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Abstract The ambient solar wind has critical influence on the space environment near the Earth.
Three dimensional magnetohydrodynamics solar wind model is an important tool for research and
forecast of ambient solar wind. Employing boundary condition driven by solar photospheric
magnetic field observation, we develop a time-dependent three dimensional magnetohydrodynamics
interplanetary solar wind model. Using this model, we simulate the ambient solar wind of Year
2008, and analyze the evolution of global solar wind structures and the connection between
interplanetary in-situ measurements and corona structures during that year. We realize a set of
procedures, which evaluate the quality of predictions for both continuous solar wind parameters
and characteristic structures of the solar wind. The evaluation results indicate that our model
satisfactorily reproduces the large scale structure of the ambient solar wind during Year 2008.
The correlation coefficient between observed and simulated speed is higher than 0.6. The
strength of simulated interplanetary magnetic field matches observation well. All interplanetary
magnetic field reverses and 82. 76 % of the stream interaction regions are captured by our model.

The false alarm rate of the interplanetary magnetic field reverse prediction is only 6. 67 % while
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that of the stream interaction region is only 11.11%. The errors in predicting the arrival time of

these two structures are about 1 day. Through comprehensive analysis of the evaluation result,

we also gain understanding of the major issue of model improvement, including the structure of

the high speed flow and the distribution of magnetic field at the inner boundary.
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Fig. 1 Synoptic map of corona evolution for Year 2008
The first column are synoptic maps of 195 A extreme ultraviolet observation made by EUVI instrument onboard STEREO-A spacecraft.
The second column is the distribution of corona hole calculated by the model during each CR. The blue region represents corona hole
whose B,<C0, while the red region represents corona hole whose B,=>0. The third column is the magnetic polarity at the source surface.
Color of the third column has the same mean as that of the second column. From top to bottom, the EUVI synoptic maps of the first
column are generated for CR2066, CR2069, CR2073 and CR2076 respectively. Synoptic maps of the corona hole and source surface
polarity are generated on Feb 25, May 25", Aug 25™ and Nov 25" of Year 2008 respectively, which are in correspondence with the

EUVI synoptic map at the same row.
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Fig. 2 Synoptic maps of solar wind structures at »=22R, for Year 2008

The first column is velocity, the second column is density, and the third column is radial magnetic field. From the first to the forth row,

the synoptic maps are generated on Feb 25™, May 25", Aug 25™ and Nov 25™ of Year 2008 respectively.
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Fig. 3 The solar wind velocity structure on the ecliptic plane

The four subfigures are generated on (a) Feb 25", (b) May 25", (¢) Aug 25" and (d) Nov 25" of Year 2008 respectively.
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The blue lines represent the simulation results while the green scatters represent OMNI measurements.
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Table 1 Comparison statistics of simulated and

cc(X®,X9) = (20)

observed solar wind speed, density, magnetic

field strength and temperature for Year 2008

MSE cc  R(max) R(med) R(min)

v 1.251X10* km? « s72 0.601 1.078 0. 995 1. 064
n 16. 833 ecm™¢ 0.311 0.889 1. 257 1. 245
B 3.786 nT? 0.246  0.906 0.922 0.634

T 6.328X10% K2 0.272 0.880 1.078 2.006




14 2o A L IR AT B B K BH RUBRE 0 B FL 45 SR AT Ak 11

RIS SRR E. AT UL R A O R
U145 R U R RN 7 5R L 2007 AF 1 K P RURR P
5 2008 4EZEAL L XF 2007 4R IR BH XUASE YA DL A 1Y
5T v [F) kR 7 A X R B £ (Gressl et al., 2014;
Jian et al. , 2015). X —J5 i AJ fig 1 T4 74 H §i i
ME DL B L A A v ) — SN ROBESE 8. 55— 7
THT - 5 U PEE O A i R S A A o R Bk I
T i AU Y T A A R T A AR — A PR B AR . 2
H5E UG e Y 3] 8 B[] %) 990 41 A7 7 A 22 B 5 A5 40 45
SR v i) S e A7 AN BE W & AT RE i A — B
I [F) A A5 401 25 R 0 0L 0 4% 2R 1) 28 Ak o 4 Sz o BT
BEAIR 1 AH S R L

