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Abstract In this study we investigate the longitudinal variations in the mean densities of field-
aligned currents (FACs) at high latitudes in different seasons, by using high resolution magnetic
field data from SWARM A and C satellites. Longitudinal variations are about a factor of 1. 2~
3.2 larger in the Southern Hemisphere than in the Northern Hemisphere. A tidal analysis is
applied to FACs. DO and DW2 are the dominant non-migrating components. DW2 is larger than
DO in summer and equinox. The longitudinal variations in solar illumination can explain DO wave
in FACs, with more solar illumination at near pole longitudes than at far-from-pole longitude.
Factors like the geomagnetic field strength and dipole tilt angle might contribute to the observed
DW2 features in FACs. The FACs simulated by the global ionosphere and thermosphere model
only show DO wave. The theoretical study reveals that the role of neutral wind is comparable to
that of the electric field in the formation of DO wave.
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¥ 1m) B3 i (Field-Aligned Currents, FACs) #i§
1 3 4 DG )2 0 1) R 2 i 0 V2 - v S 2 DX O
(LBl ) 2E R A S B 2 A ) H G PR A Y A
I 15 e o N S M R R i 1 1 7 N B U g =
BEME A AT EEEM, &2\ R
i — A~ B 25 5 1 (Wiltberger et al. , 2017). H M
1903 4 Birkeland R % FACs B ELE LA J 50 £ 4F
il Zmuda 55 (1966) 3l 1o T WL UE 55 A7 7E LA
FACs BWF5E — B & 2 % B A= X EA. B R
AT b T b % 65 3 L AR S AT TR 2 b A
S R B » DL S PR M 28 B R LR AR X FACs T
TREMRHEOIF R T FACs B I 25 73 A
FEfF (40 Tijima and Potemra, 1976; lijima et al. ,
1984 ; Friis-Christensen et al. , 1985; Potemra et
al. ,1987;Lu et al. ,1995; Lithr et al. ,1996; 3L K 7%
££,1999; Weimer, 2001 ; Stauning , 2002 ; Papitashvili et
al. ,2002;Ridley et al. ,2004 ; Wang et al. ,2005,2008,
2014 ; Luhr et al. ,2015a,b).

PATEBF 98 5 2 % BL T DU Al 28 B 9 FACs (i
lijima and Potemra, 1976; Wilhjelm et al. , 1978;
lijima et al. ,1984; Wang et al. ,2014). X3 1 (i FR
RDFACs 1R A L JZ 75 B 0 i =
DX 2 (i R R2OFACs AL THRARBE L, Hii 5 R1
AH . 76 IE 4 Hi 5 BSE AR X, FACs 137 1] 32 2 Bk F
17 B Br 8% 3% (Interplanetary Magnetic Field, IMF)
B, 41, F i IME B, # i 19 FACs 5 fF DPY
FACs({l Tijima and Potemra, 1976; Wilhjelm et al. ,
1978 ;Clauer and Friis-Christensen, 1988). 24 IMF B,
g B L b Bk DPY FACs By 58 B 00 435 9 H e
B2 SR TEM Ay A 2R R BRI 5L
ERAA S, R ] IMF B, i ] FACs iyl P 5 B ml
IMF B, #f & (lijima et al., 1984). 4t [ IMF K}
FACs(/l NBZ FACs) E 2 T X . I H5 Rl
FACs HetEH 2 - NBZ FACs 3 B 15 77 Il i )2 o
T 3 2 A K& (Vennerstrom et al. , 2005; Wang et
al. ,2008). Wang % (2014) X Ml—Fh 5 IMF B, /&
A RBH AL FACs B IG, I B 43 FACs S ]
Sy RO A R 2 L E R GE I o B bR A
BZ.

