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N SE IR N AE R UATE TR T G B0 A B S A R R B A B (A 4R i e e HL
[AIRARNL, NIRRT AT B PR 5l 155K RSEOR B 29 T
P K P AP A% 4% 2 Bk 3o AR X LB SR |, A7 7 & AR KRBl 0 1% FE E X,
IR BA R BN B 25 18] R AT S Ak 1 B B it T 3k A8 K P O S R 1) 4 3 R ) A
A, AL NS ECR U A (B4 SR RO B SERBH RS HER R (. H 2 )
SR G A% 1S BRI ) 5 &R TR (R4S H 2 R, B gl s (%
B0) A AR AN T = LERGIR A 7 22 I BB A5 %) P, MR e R 45 1 P 5k 2L
2H -

2 H RSB

WA MR R, 15 S v e B2 H 2y gt . ek S5 K PE B30 0 4% 1 i
e IR, HER B0 SHREIR TR A R IREUAT R PR SO P XS S SR, T I Hh A 1]
() JRy AT 2 o 1 7 5 S e LR P A 2 2 TR R AP B SR B R R DR 2 o L E TR P B ok, R
T R A K BH 2R T 28 S 3 W DA Je 1 AU Ak 1 Sy b 37 Wm0 B e e ks, g G Ath K58 047 B2
o = (8] v B R 37 ) ELREUL LAk =, IR R OB T- 25 PSS R T H B34S . BAE W I it
AR E R TR EREI U, £ — @ R¥ &, W RERR s a5 e, K%
H % AT B BrE7 o A B, BEAE H R SRS WNEEE A, ANTKE T 2 MRt
T IR S SR B ER 4r s A BRI H B s T . A SCEEAGE 2 TR H BT R bR A
BRI S B R A . 34355 K 1 (Potential Field Source Surface, PFSS) i 24 Fl1 HL 78 Y5 28 T
(Current Sheet-Source Surface, CSSS) 7Y,
2.1 BiZRERE (PFSS) 122

R 5 5Ll Altschuler 1 Newkirk " LA % Schatten 25 A" T 1969 fE @ FI R E. 1F
#) (Vx B =0, Hi B REnRE) BT, M e, aTLLal Nabs®s ¢, i
/& B =V A, HiNbRH ¢ 2 HI5T7

V=0 . (1

A IRAR T DOCERZ W37 I 57 264, 3 (1) MR R I, IR RIS 6 ERE 132 W I
e vH ORI B R K ARYE TSRS HIERE R AL T SRTSRAT MOLER R 252 T 2 8] Ak b
5 ¢ oA, FEMSRIGH 34T MIAEIRR TSN, SR Wil & Sy 8 VA TR ) i BEAIAS Rz
BALRIRL oA I H IR R TR T R I, VRRE N A SR, IRR TSN
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TG, W 1 R B B U R SR (R REERE A, B &2 M T
OX BB 2 B ) BRI 5 DA S 25 Ta) R APl A o A D¢ H T 30 W 5 4% 45 (W1 Wilcox Solar
Observatory, WSOP%E) R4 H 3K 2 37 Wl £ R H PFSS M8 THERESA /v A, FERTHE
PBNERE RECHAT 7R IR AT . [FIRS, ZBAA CHE Pt ] B B2 N SSW(solar software)® HY
SREUGFEH -

1 AL

| ppEREERRER

2.2 ERKFIFERE (CSSS) tRE

AR R SRR TR (B R R AN IE A . AR RE MK PR S 1 AU J 5T
Sb RGN, ] 2 s o AE R BH R TR 9 A 1T 2 1) B9 X 380 (X380 1) R #55
BT SR S5 0 s ARSI s T AR AR T 18] (X3 1) I —AN i, BATH A B4R sUm
W37 N &AL FSFAR T EAZIX B3 50 A s PRFR I DAL (X8 TID), SR FH ol & <3 e 1 oy 2k 55
W3 o3 A . AR A, 98 ST LA N AFAE A MG G540 s B4 R TR AN Y5 32 11 22 18] 9 FF T
EE R, AR T IR ARLE, %I i N AR R Y s FEIRAR IR LASN, Wi iz i It
. A N K 1977—1986 4EHK CSSS MM T 4 45 B 5 1l TR 260 3 7 WL B AT
XTEG, RIZAR AL AT DU B T 1 AU ARWLIN 2 94T 22 bRt i e o Ik, o O SE AR
FHAZ R (i 545 SRR e 7 H @ R i S ok sl ™ A B 2 i e B b s