K6 vy iy 7R O R AR CR A8 46 i
P A [ 65 36 7 AR CR BB 7158 B9 AH e PR &R
. A i B, CR2073 i Y #5480 &5 2R it & 4F T
CR2073 JZJa iy CR. % B VIR & W3 58 BE 1Y ce 78
R B ce BIBAIA - XE2—1TH
Ty AR B LG AEAT R PR s ] v ke 32 A TG 4 2R
b A 2 R A A K B XU =2 T F A B A [ 23
JE U R TE PN 00 S (B E R A RO At
AR DL o i AR AR R AR B R T 3 B Y A 4D o
H e R] 0, CR2073 7 3 B2 el B2 /11 12 377 588 B2 £ cc
B L H Al CR #FRAK. iS5 A ICME 4 £

g ! VoM kg
E N /7 —e—cc(v) (" WO
0.1 N\l e - W\ 1\,_//_‘\ ¢ !
= ; cc(n) A7 \ \
E L WY .
00F —-—o—-—cc(T) \\/’/ \\
g ——ce®) W N
175 [ = I EATU U BRI ‘Y’ T R |
2066 2068 2070 2072 2074 2076 2078

CR
Pl 6 2008 4F L1 g WL KA AR DL 285 51 1
HH G R B (o) Fifi CR 1 A8 Ak e 34
LU B R N R IR B TR

Fig. 6 The variation trend of correlation coefficients
(cc) between in-situ measurement data and simulated

results at L1 point with the change of CR
Correlation coefficients of speed, density, temperature and
magnetic field strength are represented by red, green, blue

and black lines respectively.

2008 AN 3 ) 4 4~ ICME # K & 1 78 CR2073.
TEE 5 BRI AE CR2073 1 19 55— o SR B
R R i 252 s (i) 349 R U0 8 Al A R K e . TE
CR2073 AR B 25 1 T — AN I b AR A7 78 1 =
RV B RE 5 R AR I O 22 o A5 ASE A0L 25 R o v I
1) 35 B T B0 % B 0 0 5 R B 1) 4 e A L
FETERCR A% . DR UL, %% BE 1% 37 5 B R0 BE 1Y) i
22 ] i PR R i 22 5 R T B A 22, — J TRT T B
P (DA S WSA BRITE CR2073 1Y 1% 25 8
Rt B — 2R o — 7 LA AT RE Sk R T O
i PR 5 S 1 BRIl 00 00 2% 42 1 % ORI 1 H i BT
AR IR TR b K B % 37 O T 152 45 4R BB ) B L
LA I AE 1 v K BH ) ) 3t BR IR 4 10 G . TR Ut
Wi o () BT 194 ' Bk 1 AR IR0 S R RS 8 174 S ke B 52
() 4 BR1G 53 A« 76 A8 L2 18 B0 T AT R iR 3 17
TEAG B A (D 3R AR R 22 53 AR AR T
T MSE [fi CR (722 4k fa ¥, 5 co By 4E fh i 3 s i
A B AR — B0, X BN )

7oH gy T O B e RS HUL G SR S B AN T
TR IXCR] 9 s B Bt i Herp 5228 S OMNT U
ARG 250 B AN R et 45 . &1 8
P —Fp I 3R T 0 0 5 4 AR 0045 SR 1 40 A
Xof T A — A WD R 4 K 55 22 X6 B A DL 2 AR AT
8 3 ORI 1 A A s ) 67 RS UL A A A A
f 7 B R 3] 5 X B A% a5 JF R S ST IR B
W 1. P AR R AT AR 2R T 4 1Y
DX 35l Ay SO 0 {5 5 A0 (R 45 14 07 B SR A AL 2
G it ) EE LT O L D T A A R R N A T
ERBHT. 20 A7 TR LA L 1 s A0 5 R 1 {1 55 O )
A K o A3 A AL R LT 1 a5 B A0 25 SR 25 0 4R /)N
7R oo BT BEHLGE R 43 A 8 e 0000 %
P HE AR — B AR A AE — S 2. AR 7 Y A A
Hh AR5 O8I 3 A i e L B 46 A [, B A
340~350 km « s~ HAH L5 AE 330~370 km » 5!
14 H B U B W S O 7E 400~660 km + s
) DX ] A B ) R B T R S #E 660 km » s ' LA
B R G I A= R N SIS s < DRI E 4
P (0 BEAE 380~500 km « s~ ! Z [, AL 4D 45 SR )
R REAEAEARAR L R 4378 31X A4 DX ) o A B84l o A4
S5 EEAE 310~390 km + s R UL £ i 1H
FE 500~600 km « s~ B B . 3R 0 A S 45 SR AR
Al 24 F 48 7E 600~700 km « s~ ' Z [A] B, A5 4L
Xof B B A AE Ay AL 2 R (E AE690~730 km s
] 3 B MR % Bl TR DL SR 0 I 22 4 R A % 43 A AE



12 Bk 4 # 2 4R (Chinese J. Geophys. )

62 &

il — Observation
S Simulation

33
(=3
(=]
LI LI e |

| IS T S TS T N N S AT |

L1

200

300 400 500

v/(km-s')

600 700

800

—~
o
~

700 —— Observation

——— Simulation

600

200

I"_"_"_‘

100

.

