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PLY ACE WA sEMERTLE, Toth 2555 ] SWME #f
ST 2003 4E 10 H 28~30 H A BH X 7E 34 H i
AT 5 5 2 18] 1R A 78 3 R RS0 1 Bk 4% ) B 455 114) 5%
Rt 5, 3%l SOHO/MDI (SOlar Heliospheric
Observatory/Michelson Doppler Imager) Wil 4121 51 4«
PEIEAT 3 B TFVE DB N, J7 R RIS i 30 4
1537 CME #:8 UE IE (K] Titov A1 Démoulin 47 &
R B (S DN LY R E VR S N [P A el
A BN RO WS T 2 9°, %, AL,
5k P55 R B 7 Y W ) A A T P LA LA e, H 2
WL I A B A BIAY, X AR CME
A R AR I bR IR B . 3 A2
SWMF X} iZ S IAE 1 AU AR RIRLEE 1. 62 &
HL 8 J2 (R B0 8 SR 7 s vk b S — 8, 3R R
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H 24~25 H ¥ CMEs 7E47 /2 b 2 0] (1AL S 1 R, A
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Al [ IR P B REAT B, 25 5 TE 0 e U, oKy
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fEEHE, HERZBEAE ENLIL B8, 45 50 %
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HHB N MAS & —A> =4k 42 MHD 45 R % 4> H
AR A R RN R ] Maxwell 5 R 4H 1R Y AN JiE
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21.5 Rs 8% 30 Rs JF4A, sz mliA3] 10 AU, R4
M 30°~150°, &R 0°~360°, ZE 50 R IE IE
) TVDLF(Total Variation Diminishing Lax-Friedrich)
B QW ay DUR A 4 B o MBI R R, WA
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RIRSIhfE. PREARI ) CME LA B S CEE . i
J5 R B I ik sC MR 5N, ENLIL FRE s
FEVHRTS Sk, FHRE SIS R s i, UAET 7~
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W B SRS EEIRE, b TIEER CME [
R FE RS A, 7EsRk% MHD [ [RII), bk
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1947 BIRFHE 5, RIUEE . 5% 5450 5 0l
AT DA LB M A s XA T K BHS 30~ BRI CR
1892 FIALT- A FHIE BB K HHIK CR 1947 HIALALLE B,
g5 W 5 EE A FF A, B 1) 25 AN K BH 3 30 A7 A 1)
H EK HL 3% F (Heliospheric Current Sheet, HCS)45 4 55
LK R P 0 00 L 0 A A0 R ot 0 4 A T 2 A ) R A AH
7. Odstreil™ LI IE (4 H 58T (1 WSO FUL i) 1 37 Kk
KIVE AN, H WSA/ENLIL HE AR5 4 T CR 1891 3|
CR 1894 IR P RT 5t, 45 A Re8 1 b AT 22 b

N BH PR 38 B AR A R AE, A AT I 2 R ISR 1)l 22
Odstreil 2517551 ] MAS/ENLIL #1 WSA/ENLIL
X 1997 4E 5 F 12 H ) CME F4E 1) H ML 3% o A
TR, E g RARRL, #RE R BILGER Bt CME 1F
B I I AR, B S 5 SOK B X s SR
(R AH B AE T B AT AL Br 23 A Ak L 2, R WS SOKBH
AKX CME A& 85 R K52, 0k H Hu e R0 &
(Solar TErrestrial RElation Observatory, STEREO)[¥]
AT REMLINASL T I S

Owens ZP2HI I AL M 1995 451 2002 4E4E L1
AU, A WF ST T WSA, MAS/ENLIL #
WSA/ENLIL — A K B A S E i il v ge, &
WL WSA Fl WSA/ENLIL PEREAHIT, HiE WSA Fl
ENLIL 2 [i] 4 A Redk— PR HfE, 1l MAS/ENLIL
i ENLIL 181 5t 4 AR A7 78 23— 2D R 11 1) .
McGregor 25£5354F Fif HELIOS £EIT A5 808900 (1 A BH
R S AR BH G X FRIE e &5 SR 0k — 2D S 1 WS A H5
TR BH RE A 3, IR AR HEJS [ WSA B
YE NN, F ENLIL BB 57 K BH I 30 A5 /N Y
BH A 55 43 A1 5 HE R0 A2 (] S5 AL RFAE, &5 IR R AN TR
A R BH R 7= A LI TT BEASTH]. Riley 250°12% 18
T HZA, BT A Alfvén BN, B
T HERZ 52 8 H (WH) 1) H % 510 H BRZ 11K R
fEZEH, I35 SOHO/EIT, STEREO-A HI-B [f) S i Wi
DEAT T XL, BRI T X — i 3 H % FAT AL b
KBE GERRFAE, AR /N RO (/) H B 4548 st i
FHGI e ME AR I AR I TR A 1558 3% Riley 4511
F MSA/ENLIL # BRI 57 T CR 2060 [ L4 AH
YEHTIX (CIRs), Bl 5 SRl 4h S5 W 5 J (%) b,
VAR UL, LS I T O A I £ A, fH
ME LR BE, A ERK. SAh, R A AR
FIT A5 30 1R 35 R/ LRI F AL
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XPEE 23 OKBHIE BN AT B 00 T 50347 T % EE A4,
550 e R I, e v ISk 8 IMF 76K FH 1)
Y5, A A R AR, R RO I, T
DA MR g v, A S T 5 A R 1 AR A A
eI SO TAERAERAT 2 . B — AR e
8 CME 5072 524 i R7 1 IPS(InterPlanetary
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917



T2 A AT A B R B KB R BB 72

800
® 6001 o 1
e F 3 7 A ]
é -
< 400
200
8- 3
6: :5& ]
e E Y 3
£ 4 Pap st a
ok Y Y 3
2k g
2
#o =
X
R O
(= =
2007.64 2007.66 2007.68
Ny

B 5 CORHEL AR5 SR B % b B
MEZITFARIR A CR 2060 W17] 1 AU K- BHRGH E L 42 1T N
WA, S M RRIGE R, TR ISR s & STEREO A(Z1(4).

HBREIE AL 6)F1 STEREO B(&7(0) IS 45 5. 35 SChik[41]

17— e R IR 5,

2 IR EBER

AT A B ) R B R R
H B TF AR HAT [ B G H 8-47 AL BR P T
fift e A5 A P2 LL K K B R T AR ST £ (B 5 3k
b, 1z R A EITR T H -7 s =4 MHD
HUERL(COINY Y, J R T B ARG A s
FIR ) (e BT TR TL, T W22 SCHR[26].