PFSS 1584 55 CSSS #5284 e 1ok oK BH 2 170 37 1) DN 2 1) 4 SR A O AL — 2o S 4. sk, W
MFBAF BN HE—25 K JE: Solanki 25 N ™ FIH] He 10830A i 28 Xt B it F B3l (R 37347 =
YEFEHY; Tomezyk 25N\ " it T CoMP(Coronal Multichannel Polarimeter) 1% #% FH -l & H %,
Wi .

“http://wso.stanford.edu

®http://www.lmsal.com/solarsoft/
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BB 43 DX 18 5 R BH S EOA Bedl BRI & . A 1977 L3 &k s, £ — e s
IS AR IR AR A R SR AT B B () 7S S KPS 3. 3 R B S EOR U A LU
27t
3.1 ETFHRIkERIAVINMAEY Wang-Sheeley-Arge(WSA) 18HY

FIAMTT Fe 45 R ], 15 5 KB XGE FE SR R B e " R b, R
5 WSO JEERZ LI MM, Wang M Sheeley K& T H T ik 5 5K FH RS £ Wang-Sheeley
A ™ TSR, Arge SN BB R R AISEE T SAERL, T ILAET 2 31 f) Wang-Sheeley-
Arge(WSA) 1584, Jx J& Ja i) WSA BERUR 2 1E J5 KOGER Z R I E s, 18 F 370 K 1
B (PFSS) SREUJER M AL It A, FEH EASIRR T E ML IK R 2. AR IR R T ik
R K 2405 K PH G B B 22 56 08 22, gk T SR BT B B[R] J2 1 AU &b K PBH XU B2 o 2455 8 (1)
THESE R DU EE I 1 AU AR Ry i oK B OB &5 5 . [RIIE, AR T Seidds O, %45
R0 F A7 2 Brmd 3 A 1 ) Tt o

AR vz N T 5K RH XGE AT R B R I A MR R TR, 36 I [ & KRR
H VR 8 P 0 (National Oceanic and Atmospheric Administration, NOAA) [1) % [8] K<, Fifik
> (Space Weather Prediction Center, SWPC) T % 1245 1 T iz 45 Bt 4T 1 % B & A, Wi
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3.2 ETFTERNGNE RXERNESHIRETGE

AT B BRI IT R R T B AT (NI 2 SRR RS S B RS e R I S
B ENIEHUER G T AT H I, XM Gk 21T B BRI #k (Interplanetary Scintillation, IPS). HH
TR PH A2 51 S H b2 8] A ) v 25 FE AR AL, R0 AT B R DN BRI 15 60 5 B ZE 7 1] (Line of
Sight, LOS) b RKBH X IE 5% FE(E B . FIHAFRIRLZ T 7] RAT B bR AR E i, wr LA
FE ST K PH S RGBT P B K P XS M R R4 R, R T R BH XUBE 2 B B, T
FF- T3S 5 A BH R S5 240 ™

H A ) H 3 25 [ PR35 5256 % (Solar-Terrestrial Environment Laboratory) CL4 X147 & Br A £k
BT T 20 AR, AR T IPS-CAT J7ik ™ T TN T 5% A BH XU Ji 25 2 3 @,
TEF4 TR OF F, IREW WP 717 E PR ISR ES o Z A 3 — 20 K e K&
FHOCHSE AL R A 57, Kol 3 I 22 e AR R B A AT 2 o DAL JRoWR 0 547 R O BH XA S 24

4 HEDGT R &% S ORI
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HIKE B IEFE S8 (OFEAR IR 7 ) AR FE R R . A J 08 B2 45 [ v 3 U 25 1) R AR
FORI TR P 1 S8 1) 8 2 — o BLAEH FH I H 2 S P 5 R L IR B e S BOR BT A LR
4,

“http://www.swpc.noaa.gov/ws/
®http://stesun5.stelab.nagoya-u.ac.jp/ips_data-e.html

@http://www.meridianproject.ac.cn/
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B4 KGHMEEER TR