LIS L I I B R RN

0.|".‘.|...|...|..;|..” |
2 4 6 8 10 12
B/nT

(=}

(®)

— Observation
S Simulation

Count
Wi
S
(=]

||i1|||1|||1|||1||||1|l|1|
2 4 6 8 10 12 14 16
nlem?

ST

HOOE (@ 11
I
i
i | — Observation

——— Simulation

1000
900
800
700

€600

S 500
400
300
200

100

T T T[T T[T T [T T T[T T [T [T T[T oo T

P H A AT A VA v e
1.0x10° 2.0x10° 3.0x10°
T/K

r

0 |
0. 4.0x10°

(=]

P 7 2008 4F L1 A R FFXUME I K048 15 65 100245 2R o 39 431 ok S it
S WL B BT B i e N B R G R BTV D 200~750 km - 5T 4 10 km e 5T —DNGEIFIXTE] A ST
HE R 0~20 em ™, £ 0.4 em ™ — DG X [E]. @350 BE G THE Y 0~12 0T, 4 0. 24 nT —ANGEit X . i B2 A SE i Bk
0.0~4.0X10° K, % 0. 8X10° K —MGEit X[ X T R FEEit LR 3+ Ads — A ge it X ).

Fig. 7 Distribution of observed and simulated solar wind parameters at L1 point for (a) speed,

(b) density, (c¢) magnetic field strength and (d) temperature

The solid lines represent observation data while the dashed lines represent simulation results. The ranges of speed, density, magnetic

field strength and temperature are 200~750 km *

s 1, 0~20em ®, 0~12 nT, 0.0~4.0X10° K respectively. The bin sizes of the

four variables are 10 km + s=1, 0.4 cm™ %, 0. 24 nT and 0. 8X10° K respectively. The cases with values higher than the last bin are

counted in the last bin.
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Fig. 8 The distributions of solar wind parameters at .1 point with respect to observation data and

simulation results for (a) speed, (b) density, (¢) magnetic field strength and (d) temperature

The horizontal axis corresponds to observation data and the vertical axis corresponds to simulation result. The black line connecting lower

left and upper right of the figure is the place where observation data and simulation result are equal. The ranges and bin sizes are same as

that of Fig. 7.
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Fig. 9

The IMF polarity variation at L.1 point for Year 2008

The first row plots the GSE Longitude of the observation data. All data less than 45° are increased by 360° for convenience of

plotting. Data points with GSE Longitude ranging between 45° and 225° are marked with blue while other points are marked with

green. The second row is the polarity of the observation data after data processing, +1 for inward positive polarity while —1 for

outward negative polarity. The red dashed line marks the polarity reverse from observation. The third row is the polarity of the

simulation result. The polarity reverse of observation data and simulation result are marked by red and blue dashed lines respectively.



13 7 o TS 17 S A KB B L5 8 o

LIRS A AU RS0 B B A A A BB L FRAT TR LA i
AR CHi R R 40 B A% A% 1 DX U A 3 A
“3BtYR 7 (Miss) I 3H5 T il A0 8 T Ay 00 00 48 A X
AN AR DA B F ). ek TSRS R AR L
HHRE 5 48 B 0 R A AR M SRR bR Al R R
(Correct Alarm) , [fif WL AN G2 4% 21 6] 3y A% P 5 5%
e 0L P S % I A ad O < O R (False
Alarm). 386 250 AN [7] 1 ) 2 Sz e 7 A8 8068 A 1
KR TICES R B . O T B S S R
F T3 AR 1 LLTR 0 550 9 0 2 (1) %o 4 > A
PG5 R DX IR 4R 3 TF iR i (7] 5 B d
AW AR M DI b, (2D X b a 45 b B AR M 2 7 4
[). 5 AH ) S DR b T 46 s R U A P S % 1Y) I P
TE AR, (3D T SRR T A — A L0 A A X i 114 o
[0 F A B R 1 20 T 22 O S B L AT S RS
Forh— At S 5890 O BUE AR ILIE 3 T2 — A0
AR A DX S8R b AR SR AR 2P 3R (2) 58 UG A 2 B LR
P DX 2200 R F AT A -4 T 46 I 1) B 2 il
PR AU P DX 3 R 3 A A DU A DX 0T B I A
AR U M S 5 b i OB AR (4D Xt B A7 L0 A 7 X
SR A DL EAP IR L B B R 0 LI A% 1 S e
TE N IR » BEA AR TE S R R AR AR DA P e U
PRIC DN EAR. (5) X B A & i B A B 5% » AT
VR T ICE R A] 23, 5 0 RO AR 2 i B 3k
I IR 20 1928 A= £ — (e FELLLTTR T 10 ] 22
WS (E Ar R XA A2 [ Az .