PIAEWFFE W, X T R 37 1) v 3 R 156 » L
JE R IX BRIy v, 5 L B 37 1) e Y 6 R

S5 B 2 58 & (N Lysak, 1985; Vickrey et
al. ,1986). HLH] f) BIF U 552 5 1] FL L S 5 J3E 0 £
ST L B )2 L R, 5 JE K B BER FL L A R B
BRI FACs 52 B 880 1 W%, o 47 1 1) A 7%
3 T2y 2° 1 4 (Christiansen et al. . 2002; Wang et
al. ,2005). Ridley %5 (2004) F| F #f JZ-H8 & /2 55 Al
BT ST 1 H 5 2 S 2800 375 1) W 3AE A9 52 W) A A1)
R K PR 5 7 A 1) v 8 2 A 383 il 07 [ R, Y
A K FH O IR B DX B 2 K P R R 8] A Tl
. Wiltberger 48 (2009) & WAL FACs £ 1E 1R
SR AL O H AR AT AT IR BRI
FACs 5 B 58 T Jo ot BB K.l 1T 2 5k Polar T2
S22 B 00 00 ) 8 PE » Russel F1 Fleishman (2002)
WF9E T FACs X} 47 & Br 8 3% (Interplanetary Electric
Field, IEF) {9 081 Pk, i 11 & B A St MRS FACs Xt
IEF 9 42 T Ot BRI B 5 4% 3 5 A7 O BRI W
JZ Pederson SR E &AL LR EM T &
BF B ] BRI R1 37w W, 3t A0 K BA X% 2 48 6 2 5K
AR S 1 B a1 BH A0 7 % A O PR 4858 (Cattell et
al. ,2003). Coxon % (2016) #| | Active Magnetosphere
and Planetary Electrodynamics Response Experiment
(AMPERE) T2 5 8 #a Bt 52 T FACs 2 ERF- 33
5 B H AR AL AR . R BU S R BH R UM A H A2
PCHRFAE PE 88— B, Al T 3 — 25 B 90 R B 2= AL R
Rk ALK R 1 FACs 38 55 & TRk, AN
FE A T b K W 37 0 B R T b 2k BROR X AR
Ohtani 55 (2014) gL it 2= W 58 1 FACs 1y 38 J5 Al 7
OO R S 3l Foo. o 48 200 O P L & 30 A 1 R
FH % gl s . FACs s Ao An B 1) 27 18 0 3% 3.
FIRBEFECRIAT T FACs SHEEB S FR
KARM TIRZAHBE R IRTHE S Rk RRE
FACs B2 5 1) 22 A AT Bk 2 3% 40 19 W 5, LAAE 79 A
F 2 RAE FACs B % 26 1 b Iy I 18 53 Ao i 2
Mg 7 H 22 B E i B (Universal Time, UT) 25 4k,
ERAWF R WOCH R X B e R E XM F XY
L4 AR W R 22 R A IR A N R X R
PR B R~ TR | 17 37 5 B8 A B AR 2 R A7 1
£ & (U0 Zhang et al. , 2012; Xiong et al. , 2014;
Wang et al., 2015; Luan et al. , 2015; Wang and
Liihr,2016; Wang et al. ,2017 ). 3K ##45 (2017) B 5¢
AR DX K TR AR AS [) DK PR 3l 27 48 B A,
J5 W85 SR W A8 AR AR AIE & B b2 B 3 Y
— WG PGSR B A o X RE S R ) R
FHZE )8 G 33 2 (Forbes and Harel, 1989; Lu et
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al. ,1995;Ridley et al. ,2003). Lu Z8 (1995)WF5E T
1992 4¢3 J] 28-—29 H 1A $4 2 v 1 X0 H 29 )2 45
HmFAA FACs 1952 Wi Al Ar] & B 2 39 18] 422 op
PRI Sh ) FACs K24 5 )2 7= 4 ) FACs 1) 27%.
Wang Fl Lithr (2016) ff 5% 3¢ B i T K B 48 55 5 &
8 s 5 A B 5 BORY T PR XA TR ] B G 8 R R
. B 2 L S R R KUY 48 BB A R W] FACs
IRFAE 28 JE A L 38 R A SCRYBIF ST . A SCRY B
FELE RN A B T B v 2 R A X e e AR
i R AR .

1 TR R A A A

1.1 SWARM I E

Wi zs Jip SWARM TR Sy 3 i AR B TL AL, 036 1
f R 87.5°,2014 4F 4 F 15 H I B & HE 0 i . A
M C EAE 460 km B2 I HE AT, M 3R 28 5E A] B Oy
1.4°, 71 SWARM B B 728 & & B R AT, M ERY
>N 520 km.