B SO0 H B8 S5 R 5T () 45 5 BSUBOUEIN TE V8, DASREX H %6 ) ot i 5 = 4EA% 1% 2 501 7 R B 52
(graduated cylindrical shell, GCS) #574 ™™" , {2 M RIS H B ACOW I 2 1) H 240 57 i 5 #5546
RIS FSEEE oA, LA AR 26k H 2 m i = 4E a5 M fsw fE BUR I 24, B 5 45
AR A B H Y RS A R E . RS 9N A S Hd 6 NSk
@ H BB R, SIEEE () B (9). 4iE (0) WA (). FHAY (o) FRBUEE
ERARERZE (0 53983 DB (Ner Ouaitings Treading) W FH KA IR H B4 T 57 B2
Sy . Thernisien 25 N ™ 25 H 13X 9 NS HIIVEA N4

AR A LN A T SOHO B2 1 # 2 WL e #2006 4 11 1, HH SRR KRG
(STEREO) T2 ™ Hy R T2, NIRATIRAE 7 5 H 840 5 5 25 K BH XU 30 4% 4 ) 2 40
F~ RIS WL, AT A 30 R At 1) 26 0 B S = AR R S 302 it 1 vl g GCS B
X 25 B LI B R FH R B, LB AR B b IR 22 A R xR — H A R s ps Y i
6 JIT7n). GCS A8 3R B 1) H %64 3 i 5 4% $% 2 8 O )iz T 58 2 S ot Il 5 16 4% 1%
U
44 ETHUANBEEYREMSTEBRSEIRIGE

STEREO L& J¢ JLfr4fs ity (¥) SECCHI A 8% ™" (43 3R AT DL AR KT 18 B K BH R
M KRBHBIE R 1 AU PLAMFIAE &L F2 . SECCHI X 25 4245t T K BH X P sl 4% 36 10 75 17 £
(elongation angle) Z5{% &L, H o T WLl B AR () $25 R00ON. BA S Thomson HIUR 24 M. (1) 5200, T
M SRR EIHAR T B EE IR R N T H Y IG5 1) £ 7 R 5, 77 Z g
Bk 22 T A AR B 7 A A A S A D H ) S i S R A% % D7 1 L A% 3 = FE AR E . Jmap
B g — R S Ak 05 3, w2 N T T SECCHI A3 M B8 SR Ak 72 A B X
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Tmap P2 $i BEAS [RI R) % — 26 55 1) (— B g a1 ) 19 H %8 A s H R & AR [A]
Z2 50 I B 15 i B RORER DA I 18], U — SN 7 A £ (Elongation) B .« Jmap K]
R BH RIS A 3 R 0l 2 H 4 AT A% 4% R B 8 ELARTE A 26 8. 2+ STEREO
LWL E Y, TERBUR B RIEBh I — 5 fE 45 46 A 38k ¥ 5 A7 A BE I TR R J A, 8 — e iR
N TR 5 A A B I 18] A2 A e A D BE 2 I (8] 32 4L

B e 1 2. 470 o 0 S5 A B T PAY ) AT /9 — AR o AE R B [, HL Tmap A #5255 2% G0N B
TEEMNZBMIZALE, T7hM e M H BV 42 R ERES D 58 R TR N:

D = Dg, * sin(e) , 3)

Horp Doy PR BIRBH PO RIFEES, %7581 A Point-P (PP) ™ J5ik. %7 iAMRYE 7 0 M3 EL
Ee-a A NKRDEE 7 e RS N S RS- o] 2SR
PE CLRIK FH R AE T B R MORPHEL AR TT 7] ¢ FITEDL T, A4 STEREO LA
F18) B2 00 0 B T SR BROR BH AR B I A B o AR 1 Jmap HOULIN 21 F BA B 2% 806 BT H 2.4 53 4l
SYRIRIVRALE, WIT7 AL A B e SRS B RIAH L RIBEES D BoR & A fi] SR 4l 1E 5% 2
BERIRN:
Dy, sin(e)
" sin(ga)
Horr, Do NP EERECRBAH OB E o #E— R S 5T i S () A% 4 77 1) 72 47 B2 B 2 1)
A W, poo PIARYE GCS BB 25 R M. 7R IH 240 BTSN B A 38 7 160 (per)
FHEPE (Ugpey) NERITEOLN, ZINEWE— Bk, @) Wi — Pl EN:
D, sin(e)