2.1 KFHATEBRSHETCF T A

KBAAT AL B3 SF4E TG H## 7C MHD(Solar Inter-Planetary-
Conservative Element Solution Element, SIP-CESE
MHD ) A5 R g ] 2 ] R A2 [ 5K S50 % Feng
2L OOLFE 0 Py K PH R T H % B A8 AT 22 B s 1) [ = 4
BEB, X — i AR P E B MHD J7 B4
VE N $ 6 7 F2, g B TR A0 23 Ta) AN o DX A Dl — A 4
M, AR MO A R AR R, B YA
fi# 76 (Solution Element, SE) N A& a8 v #3110 £E 48
LRI fift 76 2 7] 8% 35 F 5F 15 70 (Conservative Element,
CE) N ] LLH{ LA . Feng 2510y W A% il 4346 4% 1) 7
] e G5 AL A PR O A%, TR 3K T b SR R 45 A4 40 I A
DL 6. i A4y 3 AR f R B D07 AR SR T AUAR AR
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HRC Z2 53 B I 340 K i . B T SR B 22 T A4 4y 24 &)
S WS BRAR W K, 1% 073 SE B oE S RS A AS0kE
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BB 7. A S MRS — 7 T B T BB 1
DR R VI SR RN Ay S 1 m) A, ) IS A B A AR 8 2 T )
SEPLIEAT AL EE; SR 22 EE RS SR AR RN T R R
877010 SR I 150 LTI 7 A = A S 5 1= == 3
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8 1 o = B L 8.
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SR sEE e, T HAE 22 3 ] R o0 o KT A,
SRIGAE S %47 6] 1] SIP-CESE #A7 sk i MHD J5 2 4%
X CESE 51598 S IR 2% 4 )b AT B 20 )04 JEOR I
AR AR A B I — AN e B ()2



ERR:: HERRIY: 2013 4F 543 % 5 6 Il

N

N

RN

IR

6
BSOS

SN
\““\:\\\\

a8 m
4
N
2 HHH
0 I
0 2 4 6 8
X (Rs)

I8 Feng E“HRH 151 FH PR A1 AMR 1 A4H55 3 PUAS H9 BRI 4 & PG R 4
(@ BIPRE: (b) BHPRR: () BIBH I b 284 7—ik; (d) T DX A6 9B P ILIZE X1 AMIR 19 H ) 455 2 O A TR )

BT IRE AMR T2 PARAMESH 528 T
AMR.

Feng 25711 Yang Z5722) J2 Feng &R #54F H
ST WSO 37 U sl 32 11030 5 AL i 4, AR AU
I 1) 20 R, I A B SR 4L DX 3 30 11 30 F 4 A
FEHEAT A2 B 2% [ 11 Je R U 00 ok S 28] o 4 3k o k47 Ll
BRI A SN, e, KA Y
BRI )7 PR B V) ) W3, 19 45 6 BB RRIE
115454 58 LR S 3 S AR 8, B IR )
CESE A7 SR fife 56 B RE— 20 (W V143, AT A G 3 o ¢
AR BRTRT B VA TR B KRR P i L.

2t BRIk, HET =4t SIP-CESE MHD
HAT LR

(1) HIHI G 5O 1 f, R ) B e 6 BR K 2 AT
PE 2T 3 30 5L £A B 6, B 8 T B AR BN A
RE NS 35 L 1 [X 43 v R A B X

(2) FFH B 52 R AR 12 5 4% A 0 eS8 o 12 v 1 B
A5 7 VA RS AL A R A T A R T B A RN
A5

(3) AR L By A B[R] 2% R (14 9 Ak R B — 3

(A5 38, fie 0 A7 200 AR R 4 SR R S 1 Ol
SRS

(4) KHIZN Mo n] DL i i 2R AL bR &R T AE
R Bt 0 ) e P 9 S R A S e e R IS A
PR AR ARG B A 4.

(5) GBI NAEAT 7 A8 4 ) 3 25 ) Bk AA bR 2 5T
TE 21K MHD 7 P2 i 5 1) 23 2% 25 (] K AR R 1
(FISEIE I TR, 75 AMR SEIRA S, %S
DLEE S iSRG 28 4, 41X Fh CESE Hi
18 SOt T CARS A 21 o Ah AR BR R (TC 18 A B AR AR AR
R BRAMBR R, FEARBR R, 2 A 2 AL R R ).

(6) FEA] CESE 55 S IR I 25 25 i JFKs sk if
AR M PR AR A B I — AN e B ()2
IXFERE G T ATEE I S S, T T AR YR, R IR
AT DL R Hb 4 0 E BT SO R s b, A A S e
JG CE 125 A48 52 e JsUke i) 1 DU I A4 fi 4 A K T 1k,
S G S T 8 ] DU R R RS A S A
TG 5 i B T2 2 A ml s JLA BT, T 48 T 0k
A [R].

(7) FIF CESE MHD % & (1) H i3 4 2,

919



AR AT R PR K BH SR (K BB AL 9

A HMISDO 4Bk R il B st H s iz de fit 1
Briv 455k

(8) HIF NS o V) 1) 73 AL T R A
BRI ALIL T A, B120 SCBL T Ks8I A2 1) A
FASE PN R

T T ] A 28R 3K A R BT Ak AR R
gk

2.1.1 SIP-CESE MHD 3} H 2478 b A FH XS
{5 T

Feng 25| SIP-CESE MHD #i = %} CR 1922 [
T SON S/ 34T TS, BL WSO IR 37 ik D0
AR R W37 A A By N, FF 78 7 B2 A s AR AR
IR, AR B K BH RS B TR RN g 45 ) S
HHAZ IS U 1 S50 BT R ZE ) (1) AR AR AIE. 18] 9 45
T IR RIS B IR R Sy A P

Hu "5 T 28 23 K BHIE 3 AT AL s KRN
it i sk, @it s PFSS AAURIH % Eok
LI 68 b, R AR AR 25 S mT DL e s 7 B T 3k el
U R B 2 B K B 3% 3 8 (R AR Ak, T B 5 H &
9 i 4 2 B WL S AAR 7. P 10 25t T B A 2
56 23 KPS A H BRI v (HCS) FH %1 37 1)
AT FE. Feng STV X 40 by 5 A0 BRI X

SWHRUNOVOO-2WHAUIDOOO—=

BEZE (°)
o
SAaaaAaNNNNNNWWWWWARS

< ONPDRONIINOIWONONAZ

r
398.7
369.7
340.8
311.8
282.9
254.0

225.0

BEZE (°)

196.1
167.2
138.2
109.3
80.4
53.9

0 100 200 300

BELE ()

1%, FFH =4k CESE MHD F R fF5T T CR 1911
IR BH XS 5 9F 5 WIND KA 47 T %f b, 3
&l SR A T I S 4 A R 3 A e A I R A A
REENE, X — B T A ) 8,
B AL FR BT SR AN i) 428 56 im R TR fg ek L ),
X} 2004~2008 31X — AN IROK BHAE ) 8 /NS ) H %2
N EDENTOE R ST

Feng %518 ek J5 1) SIP-CESE MHD H 7 45
4 AMR £ ARHWF5Y T H CRs1967, 2009, 2060 £l 2094
DY AN - At J] A2 10 AN (1] 0K BH 3 3l A7 AH S99 1A] (1) K
XS 55, FF5 SOHO [ K BH MM A1 OMNI 47 A
s O 00 5 R AT o0 B, AL 45 SR T BT A N B A
AH T H S FIAT AL B 1 22 0 DI RRAE 11 2H%
(K T 141373 23 4 Al SOHO/EIT [¥y A% be, Bl 12 42
AR 1 AU HERRZS KPS 405 OMNI (1 5045
(%] b

Yang %2R 8T KBH [ ik ) 2%
(MHD)FEH, {E 1~27 Rs X A PH XU 55 45 A EA T R AU
W5, REACRLN TR] 20 B HERE, AR 4R 4 H S5 ) WSO
T3 LN, I I S AR AU DX 38l JE S8 PR a4 1,
AT 22 B 2% [A) (1) g 1b 0 000 e i 3810 ot A5 4 P AT LR AR
X} 2007 4F (138 SRR 45 55 I (R0 LA ST i -
A H A R AR e Ik, AT 30 B KN