F2 gl T LA 2008 AR DLAE S R0 i
I [ L0 K50 T B A A 2 8 T 2008 4R BERLTE
89. 96 Y0 [ B ) A 45 tE T IE B AT R PR S A P
TSI AR T B A L0 v i A P B e L H g T
ASAHEAE R B . 33 A S A7 7 1 B 1 5 e 1y
BAE Day156-Day180 [A]. £ ix Bt i [A] BL . #5470 45 th
T — AR B X HE T 25 T A A A AE Y
W S5 AE LI 18] L A7 2 Pl 3 A Wk 2354 DA
A HE B A2 A N B S R 1 CR2065-CR2069 19

F2 2008 FEITERRHLIHR R LI RN
ML 48 B 3 b it B
Table 2 Comparison statistics of simulated and

observed IMF for Year 2008

Correct False —
Hi Miss
t 158 Alarm Alarm At A

28 0 28 2 —0.7414+ 1.146+

0.230day 0.157day

100.00% 0.00% 93.33%  6.67%

Total Match: 89.96%

FEAE o 3 3] CR2071-CR2077 YR AE. AR 58 R
FH T B AZ 9 N 30 A B 7 5 H R TR R DG 3R g 14
LI S A R i FF 8] 55 5 1w 4 2K ) 7 40, A REAR
B b 2 B S BK 42 BR 1) S B AR AR R AE , 1] RE 2 1 B X
M2 IR R R T AT Ac A | R
AN RG T ENMMY 22 (525, i A fl
TAc T AR AT S R0 X6 47 2 B % 3 3] 32K 18] f) 7503000
WETE 1 RESH.

3.4 SIR EHREW TR

STR & 5% K BH R H 23 (] K SR B W b 17 B
% HATHRH MacNeice(2009) /1 J5 22 3 SIR 45 44
9 B BRG] (DARBITA B L 1 KRR 50 km o+ s
PLF Y s IR HRRIE. (2) 254 i A IS AR A
(3) % 3% 2 B ARIC A5 B BT T i X bRIC
— i 3 R X (High Speed Enhancement, HSE),
Il sk A HSE R M5 ol AL &L (4 X T 54>
HSE, & 3 5 HIF 45 1F [8] 17 /if 2 K 3] 45 o a] 7 5 /)
P O » 2 A T IR B (1) 20 45 3B (1] 5] )5 — K (8] 7
IR PE U » FEHG SIR TF I3 F1 25 010 47 B A5 9 K
Vrain P U 1 I A2 B 5 F T AR A0 T 2 485 o B[] 31
B SIR (Y FEZE I E]. (5) A IFRIBE /N T 0,75 K
SIR. (6) 1l Z= 22 f 5] /N T 0. 5 K% SIR. (7) % T
FHZJEH SIR, FHHITE Vnin + Ve I IR L S5 BT
() s I K F Rk g A8 Ak 38 B e — Uk B B (] A
SIR 3 L (Stream Interface, SI). (8)H 2 vmn
=500 km ¢ 871 0, <7400 km ¢ s7' B U — Unin <<
150 km « s~ 'y SIR. 75 245 102, H FACH 1
15 Y 2 % SR AR ALK P XUAR Ak 1) B A8 A5 Y, R UG AE AN
] CR A1 ECHE A A7 76 Bk BR A 1] 0, J6 75 o Ath T4
—FEIH 2 WA CR 22 F AL £ SIR (Jian et al. ,
2015) . G SR A — 00 I K 4 H i STR AR 40 25 2R v
(1) SIR , 76 FF i F1 45 o i (8] 22 (6] 47 76 55 S, D00 08 DU
Bl i SIR FRac 4 2K 4 B0 45 R iy SIR AR
100 BB RS IC Al AR B W £ s STR AR
ICN B - A AR 0 B R AL 45 ) SIR N A
WP E . XTI A BB SIR, 15 H ST #|
TR E] 23 5% 1 R B4 SIR fy ST 35 i ) )
25 At = 13— g IF LIS T i ) 22 9 7 244
At A SHE N FE A ],