Yol S in@e) ©)

£ (5) KA b, AR ] — BRI A R 20 7 A (€) s, ATla15 5] H %
PTG AL T8 5 0 (brgen) FUESE (Upger)s 1ZITVERRA Fix-¢ %™

Lugaz 55 NBRBEH G4 B0 9 — i+ T H i O R, Tmap =TI 26 200 3T 2
BAZE R VILALE, H 2P FALAET5 17 (o) A H G 5340 55 1[5 00 1 K B
LR RS Do FIRRATRRA ™

“)

sin
mevl = 2Dsa T . 6
Uh "1+ sin(a@ + Pnmev) ©)

7 b, #R4E = (6) FIA RN 2T A A () MINEHE, UG T 3R1F H B B IS A5 8 THE L vimey
FUERETT ) bumey» 14771577 Harmonic Mean (HM) 773 ™.

A b 7 92535 7 d ek B T B Ot DK BH XGER Bl A% 4 (1) 7 7 A WL 3R B AL 3 S 4, ixse Ty
EXEALAE H R RIS AL R 7 M A S A R B SRt b, X5 SRR LR RRAEAE
—E MM ZE . XU EANIR TR LR T, BT AT PP 7Yk (a)s Fix-¢ J7i% (b)
AHM J73 (¢) IR R ™. Lugaz ™ REEMBE T 1 iX JUR 59, T8 7 Ak &5 vEAnE H
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[l — X IR LR, RN ™ R T = A o Wi SR ECAS ) B 20 £ 8 5% 4 S £ 4 5 T
[ REAR IR B s 75 HM 7R M3ERE E, Lugaz 2N ™ R 8 1 AR UL ) 7567 £ LI 3K B H
SO AL R TT MR ES )TV . R, FEAR T H S SIS A — T AT R A SRR L
FE 8 F AR Ayt R AME BRI, 4R STEREO TSt 0UR sl — TR a4 11 %
0L AT R SO, T B3I 1A R L BB R AR N L 8 P
THIR () A1 (b) 73l 5t 7 = A BB AR R HM J7 s & e (Ha, B TR i BR i,
AR ) = 42 B s AR O R — F A A R AR BRI 2200, AN TR 2R 45 R LR 7 P
YO 75 ZEHE B RN DR o T WA XS 1 26490 S5 41 S 7 30 38 1 o AR 0RO, 2okl v ) Solar
Polar Orbit Radio Telescope (SPORT) T2 & WAk, T P SRt — 4B U6 AIE A% P 2T AR RO AL 3
ZHTERRE o

X BTG T R B BRI B @ SR R S B Tk, [\, B
fihVF 2 7 it R R RIS, Bt CME X304 J79% (Mask Fitting Method) ™', JLAA & 7
% (Geometric Localisation, GL) ™, J& & IEiE M = # 73T (Local Correlation Tracking Plus
Triangulation, LCT-TR) ™" 2%,

5 HEY I A

H &S () B8 B2 2 W R AR P IR F HENNE 2 —. IR, H%
W A S A AR o (e xR R IS R S B IA M BR 4 A B R e T
1117 G 0 S 0 S5 2 o G 2 ST A2 iR 1 S 0 i e 1 TR M ER X At
51 EREERR

G2 H 5 T AR RV o 2 8 B IR R RIS DR B AT B o A A 4 1) T
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S0, Gopalswamy 25 N " I\ H B W0 BR 0 5 52 GRS £ & A i, HEi R 8 T 3T 2R
FRIE S H0OR H 20 A SR X AL B 1 5 a . X F H mAEmE—A %, X H
RTINS £ = S0, S0 B AR (CERE TR, A
SRR, R %S H @Y i PO R X R B, 52 177 )i g 5 H 0 dE M H &2 4 i
SHEX . H—H B RIS 2 ra i sz, SRR rA 2w A1 () BRES
hn, il 9 Frn. {EIXEEEE PN T, HZRY IS g B R 715 i w i . R A
3, Gopalswamy 25 A" B 7 1 AU &b R0 2] ) 0 B 50 Y5 B0 0 52
5.2 HiEEEHEE (Magnetic Energy Density Gradient, MEDG) &=

TERBAMY I, Wisma R, S H Y RIS mailaa B, A 7 BREKEA
S H BRI G 1A FRE T RIS, RSN T 2011 SR T REGIEHE
"D A S B B 3 A B R e B AR FE AR . H A S CE AL R R = R 4 1 e
(U 10 Frow), TR RAR 0T Sciin A R IR B IR B T ERIRAS S, ek i 5l
WA JIERAEH 2y i g .