N

1.58

152

i

50 1.34
127

1.21

115

1,09

1.02

0.96

oo

=50 0.78
0.71

065

059

b \<

100 200 300
BEZE (°)

B 9 CESE BE[MEAIBIEEFHSE
(a) 2.5 Ry _L (W35 B 4y A (BT 10° em™); (b) 20 Ry T L (A3 FE A0 A1 (G472 10* em™); (c) 2.5 Ry KT L [F3H FE 434 (d) 20 R, K1 _L1¥)
ST (B km s7h). 4 SCHER(66]

920



FEEE: HERRYE 20134 H43 % F o

B DL AT 1R 0 A L WL AT S L, T ISR
KBRS SRS 38 T SR AR PR A A2 s 2 T U 00 A e I
VLB HRNAT 2 s i I W P S5 T TR A AR A, B 13
BEAUL H 22 454 5B K H S 25k K xr b, B 14 2
AREAT (87 A BH XTS5 A0 3 W 5 S HE S 200 A KB

CR1910 CR1919

CR1955

CR2017

CR1928

CR1974

CR2028

L2 A R A 45 BN EE . Feng 451731 0) ) 26 1 8 &A%
AR TR 7 A S i 3 I B BT AR AL XS5 5 114 32 S
2, RJUBIBH M R ) CESE-AMR MHD #:  xif
1996 4£ 9 F 4 H% 1996 4= 10 H 29 HFH % KR
SER AT T SRR AT, B R T H R

CR1937

CR2039 CR2050

Bl 10 CESE BiE! Rl gt E 74
55 23 AP A FIER U0 (HCS) R T R 1035 . BRI/ bR 6 B2 OGS M, 5 5 A RARITUR 40— 41, AR bkt (L
SEHCS Rifl, * T B=0 HSET; FEUE H BRI AIEE, BRI, WO AR 2k, V% I A Bk 1 10 A2 AR ]

921



AR AT R PR K BH SR (K BB AL 9

_CR 1967 _ __CR2009 CR 2060 CR 2094

60 120 180 240 300

200 00 200 700 200 300 700 200 300
ZE () QZE @) ZE () 2 ()
(a) CR 1967 (b) CR 2009 (©) CR 2060 (d) CR 2094

B 11 CESE BB RIER
SOHOVEIT ¥ I —HE) 5481 H B2 TF P37 43 A0 I LR k). W00 1 B € X35 Ay G R G 82 1 I3y ), ARRA e S € X ek o P13 X

i 3LHk[68]
1000 800
800}
| 600}
= 800¢ 600}
‘l/)
600} g
iE‘, 600 400 400+
=
400 S0 200l
200 200}
05 10 15 20 25 0 510 15 20 25 0 5 10 15 20 25 0 5710 15 20 25
40
40f
30k 20}
_30f
? 20F
§ 2 10
=2
10 10
0 n L L 1 0 L L L L L 0 L L L L 0 n L n L n
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
6
5
< 4
= 3
= 2
)
005 fo 1520 25 05 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
=
<
=

0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
iNiE (X) NE (X) Mg (X) iNig (R)
() CR 1967 (b) CR 2009 (c) CR 2060 (d) CR 2094

B 12 CESE SR f#RlgE R
B 1 AU KRS EU A S SR 1 Lhis. A L3RR 9 KB RGEEE V. S TR N, L T AR B,
P SCiHik[68]

922



FEEE: HERRYE 20134 H43 % F o

CR2058 CR2055 CR2052

CR2061

K 13 CRs 2052, 2055, 2058 F1 2061 BHA7EL A 90°~270° /1 T-4F T P4 i B 20090 R4l 45 S Xt b
S FURE B2 51 g MR (R R A a8 1 B 3R 521 (pB), 42 3G A 4 1.15~6 Rs. 45 =%14& STEREO-A SECCHI EUVI 195 A #8154
— B[] — H AR, A DU B R = 4RI A TR AN, TN 1~2 Rs, HEMIFHX T BOERR, AKX KOER, &5 52 HER
FELU A I = RS54, 4 SCR[72)

EREN: R R RIS, i RS B IX
TS AR R IR LS

2.1.2 #JH SIP-CESE MHD H #J H 23

Jiang %7788 ] Yin-Yang ##% R[] SIP-CESE
MHD HfE R, 32t T RSt G ) b A Jay i
B H R A sk, SR T T H 58 S B i
TE F 4 B A4 (MIHD) S 2R 1) T ] 3k 1 s 280 FE) P 2%
P E O A ST SR . YR BRI P4 A 2B T BF
H -2 3l 7 25, T v S DX I ) A N T 3 B4 R
BT PO R G710 I SO 1 S A X T At
A AT DA O BRI 5w, AR ) BAE N il
i EE BB, RATA T IESME T LI
PR SRR AT . 25 R R T 5k A sk, ik — 2
o i R B, LA RS BT By b d T vk
A T AR v B T RAT AL RN I A ) B & Ak, %07
SR, AT E BN T KM s, JF
ESTI AR 1 AME. B 15 2R BUas R
RIS ff (R L.

2.1.3 SIP-CESE XJ4f Zh 3544 pl ksl
Zhou ZETOSONIIX AR5 T 1998 4F 11 H 4~5

HA1 1997 4£ 5 A 12 H ) CMEs 1AL & fs i 72,
JLrt CME FH R0 L o il J5 R 8 fikvp g [N
THEL DS, USSR TEL T CME AR BAE H i & f
(P2, CME SR 3% 28 1AU [ [] 580000 755
G, W RN R L TR RN AR A 1
KR 2, eI T 1 AU AR, R
TOIX AR I LK BH RS SR 8)) 4% 4% S BE 5T 7 T )
NHET S Jaok, MR R g I NS &
I PSR v TR TR AL S5 B T AT AE A PR B Y, Zhou
SEBURTSY T 1997 4E 11 J] 4 H Y CME $4E, I 5467
T L1 AU WIND M OUm HE47 1 % b, B LAS 2
(1) BH R 2 3048 A 6 A B 00— 2. P& 16 2 A BH B
T CME [=4E45 k), B 17 S BRI K B RS 50
LI T O BH XS B0 AR A T, G b R 2 A Hh ek v
M 30°fAIRIALE B, BbAb 1) 45 SR T B3 1 R s b
L.

2.1.4 3T SIP-CESE #3028 AMR fY L% &

EHRAT PR, BRATIEREA R
Y] CESE #% 20528 AMR, SKf# MHD J7 24, T34
T-PAUR LA 5.

