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6 HEWIFST (i) BHER AR

H %640 5 555 AR IS 1) 38 b 3R A 2% 18] R APl b () o — SR Bt vl . ILAE, AATTH SR A — L
Fe T B 775 SRR 712 BB D7 ERT BB RIS () I RIE I R T P . A I H
SN TS (R BIER R TR G LR 4 .

6.1 EUKB|3ARTE] (Shock Time Of Arrival, STOA) &3 (7]

IZAE A g BLIA R () Pl e K It TR A A o AR DURE DAL B AR B I A B, 38
b 10 RS R IS A SR OO AR A B . TR b, DR MRS BRI S SR, st sk
fik MHD 77 F2 2 SRR OB AL FR i #2  AE IR o, 35 50 R PH A R B A2 ) A8 4k o A58 By
THNEN: (1) BRAE; (2) I REIFRI ] (3) MR FFELIA]; (4) T 5 OKPHRUEFE (i
1 AU Ak 1 5 I B R SR EOK BH RS 50 (5) T Y5 F BRI R % (B s ). 1%
BEAV RN (1) B BA B IE AT — AL E Rl (2) B0 5 MO Sk (3) Bk
HIAL ST 8] . F T K FH B BERL T (solar energetic particles, SEP) LU B G Bk ek, Z8NI<%
N R BT 0 R B SR i B B S BIA HhER . fE RS |, 454 STOA Biftd, %
J&& 1 STSEP H1 STOASEP KX i fE 75 FIiLH R DAL AT SI3A i BRHEAT TR o
6.2 1TEPFREUKfEE (Interplanetary Shock Propagation, ISPM) = #! 28]

VAR R N K FH XU B B A2 SR BT [ G BE 2 4, AR bRl B, SR AN STOA # 4
RANRIL S, FE5 BB RH X &, DL MHD FUE AR 75 20 18 3 A% 7R i #2 . Webb
2 N F 2009 EHEAT IR W], TSPM R T DU ST b PR sk 1) BT N ) . %R (1
ANEN: () BHRAEE; (2) T BLREFFUEE; (3) MEBERFLLNTA]; (4) T SOKBHXGE B (8 1)
IR PH R FEREAL, B 1 AU ALK FH RGBS 360 kmys.)s (5) IT B Ao SR AR R (B 5
W) RS (1) WOk BAHERAGN ] (2) ORI 18] (3) Wk B 51 1 3h e
AR (4) Wk R TR AL
6.3 HAF(Hakamada-Akasofu-Fry) 1£#!

Hakamada Fil Akasofu™ 7£ 20 120 80 4EACHI 1 VKR HY T REHBL K P XUFY) = 43z 5 2 Y
bt 5 AR A — 5 S 8 I R AR L R 25— /X Hakamada-Akasofu-Fry #% (HAFv1) ",
AU F A, I CR BN AR (HAFV2) B8, HA A SH 0 (1) BB
K (PFSS) HAI15 B MUR R T #E37 70 15 (2) HH Wang-Sheeley-Arge (WSA) #2015 5K 11
(R BH R B2 43 A1 s (3) 11 LS FEL R AR AR IR AL 28 (BB AL T ) s (4) MEBE A B . HAFV2 [R%F
RUERH AL EE B I (8] ¢ R, R K PH B e 5 8 LA 7477 46 16 2 125 1 X BH VR 2% 1T FRD kL 1
FEAT BB 23 (B B AH BAE o 2B 8 St B4 (1) RPBHXGEFE . %2 A7 S BRds w8 B AR
P (2) Wk BA ). FAL 2N F 2002 £k HAF J7ik, AT U v & H %4
JR IO AE 7 I ORI G SR 3B, e T F 2000 SEFI BB ST 1%, 7E HAF
R JEA - J@ T Database J77%.

AR Y B T ASAOU A2 ) A 38 50 v A K BH XA ELAE FH I S 4640 DL S s R R 30 5
RIIBELFAE, HAFV2 7 NASA i 8 2 HR SRR E R 2 — . [FI, 2800
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B, H IR AE JIAEAN R K BHE S AR 3 18] 35 A R 22 57 o ARATT A AR R (Y m] SEPE RIS,
5 SRR R A B S

Fry Z5 N\ ™ ¥ STOA, ISPM 1 HAFv2 BERUGH 173 AN 1) 31328 B 18] T4 5 00 I At L
BRI, s 3K = TS A 50of BB 8122 I ) P T 8 A A Joi Py 22 1, G FUH PR I8 2138 I ] 5% 22 1Y)
RMS 7 12 h; Xf T-HEENRETS BIAHBIER I TIRAFAERCR IR 2. 3R 2 45 13X JLAME RSN EE
T 1997 4 2 H % 2000 4 10 H ) 173 NFAR Pl 25 R &M 25 F . 7] LA E], HAFv2 il
STOA A [ Ak S i 1) T PR B RE BIAHER, BT R AIGI0; T ISPM ALY Fiifie 25 3
AT H Y IS A ReIA B HhEk, X 8T IR .