I8 H R Slin WA S, IR46 0078 Seinnt H 29 s s 14E FH 778 48 171
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Rl AR, 12 nT AR A b R o A 358 1 1 R 420 5 D 0 DX ) 2R P AN R

AR, R 2 M SR BH X 1 H B0 5 S 52 21 508 e R 3 1) RS 1
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6 HEWIFS (i) BHER A HHR

H %640 53 555 AT I 1) 38 b 3R 25 1) R ACHA b i) 5y — S il @il . JAE, AT SR A — 1%
Fe T3 775 SRR 71 2 BB D7 ERT BB RIS () I RIE I R T Pk . A I H
SN () BIER R TR G LU 4 .

6.1 HUK B|3ARTE) (Shock Time Of Arrival, STOA) {## [27]

IZAE A g BLIA R () Pl e B IA I [ A A o A58 DURE DAL B AR 9 I I IR L, 1
T 10 B4 R I A A SR B AR S B . 7R R b, DU MRS B S B, Jdad sk
fik MHD 77 F2 21 R SR OB AL JR i #2 o AR, 3 S R PH XU B 428 m) AR AL o 2455 2 iy
THNEN: (1) R, (2) I REIFRI ] (3) MR FFELIA]; (4) T 5 OKPHRUEFE (i
1 AU Ak 15 I B R SR EOK BH RS £ (5) T B 5 F BRI % (s E) . 1%
BRI RN (1) B BA B IE [ AT — AL E Rl (2) B0 5 MO Sk (3) Bk
HIAL ST 8] . FH T K FH B BERL T~ (solar energetic particles, SEP) LU B 4G Bk ek, Z8 <5
N R T 0 R B Sk i B B 1S A HhER . fEMEERE B, 454 STOA Bifd, %
J&& 1 STSEP H1 STOASEP KX ) AE 75 FIiL M R AL AT 235 1 BRBEAT T o
6.2 1TEPFREUK & (Interplanetary Shock Propagation, ISPM) & #! 28]

AR R N K FH XU B B A2 SR BT (R G B2 4, AR bRl B, SR AN STOA # 4
RANRIIL A2, FE5 BB RH X &, DL MHD FUE AR 75 20 18 3 A% 7R 1 f2 . Webb
2 N F 2009 EHEAT IR W], TSPM R T DU ST Hh PR st 1) B N 1) . AR (1
ANEN: () BHRAE; (2) T BLREFFUEE]; (3) MEBERFLLNTA]; (4) T SOKBHXGH B (8 1)
IR PH R FER AL, B 1 AU ALK FH RGBS 360 kmys.)s (5) IT B Ao SR AR R R (B 2
W) RS (1) WO BAHER AN (] (2) OB AR 18] (3) Wk 2 51 1 3h He
R (4) Wk R TR 4L
6.3 HAF(Hakamada-Akasofu-Fry) 1£#!

Hakamada 1 Akasofu™ 7 20 120 80 4EARHI 1 YA H 1 BEADL A B XU = 4z 5h 2 f
bt 5 AR A — 5 S 8 I R AR L R K 25— /X Hakamada-Akasofu-Fry #% (HAFv1) ",
RS R, IR B A A (HAFV2) B ™, H A S8 adE: (1) h#IgE
FIH (PFSS) #8452 (1) K [H 3% 7345 (2) B Wang-Sheeley-Arge (WSA) 15 45 215 2L 17
(R BH R B2 43 A1 s (3) 11 LS R AR AR IR AL 2 (BB AL A 5 ) (4) ME DA B . HAFV2 I%F
RUERH AL EE B I (8] 0C &R, R K PH B 4 5 80 LA [F] 4] 46 16 2 125 1 X BH VR 2% 1T FRDRE 1
FEAT BB 23 (B AH BAE o 2B 8 St B4 (1) RPBHXGEFE . %2 47 S BRds v L AR
P; (2) Mk BA ). FAL %N ™ F 2002 £k HAF J7ik, AT U v & H %49
JR IS AE 7 RIS SR 32, e N T 2000 SEFI BB ST ik, 7E HAF
BRI JEA - J@ T Database J77%.