923



T2 A AT A B R B KB R BB 72

2
800 [
1L
600 r
o [ D
'w ~ Al o
c ) 0_— %
3 i (@]
Ny L
400 L
-1
200 _2_| L L
0
2
8001 MHD L
L ————OMNI -
L ----WSA i
1+ = .
[T [
[ I'}I=|I I it
il Loty it
= L NI I )
< L P I )
| (. 1y il >
» L ||||||I || | 'l||||| il N
€ L ||||||I Iy i|||‘|I il x
& Lt I
& [ Pty N
400 i P | I i|||||' |
LR R R TR LN T
200 _n IS TR TR N TN N SR SN NN SRR SR SR SN S ST
0 100 200 300
Phi
800 L ~MHD
F —OMNI
i ----WSA
I T T
ro h |:||H i o
600 I N T I
= Lo I L8
o cloo IR
€ Co o oy LR
< N R o
N L Lol IR
400 I N A T IR,
[ oot
200 _| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L L
0 100 200 300
Phi Phi
2
L MHD
3 ————OMNI
i - ---WSA
1L e
SRR
i W
&= r AR
A SR R 2
E o OF gy S
= - ﬁ d o
S [ L
L |I |
=1 I | —
_2-1 U T TR N TN N S WA NN SUN SN SN SR S 1
0 100 200 300
Phi Phi

B 14 CRs 2052, 2055, 2058 F1 2061 #A A5 E K BH XGE BRI R AR P 5 R HER] 20 /N KBH 34240 000 45 R 0f

924



FEEE: HERRYE 20134 H43 % F o

B 15 =4RNKU R AN ERTERE S
() Low F11 Lou J&Jy 4 (FfHT##: (b) CESE M4 s (o) 54, i CAR78)

© )

Bl 16 KBIKHE CME [ =445 a1
@~(Z73HI0 1,3,5 R 10 h, FEOXKEBURKE, R0 X-Y IR A, O848 =Ygk, Ji30k81]

(1) PR ZED ARG KA P EBE  F, MRS B, Greenough
B0 UE SRS BEABAE 6 OB AE rTHUAF Bm IORS B, B Rider™ LUK Rider Al Kamm™ it 52 i LU 2%
Majda F1 Osher™ il W] T 75 HAT WAL A 00 ) f B4R E N, RILmBas AR B2, X T2

925



T2 A AT A B R B KB R BB 72

600 —
550E-_ — — — — 4

500
450
400
350

%88

V(ms™
Zl TIT

lunlun

it

L

40

T[T T T [T

Np (cm™3)

20

T
B |
I

|

]

& t
: N

TIsT
3
;
4
3
i
&

.

ap

| I i

I
II[|III
\

T(10°K)

B(nT)

B, (nT)

B, (nT)

B, (nT)

-20

11-06 11-07

11-08 11-09 11-10

B 17 SIP-CESE X} 1997 ££ 11 7 4 H CME E4: {145 25 WIND KA WII 25 R 5t b
PR WIND WAL, SE2k 2 M ERBUIE b ORI 48 T, R I M BRI PG 1) 30° FRUREDI A8 L. 6 T S S WM Kl B3 I ), 1 R
Sy WL 25 S 1A 2. 4 SCRRS 1)

Yr AR LR ) F, B T SR B T AR I A5 A =R
KB ISR R, W FOR R, W
% ) A b 2 0 % QR EE R R 2R

(2) NBH R il R i At 3. W
BELIGL, A7 Iy 3 15505 0 o vz, DR AR M (R 4
Jeh FR K 5. Tafti"™O i o H SR i A 7T [ Navier-
Stokes JjF¥, BB R R0 22 2 A% O
it 29 1% 1R 43 R B 1w B Al KUk 2, B DY By
H ZE M I IE OC T R J11%) Laplace J7FE, AR
PEE A AR

926

(3) AMR [PJSEILIEFE A, K 40 P9 A% ] 1) 38 f 7
ARV (L 2 53 i 110 w2 s X TRORS 88, [ I o B A
AW EWHE M E T LTSI, R 25 2 1 R 0
% (Ghost Cells)'®”. Shen 273w [ A IAUA S5
PR (WENOME S T AMR, {H & DILAEAS [F) R &
S IR A% b T s SR AR PR e B RG RE, AR AR R
TE S 308 o A S

(4) Berger Ml Colella™ & WAL 45 (147 FRAAAUL T
1) AMR i %30 &A% F D DU IE it P 4. Y
AMR FiARKAARZ 4 MHD [ 15 D525 Atb BE 153 B by



ERR:: HERRIY: 2013 4F 543 % 5 6 Il

FrRROSTLEN i 4k Berger Al Colella™ 4 i ¥y ] T
AMR (1) 22 53 4 2XnT DAAR 7 U A4 ) 27 B 1~ PR P
{H& MHD A8 A7 37 0% R Bk, 1140 T6th 252
PTE, Wi % I 4 e, {HJE AMR H,
U RN o Rl ) A )\ v, ) SRR B A
FIEPORIHE RO, T4 SRy )5 1 AR K
IR T SKASAS L U8 R AT BT R A2,
7 10} 53 B A A4 ) (1) SR 2 AN T RROR KR 1K
JiE hy O HORIE R AMR, PR RN L7 48 1
5 B BT BIA o0 S B Tk, E
CESE A% 2 G 75 4 il Ak B30 T LK i b HORE BRI 20
H K 197981

(5) MAM, Jameson'l i) LU ST LW 40 S fig
S PN e e A DA (1) DX AN K T A X =5 2
—, M AMR ZELE m RS FE kg U JAL Y, ik
H6 3 BB B W] BE AT T 1T AN 8 Tk v B A TR
FER 38, XA A AR (A% 2 AT DTS 4 K B A7 i
2 R T AS 22 T KO R ks . AR 1 AT AL B ULt
FeH, HLUA S PR CIR 57 A0 Ak A% 1 DX 3 A
AN A H b=\ () = 2 —, Ptk AMR £0K
& T H 8AT B bR B R AL

(6) MHD J7 P24 % 5 LB AL RR AR, PRI, %
T 22 53 A% I Y. 12 R0 3 S K FH 2 43 4Rl £ 72
I Z RO R 2B Godunov U)X FEHE
THRRIE AT A . SRR RGN, XM AT 22
HERR AW X7 ), AR A R AR S AR B 5 1) B O
Bt 3K e R 52 JB A0t M 4R 3R R M A B A I
YERE b RRFAE ) ) g T TR R A S A AR R B R 3L e
TR R AR A B e O R X — TR,
PEB I VF 2 R, W HLL 28 L1017,
MacCormack!"*® 5 Jiang F1 Wul'%V% Ji ()i 2 2 )
2. X AR Y, ok Toth 55
LTI H BRSO AL PR (9 77 2. Shen 251N 25 1) 7
MHD [FFIERGE, XN T Alfvén 3 (1RF AL TE
TV A, A U0 AT R (AR T R ) R A
AR, XA T Roe I UM AE 2 i H AT A e
LA R (1% =1 Qi1 i = W GO 8 U L e s
21 WENO #& xURI 2y ifinis kg Gkl ok, A%
F N RARRIE RS, X S ARFEH A% 2L vt ] A
FH T AR SRATCHRE P 1 S B RES (B I

(7) Roe FI Balsara'' "5 H, 75 MR T X

R, ANZR B, RN %A S R A R
IR TASE Sl oy Sy A A K K 7 v, CESE s 30K I 2%
PE Dy — A 84k, RN 28370 T8 Ui id MHD 5 2
21, AR TSI TR AR, AR T T % S K 30 KU 5K,
o M I AR R, o8 Ak T A s E T B AR R
SEBL.

PRIk, MR R, 2518 (ks 1 CESE
A% SN G Y PR AR 25, it H AT A2 B B
TAEP R R L .