B 10 gyt T R A LA BB R IR R0 ) SIR,
FOrp S — A7 S LD B Al O B R ST A B B
FT AR GE R 20t R 2 S B A5 R 1Y ST 7 & %)
F A BB SIR, DL 8 [ 48 2% 7 4 i UL SIR
() SIN7 & . i BOULES T 51, DL b A SR BE % A o) 1)



16 i BR ) PR 2% R (Chinese J. Geophys. ) 62

720
630
2 540
450

on

v observat
/(km-s™")

[SSINVS]
N
S O

VLY

i

720
630
2 540
450

on

LT L R4 A A I A LAl AAd A

|

[(km-s")

)
(=)
S

kil

v simulat

270

L,

60 120

IR0 210

Day

10 2008 45 WL I 4 5 A0 25 R Y SIR
S — AT UL 5 4 A L ST LAWE (8 SR bR . B8 AT g UL AE Y L i AL SR AT B STy 21 6 L AR it
LRGN Ao RURIES €/ E AR PN B S A
Fig. 10 Simulated and observed SIR for Year 2008

The first row plots the observed solar wind speed. The position of SI is marked by blue solid line. The second row plots the simulated solar

wind speed. The position of simulated SI and its corresponding observed SI are marked by red solid line and blue dashed line respectively.

B RGE B T g S PR ok B A R
LT LI R g AR 23 SIREALA 15 s AR AR 1 SIR.
23 gy TR SIR BB R A A2 LAl &5
e BETXT SIR 4R U057 B W 3 T X B 1 B 5% 114
S4B 5 B, LA A UL SIR A9 L (51 Fn B2 4 9 SIR
FL#R B T 80040, ST Bk i [H] AR 22 1E 1 K/
A TP 10 e WY I 2 A Y 21 2k I [1] 152 22 B ~F 4F A
EACRPNIF RN
3 2008 & SIR MG R WE RPN L Gt S H
Table 3 Comparison statistics of simulated and
observed SIR for Year 2008

. . Correct False —
Hit Miss Alarm Alarm At At |
24 5 24 3

—0.450£ 1.130+£

0.248day 0.121day

82.76% 17.24% 88.89% 11.11%

4 BEE5Ie

A SCRI T 3 5 Ay A 9 K BH ' B s 3 8l 75 5
T 0. TAU AWy AE 0 3 25 88l T CESE+HLL
KRR AT B2 Pl o0 A5E4U 1 2008 442 4F 0. 1~
LTAU 47 B2 B B S A L 3 AR A i e iEAR T 53
Br. FATTXE B TR EE RAE L1 S RIS 8S
XFIE A OMNI WL L 57 1 XA AE R AT R 4
SE VALY B B4 J5 k. X T % 22 A 1 K B X 2
B BATHHE T MSE (cc 501122250 I WL
B AU 1) A UL B A 0L e AL L v
e /IMEY FE A 20 A 1 B ELAS SR AR UL B4 fi B
e T BRI — L R PR AL T RS X7 2 PG
AP S B ML AR AR T I, AT B T — & A ghif

BT5 IR TRk AR D B R R
FEC A o R 31 305 i 8] ) 352 22

2008 45, 55 23 KBHYE 3l JH i T B B A/
1 K PR 3l HL AP . CMEE 25 RE 2 T 9098 5% K FH
IR AL 1 1 28 B 52 A ) IR B D L BB A D DR A
S R FH XU 2 4t L B 0 10 A% 1 S PP A S B0
TR FRATTIA R AR S i A 28 35 3y 5L 2% R 3R 3l Y R
FFXUHRE 22 BE 85 L 50 T 1 A 400 5 557 R B XU AR R RUE
fiE. L AR RBGE S 1 0.6 DL B @R
FAEBAEARME B G 3R T 3R i A7 2 PRl 2
PRI A 82, 76 Vo 1 it AH ELAE FH X, A7 AL B 3
P R ()RR RAL Ny 6. 67 %6+ i AH TLATE FH X Al 41
RAUH 111106, I AFh S5 4 1 B Gk B R 25 76 1 K
i,

() P 38 2ok 25 5 0 B A 4L 48 R R 0L 54k ) )
A 1 DU A PG Ko AT 1 A B A g — 2P
U v R T R [ AL R AL 4 R b Y i AL
TEFIGA L1 505 3 BE T B b WL 22 4R 78 2008 4F
AR R O A RS R R UL, BT
J3E TR B AR 1 g 2 . 7 v O =2 S PR R o X o
Y5 JE FE LIS, SR 1. 3 WA R LRI A H
SR Z R SR MR E R 2 H AR T
WA RVER. W, BR 72566/ A S5
Ao AN T ST A 58 %) s VD[] A 2 0 A 400 85 2R 57 A
/NSRS (Jian et al. , 20155 Riley et al. , 2012). &
A WA J5 X (Riley et al. , 2013) , % £ 45 Y
Xif 2 BRI A KR 1 B0 L T g — R O 8 X 4
TES R J5 1] o A RS — R A R T T 1.