FATFH SWARM A Fi1 C B 1 35 54l » i it
BRI PR E PSR i FACs(4N Ritter and Lithr, 2006) ,
25 T 2 T B TR R O R R ek IS
B 2B FACs i S FCRR i i (Wang et
al. ,2005). SWARM W& Jz i FACs ) 15 ik 1 W
Ritter 4§ (2013) fl Lithr % (2015b) , 4 3¢ H 4§ fii 2
Wk Ry T HE FACs, JoAT T 200 1T m b 3 1y % i
1 S 80 Hevh Mk =05 57 A BB R DA R g 2 A
HL 3 T 7 AR AR Bl R 3 S 0 2 . O T AR B R RUEE
FACs 4544 G785 #6147 1 20 s S 40 3.

MR 22 5 35 1 € F, FACs Al DL FH 7% 3% 19 36 %

IV 1 [ " D 7
T S ﬂs Cdl B O S
0

., B RIHBR AN G B . A U R
FALFHEF SWARM A fil C 47 HEE NI U TE .
dl i R BE AR I 4ot . A i G DX 3 AR SR
i A5 3 1) H, O 8 A SO R 3 DXl 1 FAC

ARSCRFT 2014—2017 4EHA] SWARM A Al
C XU B3 1) i W B0 . LAAE B 9% 55 W 1K /i 3 2
FAE K R 2 B 2= #5519 2 Bz — (Kan and
Lee,1979) , A U HF 58 F 2 % B H B dL /N T
2 mV « m™ {7 F i (U0 Ritter et al. . 2004 ; Wang
et al. ,2005). FoATH FACs 3 @4 Ho 7 B5F (MLT) Fl
22 B (MLon) #F 17 43 X, A4~ X [a] 9 Bk 38 5 ) 1

Gup) TN Gaowa) A LB 219 FACs 105
AT B0 o = 1/2C G [ (oo [ ). Wang 5§
(2005) 5% 1 pig 2F 35k 37 1) R i %) B K P 37 R 15 )2
PR R AR RO P L 2 B ) B T R FACs 8
(7 (AR o O 25 B 9 X 3R, FACs (& (B R
ZALT SOHEA LATE »im T 8O°RESR A > F 1024,
TEAS SO GE TR B BR T 3 il A i (R T 80 WL 26D 1Y %k
B 75 I o PR O T SWARM XUR 545t
B B B AR AT RE 23 i L — 8 R 2. TEA SO,
K AETE T G2 BRI R R F 80° b L2 ) 1 =
PE4r 505 B R 40 % R 20 %0. i — 2B 4y B K
B 25 6 T b 2R AN 1% B0 R DR B O B 0 B ER
T 30 25 2 LB ARRL, PR O AR SCATS AR IR B O b B
e A5 B BB A

Lithr Z£(2016) %F Eb 4308 T Swarm FLEL A1 S A2
ST 3 1] WU B 5 AR R B O 25 SRR I
PR3 H A HEAE AL W AT R BR G 3 30 L G ep R 2
1 A AR e R X 3R, 7T e 5 G R Y AR B 7R
A 2%. Superdual auroral radar network (SuperDARN)
IR NI R 2R 1) i SR AL TR Ml & (Sofko et
al. s 1995). 75 3K 5 55 B A% 70 2 B2, M m] LA
TSRS RN T e B A SR AN 2 I B R e e R
R8s JBE A A 10 R I ) o 58 188 A o i e 88 A v,
JZ HL S AR R B AU (R A BB T LA 3R 3 [ F, U
J¥ (3£ W, Sofko et al. , 1995). i F 1R ¥ 15 L 85 )2
H, S SRR o A A1 s LA B AR 5 3 R R R H
B2 SRR G 2 A PR AR MEAR R B S b
FRUBE 7 Ak v, 1 2 S R8O AT TR 1 R I B T
W% J5 75 HL AR 2. 940 Kustov 45 (2000) 1] %
ik R BAER S IMF B, 1 B, WI[R] ., 2 26 1 AT 9K
FAAE RO FACs, il BEIR TR 2. R B 5 TR
L S R AT 6T B o B R S R B S B 3 1)
HL UL 0 43 A 0 2 B 2%, G L O T 2% AR % 0 3
$0 PR A~ I o AR 5 B S
1.2 GITM ##&