A Y B T ASAOLE A2 ) A 38 50 v A K BH XA LA A S S 46 48 DL R 2L 3 5
RIBEZ FAE, HAFV2 # NASA i8N 2 R ST H R E 2R — ., AR, 288
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AT CARH FAIF 55 00 B R A R AR S ORBH XS L L L A BAE X (CIR) 554544 . McKenna-
Lawlor 25\ " Fil ] HAFv2 #5700, b5 23 K BH R A A B S A BEAT I 7T, R B TR0 P 47
WK, BT AR ST TEAS R OK BEE 2 AR AL 18]G B B 22 7 o AT T AR AL I mT SE PRI,
B S BR R FH A FE E

Fry Z5 N\ ™ ¥ STOA, ISPM Fll HAFv2 RERUGH 173 AN 1) 3138 B 18] T4 5 00 I At L
BRI 3K = T 28 o35 1 a2k B [ ) TR 2% AR AR o 0 22 1), JF TR 1 dape 380k Bk (1] 15 22 (1)
RMS 7 12 h; Xf T-HEENRETS BIAHBIER I TRAFAEBOR IR 2. 3R 2 45 T IX JLAME BN
T 1997 4 2 H % 2000 4 10 H ) 173 DNFAR Pl 25 R M 25 R . 7] LA 2], HAFv2 fl
STOA 5 7 (¥ TR AL m) TP sl B RE HhBR, T30 7RI R 3G 0 7 ISPM A 8 Fidie 25 1
BT H RV RIS A REIA R HER, X FE T IRIRR A0

F2 SHTIRERLERMER

. Forecast STOA ISPM HAF
Observation
Yes No Yes No Yes No Yes No
Yes A ¢ 53 15 36 32 58 10
No B d 57 48 33 72 71 34
Total a+b c+d 110 63 67 106 129 44

6.4 UK 1% (Shock Propagation Model, SPM) & %!

BN MR AE AR B L BB AR IR I E R AT R R, 154 ISPM
BR G OC RO AR ME BRI RE R A IR Al v 7%, @ RKEMIFHAERIIZR, 45— Fhilok
BI) I I 18] FRARE 77 15— AR TR ALY (SPM). 1245 1 1) 4 A\ 2 BB 38 R BHAR 30 1 T 4R i
) XM BRERR 2N [0 L WA OB BT « A B B2 R S K BH KGR, AT DA 4 HE A L0 A% 4
FIAT B R 25 (AT R A2 ) 5 Ah I 75 S (RN T o 06 R S i S O TR AR B 2 1, SPM B T
I R 48 0 15 222 ARURE 0T % 22 0 AN KT FLE I BRimt AT PR B A (i H RS2 2 STOA ISPM Al
HAFv2), Jf H SPM HERYAS 5 2@, — HIREL 7 NS00 o] DLRDIN 25 i g6 2R,
AN T AR A ) R ARSI TR T BT B B ST T .

7 FET YRR AR S AT R

b & TH A5 RE T AN W42 T DL SO 23 TR) R A A O R B B AR AN TR N, AT R T
EMERRETAREE, WK, 8R4 RRR 05247 2R R 0 = 40k 715 (
Magnetohydrodynamics, MHD) ZU{E AR , ixX Lefkil 3= FLALHE 6 Fifr.

71 TEIRSIELRRE

23 8] KA MELEAE A (Space Weather Modeling Frame, SWMF) "™ H 2 [H %5 P54 K 2 42 3k
) 2% |F) 3R 458 Z A% 0y (Center for Space Environment Modeling, CSEM) K HiAth+ 2 % &4F #47
FFEFF A ZAERDEAS [A] X A A A (4 H 2458 (Solar Coronal models, SC). A PH & & it
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FEAERY (Bruptive Event models, EE). P HEKFR A (Inner Heliospheric models, TH) %) PAFRifE
FEORR AR, BIIE1T MG H SWMF 454l 782 [ R SAE SRR A, & EHn] LR AT
217, MAIHTistT.
7.2 REHIKEED

TRA H B2 245 (Hybrid Heliospheric Modeling System, HHMS) ™ (22 [ [H 5 g
KA T & B2 B 25 H 0 (Space Environment Center, SEC) 255 K A G 1E T K. IR A
BRIZ MR R G0 545 3 PR R TR AR AT Han () A B XUBE Y ™ 4 & ok % J pl g = 4 SIZ R 1) B
AT, ] AR R E BB AP A 21 () s ER B U K BH XS 00 Bk 48 B0 T itk .