2.2 FEITEFRAKBHXE AT AR AR50 K

AFF R 8 FH 225 ) R TR ASE 225 AN I Bt 11 43
HrRTAT AL, Bl 5 ORI AT S AR 1 R R, Hd
(%) 2 ) R B ) 43 % 56 (0 AN T B8 T, s o B2 Fe U
. G 1R B 23 At B rT AR B A A A BT i e AR
I AR AN 1R, A R B DR . Tk 2 ) f8 fz ot oK
BIL T T 50 ASE R AN 6 SR T B o ) I 45 4 2B AT
DA 5048 JC 32 o M. A i et 1 000 4 i TR M ) i)
R A BORH DG IR 23 TR R AUE 2, RATTIT R T A8 1)K
SRR R G (Space Weather Integrated Modeling,
SWIM). SWIM 1) 45 FHE <] WL ] 18.

SWIM Ttk i1, UL Python A1 C. Fortran
SHEHIRA MR, 41 T NumPy. matplotlibs VTK
SRS R AR, R R N . 4L
AL 2 HERT 3 4 EHE TR AL RS 3 AR AR
SWIM #Ek Tt CDF kA SIP-CESE
MHD #8716 2 Pt i X ) B e
AT DO BHE HEAT 22 Foy BT R AL AR, il AR
FRAE . IS ) PP 21 B0 b Es 1) i 5P B8 L 1
izl Z DN 43 B K BH AEAE « K BH XU 1) 40
Yoo HIVESNE SRS, O T Ak B AR S A I i R AL
i, SWIM & 2238 1 76 FFAT I B E A B R 7 Hh i Ak
SEF T RRAGRERE, Sz AR e nT AL, R E o IS
4k P (post processing) A% i 7] IN 4 2 (co-processing);
{1 2 1% CPU I GPU A it 75 22K & v S 5,
DEH e AL B RS, SWIM REATE L T — o k=
M) R AR R s 1 mT A i T, AT &
{8 Fl SWIM 243t () T FL. % SIP-CESE #4347 7 5 i
(TR AL, B BT SRR I B3 I (] ) AR P AR AR
FPCE AR . Dst THRAAL LA K SIP-CESE Fi%Y.
SWIM Z e 1) v MAL 7 1 WL 1A 19.

927



AR AT R PR K BH SR (K BB AL 9

AR BPRE R RED

[ FoEr| |semwrs | | assw | | meI8 | | @i mwes
T

RAR TABETRL BRI BERTIL
| zExS2EIaN | | 98, B0, BREEsE | | ouneses |
| wEgmmEIan | | 2BIETNM | | xBguETuK |

Gl
BX. MERE || BEHCMEDEER ..

%

9E [estimeRopd | [ WamEomD | [ HE@n. KRIA |

i

o, [ mhen |

§ KIEIEIR OPeNDAP
#BR | CDF HDF.. ;g“é SOAP VO Server

B 18 SWIM [y

Space Weather Integrated Modelling,

fle Edt View Models Iools Options Window Help

leftpanel IR M Framer = | Properties 53 E

Project | shock Propagatil ¢ | & | 3D Contour Filter | =
Famweel s

" B3GSE I

™ label_bgsmr

| S1GSE

| label_dbsc

Name:  [ContowaDl |

Parameter: [Br |
i || shown: | True |v
Number: |0 |

Values (Unit: Rs):
B Min: 0.000000 ]
| MAG_MODE ==
% B3F1 Max: 0.000000
PAYLD_I
=B 2
E] E_transient
5 E_Quality
‘j unit_time
| Moon_pos
Sol_min
| E_packg
1 format_time
_i Ne
[ Time_PBS
| freq_minus
| E_freq_val
1 freq_plus
| Epoch
) label_time
j E_Average
] sol_max
| Ne_Quality
| Moon_label
| GAP_FLAG
= B Framel
[ streamLine1
[ 1sosurfacel
Bl contowrapt
(=] I J

Bl 19 ET SWIM HLEH T34k S

928



ERR:: HERRIY: 2013 4F 543 % 5 6 Il

3 RRIAERE

Zr EPTR, =4k MHD BUE AR s i TR
AT B KBH R 2 T H. H i AU 5T e
A e b P IO BH 3% Bl A /N S AT B S PR R SH X s 4
Fa, B0 T K BHE 39 A5 K I B3 14 S BH AU S
AR TG B — 0 O3, XL Bh R HL 45 SR Re g e v
P I 1A ST b UL 1 (1) B Ll B e X AR A A, (R
T B BRI R 25, X T o O AT B bR
W0y B AR AT I 52 T LA AR A . 2 g A5 0T i
NPYER A5 AR5 T7 TN H B4 T AL R AR XU U A5
FUTAE B B AT T RO SR . XL
7 T PR SCE K A B T A H AT R B - M S ()RS
R SR A ASE X (R Il A A T AL - 20 23 ) R AR A G
FRIEEAA ). FRATTIA A AT BLBR R B X — e ER 5
TFER] AT P AR AR S AR W T A Bt e

(1) KKigZWiMH%), W Solar Orbiter, Solar
Wind Sentinels, Solar Probe Plus fil KuaFu 2%, ¥4
K BH R DX IR 3 24 Je #) g 7 B H s i e
K BE RGN 38 0 28,90 JoT D ST 1 s e e A 4 15 A 55 )
PR AETE R L P R, BUIS IIATE 708 0 28
NN = 2 BUE A, XK A B+ = 4 S (e e 7Y
SE PRI T PR S b

(2) ) FH Hb 38 0 R 3 56 3 B DX IR S A,
SDO, Hinode 1 STEREO %%, J:T-X} CMEs #J#HL I
(BTN, Ka) 3 LAY B X 3% 8 0000 0 48 A i N\ 16 1
AN S B E 1 H 4 s i S A A, PR 2R K B X
TR (Al R ML, P SE R R ) AR, R
NP SINE R

(3) #FZ£ A WIND, ACE, SOHO, STEREO

225 3k

SV LI LA K AT B DA R (TIPS &5 28 B W, &5 &
5L TR T Ji AN [) H5 80 [0 4 50 (e AU A, DY 4 7% 4y,
RORZ2PEW, A RI/R 2P ML L 5T,
SR BT S A = 4 MHD B8 (1 [A) 46 77 3%, BA
I8 B 53E MHD AR IR PR B2 1 H ).