FATLE 0. TAU Ab {5 AT A 31 0 5% 1E 4 B 22 8k
PN EPAWIIEE SR ol S S Y 5 S LA i |



14 25 L0 A7 S RO B SRUBEADL IR S 45 L A 17

XL 7 20— 7 T O = 4E MHD K P XURE R
PR\ S 56 = BIF 5 B B Al 55 i B Be 4 Atk AT
AE. G BUE AR 1Y) R i 22 36 22 Y 50 (i R 7Y i L 4%
Al 55 LA o HPE RE At T DA AE W 98 5 00 ] B9 A AR
HE 8] # L AR 2 42 T (Siscoe, 2006). 5 — J5 18 » 1% b
LW BRIy MHD H %8 85 5 1K BE XU 3 i #4
BLAEI P 78 2 AL 7 B A d5 51, an 2o, 1AU B4 55
KRBT AT B PR B R AR5 3 5 L1 SR b
TN AR AT AR 45 2R, U H %8 MHD B RI7E0. 1AU %S
A 2 RS AR A Al e — 1R B 5 )R
Hi ORI — B AT AL PR R BRI e Ah  7E S| TR 5
— AR ) e R R L 22 B A Y A AT DU AR A A
H fE J1 192 B (Siscoe et al. , 2004) , {#i Fe i1 0] LA i
T ARG PEAG 2 B i 0T LL T R 4R 2 — SR A
)3 .

Bigt ARG T 4Bk HE A M4 (GONG) I
H 24 A 5. GONG H1 AURA G217 (1) 36 B H K
IR WL & K2 26 [ [ 58 B SR} 2 Bk 4 2 3 B 3t
A B GONG Hodfi i RAEWI R SCH R R 30
A 7K 55 30 R BH LI 5 L 55 ARA 2 R B LI &5 L AR )
E & RAR Y ST 52 i L H63% % 11 38 91 K S0 & 1 0L
XA 774 STEREO/EUVI %4 5 [ i 4250 40 %
P . OMNI %4 85 |y W ik b http: / omniweb.
gsfc. nasa. gov fIJ GSFC/SPDF OMNIWeb % 4t 3k
AR TAEMITEAL 5 TEREABRIFREREHOR
M 1A TR TE R

References

Arge C N, Odstrcil D, Pizzo V J, et al. 2003. Improved method for
specifying solar wind speed near the sun. AIP Conference
Proceedings, 679; 190-193, doi: 10. 1063/1. 1618574.

Cash M D, Biesecker D A, Pizzo V, et al. 2015. Ensemble modeling
of the 23 July 2012 coronal mass ejection. Space Weather, 13
(10): 611-625, doi: 10.1002/2015SW001232.

Chen G M, XuJ Y, Wang W B, et al. 2014. A comparison of the
effects of CIR- and CME-induced geomagnetic activity on
thermospheric densities and spacecraft orbits: Statistical studies.
Journal of Geophysical Research : Space Physics 119(9); 7928-
7939, doi: 10.1002/2014JA019831.

Detman T, Smith Z, Dryer M, et al. 2006. A hybrid heliospheric
modeling system: Background solar wind. Jowrnal of Geophysical
Research . Space Physics, 111 CA7): A07102, doi: 10. 1029/
2005JA011430.

Elliott H A, McComas D J. Schwadron N A, et al. 2005. An
improved expected temperature formula for identifying interplanetary

coronal mass ejections. Jowrnal of Geophysical Research: Space

Physics, 110(A4) ; A04103, doi: 10.1029/2004J A010794.

Feng X' S, Yang L P, Xiang C Q, et al. 2010. Three-dimensional
solar WIND modeling from the sun to earth by a SIP-CESE
MHD model with a six-component grid. The Astrophysical
Jowrnal , 723(1); 300-319, doi: 10. 1088/0004-637X/723/1/300.

Feng X S, Xiang C Q, Zhong D K. 2011. The state-of-art of three-
dimensional numerical study for corona-interplanetary process
of solar storms. Scientia Sinica Terrae (in Chinese), 41(1):
1-28.