73 HE-HKEIRSE

H % —H 5217 ™ (CORonal and HELiospheric model, CORHEL) & #E %% i) K /< g Ao
HHC» (Center for Integrated Space weather Modeling, CISM) FF A& 1) 25 8] KA F A H R rh 1) H 2,
AMHERZEEA . CORHEL A7y H &80 H 3R 2P AME RS S i a, H BB AT DLE WSA B
(5 MAS (MHD-Around-a-Sphere model) B4, [ BRE BRI & ENLIL(H H AR 75 36 R /R
NI RHRZ 42) #88 o FR 45K FH B H A AN ], H % - H BRE AL 55 750 9 FR N WSA/ENLIL
A1 MAS/ENLIL ™,

7.4 Nakamizo &%)

H AU R 5 H AR B 55 SRS BRI 78 B 45 A R & T — AN M H T HH & ) =4
BUEAA, XABEAE DU RF A B2 H TR MR R ARG A I Xk, A% 00 7= A2 T 325 L
Nakamizo %5 A 2009 4E )30 E ™5 fE4R A LR A 45 AL R#E, 42 ASEE DN 1~200 Ry, f#H]
FVM 3K fif. 1X AR N T H A B K5 B8 A 5 AR 58 B I k1R 48 15 2 i) R AU
ARG,

7.5 KPFAITEMRTIETER

K PBHAT 22 Br 575 JC % JC (Solar InterPlanetary-Conservative Element Solution Element, SIP-
CESE) $5 700 2 38 [ 4% [A] R A, 2 [ 5% 0 o5 S 6 5 v 2 i 2 N ™™ T 0 A PH 2 1 HE % B
AT R bR AN ZERUE AR o 207k S bRt S b RS AT R S 1] 3 7 TR, rh T A ) 3K
FETH AR DX AR 5 7 A R I DX 7 1 R o v WA S )

7.6 BEITERRE

H %47 B Br (COronal INterplanetary, COIN) A5 i A [5] 725 1] K A 1] 5 8 p S0 35 V0 2 1
25 N TR (0 MK BR 2R T R B E AT BB S AL S — AN 4R R, XA R 4 B oA
IR A AR AL o A ALK I\ H TH] 24T B2 BR 2 8] ) R BE R H 3R X323 o H B X ek (K228 1~22
Ry) AT R PR2s 18] X IK (18 R ~ 1 AU) PB4y . PR32 N ™™ 0hig ikt AT 7 ook, i B
FRIVE R T G A AR BT (AT AN, FEXT 3870 X I AT 1 B AT A AL B

DL EfRT A0 75 A& AT B R BUE A . H AT B PR 18 1) = 4EXUE A RY A 7o it g
M VELNE BLAIER 5 M M, T S s e S NS s ™. iR 3 TR A4 /7% (MHD) ) =
Y HE TSRS DI ER IE W37 WA 37 B30 57 24, ARIEAS R B R BH KU B2 25 IR
FE S50 2% A SR AR WA 0 % 5 FR A SRAR ARSI SORBH A A o FERCIERS b, DAAN[E 1)
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NN H S R0 B Bl 6 H B4 o 9 RS R 1) A% 1 T RE S AT Tl o XA
RAE—ERE R EREMERE M AR, FERPHRE | B Wk itk b B By i e i
(BN T8N 37 73 B (R AR AR 38R RN (R T B A58 ) L, 7 75 St — 0 et . R AR
S ISAT I IRV A R R R R A, X AR F) FAR 45 SR 5 R 5 R S L I s A B AT I X L. T
R Z AT TR 45 2R 55 SEBROMLIN R KB ] B 36 IE B AS R T 45 SR A0 25 LA, X S AR
A AR AR AE 1L 7 Bt — P

