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SPACE WEATHER

conclltlons 18 the lnterplanetarg
mecl:um causmg cllsrul:)tlons to

%technologlcal systems on Earth
|
§ancl nearbg space

;
.‘
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FAMOUS SPACE WEATHER EVENTS

| December 21, 1806: Alexanc‘er \Vels) Humboldt observed his COmMPass |

becommg erratic clurmg a ]Z)Flgl’)t auroral event

‘ Septemberl 1859 Carrmzton event, Proclucecl solar storm - ‘
| wdespreacl ci:srupt:on omc telegra[:)h service |

November 17,1882 the Aurora cllsruptecl telegraph service
* Mag 5121 one of the |argest geomagnetlc storms - caused

1 worldwide disruption of telegraph service and damage to
; electrical equipments

i/—\Prxl P D0 the Nozomi Mars Probe was hit bg a large Solar

’ Energetlc Particles (SEP) event causmg |arge scale failure - the

} mission, alreaclg ) years behind schedule, abandoned in
. December 2005 !
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FAMOUS SPACE WEATHER EVENTS

¢ st 7, 1972 large S| éveht — it astronauts had been

In space at the time, it would have been deadly or at

B e AR

least |i1ce~threatening — occurred between /—\Po”o 16
and Apo”o [ lunar missions

geomagnetic storm — included the full array

of space weather effects: SEP, Coronal Mass fijection,

Forbush decrease, grouncl level enhancement,

. geomagnetic storm,

1 Julg 14 2000: Bastille Day event occurred near solar
maximum of solar cgcle 7). Proclucmg exceptlonaug

l:mglﬂt aurora
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SOLAR WIND

o Parker 1958 — solar wind model

0 above a reference height, radia”y directed solar

wind tota”g controls the magnc—:tic field

0 determine this reference height to quantitativelg

" model backgrouncl heliospheric magnetic field and

%

the solar wind sl:)eecl

{
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 WHY CORONAL MODELS?

"‘““"“"&-.- - ’”~ et

| * Direct observations of coronal magnetic field ~—~ |
{ Chanenging and limited (e. g. Dove et al, ApJ, 731, I
i 2011; Bak-Steslicka et al., ApJL, 770, 2013) '
’ i * Models that extrapolate the observed
; Photosl:)heric magnetic field into the corona
’ and begoncl
|

t’ ”
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- MODELS OF THE CORONA

4
|
¢
{

{0 Potential Field Source Surface (PFSS) model

fc NonLinear Force Free (NLFF) model

,w Magnetol’wgclrostatlc (MHS) models —
} Current Sheet Source Surface (CSSS) moclel

\
:
.

. ‘0 Magnetohgclroclgnamlc (MHD) models
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& Prss MODEL

‘ Schatten et al., 1969; Altschuler & Newkirk, 1969

%corona: current free between Photosphcre and source '
;;fsumcace (2.5 Rsun: Hoeksema, 1984; Ph.D. Thesis)

.coronal magnetlc field - ComPutecl from

scalar Potentlal begmg | aPlace’s law

,f
'i

>opular model — addresses a variety of problems

.‘

C i, Schrj\/er@DeRosa 200%; Luhmann et al., 2009
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| SOLAR WIND ORIGIN

; Fast wind — coronal holes — open magnetic teld

| _

f, e |
Slow — near streamers — closed magnetic feld
i Wang & Sheeleﬂ) 1990s

. All the solar wind originate from coronal holes (CH)
|

fast wind — center
i

slow wind — near the boundaries
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SOLAR WIND ORIGIN

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); Brssy — magnetic field

T T T T P e T S P TT  ENSTe &
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WANG-SHEELEY-ARGE MODEL

WSA: Arge and Pizzo, JGR, 105, 2000 |
| .
' /2.5 > 3
v = 265.0 + (].5/(]+1CS) 53 0 ‘exp (952..5) )

‘i‘?(grom McGregor et al., JGR, 113, 2008)

i

1; foe flux expansion factor

;ﬁb - the angular distance of the magnetic field foot

§Point from the nearest coronal hole bounclarg
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fi WSA/ENLIL

ENLIL: state-of-the-art space weather Precllctlon |
f model of NOAA - SPace Weather Prediction Centert

|
WSA Prowcles ambient solar wind at the inner bounclarg of ENLIL §

's

ST WP SIS VO PO RSSO VR

-4 cJag advance warnings of geomagnetic storms caused by

earth-directed CMEs & quasi-recurrent solar wind structures

crioe. -2 clags

N e e st s it - . e eI e tpa

major Slﬂglé source: WSA backgrouncl solar WlﬂCl CIUC to intrinsic

ﬂaws in PESS model (e. o Pizzo et al. SPace Weather 2012) reduce

error & | improve inner bounclarg conditions of ENLIL f-
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NEED OF ALTERNATE MODEL

