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LekaSE A PRI,

NWRA Magnetic Parametrization: KD Leka, G. Barnes

Data Input: photospheric vector magnetic field data

From B(X,y), describe:
the magnetic field strength and direction
the horizontal gradients of the magnetic fields
the vertical current density
the magnetic twist and current helicity density
the shear angle (deviation from potential, whole map and neutral-line
areas)

Proxy for the magnetic free energy
Schrijver's R parameter

Parameterization:

« Moment analysis: mean, standard deviation, skew, kurtosis to derive
single-number parameters for each category

« Additional parameters: total, net, best-fit parameters.

* Mix of intensive and extensive parameters.

¢ Completely objective

* Temporal analysis readily available: fit for slope & intercept (at
reference time).
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Barnestzil

NWRA Magnetic Charge Topology: G. Barnes, KD Leka

@ Use photospheric B to investigate coronal B, where reconnection occurs

@ Magnetic Charge Topology model
» Partition B, maps, model as point sources, potential-field extrapolation,

determine the coronal connectivity matrix

@ Parametrize the coronal topology by characterizing the magnetic
connectivity, distribution of magnetic nulls and separators.

@ Temporal analysis readily available (slope & intercept of parameters).

MCT analysis of NOAA
AR10030 with 113 sources
(+, X). “A", "B" and upright
null points (v, o, )and
separator field lines (—).
AXes are in megameters.
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MAGH4 Forecasting using MDI Sample

Free-energy proxies are obtained: 1. from the vertical-field component of a vector
magnetogram (all vector magnetograms are deprojected)or, 2. from a
line-of-sight magnetogram.

* Free energy of an active region (AR) 1s concentrated in horizontal
shear along neutral-line intervals in which the horizontal component 1s
strong and the vertical component’s horizontal gradient 1s steep.

The measureiment ﬁ'CllIl a vector
magnetogram:
WL..=/(VB,)dL

The approximation from a

line-of-sight magnetogram:
LWLy =/(VB_og)dl.
Integration 1s along strong-field
intervals of the AR’s neutral lines.
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X1 Huang (xhuang(@bao.ac.cn) & Huaning Wang (hnwang(@bao.ac.cn)
National Astrononmucal Observatories, Chinese Academy of Sciences
Abstract: We bult a solar flare forecasting

model from SDO/HMI vector magnetograms.

The parameters, model and evaluation are *  Maximum Horizontal Gradient
presented here. * Length of Neutral Line

B Parameters

Number of Singular Points
B Framework | g
Tiltangle

Parameters n Evaluation o
Model - Magnetic Shear Angle

Decision Contingency — \ -
. genc) Vertical Current Density

Time Tree Table -

Vertical Current Helicity Density

Series of - tves | Bvent sbierved

Taredain |

Parameters Twist Parameter o

LY

o | Free Magnetic Energy Density




APRrEBE TR IERe L BatR

Predicted Heidke skill score: HSS = (TP + TN — random) / (N — random)

flare no flare : - _ . _ _
flare TP FN True skill statistic (aka Hanssen and Kuipers discriminant, aka Peirce skill

% no flare  FP TN Jscore) : TSS = POD - POFD =TP/TP+FN) — FP / (FP + TN)

Conclusions.

Talking is good. The group did more talking than computing. It was
Intense. A lot was learned. A lot of coffee was consumed.

Devil's in the details: No two groups will get the same parameter
(e.qg., total magnetic flux) exactly the same due to internal details re:
thresholds, grids, approximations, etc.

We're not there yet. A lot of progress has been made, especially
with automation and machine-learning. However, the full potential of
the information available is still not being utilized. And no one Is yet

producing a Sun-proof prediction method.
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HSS (M%%) 0.22 0.38 0.35
TSS (MZR) 0.65 0.48 0.25
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4 BEIS[exponential in energy]
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76.56 49.00 34.03 25.00
62.38 50.00
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@ Hj‘ﬂﬂﬁ&*ﬂé&lﬁ*ﬂﬁ enePrgr;t::ng . ﬁﬂuiflll:l:ﬁ :ient I; :ﬁeﬂ le;::;
ar Cycle 20: IMP - 3,4,5,7,8 ‘ (MeV) | Ppyp (em™?) | Py (em?)