(4) IUAT B v S5 B  AT AR HE LA A — 4 MHD #5%
FLRIRIE 5% R0 Y FH 75 oK, 37 08 K BH K 1 H %2 5
AT B B FE P s R B 1. BIEN AT GPU 44
(ERVECT W EI N WS E S N3l 1 2
AT BLBR R B R A2 55 R BHOGBR | BkoR H S22 DL
SR G )R RS R R AR S,
A T 5 A St Ve i H B8 - AT A2 B - 20 2% ) RS0 DR L
(1) 25 () R ASCEUE 8 Bt TR )20 HE B (¥ 00 p 2

(5) ANPFHNZE AL RGEAEHE VO g E s 1
IS AT RRAL (in-situ visualization). 376 2 i Ab BEFD 7] 41,
s BT B 34T 5 7 A8 58, 2E ik
J& 1R AR AR 22 % [B) RSB Ak BRI mT R4 T L)
WG OBAT R, BN — R A R AR
FERIIT A B s AT PR A &

H A 25 ) R AR IE A T I T2 50 1 7 1) %
53 AT 0] BB FOLAR sk (R o BB, FRATT 5 S i K B
DA 2 A S TR 5 R 55 TR A = 1 Bl ) A R, s
MW RSN A @S, NI g RO &
F R, K LS . 250 AT R MHD (R AR T
M= HANE G BATHAE & 23 0 R AW 1
LIRSS Ty, R BH R (0 B A Y 2 15 21 S R 1) i e,
TR R HE B 25 ) R AT A 25 W0 23 A i) B0AP T4 A
AR 0 S AR AR R R 6 K BH AR (1) H b A 9 L
FRUEAT A FRIB ER TR, 04 3 1] 24 i) R A8 T
T FEAE AN A YRR 1) 45 16 B T 9 7K~

AN N AW N =

Baker D N. How to cope with space weather? Science, 2002, 297: 1486-1487

K. 2R R A B A [R]EUR e 2. M EREL A= HE R, 2001, 16: 664-670

FK FRAIFR) L LERA R ERE RO S22 41, 2007, 37: 807-812

EK, BEE. PSRRI, ERY B AR, 2007, 22: 1025-1029

Belov A V, Gaidash S P, Ivanov K G, et al. Unusually high geomagnetic activity in 2003. Cosm Res, 2004, 42: 541-550

Gopalswamy N. Highlights of the October-November 2003 extreme events. In: Chilingarian A, Karapetyan G, eds. Solar Extreme Events:

Fundamental Science and Applied Aspects. Yerevan: Alikhanyan Physics Institute, 2006. 20-24

~

Dmitriev A V, Suvorova A V. Geosynchronous magnetopause crossings on October 29-31, 2003. Cosm Res, 2004, 42: 551-560

8 Yizengaw E, Moldwin M B, Dyson P L, et al. Southern hemisphere ionosphere and plasmasphere response to the interplanetary shock

event of 29-31 October 2003. J Geophys Res, 2005, 110: A09S30

9 Lopez-Puertas M, Funke B, Gil-Ldopez S, et al. Observation of NOx enhancement and ozone depletion in the northern and southern

929



2 Ak AT A B K BH X ) BB AU 5T

10
11
12
13
14
15
16
17
18
19
20
21
22

23
24

25

26
27

28

29

30

31

32

33

34

35

36

37

38
39

40

930

hemispheres after the October—November 2003 solar proton events. J Geophys Res, 2005, 110: A09S43

Webb D, Allen J. Spacecraft and ground anomalies related to the October-November 2003 solar activity. Space Weather, 2004, 2: S03008
Barbieri L P, Mahmot R E. October—November 2003’s space weather and operations lessons learned. Space Weather, 2004, 2: S09002
Doherty P, Coster A J, Murtagh W. Space weather effects of October—November 2003. GPS Solutions, 2004, 8: 267-271

Baker D N. What is space weather? Adv Space Res, 1998, 22: 7-16

Siscoe G. The space-weather enterprise: Past, present and future. J Atmos Solar-Terr Phys, 2000, 62: 1223-1232

Kappenman J G. An introduction to power grid impacts and vulnerabilities from space weather. In: Daglis I A, ed. Space Storms and Space
Weather Hazards. Dordrecht: Kluwer Academic, 2001. 335-361

B, R R A TR e, P R B2 B e T, 20035, 20: 277-282

Tri. AMEBAVEF KB AR B E [ RF G, 2006, 28: 194-198

Robinson R M, Behnke R A. The US National Space Weather program: A retrospective. In: Song P, Singer H J, Siscoe G L, eds. Space
Weather, Geophys Monograph 125. Washington D C: American Geophysical Union, 2001. 1-10

AR, B RAERFER . bR FERE 7, 2000, 7: 9-13

g, AR RS20 HALRE R AR S R R, 2000, 2: 50-53

AR, Tk Ak 10 G R ORFR AR J0 8 SEBUET WK, RHEUN4I, 2009 4E 4 ] 13 H

Dryer M. Space weather simulation in 3D MHD from the Sun to the Earth and beyond to 100AU: A modeler’s perspective of the present
state of the art. Asian J Phys, 2007, 16: 97-121

Detman T, Smith Z, Dryer M, et al. A hybrid heliospheric modeling system: Background solar wind. J Geophys Res, 2006, 111: A07102
Nakamizo A, Tanaka T, Kubo Y, et al. Development of the 3-D MHD model of the solar corona-solar wind combining system. J Geophys
Res, 2009, 114: A07109

Usmanov A V. Goldstein M L. Three-dimensional MHD modeling of the solar corona and solar wind. In: Solar Wind Ten, Proceedings of
the Tenth International Solar Wind Conference. AIP Conf Proc, 2003, 679: 393-398

AL, WA, Bl KRBT HBAT B R B = AU e RE . RN kR, 2011, 41: 1-28

Téth G, Sokolov IV, Gombosi T 1, et al. Space weather modeling framework: A new tool for the space science community. J Geophys Res,
2005, 110(A12): A12226

T6th G, van der Holst Bart, Sokolov I V, et al. Adaptive numerical algorithms in space weather modeling. J Comput Phys, 2012, 231:
870-903

Powell K G, Philip L R, Timur J L, et al. A solution-adaptive upwind scheme for ideal magnetohydrodynamics. J Comput Phys, 1999, 154:
284-309

Ilie R, Liemohn M W, Kozyra J, et al. An investigation of the magnetosphere-ionosphere response to real and idealized co-rotating
interaction region events through global magnetohydrodynamic simulations. Proc R Soc A, 2010, 466: 3279-3303

Groth C P T, de Zeeuw D L, Gombosi T I, et al. Global three-dimensional MHD simulation of a space weather event: CME formation,
interplanetary propagation, and interaction with the magnetosphere. J Geophys Res, 2000, 105(A11): 25053-25078

Roussev I 1, Forbes T G, Gombosi T I, et al. A three-dimensional flux rope model for coronal mass ejections based on a loss of equilibrium.
Astrophys J, 2003, 588: L45-148

Usmanov A V, Goldstein M L, Besser B P, et al. A global MHD solar wind model with WKB Alfvén waves: Comparison with Ulysses data.
J Geophys Res, 2000, 105(A6): 12675-12696

Jin M, Manchester W B, van der Holst B, et al. A global two-temperature corona and inner heliosphere model: A comprehensive validation
study. Astrophys J, 2012, 745: 6

Cohen O, Sokolov I V, Roussev I 1, et al. Validation of a global 3D heliospheric model with observations for the May 12, 1997 CME event.
J Atmos Sol-Terr Phys, 2008,70: 583-592

Té6th G, de Zeeuw D L, Gombosi T I, et al. Sun-to-thermosphere simulation of the 28-30 October 2003 storm with the space weather
modeling framework. Space Weather, 2007, 5: S06003

Roussev I I, Gombosi T, Sokolov I V, et al. A three dimensional model of solar wind incorporating solar magnetogram observations.
Astrophys J, 2003, 595: L57-L61

Titov V S, Demoulin P. Basic topology of twisted magnetic configurations in solar flares. Astron Astrophys, 1999, 351: 701-720

