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Abstract The Wang-Sheeley-Arge (WSA) model is an empirical model that can predict the back-
ground solar wind speed and Interplanetary Magnetic Field (IMF) polarity on the Earth. It utilizes
the line-of-sight synoptic solar magnetograms as input to give predictions about 3 to 4 days in ad-
vance. It is an improved version of the original Wang and Sheeley (WS) model. The relationship
was generalized according to the parameters of the Coronal Hole Boundary (DCHB) model. The

solar wind velocity is first determined at a certain height by the expansion factor of the magnetic
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field and the minimum angular distance that an open field footpoint lies from nearest coronal hole

boundary. And then a simple 1-D modified kinematic model (1-DMK), which includes an ad hoc

method to account for stream interactions, is used to transport the wind from the corona out to the

Earth. In the course of development, the WSA model has been improved gradually in the details,

such as the source of synoptic magnetograms, the type of coronal magnetic field model, the values

of free parameters in velocity relation, the way of mapping the solar wind to earth and so on. Many

studies were devoted to improve the prediction accuracy of the WSA model, and it is widely used

now in many Magnetohydrodynamic (MHD) solar wind model.
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Table 2 Sources of the solar magnetograms

R 3 e il LS AR 1 H W R AR S
WSO el 73%30 1976-05-27 FEIAE CR1642 % CR2194
MWO BN 971x512 1996-06-28 FEIIE CR1911 % CR2194
GONG 1| 360x180 2006-08-25 FEIAE CR2047 % CR2194
KPVT 1| 360x180 1975-02-18 % 2003-09-26 CR1625 % CR2007
SOLIS 1| 360x180 2003-08-30 EIIE CR2007 % CR2194
MDI 1| 36001080 1996-05-05 % 2010-12-24 CR1909 £ CR2104
HMI 1| 3600x 1440 2010-04-22 FEHMIE CR2096 % CR2194
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Table 3 Free parameters for WSA model in Eq. (4)

BARIR frigsy il Vs Ve a1 az as aq as ag EZ PN
GONG PFSS+SCS 240 675 022 1.0 080 28 5/4 3.0 [17]
MWO/WSO PFSS+SCS 250 680 0.22 1.0 0.80 4.0 4.0 1.0 [17]
KPVT PFSS+SCS 200 750 0.22 1.0 0.80 3.8 3.6 3.0 [18]
KPVT PFSS+SCS 240 675 022 1.0 080 28 5/4 3.0 18]
GONG PFSS+SCS 200 675 0.29 1.0 0.80 3.0 2.0 3.0 [19]
GONG/SOLIS PFSS 240 675 0.22 1.0 0.80 1.9 2.0 3.0 [20]
MWO PFSS 250 680 0.33 1.0 0.80 4.0 4.0 3.5 [21]
GONG/SOLIS PFSS 240 675 0.22 1.0 0.80 4.0 2.8 3.5 [21]
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®4 K (5) 1) WSA HE (kms ) XRPUHHESH
Table 4 Free parameters for WSA model in Eq. (5)

BARTR il Vi ao a1 az as a4 as as Z:25 R
MWO/MDI PFSS+SCS 265 1.5 0.33 5.9 1.5 7.0 2.5 3.5 [12]
MWO PFSS+SCS 265 1.5 0.29 5.8 1.6 7.5 3.0 3.5 [22]
KPVT PFSS+SCS 265 1.5 0.33 5.8 1.6 7.5 3.0 3.5 [22]
MWO PFSS+SCS 265 1.5 0.40 5.8 1.5 2.5 2.0 3.5 [23]
MDI PFSS+SCS 265 1.5 0.23 6.34 1.5 2.0 1.5 3.3 [17]
MDI PFSS 265 1.5 0.20 6.30 1.5 2.0 1.5 3.3 [17]
MDI HCCSSS 265 1.5 0.34 6.49 1.5 2.0 1.5 3.3 [17]
MDI HCCSSS 265 1.5 0.40 5.8 1.5 2.5 2.0 3.5 [24]
MDI HCCSSS 265 1.5 0.40 6.1 1.4 2.5 2.0 3.4 [25]
MDI PFSS 265 1.5 0.22 6.1 1.2 25 15 34 [26]
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ANF H BRI 25 R 2 RRBLTE [
M0y B9 AT b, BT X ORRH RUGH BE 2 A 7 A S
Sun % P4 BFRKR B, £ WSA BRG] PF-
SS+SCS FIAI TR MW H A T PFSS ALAL
Poduval % 321 DI iR 2 A FRME LES T HCCSSS
FARUFT PESS BEAY, & BRI TR BH XU B2 1 HE
FERJE# Y 1.6 £ Cohen WA T 435IH MHD
BIRIF PFSS BIBLTFAM fo, R FHEWRMT L
BB AR, RileyY B A MHD #EARIS 3]
W H BREGZBRES S5 Te = WSA BB Tl L
. Jones % B4¥ BT —AHE LR H BRESHE
A, ZBIAUR F H 2 A BGOSR 3
PEHAERNE] WSA BRI HUGEF G R
4.4 BEBBHRBEIKRELZ

DL PFSS BB, {8 FI BRI ok R LK
B, RREL Linax SRS AR KRE T f E.
Liax HSEPREBUESZ IR THEE 53 90K, HEE 73 R
7, Linax SUVFBUEBRK.