+ coronanot strictlg current free — large~scal€

{
i
|

Slasma structures above [OR. . —>nterachion

between magnetic field and electric currents %

- Potential field - over simpliﬁca’cion

|
H
iv

3

i « PFSS limitations —> uncertainties in the Footlz)rint
|

| ocations of solar wind source regions — atfewtens |
‘ of clcgrces in Iongltucle (Poduval & Zhao, JGR
| 109) 200 -more quantltatlve analgs:s underwag)
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"(EOMETRY OF C555 MODEL

BOGDAN & LOW 1986  obtained solution to

magnetostatic equilibrium — electric cUrrents ﬂowing

Perpenclicular to gravitg G ,»Z) evergwhere

B o T R | = T
— S T et AR e T ey Dy TN i e I Wy > o A -

spherical harmonic expansion Source Surface_r=Rss
) / -~ Cusp Surface r=Rc¢ \ e
1 Zhao & Hoeksema g P e N
' % : 7 Sol r/§ rface r=R> \
clcvelol:)ecl CSSS model : t/ ,/ s ﬁ\\HQ\ \
= o nes 1
includes - effects of volume & 1 1 \ ) P
o sheet currents and source Ny
A | \. ~—
3 su rface N - g |
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CooH MO |

| < g0 - o
. W[l s  sin(0) 8gb8r¢ 86’(97“¢_ ()
and
- Op. 10¢ 4 1 O0¢ -
Be U or  rob sin(0) Ekbgb (2)

where, (o is the magnetic permeability, n(r) = 1 + (a/r)?
and ¢(r, 0, ¢) is a scalar function determined by the bound-
ary conditions at the photosphere and corona (Zhao and
Hoeksema, 1995).
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CSSSMODUT *

|
]
|

T R e o I 5 . :

innernqgon

NO n
, @ =" 3" RO(r)P(cos 0)(gSy, cos mp+hQ,, sin m)

n=1m=0
? (3)

! o/ Ro(l+4a)"

% Rn (7‘) - (n + 1)(T + a)n+1 (4) {
| |

middle region

Ne n
¢ = Z Z R, (r) Py (cos 0) (g, cos me+ he,. sinme)

LSl Sl B S s el caiiaind Lo

n=0m=0 ;

; outer regjon
extrapolate comPutecl B out into the heliosphere because
Bo(&3’933’¢33) = B¢(Rsa,935,¢ss =0 g

____./;
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- COMPARISON OF MODELS

PFSS

source surface — 2 ORsin

magnetic field at 55. open

& constrained to be radial

Coronal magnetic Held: o

Iatitudina”g structured

Predicts Polaritg, but
strength in terms of total
unsigned Hux crossing 55

CSSS ,
e to vary: 14~ 15 Rsun , |
OPen at cusp surface 2. 5 Rsu,p
but not radial until 55 %

uniform - no lat/lon
clepenclence — consistent WIth
observations (Smith & Balogh
1995 200%: Acufia, 2008)

Can Preclict HMIE strength &

polarity £
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PRESENT WORK

e
e
* |
b

- ewe used CSSS/PFSS models to .

compute LLE

s use the speecl I FélathﬂSl‘]lP
@

| of Wang;Sheeleg to Precllct

* solar wmcl speed
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DATA

{

OMNI data — httl:): £ omniweb.gs?c.nasa.gov/ ,

| : :

| D81|9 a\/eraged solar wind data 1996-1998 |
‘ minimum, earlg ascending - solar cgcle 23

. Photospheric synoptic maps:

pheric synoptic map

| :

WSO - 5" lat-long

NSO/Kitt Peak -1 ‘
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http://omniweb.gsfc.nasa.gov/

. 4 a . S o
i i < i, il y REPUR TR & NBA R S

Ckinbide Mkl r: & S3a S P et £ el

b 0L U P S s Sl il :

§ METHOD f

Step 1: map observed solar wind back to corona
. RO
<P0:<PR+";" & Vo= Uk
R
U, @o - latitude & longitude at source surface 4
9z @r— at a distance R from Sun -

() — angular rotation of the Sun
I/ — the solar wind velocity at R — we used the

2 o T S ST »