FI A 4 BR o B J2 45 5 (Global Tonosphere and
Thermosphere Model, GITM) %] Hg, 55 J2 Fl #1 2 &y H 45
AT DR SR i FACs B 25 ] L5 SWARM T2
BTN S5 R AT X b, e ak il 52 5 2 B E
B BRI R A7 T A I R H 2 2 RN 2 Bl 0 it B AT
B = 4E AR (2 I Ridley et al. ,2006). GITM
BERUSR fif e Sk 7 #E Vsl R A RE B 5 A, b sl By
P75 [ T TR om b B LB -4 5y (R O AR L B A
J14F. GITM 45 B i) 3K 5l 4 4 55 2 it 3 (Weimer,
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2005) , #% 6 B F U1 % (Fuller-Rowell and Evans,
1987) (K BA 2 58 A0 5 R J22 R A0 17 18 1Y) 52 i)
(Hagan et al. ,1999). 71 {477 iy A6 (5 FH 17 5 i 43 -
JEH T B B (MSIS) (Hedin, 1991) 1 [ br 2 %
HL B 2R (IRD (Bilitza, 2001) #1811 1 4% )%
A BT A M % Al B i 1 B 2 25 i 3 R A
(International Geomagnetic Reference Field, IGRF)
ik (Maus et al. , 2005), 7% 3C 1y 45 3 7€ IGRF
Apex it e 45 22 H 45 H (Richmond, 1995).

2 SWARM T2 Wi &5

2.1 FACsHIZET

T WESE FACs 19 28 B2 A2 4k . 35 1) W 3 44 b 1
2 (A FEE PR 307) Ffg H 75 Ik s [R] Tl B2 1 1o
HEAT 43 X34, A )5 I B X FACs 19 28 2 F- 1
E B LB, B 145 10 B A BROAS [ 2% 715 3 ) W 3
(28 B AR AE (Aj ) B MLT F1 MLon #9434, i T
3R E A M. FAC 19404 & F AR 454, S8 T 3=
BERRIEAS W M AT UL, AE L P ERE R R 2 R,
120°MLon L 74 5 3 B &2 4% 98 1) FACs, 7£ 60°MLon,
08 :00MLT 5 —120°MLon, 20 : 00OMLT 4k [A] i}
P 58 A FACs. B ~F BR i B 2 A9 4 Ak 2 1 3%
it 0°MLon b 3 FACs 9 fie /IME » B KRAE AL T 0°
MLon Pifll. F&k 3 1 2 2= FACs S549 8 HH L, &
ZERC A W A (). FRATT I35 4% A | 7 B B X35 1)
HL I 19 B K 5 B /NG BE A VR R iz b s B B X A
(1) 28 BE AR A AL o 75 43 0 PR 326t 1) BF A0 R0 B ) 7 22
JEAS AU . 51 F 3R 1 . AR 1 d Al LUE R
PR IE(E AL K2y tede P ek 1. 2~3. 2 /%, 46k
BR 1) B0 e {B 5 -4 2 L R 29 S 1L 7, AR R

BRI A 2. 5.
£ 1 2014—2017 £ ,SWARM T £ [ BE M 70
ERNZEEREEEEE
Table 1 Peak west-east differences of field-aligned
currents observed by SWARM for both daytime and
nighttime during years of 2014 and 2017

Je 2k 2Bk
RRSERLL] b [ RSERIL] A
(pA+m™2) (A m?) (pA-m %) (pA+m™?)
HRAY 1.25 0.61 1.83 0.93
H2E 1.73 0.47 0.87 0. 85
A& & 0.67 0.53 2.29 1.25

2.2 HHESH

J T T FACs 19 4 B2 A8 AL B 1E , T4
FI A 3% 2 B 07 22453 FACs Hh R 2 ARIT B %
Sy AN TR 2 X AR T, '
DR H AL R 5 AR W sk E R
BCH AR AL A B 0 B AR R AR P i %, DO AR
F 8 A P, BAEPTA 25 W R3S A b e pg b
B, DW2 & 2R 4 & AEAC R BRO0 R W i (&
D EAHEAL 2 BR B9 A7 7 K97 09 : 00MLT, pg 2
BREYARAL N 23 1 O0MLT. J5 — A & 3 S 4t A 9 9
TR 41 iy DO 43 R I AE 4% 7E L2 3k &
BAREG P IEE LR T A FE S5 DW2 43
HILT MY BT XEAETE B W a2 ok,
SPW1 fEmdt 2 Bk ¥R &, 3F H 5 DW2 /3 &= |
JEAH Y. FEB RS PR E 25 SPWL il K E 31
fE—43°MLon Ab. 7ER5 23K, SPW2 43 1 AR %2,
1 SPW1 Fil SPW2 ] % 43 it 2L [’ 4E H1 T, FACs
TE 10°MLon/Ze A5 40 T R B /NE (& 1), F 1207 0
—95°MLon/h JE Bl P A R AR