Lugaz N, Roussev I I. Numerical modeling of interplanetary coronal mass ejections and comparison with heliospheric images. J Atmos
Sol-Terr Phys, 2011, 73: 1187-1200

Lee C O, Luhmann J G, Odstrcil D, et al. The solar wind at 1 AU during the declining phase of Solar Cycle 23: Comparison of 3D



ERR:: HERRIY: 2013 4F 543 % 5 6 Il

41

42

43

44

45

46
47

48

49

50

51

52

53

54
55

56

57
58

59

60
61

62

63

64

65

66

67

68

numerical model results with observations. Sol Phys, 2009, 254: 155-183

Riley P, Linker J A, Lionello R, et al. Corotating interaction regions during the recent solar minimum: The power and limitations of global
MHD modeling. J Atmos Sol-Terr Phys, 2012, 83: 1-10

Lionello R, Mikic Z, Schnack D D, et al. Magnetohydrodynamics of solar coronal plasmas in cylindrical geometry. J Comput Phys, 1998,
140: 172-201

Mikié¢ Z, Linker J A, Schnack D D, et al. Magnetohydrodynamic modeling of the global solar corona. Phys Plasmas, 1999, 6: 2217-2224
Linker J A, Lionello R, Miki¢ Z, et al. The evolution of open magnetic flux driven by photospheric dynamics. Astrophy J, 2011, 731: 110
Riley P, Linker J A, Mikic Z. An empirically-driven global MHD model of the solar corona and inner heliosphere. J Geophys Res, 2001,
106(A8): 15889-15901

Riley P, Linker J A, Mikic Z. Modeling the heliospheric current sheet: Solar cycle variations. J Geophys Res, 2002, 107: 1136

Téth G, Odstreil D. Comparison of some flux corrected transport and total variation diminishing numerical schemes for hydrodynamic and
magnetohydrodynamic problems. J Comput Phys, 1996, 128: 82-100

Odstrcil D, Pizzo V J. Distortion of interplanetary magnetic field by three-dimensional propagation of CMEs in a structured solar wind. J
Geophys Res, 1999, 104(A12): 28225-28239

Odstrcil D. Modeling 3D solar wind structure. Adv Space Res, 2003, 32: 497-506

Odstrcil D, Riley P, Zhao X P. Numerical simulation of the 12 May 1997 interplanetary CME event. J Geophys Res, 2004, 109: A02116
Odstrcil D, Riley P, Zhao X P. Propagation of the 12 May 1997 interplanetary coronal mass ejection in evolving solar wind structures. J
Geophys Res, 2005, 110: A02106

Owens M J, Spence H E, McGregor S, et al. Metrics for solar wind prediction models: Comparison of empirical, hybrid, and physics-based
schemes with 8 years of L1 observations. Space Weather, 2008, 6: S08001

McGregor S L, Hughes W J, Arge C N, et al. The distribution of solar wind speeds during solar minimum: Calibration for numerical solar
wind modeling constraints on the source of the slow solar wind. J Geophys Res, 2011, 116: A03101

McGregor S L, Hughes W J, Arge C N, et al. The radial evolution of solar wind speeds. J Geophys Res, 2011, 116: A03106

Riley P, Lionello R, Linker J A, et al. Global MHD modeling of the solar corona and inner heliosphere for the whole heliosphere interval.
Sol Phys, 2011, 274: 361-377

Zhao X P, Plunkett S P, Liu W. Determination of geometrical and kinematical properties of halo coronal mass ejections using the cone
model. J Geophy Res, 2002, 107: 1223-1231

Pizzo V, Millward G, Parsons A, et al. Wang-Sheeley-Arge-Enlil cone model transitions to operations. Space Weather, 2011, 9: S03004
Taktakishvili A M, Pulkkinen S P, Chulaki A, et al. Validation of the coronal mass ejection predictions at the Earth orbit estimated by
ENLIL heliosphere cone model. Space Weather, 2009, 7: S03004

Taktakishvili A, Pulkkinen A, MacNeice P, et al. Modeling of coronal mass ejections that caused particularly large geomagnetic storms
using ENLIL heliosphere cone model. Space Weather, 2011, 9: S06002

WA, FKTT, B, S = 4ERKPH XSS G Ulysses SLIUAT MHD BL8L(# LLAS BT, BHEWAR, 2005, 50: 820-826

Shen F, Feng X S, Song W B. An asynchronous and parallel time-marching method: application to three-dimensional MHD simulation of
solar wind. Sci China Ser E-Tech Sci, 2009, 52: 2895-2902

Shen F, Feng X S, Xiang C Q, et al. The statistical and numerical study of the global distribution of coronal plasma and magnetic field near
2.5 Rs over a 10-year period. J Atmos Sol-Terr Phys, 2010, 72: 1008-1018

Shen F, Feng X S, Xiang C Q. Improvement to the global distribution of coronal plasma and magnetic field on the source surface using
expansion factor fs and angular distance 8b. J Atmos Sol-Terr Phys, 2011, 77: 125-131

Shen F, Feng X, Wu S T, et al. Three-dimensional MHD simulation of CMEs in three-dimensional background solar wind with the
self-consistent structure on the source surface as input: Numerical simulation of the January 1997 Sun-Earth connection event. J Geophys
Res, 2007, 112: A06109

Shen F, Feng X S, Wang Y, et al. Three-dimensional MHD simulation of two coronal mass ejections’ propagation and interaction using a
successive magnetized plasma blobs model. J Geophys Res, 2011, 116: A09103

Feng X S, Zhou Y F, Wu S T. A novel numerical implementation for solar wind modeling by the modified conservation element/solution
element method. Astrophys J, 2007, 655: 1110-1126

Feng X' S, Yang L P, Xiang C Q, et al. Three-dimensional solar wind modeling from the Sun to Earth by a SIP-CESE MHD model with a
six-component grid. Astrophys J, 2010, 723: 300

Feng X S, Yang L P, Xiang C Q, et al. Validation of the 3D AMR SIP-CESE solar wind model for four Carrington rotations. Sol Phys,

931



2 Ak AT A B K BH X ) BB AU 5T

69

70

71

72

73
74

75

76

77

78

79

80

81

82

83

84

85

86

87

88
89

90

91

92

93
94

95

932

2012, 279: 207-229

Feng X S, Zhang S H, Xiang C Q, et al. A hybrid solar wind model of the CESE+HLL method with a Yin-Yang overset grid and an AMR
grid. Astrophys J, 2011, 734: 50

Jiang C W, Feng X S, Zhang J, et al. AMR simulations of magnetohydrodynamic problems by the CESE method in curvilinear coordinates.
Sol Phys, 2010, 267: 463-491

Feng X S, Yang L P, Xiang C Q, et al. Numerical study of the global corona for CR 2055 Driven by daily updated synoptic magnetic field. In:
Pogorelov N V, Font J A, Audit E, eds. Numerical Modeling of Space Plasma Flows (Astronum 2011), ASP Conf. Ser. 459, 13-17 June
2011, Valencia, Spain. San Francisco: Astronomical Society of the Pacific, 2012. 202-208

Yang L P, Feng X S, Xiang C Q, et al. Time-dependent MHD modeling of the global solar corona for year 2007: Driven by daily-updated
magnetic field synoptic data. J Geophys Res, 2012, 117: A08110