BRI o TR S B AT T I e e ey

daily averaged value

*—d
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METHOD

SteP i map SS locations back to Photosl:)here

| along open field lines SN 555 & oo models .

i

o adnininili

Computecl FTE at each solar wind source & |

LAy S S s i - i 2

Preclictecl solar wind speed using WS rclationslﬁip

B e i A SN el i st Sl - & o lin i S PBEN lelpa ok 2

Speed FTE
=70 <k
60— 0 45 2 8
550 — 650 8 — 10 |
450 — 550 0L 20 |
<450 o
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. QUADRATIC FUNCTION

¢
;

S 3

1

|

|

0
€
(z0

e

oY
O
&

P

NSO /Kitt Peak

a=11%».9
b=466.6

s Dl & 3 i b R i i L it b S s i

Solar wind speed (km/s)
N o
) O
o) O

|

] LY

| cz /0 T

0.0 | | , . ;
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| | SOLAR WIND PREDICTION

' ethe quaclratic function is used for

all the subsequent solar wind

speecl Preclictions

o usecl the same Functlonal Form

P i as andcass models
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% RMSE

b S Rt 4

Evaluate Pergormanccs of PFSS and CSSS models

et e e DU ——

Root Mean Square Error (RMS!

- s Db . & i o PBER Cetpn ol BB T Al s i i i . gty it

RMSE satio. = RMSE.. /EMSE

L B T e P

between observed and Preclictecl speeds

;
=
f'.
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SKILLSCORE 8

ckill = 1. 27 % aah
MSE, .

s e T DL e ae & y e & o 0L Fedant £

|

‘
i MSE: Mean Square Error
-

F

Owens et al,, JGR, 110, 2005

=
£
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 METRIC OF ACCURACY

;orrelation coeHicient — inaclec]uate - goocl |

correlation not necessarilg imply causalitg

sgnoptic map (955 PESH

corcoft > 05 WSO & NSO 24% 15%

r.

1 mean corcolt NSO @25 O.l2
mean cor coft WSO Q.15 Q1

‘Bala Poduval
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METRIC OF ACCURACY

B8 WtH RMSE 5210 el

':
4

‘ ( 555 Preclid:ions are comparable to
gor better than PFSS Predictions

;
i_
t
g

fmean FUISE. WSO 13 NS5O | &

ZRMSE > 13 WSO 32%; NSO 55%

Mean RMSE ratio between
C55S & WSA/ENLIL 19
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RMSE increases as so‘ar '
5 DR cgcle progresses —> |
' o glcultg mocle”mg

e » ;complex magnetic erlcl{._ _

(a) WSO

Parameters: £

:
e BN . =y T Ree s EERS R closer%;? |
R Pl 15 Height of cusp varies "
A | Cranmer et al. ZOO7

Sttt e Dl S bt Zhao & Hoeksema, | 995) .

(b)) NSO/Kitt Peak
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- CONCLUDING REMARKS

For a given sunoptic map:

CSSS moclel Pemcorms 1.9 — 2 times better
than PFSS and WSA/ENLIL

‘ taking RMS error as the metric of accuracy
|
|

With high resolution, high qualitg HMI data,

CSSS Preclictions will be more accurate
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CONCLUDING REMARKS

to establish Sun - Solar wind con nectnwtg

maP ed observed solar wind back to corona and’
Pre icted speeA usmg magnetlc field Propertles

at the foot Pomts represented 139 FIE

?P*‘SS solar wind maPPecl back to 2.5 Rsun

CSSS 15 Rsun — avoids the reg:on below Alfven
.crltlcal Pomt where SWis s‘cl” acceleratmg
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CONCLUDING REMARKS

PESS: magnetic field constrainécl to be radial at 2.9 Rsun

_slareer uncertainties in the photospheric foot points
Z i % o

2
]
|

CSSS magnctlc fields allowed to be nonracllal
! between 2. R and B '

! Bictier Pemcormance of CSSS model indicates solar wind |

{ sources are tracecl more accuratelg — nearlg twice
better than PFSS & WSA/ENLIL

Bala Poawval " Presented at Universitgag{:aulum 78 October 2014



CONCLUDING REMARKS

Vsource surface location in the CSSS model is free to
;varg — a great aclvantage — can be Placecl outside

EAH:\/en critical Pomt
’ the coronal and heliospheric magnetic:

field strengths can be comPutecJ/ Preclictecl and
| coml:)arecl with in situ measurements

'Solar Orbiter and Solar Probe Plus Provncle

mFormatlon on corona| conclltlons Wlthm

40 Reyn — COSSS Precllctlons can be tested ..
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