R 2 2014—2017 £, T B H Y 52 DO F1 DW2 gIigE ML, LUK 400km 4045 5 XET 1T 2 BRiK 55 & SPW1 1
SPW2 FIIEEEFIMEAL K. IBREMBEME nA - m™° B W HEMKAMCR/NE (), TERKECHECRE(").
Table 2 The amplitudes and phases of diurnal tidal components D0 and DW2, and planetary wave components SPW1

and SPW2 of zonal winds at 400 km altitude during years of 2014 and 2017. The amplitudes are in units of nA - m™~,

2

The phases of the diurnal tidal components are in units of hour, and those of the planetary wave are in units of degree.

et 2R

1R

Do DW2 SPW1 SPW2

Do DW2 SPW1 SPW2

Amp. (Phase) Amp. (Phase) Amp. (Phase) Amp. (Phase) Amp. (Phase) Amp. (Phase) Amp. (Phase) Amp. (Phase)

F A 40(12.0) 100(8. 3) 110(—44.2) —40(—18.7) 120(1. 94) 120(22. 8) —130(—8.9 140(10. 0)
2E 20(4.3) 100€9. 8) 100(—44.9) —50(—10.2) 100¢3. D 70(23.4) —40(12.0) —80(2.3)
ZFE 60(13.8) 7009. 1) —10(71. 1) —20(21.9) 90(2.3) 160(22.7) —100(14. 1) —190(6. 1)
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Fig. 1 The magnetic local time and longitudinal variation of FACs densities (Aj,)
from SWARM dual satellites A and C during years of 2014 and 2017
From top to bottom are seasons of Equinox, June Solstice, and December Solstice. The amplitudes are in units of pA * m™?.
B2 LR G K B R Al (SZA) A 56 48 b 4k 4
3 1Te %%m%a%EwhﬁﬁUrwkhﬁ$ﬁ¥ﬂ%

3.1 KFEXRAZIE

NG S 4R &L FACs MR 5 h B 2 h
TR KA FACs A AL BE Rk H TH &
J2 LR A B A H B 2 R K B O 5 Ah
5 S AR O RL ¥ TR S ] e L K RO IR B

IR
(1N Robinson, 1984 ; Schlegel,1988; Moen and Brekke,
1993).

o1 T SWARM TR 2 F X7 % %
(400 km = EE)  AZ E KXCHL T8 B, AR cos™”’
(SZAMRFR KPG8 3 B0y vy g 2 3 32, &)

1 Fio - T8 8CH SZA i 5 R A5
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2 4y R TR =Y cos™ " (SZA) Fifi iy % 25 3 01 % Hb 5
I 8 43 A 1S D& Hh R] DL K BA Ol B 5 B Y —
WAL L 3X I ol T b R AL B 2R FD M B AR AR R 1Y A E
HFB. B 3 45 IR AR R (RZD FIEE T Apex
14 bR A A FR (21260 19 43 A 8] (Richmond . 1995) ,
T/ AL 53 0 62 T 120°E F 90° W 7E 8¢ i i 13 1Y
25 AT S ARG 8 Fir XS N7 1 by B 245 B A T O B
e SRR 28 B8 A, ) 0 - AR b 2B Bk I WG AR A 2 B A
(907W) 70°f 45 Fir Xof 137 114 b B 285 5 A 60° , T 7 328 25
TGN R 22 BE 7 (90 ED JIr %k I i) b 3L 25 85 Oy 74°. AE
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Fig. 2 The same format as Fig. 1, but for cos”’ (SZA) during years of 2014 and 2017

SZA denotes solar zenith angle.
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Northern Hemisphere
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Southern Hemisphere
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Fig. 3 The geographic coordinates at the north and south poles, which are shown in black lines

The continental contours are shown on geographic grid in grey color.

The magnetic latitude and longitude are overlapped in red lines.