Feng X S, Jiang C W, Xiang C Q, et al. A data-driven model for the global coronal evolution. Astrophys J, 2012, 758: 62

HuY Q, Feng X S, Wu S T, et al. Three-dimensional MHD modeling of the global corona throughout solar cycle 23. J Geophys Res, 2008,
113: A03106

Yang L P, Feng X S, Xiang C Q, et al. Numerical validation and comparison of three solar wind heating methods by the SIP-CESE MHD
Model. Chin Phys Lett, 2011, 28: 039601

Yang L P, Feng X S, Xiang C Q, et al. Simulation of the unusual solar minimum with 3D SIP-CESE MHD Model by comparison with
multi-satellite observations. Sol Phys, 2011, 271: 91-110

Jiang C W, Feng X S, Fan Y L, et al. Reconstruction of the coronal magnetic field using the CESE-MHD method. Astrophys J, 2011, 727:
101

Jiang C W, Feng X S, Xiang C Q. A new code for nonlinear force-free field extrapolation of the global corona. Astrophys J, 2012, 755: 62
Zhou Y F, Feng X S. Numerical study of successive CMEs during November 4-5, 1998. Sci China Ser E-Tech Sci, 2008, 51: 1-11

Zhou Y F, Feng X S, Wu S T. Numerical simulation of the 12 May 1997 CME event. Chin Phys Lett, 2008, 25: 790-793

Zhou Y F, Feng X S, Wu S T, et al. Using a 3-D spherical plasmoid to interpret the Sun-to-Earth propagation of the 4 November 1997
coronal mass ejection event. J Geophys Res, 2012, 117: A01102

Majda A, Osher S. Propagation of error into regions of smoothness for accurate difference approximations to hyperbolic equations.
Commun Pur Appl Math, 1977, 30: 671-705

Greenough J A, Rider W J. A quantitative comparison of numerical methods for the compressible Euler equations: Fifth-order WENO and
piecewise-linear Godunov. J Comput Phys, 2004, 196: 259-281

Rider W, Kamm J. How effective are high-order approximations in shock-capturing methods? Is there a law of diminishing returns? In:
Groth C, Zingg D W, eds. Computational Fluid Dynamics 2004. Heidelberg: Springer, 2006. 401-405

Cook A W, Cabot W H, Greenough J A. A high-order method for shock-induced mixing, Tech Rep, UCRL-JC-144109, Lawrence
Livermore National Laboratory, 2001

Tafti D. Comparison of some upwind-biased high-order formulations with a second-order central-difference scheme for time integration of
the incompressible Navier-Stokes equations. Comput Fluids, 1996, 25: 647-665

Shen C, QiuJ M, Christlieb A. Adaptive mesh refinement based on high order finite difference WENO scheme for multi-scale simulations.
J Comput Phys, 2011, 230: 3780-3802

Berger M J, Colella P. Local adaptive mesh refinement for shock hydrodynamics. J Comput Phys, 1989, 82: 64-84

Keppens R, Meliani Z, van Marle A, et al. Parallel, grid-adaptive approaches forrelativistic hydro and magnetohydrodynamics. J Comput
Phys, 2012, 231: 718-744

Yalim M S, Vanden A D, Lani A, et al. A finite volume implicit time integration method for solving the equations of ideal
magnetohydrodynamics for the hyperbolic divergence cleaning approach. J Comput Phys, 2011, 230: 6136-6154

Brackbill J U, Barnes D C. The effect of nonzero product of magnetic gradient and B on the numerical solution of the
magnetohydrodynamic equations. J Comput Phys, 1980, 35: 426-430

Balsara D S. Second-order-accurate schemes for magnetohydrodynamics with divergence-free reconstruction. Astrophys J Suppl Ser, 2004,
151: 149-184

Gardiner T A, Stone J M. An unsplit Godunov method for ideal MHD via constrained transport. J Comput Phys, 2005, 205: 509-539
Gardiner T A, Stone J M. An unsplit Godunov method for ideal MHD via constrained transport in three dimensions. J Comput Phys, 2008,
227:4123-4141

Balsara D S. Total variation diminishing scheme for relativistic magnetohydrodynamics. Astrophys J Suppl Ser, 2001, 132: 83-101



ERR:: HERRIY: 2013 4F 543 % 5 6 Il

96

97

98

99

100

101

102
103

104
105

106

107

108

109

110

111

112

113

Balsara D S. Total variation diminishing scheme for adiabatic and isothermal magnetohydrodynamics. Astrophys J Suppl Ser, 1998, 116:
133-153

Zhang M, John Yu S T, Lin S C, et al. Solving the MHD equations by the space time conservation element and solution element method. J
Comput Phys, 2006, 214: 599-617

Feng X S, Hu Y Q, Wei F S. Modeling the resistive MHD by the CESE method. Sol Phys, 2006, 235: 235-257

Jameson L. AMR vs high order schemes. J Sci Comput, 2003, 18: 1-24

Roe P L. Characteristic-based schemes for the Euler equations. Annu Rev Fluid Mech, 1986, 18: 337-365

Janhunen P A. Positive conservative method for magnetohydrodynamics based on HLL and Roe methods. J Comput Phys, 2000, 160:
649-661

Gurski K. An HLLC-type approximate Riemann solver for ideal magnetohydrodynamics. SIAM J Sci Comput. 2004, 25: 2165-2187
Miyoshi T, Kusano K. A multi-state HLL approximate Riemann solver for ideal magnetohydrodynamics. J Comput Phys, 2005, 208:
315-344

Fuchs F G, Mishra S, Risebro N H. Splitting based finite volume schemes for ideal MHD equations, J Comput Phys, 2009, 228: 641-660
Balsara D S. Multidimensional HLLE Riemann solver: Application to Euler and magnetohydrodynamic flows. J Comput Phys, 2010, 229:
1970-1993

Miyoshi T, Terada N, Matsumoto Y, et al. The HLLD approximate Riemann solver for magnetospheric simulation. IEEE T Plasma Sci,
2010, 38: 2236-2242

Ziegler U. A semi-discrete central scheme for magnetohydrodynamics on orthogonal curvilinear grids. J Comput Phys, 2011, 230:
1035-1063

MacCormack R W. An upwind conservation form method for ideal magnetohydrodynamics equations. AIAA Paper 99-3609, 1999, 30th
Plasmadynamics and Laser Conference, 28 June—1 July 1999, Norfolk, Virginia

Jiang G S, Wu C C. A high-order WENO finite difference scheme for the equations of ideal magnetohydrodynamics. J Comput Phys, 1999,
150: 561-594

Shang J. Three decades of accomplishments in computational fluid dynamics. Prog Aerosp Sci, 2004, 40: 173-197

Shen Y Q, Zha G C, Huerta M A. E-CUSP scheme for the equations of magnetothydrodynamics with high order WENO scheme. AIAA
Paper 2011-383, 2011, 49th AIAA Aerospace Sciences Meeting including the New Horizons Forum and Aerospace Exposition, 4-7
January 2011, Orlando, Florida

Shen Y, Zha G, Huerta M A. E-cusp scheme for the equations of ideal magnetohydrodynamics with high order WENO scheme. J Comput
Phys, 2012, 231: 6233-6247

Roe P L, Balsara D S. Notes on the eigensystem of magnetohydrodynamics. SIAM J Appl Math, 1996, 56: 57-67

933



