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“ Overview
* Summary of Paper |

“ New regulte



SPACE WEATHER

changing conditiong in the
interplanetary medium (golar wind)
cauging digruptiong to technological
gystems on Earth and nearby space




\R WIND

solar wind speed a 1/fte

fte — flux tube expansion factor — between
photosphere and source surface;

Rphot; Rss — radii of photosphere & source surface

Br(phot); Br(ss) — magnetic field
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WAN] G- Siw NODEL

WSA: Arge and Pizzo, JGR, 105, 2000

1/2.5 2 5
v=265.0+15/0+) ) * (5.8 —=4.0*exp(S

(From McGregor et a

S

~ Hux cxPansion factor

ﬁb ~ the angula - distance OF the magnetic field

Foot Point From the nearest coronal hole bounclarg



WSA/ENLIL

ENLIL: state-of-the-art space weather Prediction
model of NOAA - Space Weather Prediction Center

WSA Provicles ambient solar wind at the inner bounclarg of ENLIL
| -4 cjag aclvance wamings 01[ geomagﬂetic storms caused bg

earth-directed CMEs & quasi~recurrent solar wind structures

error: -2 clags
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’ ApdL, 782, 122:

“ Model: CSSS (compared with OFSS)
" SWS—FTE: quadratic equation for Wand & Sheeley relation

* Data: WSO & NSO/Kitt Peak — 1996-1998
(CRHI9I0-1945)

* Metric of accuracy: RMSE between predicted & obgerved SWS
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PAPER T

RMSE increases as solar

220

el = - _ cgcle progresses —>
Easaf [ aa, Toa, :: ) ciigicultg mocle”ing
S i] e, .!F,, R f; B . ,
o oL VNP e, cih M E complex magnetic feld.
~ :_,?’ J = N e o < — - /
U Q@) Optimization of free
R ﬁ
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Carringten

{(a) WSO

Rotation Parameters:

D ——— Reg =15 Rsunor closer?

= ”6; 3 'f"a. * RCP = 2.5 Rsun?

COEN % /% , ,

Ewf o : Helg}wt of cusp varies over
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Carrington

(b) NSO/Kitt Peak

S Zhao & Hoeksema, 1995)
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NSO
cor coft > 0.5 24%

mean cor coft

Mean RMSE ratio -

Mean RMSE ratio .6
%

82% with RMSE >= .0 —> CSSS predit
or better than PFSS pre

55%
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PESS: magnetic field congtrained to be radial at 2.5 Reun

langer uncertaintieg in the photogpheric foot pointg

CSSS: magnetic fielde allowed to be nonradial

between 2.5 Ran and 15 R
Better performance of CSSS model indicateg




solar/coronal Problems
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§§§ NAODEL

BOGDAN & |

magnetostatic equilit

perpendicular to g

0% -

0*¢p -
8r¢

B 098r¢ (1)

¢ -
85’ (2)

= 1+ (a/r)’

the bound-
(Zhao and
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CSS§S§ - GEONMETRY

Source Surf
o g oce\rsts

No
m - -
¢ = Z Z: RO (r) Py (cos 0)(g2,, cos me+h®_ sin mg) - N

~ - Cusp Surface r=Rc¢
n=1m=0 / P Surace r=Rep N

(3) / / /Solcr Surface r=R

__Re(1+a) /
R (r) = (n+1)(r + a)**+! ) | /

Ne n
¢ = Z Z R, (r) P (cos 0) (g5, cos mé+hS,. sinme)

n=0m=0

extrapolate comPuted B out into the heliosphere

Bo(Rss, Oss) Pss) = B¢(R“,9“,¢”) =0




DATA

golar cycle 23— early golar cycle 24
OMN! data - Daily averaged golar wind gpeed 996-2010
Photogpheric eynoptic maps:
MOL: (360xI80) — [° (lat, long) regolution
MWO: (9x34);  WSO: (72, 30); SOUS: (360x180)
(CRI9O0) (CR2006)



| METHODESUERN

d solar wind back to corona

B 2 0= o
Vi

gitude at source surface

R from Sun

of the Sun

velocity at R — we used the
daily averaged value
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NAETHOD: STEPS 2-4

Step 2: map coronal location back to photogphere along open field
lineg uging CSSS & PFSS modele




NI

s

3 €

Evaluate Pcr?ormances of PFSS and CSSS models

Root Mean Square ';
between obser\/e& ancl

= rror (RMSE)
Preclicte& sPeccls

RMSE ratio = RMSEprss/RMSEcoq
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CSSS
. PFSS
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Carrington Rotations

(b) CRs 2075-2092 (2008-2010).
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PREDICTED §OLAXR WIND
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log(FTE) 08 and 2.3 (Phage~P3)
Oland 40 (Dhage P2)

lower value during Phage~P5 - SWS above

650~km/ ¢ not predicted accurately

high values (> 950~km/q) of the y—intercept (c)
support thig; geldom occurred in Phage~P2



it ia well known that
the meagured polar
field etrength
influenceg the
modulation of the
neutral ine and
thereby the predicted
golar wind gpeed.



“ Wang et al, (2009): etronger polar fielde  larger polar
coronal holeg, disappearance/shrinking of low--latitude

coronal holeg, and flatter HCS
an increage in the polar coronal hole  gmaller expangion
factore (FTE)  anincreage in the polar golar wind gepeed.

» @ibgon et al. (2009): during 2008 there exigted numeroug

low-latitude coronal holes giving rige to frequent high--gpeed
golar wind in the ecliptic.



“ The average unsigned polar field strength:

MOl MWO  SOLIS WSO synoptic maps
26 5l 4l 3.8~C during Phage P3.

¥ These are about 33--45% legg than corregponding

valueg around minimum of golar cycle~23
(CReOI--1931: SOLIS data not auailable)



“ polar field strengthe during 2008--2010 are gignificantly lower than
thoge of past minima —> the argument of Wang et. al, 2009

explaing the misging lower values & the temporal variationg of the
coefficients.

¥ values between 1.3 and 2.0 are gufficient to predict most of the
obgerved glow wind, the narrow range of log(FTE) during Phage P3

questions the source of golar wind during thig period:

amall, low--latitude coronal holeg and/or pgeudostreamers, rather than
polar coronal holeg — typical golar minimum gource ot golar wind



CONCLWUSIONS

-golar eycle variation - gt

speed-FTE

-nearly digappearing during ce

- giving rige to an almogt linear

-thig variation ig gignifieant in CS

-nearly negligible in PFSS model
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CONCLUSIONS

We notice an anomaly in the temporal variationg of the

coetticients of the fitted quadratic equation during the extended
minimum 2008—20I0 for CSSS model

particularly gignificant when MOI synoptic maps are uged

Similar, but legs dramatic, variationg shown by other synoptic

mapg contirm — cauged by characterigtics of magnetic field
during 2008-early 2010 (olar cycle 24)



CoNCLVUSIONS

controlling influence
colar wind outtlow

FTE = Br{pho)/B

Bripho);  R: photogpheric magnetic fielc
Br(ee), Ree: source surface magnetic fiele
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CONCLUSIONS

The CSSS model ig gensitive to subtle
characterigtice of the golar magnetic field
which in turn ig reflected in its better predictive
capability during all phages of a golar cycle.




ONAPARISON OF MODELS

CS5S

e source surface — 2.5 Rsun e free

* magnetic field at 55: open& e Of

constrained to be radial 5

e Predicts Polarity, but
strength in terms of total

unsigned Hux crossing
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