! | s0x108)  1.55x10'!
ar Cycle 21: IMP - 8, GOES 5,6,7 y—}amm
ar Cycle 22: GOES 5,6,7 S

vV V
0w W
O O

\4
o))
@)

@ 1B\ PnminHES 1 g ] | >10 2.5x107 3.47x1010
e J : mmE/J _314:];'_)\ }E-L_l_ | >135 1.0x107 2.45x1010

| >20 1.0x107 1.95x1010

| >25 3.0x10° 1.55x1010

* D mIRESRG: ;ﬁm
> HRELUE—K [ o, sowe
> DHBEIREINENX ..,
> BERNNSREEFRMG | 0] soud] esmdd

p E jCEIJ == /A ;@m
ST L ki) V—mﬁ




APRRFHRHAUIERTNR: ESPIRE

* JBSEIEN.:

M:BEHZEE=logd®

—

S=— [ p(M)ln|p(M)|dM

FHp(M), EEFSEKX.




APHRFHRHAUIHRTRR: ESPIRE

=
v
B
-
=
2
Al
=
0
.
@
-
-
v
-
o
R 0.
:
-
-

107 10 10°
> 30 MeV Fluence (¢cm™)

AF30MeVEFEHBEDTH



APHERF R HAVERATRR

e o ere— g o —

ANPHER SRR Rk = ERTE 'T.I,J@j(BH/mEjﬁ)u%E/JQE
THEXMERTT, WHEFRIX (EfR. eS8, wisEiE
=) . fﬁ”ﬂf (BRI, SR, ) . ﬁ%f‘ Mj (731,
ﬁf\ i \%d¢u&r7ﬁ THITTI LSS,

B
}g
i

* IRAE

P EEEJL;

P
B B
p



RS iEbt

bt SAPHE SR AYEDE

——GOES12 1.0-8.0i%
——GOES12 0.5-4.0i%

x}w)\J Y
IXIZiﬁ

g
E7
N\
-
fod
~
"~
s
=
]
~
E
N0
-
-

5%%5Kbr'

DT

it (PFU)

Wi

2003-10-26 2003-10-27 2003-10-28 2003-10-29

s FERBENAZEBYRBR= 54+

TREAE
TEH ] SCHRATL-3RAIRF 24

Tils




R EBE RIS TASIE

R WE0ZEE REBERBMSAE: >MA%R

(b} Impulsive *3He-rich™ Events

C
E
o
w
E"_l
2
e
=]
E
]
E.
o
=
=
=
i
£
=
[i-]
o
o,

-80 -60 -40 -20 0 20 40 60 80



B FIERERYFHRIRT,: PROTONSIRZ

» GOESPEXg -
LR EZ XL v BRFEHR




B FIEBIRYTRIRIRIL: PPSIRT

MAE it




“#H R ES PRI F ST

. o e A PRSI
& ABREFHSEF AR FSHRA, RER TR E. ko

G BT O T RS TR 2
WS e

2

Mar Apr Oct Nov

Mar  Apr

Mar  Apr
. - =

Mar  Apr Oct Nov Dec

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A BRHIFSPBYABIR =S AHHUN




3. MBEK=FIAIAIRHIENTRIR

Mg IRAYTRR
MRS 0 BERAAIHR

FEREYT |E|J7C'_ 4

=N IERSFERS

\

~

It RGeS ATEEIRISH



i FEAZ I ETREE

SOLAR - INTERPLANETARY — MAGNETOSPHERE COUPLING

EARTH'S MAGNETOSPHERE
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MAGHNETIC

! MAGMNETOPAUSE CURRENTS
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Description
Model Parameters

 arereetaeesteaessnaesrasenteaesns Angular width between the “legs™ of the GCS model
..................................... Height of the legs
Aspect ratio (see eq. [1])
Thern|S|en et al : E]iﬁﬁll’[:_‘.'rl d{.‘:t:lfiity I‘z:mlm‘ , o o ) - ..
) O trailing «-s+serereersessesssssssrsanes Gaussian width of the density profile in the interior of the GCS (see eq. [2])

2 006 2 009 ; Oleading «-s-sererersesrermseesaminnnes Gaussian width of the density profile at the exterior of the GCS (see eq. [2])
’ ’

Thernisien 2011

Positioning Parameters

Carrington longitude and heliographic latitude of the SR
Y teeerernneeeeeteeaearaaeeeraaaeeenns Tilt angle of the SR neutral line
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T =27.98 + 2.11 x 10*/V,, Wang et al.[2002]

=961 Vp/Ql Zhang et al.[2002]
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BFEmh#AHAF (Hakamada-Akasofu-Fry) {5

bEAA = BEHTE

Hakamada and Akasofu, 1982, Space Sci. Rev; Sun and Akasofu,
1985, Akasofu and Fry, 1986, Planet Space Sci.
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BRI HEIRBISPMARARSPM2 : Fitkis=R