Feng X' S, Zhang S H, Xiang C Q, et al. 2011. A Hybrid solar wind
model of the CESE + HLL method with a Yin-Yang overset
grid and an AMR grid. The Astrophysical Journal, 734(1) .
50, doi: 10.1088/0004-637X/734/1/50.

Feng X S, Jiang C W, Xiang C Q, et al. 2012. A data-driven model
for the global coronal evolution. The Astrophysical Journal .
758(1): 62, doi: 10.1088/0004-637X/758/1/62.

Feng X S, Xiang C Q, Zhong D K. 2013. Numerical study of
interplanetary solar storms. Scientia Sinica Terrae (in Chinese) ,
43(6): 912-933.

Feng X S, Ma X P, Xiang C Q. 2015. Data-driven modeling of the
solar wind from 1 Rs to 1 AU. Journal of Geophysical Research :
Space Physics, 120(A9): 10159-10174, doi: 10. 1002/2015J A021911.

Fletcher L, Cargill P J, Antiochos S K, et al. 2015. Structures in
the outer solar atmosphere. Space Science Reviews, 188(1-4) ;
211-249, doi: 10.1007/s11214-014-0111-1.

Gressl C, Veronig A M, Temmer M, et al. 2014. Comparative
study of MHD modeling of the background solar wind. Solar
Physics, 289(5): 1783-1801, doi: 10.1007/s11207-013-0421-6.

Jian L K, MacNeice P J, Taktakishvili A, et al. 2015. Validation
for solar wind prediction at Earth; Comparison of coronal and
heliospheric models installed at the CCMC. Space Weather, 13
(5): 316-338, doi: 10.1002/2015SW001174.,

Lee C O, Luhmann J G, Odstrcil D, et al. 2009. The solar wind at
1 AU during the declining phase of solar cycle 23; Comparison
of 3D numerical model results with observations. Solar Physics »
254(1); 155-183, doi: 10.1007/s11207-008-9280-y.

Linker J. 2011. A next-generation model of the corona and solar
wind. Tech. Rep. AFRL-OSR-VA-TR-2012-0199, Air Force
Office of AFOSR Scientific Research.

Linker J] A, Caplan R M, Downs C, et al. 2016. An empirically
driven time-dependent model of the solar wind. Jowrnal of
Physics: Conference Series, 719(1) . 012013, doi: 10. 1088/
1742-6596/719/1/012012.

Mackay D H, Yeates A R. 2012. The sun's global photospheric and
coronal magnetic fields: Observations and models. Living Reviews
in Solar Physics, 9: 6, doi; 10.12942/lrsp-2012-6.

MacNeice P. 2009. Validation of community models: Identifying
events in space weather model timelines. Space Weather, 7
(6): S06004, doi: 10.1029/2009SW000463.

McGregor S L., Hughes W J, Arge C N, et al. 2011. The distribution of
solar wind speeds during solar minimum: Calibration for numerical

solar wind modeling constraints on the source of the slow solar



18 H Bk ¥ B % R (Chinese J. Geophys. ) 62 ¥

wind. Journal of Geophysical Research . Space Physics, 116
(A3): A03101, doi: 10.1029/2010JA015881.

Merkin V G, Lyon J G, Lario D, et al. 2016. Time-dependent
magnetohydrodynamic simulations of the inner heliosphere.
Journal of Geophysical Research: Space Physics. 121 (4)
2866-2890, doi: 10.1002/2015JA022200.

Miyoshi T, Kusano K. 2005. A multi-state HLL approximate Riemann
solver for ideal magnetohydrodynamics. Jowrnal of Com putational
Physics, 208(1): 315-344, doi: 10. 1016/j. jep. 2005. 02. 017.

Odstreil D. 2003. Modeling 3-D solar wind structure. Adwvances in
Space Research , 32(4): 497-506, doi: 10. 1016/S0273-1177
(03)00332-6.

Odstreil D, Pizzo V J. 1999. Three-dimensional propagation of coronal
mass ejections (CMEs) in a structured solar wind flow: 1. CME
launched within the streamer belt. Jowrnal of Geophysical
Research . Space Physics, 104 C(Al). 483-492, doi: 10. 1029/
1998JA900019.

Owens M J., Lockwood M, Barnard L A. 2017. Coronal mass
ejections are not coherent magnetohydrodynamic structures.
Scientific Reports, 7(1); 4152, doi: 10. 1038/s41598-017-
04546-3.

Petrie G J, Bolding J, Clark R, et al. 2007. GONG synoptic
magnetograms and coronal magnetic field modeling. AGU Fall
Meeting Abstracts.

