE V) ETFTLVTH
%o BMOWIANF—HRFRTHY, A VF—
R TH B 5 & v ) HEEREE A OFEEICTEH
THI LX), WHABENOEIHARET NV
W LT, Wiz REBBAEFE LA 8I1TR
5 EWIFE NS,

By

AWF7Eix. IMAGE (International Monitor for
Auroral Geomagnetic Effects) & MACCS
(Magnetometer Array for Cusp and Cleft Studies)
Whit#o 77—y Rtz 2T L,
IMAGE & MACCS Z 3 LT\ 2 BIFRERBIIZ &
L ET, BEAFRED Ancon DENFITF— 7 1%
UM R 2BREM I Y 7 —h 5, F72,
CARISMA #7157 —# 1%, Alberta K% b
LTV 272& & L7z Bonil e & LR Mann,
CARISMA Yu?y =7 b F—AIZEH LTI,
GOES-9 i OBEIIFHT— 2137 A Y i
Jid NASA/NSSDC O 57— X— AR A b
CDAWeb (http://cdaweb.gsfc.nasa.gov/cdawev/
sp_phys/) »H¥y vu—FLTHHLE L7,

109

A —J7 ¢ N—Q—TE S

0 S T DX BT - Ui —N

o e
B

3
=l

&S



g - LEATEAEISER

S8EXH

1

10

11

12

13

14

15

16

Araki, T., "Global structure of geomagnetic sudden commencements’, Planet. Space Sci., 25,
373-384, 1977.

Dungey, J. W., "Interplanetary magnetic field and the auroral zones', Phys. Rev. Lett., 6, 47,
1961.

Etemadi, A., S. W. H. Cowley, M. Lockwood, B. J. . Bromage, D. M. Willis, and H. Luhr, "The
dependence of high-latitude dayside ionospheric flows on the north-south component of the
IMF, a high time resolution correlation analysis using EISCAT "POLAR" and AMPTE UKS and
IRM data", Planet. Space Sci., 36, 471,1988.

Hashimoto, K. K., and T. Kikuchi, "Quick Response of the near-Earth Magnetotail to Changes
in the Interplanetary Magnetic Field", The Inner Magnetosphere: Physics and Modeling, AGU
Geophysical Monograph Series, 155, 47-53, edit. T.I. Pulkkinen, N. A. Tsyganenko, and
R. H. W. Friedel, 2005a.

Hashimoto, K. K., and T. Kikuchi, "Evolution of ionospheric plasma flow in the polar cap due
to southward turning of the IMF", Journal of KIBI International University, School of Policy
Management, 1, 81-94, 2005b.

lijima, T., "Field-aligned currents in geospace: Substance and significance, Magnetospheric
Current Systems', AGU Monograph 118, 107-129, 2000.

Kelly, M., B. Fejer, and S. Gonzalez, "An explanation for anomalous ionospheric electric fields
associated with a northward turning of the interplanetary magnetic field", Geophys. Res. Lett.,
6, 301-304, 1979.

Kikuchi, T., T. Araki, H. Maeda, and K. Maekawa, "Transmission of polar electric fields to the
equator’, Nature, 273, 650-651, 1978.

Kikuchi, T., H. Lthr, T. Kitamura, O. Saka, and K. Schlegel, "Direct penetration of the polar
electric field to the equator during a DP2 event as detected by the auroral and equatorial
magnetometer chains and the EISCAT radar", J. Geophys. Res., 101, 17161-17173, 1996.
Lockwood, M. and S.W. H. Cowley, Comment on "A statistical study of the ionospheric
convection response to changing interplanetary magnetic field conditions using the assimilative
mapping of ionospheric electrodynamics technique" by A.J. Ridley et al., J. Geophys. Res.,
104, 4387-4391, 1999.

Motoba, T., T. Kikuchi, T. Okuzawa, and K. Yumoto, 'Dynamical response to the
magnetosphere-ionosphere system to a solar wind dynamic pressure oscillation’, J. Geophys.
Res., 108, 1206, doi:10.1029.2002JA010442, 20083.

Murr, D. L. and W. J. Hughes, "Reconfiguration timescales of ionospheric convection’, Geophys.
Res. Lett., 28, 2145-2148, 2001.

Ridley A. J., G. Lu, C. R. Clauer, and V. O. Papitashvili, "A statistical study of the ionospheric
convection response to changing interplanetary magnetic field conditions using the assimilative
mapping of ionospheric electrodynamics technique", J. Geophys. Res., 103, 4023-4039, 1998.
Ridley A. J., G. Lu, C. R. Clauer, and V. O. Papitashvili, "Reply", J. Geophys. Res., 104, 4393-
4396, 1999.

Ruohoniemi, J. M. and R. A. Greenwald, '"The response of high latitude convection to a
sudden southward IMF turning", Geophys. Res. Lett.,, 25, 2913-2916, 1998.

Slinker, S. P., J. A. Fedder, J. M. Ruohoniemi, and J. G. Lyon, "Global MHD simulation of the
magnetosphere for Nov. 24, 1996, J. Geophys. Res., 106, 361-380, 2001.

110 BHRBEMAHEZHRV01.53 No.1/2 2007



17

18

19

20

Southwood D. J. and M. G. Kivelson, "An approximate description of field-aligned currents in
an planetary magnetic field", J. Geophys. Res., 96, 67-75, 1991,

Tanaka, T., "The state transition model of the substorm onset’, J. Geophys. Res., 105, 21081-
21096, 2000.

Tanaka, T., "Formation of magnetospheric plasma population regimes coupled with the dynamo
process in the convection system', J. Geophys. Res., 108(A8), 1315, doi:10.1029/2002JA009668,
2003.

Todd, H. and S. W. H. Cowley, M. Lockwood, D. M. Wills and H. Luhr, "Response time of the
high-latitude dayside ionosphere to sudden changes in the north-south component of the
IMF", Planet. Space Sci., 36, 1415-1428, 1988.

BARET it =

SHEEBRAZEERYRI X N2EE L EEXRZ A HIKB ISR I
BUZOIIRI A NEREZIR BEFE+

Bt (B%) FEHEAK

i B BB YES

it
BHURSTAI R T2 & —FEHRIEEHA
I —TEERRE

ERBEEFa2UT A HREYY—o
VITYMRERITI—TEEHRE

BB B ESF (MIEBHREHAM A Y 5 —FHERIR
SHRITIV—T EER
8) FHAXI TR

RIh ws

=] B5—

BROREDAT R T ¥ —FHIRIEEHA
I —TMAERYR—I v —

Bt (%)

ABHIRCRYE, FHAS

NICT 111

FHAHERE - WO —N

WA —I7 ¢ H—— TR
HF

E

24 DR RS S 2
ST O Xt

\ Bt

3
=

ERS