ARt % BAE A AL 2 3R 4 120°~180°F1— 180° ~
—S50°H RS MR R4 —180°~
0° DXl 25 B g o 3 5 FRATT AR 4 25 1 [ 118 UL I 45 2L 1E
B2

[ — 3t 75 1) XA ) 22 2 7 FACs 1Y 5 55 AN [+
F W] FACs A F B (UT) 484k, B 4 45 FACs 5
FER cos”  (SZAYKE UT 1 MLT 254k (¥ 3 h
B B 225 4y WA ZE AR A 2 AT L =M
B G R X AR AL fEEA 2,
b3k FACs 0 (5 B BLAE 8 ~16MLT, K
FH % B 7E 0 B B A o A 22, R B B ARG 1Y)
FACs ] I A 2K BH 6 B8 1 78 1% e I B ) 5 ks F
UUREA 4. fEdb2k Bk . 1 KRB FACs (g {f 3 5
MAE 16~20UT, 418 H AE 02~04UT. 7ERG F 5K
FIR I B FACs 1Y i RAE 1 AL 00~06UT, T fix
JNE H I #E 12 ~ 16UT. Coxon 48 (2016) F| FH
AMPERE T3 2 0000 %4 & 3L 2F 2R FACs “F 25
JERE UT A2 fb iy e {1 BRAE 16 ~17UT, j 2 2K
H 3 BUAE 05~06UT, 3% 54 SCHY 45 3R 3 — 3. Xf
t FACs Fllcos™” (SZA) . ] DL 5] B§ & 11 Al e P4
Uk — 2L UL T R BHOG BRAE FACs B UT/ %
14 75 1 Hp kS B B B B4R . AT 4O KA AT DL R B4
Zxcos™” (SZA) 5 FACs [ AHRL M F4E 4 2, X il
AEIEA iR 5 H P FE R Z % % FACs 94
JE/UT 22 k.

cos”* (SZA) [ 1 ¥ 1 £ 22 4y 1 52 DO, b2 Bk
DO A A 13 :00MLT, BBk Ny 23 : 00MLT ., A
1Al LUFE B X AR 70 A 5 FACs 1 DO 43 5 A

LA 5. FACs fE7E W i 1 DW2 43 &, X2
cos™ (SZA) MAAATERY X R B BR T KB B Ah i
FAAE AL B AR R W FACs B2 70 A

3.2 MbwEIAEE M ELIN A I

158 (1 A W e 77 1 N 293 e A e el <
— 43 AT LA K BH 6 B8 3500 e e R R, D 2
TEA R, A N o0 A i i FACs Fl cos™’
(SZA) AR AT LI ) DO 734, X K W] FACs H 3R
R 4y i DO AT LI B K P OB BEL (H 7 B K
SAMEZE 1 H),FACs AR B 1Y DW2 43
2SRRI AR L 0°~ 907, K FH IR 5
AEF 55 A b 7 FACs 19 55 B2 A0 A0 XT 3858, DA L4
TEHR T 22— 20 1) ) L .

FRATTIA A s 7 5 B ) 8 A0 Ak AT R 2 52 PR R
Z— LB 2 S R 5 G 8 B R L (Cnossen et
al. ,2011). &l 5a 1 5b 25 M % 37 5% i Fifi b #f 22 J32 A
i 3t 75 I 28 A0 1, DAL vh RT DU S b 1 37 98 B A
R 30°~120°Ab 85 55 X T BUAE X 2L X B B )2 i
FRB R FACs .

o5 — A5 R AT RE 2 K BH K- )2 1Y RE S F
A% %, Cnossen Al Richmond(2012) ¥ U 57 T A
) 245 A0 U'T B 20 Hb #2490 A 19 728 16 %o K BH XU )23
A BRI 52 0 o BIF 58 435 2R 3% B R BH XU 1) 7 )23 i
PR AR AR i 1 b 2 O R 7 o b £ £
HRE S GSM Ae bR & Z BhiJe /. BT
DL 3 1 EE G AR Y B 4 R Al B Russel 4§
(2003) & B 24 1y 1% 46 £ A O o o R 4% 5 28 2 i [
SIT0%, 2 My @ 6 AR D 157 IR U Sy 277, 2 b w2 A £