Riley P, Linker J A, Mikic Z. 2001. An empirically-driven global
MHD model of the solar corona and inner heliosphere. Jouwrnal of
Geophysical Research . Space Physics, 106 (A8) . 15889-15902,
doi: 10.1029/2000JA000121.

Riley P, Linker J A, Lionello R, et al. 2012. Corotating interaction
regions during the recent solar minimum: The power and
limitations of global MHD modeling. Journal of Atmospheric and
Solar-Terrestrial Physics 83: 1-10, doi: 10. 1016/]. jastp. 2011,
12.013.

Riley P, Linker J A, Mikic Z. 2013. On the application of ensemble
modeling techniques to improve ambient solar wind models.
Journal of Geophysical Research: Space Physics, 118(2):
600-607, doi: 10.1002/jgra. 50156.

Riley P, Linker J A, Arge C N. 2015. On the role played by
magnetic expansion factor in the prediction of solar wind speed.
Space Weather, 13(3); 154-169, doi: 10. 1002/2014SW001144.

Siscoe G, Baker D, Weigel R, et al. 2004. Roles of empirical
modeling within CISM. Jouwrnal of Atmospheric and Solar-
Terrestrial Physics, 66(15-16): 1481-1489, doi: 10. 1016/j.
jastp. 2004. 03. 028.

Siscoe G. 2006. A culture of improving forecasts: Lessons from
meteorology. Space Weather, 4(1): 01003, doi: 10. 1029/
2005SW000178.

Spence H, Baker D, Burns A, et al. 2004. Center for integrated

space weather modeling metrics plan and initial model validation

results. Jowrnal of Atmospheric and Solar-Terrestrial Physics, 66
(15-16) : 1499-1507. doi: 10. 1016/j. jastp. 2004. 03. 029.

Thompson W T. 2006. Coordinate systems for solar image data.
Astronomy & Astrophysics, 449(2); 791-803, doi: 10. 1051/
0004-6361.:20054262.

Wang Y M, Sheeley N R Jr. 1990. Solar wind speed and coronal
flux-tube expansion. The Astrophysical Journal, 355: 726-
732, doi: 10.1086/168805.

Wang Y M, Robbrecht E, Sheeley N R Jr. 2009. On the weakening
of the polar magnetic fields during solar cycle 23. The
Astrophysical Journal, 707 (2): 1372-1386, doi: 10. 1088/
0004-637X/707/2/1372.

Wu CC, Fry CD, Wu ST, et al. 2007. Three-dimensional global
simulation of interplanetary coronal mass ejection propagation from
the Sun to the heliosphere; Solar event of 12 May 1997. Jouwrnal
of Geophysical Research: Space Physics, 112 (A9). A09104,
doi: 10.1029/2006JA012211.

Wu ST, Wang J F. 1987. Numerical tests of a modified full implicit
continuous Eulerian (FICE) scheme with projected normal
characteristic boundary conditions for MHD flows. Computer
Methods in Applied Mechanics and Engineering, 64 (1-3):
267-282, doi: 10.1016/0045-7825(87)90043-0.

Wu S T, Dryer M. 2015. Comparative analyses of current three-
dimensional numerical solar wind models. Science China Earth
Sciences, 58(6); 839-858, doi: 10.1007/s11430-015-5062-1.

Yang L P, Feng X S, Xiang C Q, et al. 2012. Time-dependent
MHD modeling of the global solar corona for year 2007 : Driven
by daily-updated magnetic field synoptic data. Jouwrnal of
Geophysical Research : Space Physics, 117(A8): 8110, doi: 10.
1029/2011JA017494.

Yeh T, Dryer M. 1985. A constraint on boundary data for magnetic
solenoidality in MHD calculations. Astrophysics and Space
Science, 117(1): 165-171, doi: 10.1007/BF00660919.

Zhou Y F, Feng X S. 2013. MHD numerical study of the latitudinal
deflection of coronal mass ejection. Journal of Geophysical
Research ; Space Physics, 118(10) : 6007-6018, doi: 10, 1002/
2013JA018976.

Zhou Y F, Feng X S. 2017. Numerical study of the propagation
characteristics of coronal mass ejections in a structured ambient
solar wind. Journal of Geophysical Research : Space Physics, 122
(2): 1451-1462, doi: 10.1002/2016JA023053.

Bt o 32 2 %5 STk

WA, KT, BB 20110 PR RUER 19 H R AT R bR B = 4
BAEBF . E R s ERB A, 41D 1-28.
W, AR B 20130 17 B BR K FH XUER G B0(E A LB T
PR R HERAL, 43(6): 912-933.
CA gntE )