8 /N 4

BTG T TAT B bRt sh S BORBURL ik U 2, ASC R s @ o 7
Hor AT T PR AN AT B PR TS 55 B0 H R S & LIRSl B AL R S AR . e AT
FIFRE A, — AR (U TR B BA A TR] ) STOA 74 | ISPM A5% . HAF #5571 K — L fif
WA IR B 2 T 2 RIS br TAE . (B2, — SRR B
FUE VS B RAR, H5 H S AR R w2, B 003E AN E AT 75 53— 25 I 38 IE s
(A, — A A A 97 ) 381 5 o 2 I SR A T, L 3 P 3 A R o FH A0SR 7 B — 20 A 56
DAL, 75T 32 AR I Aty 28 N7 R R FE HERA 1R ] FH T U P FH XA 2 2 A A7 2 24 iy
[ A B DA B 2% i) RS 2 0F 90 U 75 A e 1) 1)

AR, BEE I T BRI AW b fUR 8, BAT S MR sl AT B br 2 (i L 3% 7
BE— B HR. R EE #1552 K304 (STEREO) BAE ™, AMISZHl 7% 0 &9 5 K
HAAT B BRI BN M PH AR R I B BALHR 2 1 AU B 48 5 78 A 110 3 332 A 00 N . R0 D 0
KB /23RS E (SDO) PE ™, AT AP R I SEHL 1 23 18140 $E 6 | v 18] 73 2 1 30
T, AT X B9F 7025 B bt s P R R Ak R S NN 0 % e 3 W00 S 2 7 S M ) T 5 A KL
IR T AT RE. RIS E L5 sl e A . s EmE R B2 ™ oKk
P BE (SPORT) L2 ™ 25, UK 45 B 1A L2 T NIR N FE AR 84 Bl PR 5l 78 4T B o 2
) P PR AR R I R, D 2 S B AR A 11 25 B) R AR TR AR L SR it . RIS, BB T BRI
Wk JE S5 PR A B AL 23 8] SR ASORIF 7m0 I P AT S B R R T, — ) P 50 A 28 ot K B
TSN R AR BHEAT TR A A B S 857, WSEE Y Pridictive Science™ /A A .
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Research Progresses in Modeling

the Propagation of Solar Wind Disturbances

SHI Liang-wen!, SHEN Cheng-long!, WANG Yu-ming!, SHEN Fang?

(1. CAS Key Laboratory of Geospace Environment, Department of Geophysics and Planetary Sciences, University
of Science and Technology of China, Hefei 230026, China; 2. SIGMA Weather Group, State Key Laboratory of Space
Weather, Center for Space Science and Applied Research, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: With the development of observation technology, theoretical models and numerical sim-
ulation methods, people’s understanding of solar wind disturbances, e.g., coronal mass ejections
(CME?s), and their resultant space weather effects are continuously advanced. Various models have
been developed to obtain the parameters of interplanetary magnetic field (IMF), solar wind plasma,
CMEs, shocks, and other disturbances. These models have formed the necessary supports for space
weather forecasting.

According to the function and purpose, these models could be classified as background IMF
obtaining models, background solar wind obtaining models, CME kinematic parameters obtaining
models, CME deflection models, CME (shock) propagation models and numerical MagnetoHydro-
Dynamic (MHD) simulation methods. In this paper, we give a brief review of these models.

First, the background IMF models are introduced, such as the potential field source surface
(PFSS) model and the current sheet-source surface (CSSS) model. Then, the Wang-Sheeley-Arge
(WSA) model and the interplanetary scintillation (IPS) model, which could be used to get the back-
ground solar wind parameters, are also reviewed. In addition, the models to get the CME’s prop-
agation parameters are reviewed, for example: type II radio bursts model, various cone models,
graduated cylindrical Shell (GCS) model and some triangulation models. It is important in space
weather forecasting that if and when the solar wind disturbances will arrive at the Earth. In this paper,
we show the coronal hole (CH) compression models, the magnetic energy density gradient models
(MEDG) and the magnetic frozen-in models. These models could be used to forecast whether a CME
would arrive at the Earth. In addition, we also introduce the shock time of arrival model (STOA), the
interplanetary shock propagation model (ISPM), the Hakamada-Akasofu-Fry (HAF) model and the
shock propagation model (SPM), which were developed to forecast solar wind disturbance arrival
time. Finally, we give a brief review of MHD numerical simulation models about the propagation of

the solar wind disturbance.

Key words: solar wind; coronal mass ejections; interplanetary space; space weather
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