i BR 4 B %~ it (Chinese J. Geophys. ) 62 %

Northern Hemisphere Southern Hemisphere

SWARM, 2014—2017, NH [60°~80°] s SWARM, 2014—2017, SH [-60°~-80°

22 M 22
20 20
18 18
E 16 10 _ fé 16 10 _
i 14 = E14 g
5 12 < 312 <
210 > < 20 <
5 8 05 58 05 ™
6= 6
40 4
2 __/\ 2
0 0.0 0 0.0
0 24 6 8 1012 14 16 18 20 22 0 24 6 8 1012 14 16 18 20 22
Magnetic local time/h Magnetic local time/h
SWARM, 2014—2017, NH [60°~80°] 0.8 SWARM, 2014—2017, SH [-60°~-80° 0.8
22 22 g6) 1R
20 ) 20 8 i 0.7
18 0.6 18§ I 0.6
g6 ~  $16] 1
E14 032 B4l 110°9%
— = N
512 042 312§ § 1 {042
810 2 5104 . <
.g X 033 2 ol || 103 8
jm]
6 0.2 6 5 1402
4 L |
0.1 4
5 ! | Wo.1
0 0.0 () - A : 0.0
0 2 4 6 8 1012 14 16 18 20 22 0 2 4 6 8 1012 14 16 18 20 22
Magnetic local time/h Magnetic local time/h
SWARM, 2014—2017, NH [60°~80°] 15 SWARM, 2014—2017, SH [-60°~-80°] 15
22 u ' 2OV [} '
20 20
18 > 18
3 16 1.0 S 16 1.0
£14 T Eu4 o
— g = S g
g 12 < g2 <
210 <(> é’; § 10 %
5 8 05™ 58 05 ™
6 6
S— < : >
2 % AN 2 \ v N
0 . 0.0 0 A N M
0 24 6 8 1012 14 16 18 20 22 0 2 4 6 8 1012 14 16 18 20 22
Magnetic local time/h Magnetic local time/h
SWARM, 2014—2017, NH [60°~80°] 08 SWARM, 2014—2017, SH [-60°~-80°] 0.8
22 N ' 22 '(h)l R '
20 0.7 208 0.7
_ 13 0.6 0.6
S 16§ S 16
.§14 052 '§14 0.52
g2 042 12 04 2
510 % 210 %
£l 03 S é 03 3
63 0.2 0.2
) 0.1 0.1
N 3 5
0 0.0 0.0

0 10 12 14 16 18 20 22
Magnetic local time/h Magnetic local time/h

0 10 12 14 16 18 20 22

K4 2014—2017 4, FAC % F (a.b.e DAl cos™ (SZA) (c.d.g . h) Fifl s 7 i Fl 1 55 s i) 28 1 P
IS B0 I I QR SIS E | B S S B 8117 Ut SE R TR S St BB U Qe SIS [ 25 3
AR ek T B R Bk FAC 8L pA e m™ 2,
Fig. 4 The magnetic local time and universal time variation of average peak FAC densities (a, b, e, {) and
cos™? (SZA) (c,d,g,h) during years of 2014 and 2017
Top four panels are for no winter, and bottom four panels for local winter. The current amplitudes are in

2

units of pA « m™°. Left is in the Northern Hemisphere, and right in the Southern Hemisphere.
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The magnetic local time and longitudinal variation of average magnetic field strength from GITM

Longitudinal means have been subtracted in each local time sector. Left is in the Northern Hemisphere,

and right in the Southern Hemisphere.
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Table 3 The amplitudes and phases of diurnal tidal
components D0 and DW2 of FACs calculated from
eight terms as shown in Equations (2) and (3).

2

The amplitudes are in units of nA - m™?,

and the phases are in units of hour.
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Fig. 7 The magnetic local time and longitudinal variation of modelled electric field driven FACs (Aj,)
during years of 2014 and 2017
The amplitudes are given in units of nA « m~ 2. FACs are calculated from Sp V « E (a,b) and V3p « E (c,d),

Sy Ve (bXE) (e.f) andVZy « (b X E) (g.h).
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Fig. 8 The magnetic local time and longitudinal variation of modelled neutral wind-driven FACs (Aj,,)
in both hemispheres during years of 2014 and 2017
The amplitudes are given in units of nA « m 2. FACs are calculated from Sp V « (U X B) (a,b) and V3p « (U X B)
(cod) s Sy VebX (UXB) (e.f) andS;; Ve (b X (UXB)) (g,h).
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