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 HUK1%#E (Shock Propagation Model, SPM) &%

BN DR AR AR B L BB AR IR I E R AT R R, 154 ISPM
BER G OC RO R ME BRI RE A IR Ak v 708, A REMIFH IR, 45— Fhiik
BI) I I 18] FRARGB 77 VE—— AR WA (SPM). 12451 1) 4 A\ 2 BB 38 K BHAR 30 1 T R it
) X ZROME BRERR 2N 0] L WA OB BT« A B B2 RN S K BH KGR B, AT DL A HE A L W0 A%
BT 2 b2 AT S AR [ R 25 A P 75 B R T) o 0 R e SR B TR IR EE 3R B, SPML AR 7R Tl
I R 48 0 15 22 ARRE 0T R 22 AN KT FLE I BRim AT TR AL (i H AR $E 2 STOA . ISPM Al
HAFv2), Jf H SPM HERYAS B Z @M1, — HIREL 7 NS 3008 o] DLRDIN 25 th ik g6 28, 2
AN T AR A ) RSN TR T BT B B ST T .

7 FET YRR AR S A AT R

b & TH A5 RE T R AN W 42 T DL SO 23 Ta) R A ik A O R ) BR AR AN TR N, AMTTR R T
BB R T ARG M LA KRR B 54T 2 bR 2 0 = 4ERERAA 1% (
Magnetohydrodynamics, MHD) ZU{E AR, ix Lefkil 3= FLALHE 6 Fifr.

71 TEIRSIELRRE

23 8] KA MELEAE A (Space Weather Modeling Frame, SWMF) "™ H 2 [H 25 PE A K 242 3k
) 2% |F) 3R 458 2 A% 0y (Center for Space Environment Modeling, CSEM) K HiAth+ 2 5% &8 #4r
FFEFF A ZAERDEAS [A] X A A A (4 H 455 (Solar Coronal models, SC). A PH & & G4
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FEAERY (Bruptive Event models, EE). P HEKF M (Inner Heliospheric models, TH) %) PAFRifE
AR AR, BIEAT MG H SWMF 45| 7823 [ R SAE SRR, & AEEn] DL AT
217, MAIkHTistT.
7.2 REHIKEZED

TRE HERER R4 (Hybrid Heliospheric Modeling System, HHMS) ™' H1 2 [F [F 5 i v
KA T & B2 BP0 (Space Environment Center, SEC) 255 K AL G 1E T K. 1R A
BRZ BT 2 G54 3 75 2 THIAR TR A Han KR XUBE TR ™ 45 £ bR % J Ry = 4 SIZ IR ) K B
AT, ] AR R e BB AL 21 (1) s ER B 0 K FH XS B0 H R 48 5034 T Pl
73 HE-HKEIRE

H % —H 5k 217 ™ (CORonal and HELiospheric model, CORHEL) & #E %% i) K /< Ao
HHC» (Center for Integrated Space weather Modeling, CISM) FF A& 1) 25 8] KA F A A R rh ) H 2,
FATHERZ AL . CORHEL A8t H 81 H 3R Z AN RUR G 1, H B8 i) LU WSA 1
8L MAS (MHD-Around-a-Sphere model) #5784, HERZA R & ENLIL(H H & 75 56 H] /R
NI RARZ 42) B 8 o FR 45K FH B H A AN ], H 28— H BRE AL 55 750 9 FR N WSA/ENLIL
A 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 & 1 = 4
A, XABEAE DUNRE A B2 H TR MR ARG AL I IR, A& %) 7= A2 T77 325 DL
Nakamizo %5 A 2009 430%™ fE4R ) LR S AL R#E, 2 ESEE DY 1~200 R, f#H]
FVM 3K fifo 1X AR N T H AR B K5 B8 5 AR 58 B I 1) 48 152 i) R AU
A5,

7.5 XBRITEFRTIETIRE

K PBHAT 22 Br 578 JC % JC (Solar InterPlanetary-Conservative Element Solution Element, SIP-
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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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