- i P =

'

Forecast skill score SPM2  HAFv.2 | SPM2 STOA SPM2  ISPM

(133 events)
Probability of detection, yes (PODy)| (.61 0.76 0.64 0.80 0.64 0.51

N

(123 events) (78 events) (154 events)

Probability of detection, no (PODn) 0.61 0.41 0.62 0.3 0.6 0.63

o

False alarm ratio (FAR) ().5° 0.57 0.52 .58 0.52 0.56

BIAS 29 19 . 32 1.16

o

Critical success index (CSI) (.36 (.38 ).3 .38 ). 0.31
True skill statistic (TSS) .25 0.25 0.15

Heidke skill score (HSS) 0.20 0.14

Prediction Error (hr)

Gilbert skill score (GSS) 0.11 0.13 0.13 0.08

Success Rate (SR) 0.61 0.54 0.62 0.53 0.62

e 240 16.2 274 14.1 244 8.3

P3 9.5x1077 5.6x107° | 1.7x1077 1.8x107*|7.8x1077 0.0039

SPM2 STOA ISPM HAFv.2
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Submit]

The shock will amve at the Earth at 2012-03-08 10:46:03

The transit fime predicted is 34.52 hours!
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Table 3
Statistical Comparison of the Values of Several Standard Meteorological Forecast Skill Scores Derived by SPM3, SPM2 With Those Derived by HAFv.2
Based on 498 Events, With Those of STOA Based on 418 Events, and With Those of ISPM Based on 375 Events

Skill scores Ideal value SPM3 SPM2 HAFv.2 SPM3 SPM2 STOA SPM3 SPM2

PODy 1 0.67 0.62 0.76 0.66 0.64 ] 0.63 0.64
PODn 1 0.72 061 0.41 0.75 0.62 .36 0.74 0.61
FAR 0 0.43 (.53 0.57 (.41 (.51 ] (.42 0.51
BIAS 1. 1.30 1.79 1.11 1.32 . 1.08 1.31
C51 0.37 (.38 (.45 (.38 (.43 (.38
0.22 0.18 0.40 0.26 ] 0.37 0.26
0.21 0. 0.39 0.24 13 0.36 0.24

(

(

=] WO Lh =]

L B

0.12 08 (.24 0.14 ] 0.22 0.14
061 .54 (.71 0.63 .32 (.70 0.62
230 15.6 64.6 26.2 49.1 22.8

L4

e e e, e,
—
L—

R [

-]

X~

,i'J-\-"E-ﬂllt".- 6 x 1076 77 %109 89 x 107 31 x 1077 3 x : 2.5 x 10712 1.8 x 107 7.7 x

Table 4
Comparnson of Prediction Errors of the Shock’s Transit Time
Derived by SPM3, SPM2 with those by HAFv.2, STOA, and ISPM
Based on the Same Data Events

Maodel Hit Number MA® Ermror (hr) rms” Error (hr)

SPM3 122 9.01 1091
SPM2 112 9.58 11.60
HAFv.2 139 9.26 11.34
SPM3 99 8.94 10.76
SPM2 97 9.64 11.59
STOA 119 10.04 11.77
SPM3 86 8.87 10.64
SPM2 38 9.49 11.56
ISPM 8.88 10.97
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Model version

input

output

Success rate

2| ATT

Reference

LR EHEIREIDGSPM

“ o
flare, Type ll, SW flare, Type Il, SW flare, Type Il, SW, CME(SOHO)

when whether & when whether & when

61% ~ 62% 70% ~ 71%

9.0 hr

whether & when

100% (?)

7.3 hr

Zhao et al (2016)
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e HEKERBIRGF(HHMS)

HHMS(Hybrid Heliospheric Modeling System, HHMS): HHEEEZREFEX
S BENOAATNERIZ|8JFAIER\(Space Environment Center, SEC)Z&/ 3
NE{EFH&RY

1S RIRIHBEKE g
. PFSSi&R \ EAINSE
HHMS / ‘
Han BIKPEXIHRE
[Han et al., 1988,
Comput Fluids] Rt RIS

[Detman et al., 2006 JGR] |
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tREEHHMS RIS R NBIXILLE [Detman et al., 2006, JGR]
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(Jiang et al. 2016a, Nature Communications)
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Data from WIND in GSE

Data from WIND in GSM
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Relativistic Electron Forecast Model — 10 Apr 2011
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