Poduval % B W& T REH L. BESF]
B fo FIBTFAM AT, K 22 Jf& S bR IEEE.
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Sun & 24 i\ Ny 22 2 RS FREY . RN BT B
K9 Bt TR IS W AT, RECEmE] 72
it th B RS v LA A BR 250K % PFSS
RAAY, I\ R0 G BT R 205 [ i &5 Pl el R, {875
F i H BRI N (g 57,
4.5 HEHHEEWBEHSH

H 2858 0 3 S EPUE R FE S m 2
T AAAEKEF f BUE. DL PFSS BIRU A4,
FHEMALFIRIE R = 2.5 R, B, 1T EREZ IR
PRI 25 SR & Bed 8, (R A 2 [ B
Sun % B9 #ilZE 23 KFHIE 3 A /NE R IR 2R T
PLERATE 1.8 Ry, Lee % 10 BE5TT 48 22 1 23 KFH
153N JE AT BBRiE 72 A, ths HhUE R I B AL AR X
T 2.5 R, FBFETIH. Arden £ U BT 45 23 M1 24
K& SN A AT B rGE A8k, fa i IER A AL S
X T 2.5 R TR EIIE 4 5. PFSS+SCS I R
BIALE R FERT LA . HCCSSS Al A = HH S
BOTLAETT, B35 Rep, Res MIALE L KIK T R #Y
HE o, HATH FRBUE S 14243

Rep = 2.5 R,
Rss = 14 Ry,
a=0.2.

4.6 WSA BEXZRTEHBERHENE

Sy 2 AR A2 R0 T B2 RO
/N WSA BRI 8 ATTESRL, SEhr LA WE.
HATESEH Ve, Vi, a1 K oag HWIBERIRLSC
A HBSRAT SR K XEE SRS
KPHE ST B E AL, Ve & Vi BEZ AR b
Sh, VAT an ATLABCE fo TTRRRV/DS, TR as ATRARE
HIMCER I E. Riley 55 Y A PFSS #4l, 7EH
P 25 %007 18] R LI {EL A B4R (LA % R i iy 24
£, RBUX SR EE L B Riley 55 10K
1E WSA 2B R, 0y B f, A AEEEMA. X
SR TR A B Oh B U X R A 15 B — B AT
M7 Oh B0 Xk B 77 fe R EUD, F3 WSA-2000
RS TR BERCKR, X5 Wi th 8 IR 07 A I
WHISASE. B, f TERH & RA
TEEMiVER, X /& DCHB AR B AH).
4.7 KPERGEEBRSGIE 1 AU YA

WS LAY W5 ] B S, 2 e AR
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TG A AE AR A, FEORBH XU LA E e 4 32 5 e St
F| 1 AU. —412 3% 7 {0 B A AT LR 2 1AU f
SRPEIR T EE R AIRE R Z R AH AR, 2k
B 2 [ S B T PR H A FE 0T A FH R BE A 5, T
PITEE B BF R AR — M R BR 1. =4 MHD 4l
A LA T B PR S B ARG A AR A, (B R
BRI SRR AET ], Riley!®) 321 T —Fhrayme
ST B XUV, X MOTIA R ST, BT,
A MHD BUARFR, A3 T K H R 3 1 2 Akt
2.

5 LhiE

WSA SRR RSN T A s i, Hix
WIEAE WS AR IER b Zead 2 T lodt s B0 T ACPH XL
AT B BRRE A R SER AR, 25 X GE %
4 DCHB BB D5, TR H BT AR TE .
TE WSA BRI it fEr, B8 KEEREm ik
BORF RO, WAERERI A H BRE AL
SR 2 HHSEHUE, EEMBE] 1AU
B 55, XY T WSA M THRa8CR.

WSA BT EASE A, AT LAME RIS AR T
LR, Ak, H5 MHD #EISE G F] AT
B ERKHRE =4e254, JE7E AR ERFR
Fdiff. HRTE ARG HE S WSA+ENLIL #
i [46] WSA-+HAF £ 47 WSA+HHMS i 48]
WSA+CRONOS #i% 491 WSA+LFM #iA] 50 &
XSRS T R, T HIS T8 rI
AR

Brigt  KFHXEIER B T http://omniweb.gsfc.nasa.gov,
K FHREAHE B R B F http://gong.nso.edu/.
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