National Weather Sé' .AL 3

tive Region
lar Flare

Propeye@fo |

' Fore




Y ¢+ @

*

Goal

- A4

Terminology

Solar Flares
Active Regions
Sunspots

Classifications

Compactness
Penumbra
Zurich

Parameters

Wha
Cool plots, Results, and Analysis
Conclusion

Helicity

NHGV

Number of Spots
Longjtudinal Extent
Area

Distance

t1Did




*

¢ | -

My goal is to help improve the way
flares are forecasted.

— Space weather events can destroy or

interrupt important technology, harm
astronauts, and misdirect homing pigeons.
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’. ”a‘re §0I,ar Flares?

*

A sudden release of energy stored in twisted
magnetic fields.

Solar flares are classified according to their x-ray
peak wavelength.

e

— X-class flares are big.
— M-class flares are medium-sized.
— C-class flares are smaill.

&  PRE-FLARE BUILD UP FLARE @

Flare Class Peak (W/m?2) Pneumonic
Class between 1 and 8 *»
Angstroms
X |> 104 Xtreme 4
M 10'5S | < 10_4 Mediocre
C 106< | < 105 cheesy .
B I <106 =

Subsurface flows Flux tube twisted by Flare goes off
relaxed subsurface flows Plasma ejected

http://www.noaanews.noaa.gov/stories2010/20100119_solarflare.html
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Category Effect Physical | Average Frequency
measure (1 eycle = 11 years)
Scale | Desanipoor Dewrsnos of eveat will mflnence severity of effects
Kp values* Number of storms events
1A £ oy { detenmmed when Kp level was met.
every 3 hours (mamber of storm diys)
e | NOAA Space
Systens may exp P .’ Transf may exp damage. (4 days per cycle)
Spacecraft operations may surface charging, problemn with wplak dowmink
G5 |& and tracking satelkises.

Other svstems: pipeline curreats can reach bundreds of amps, HF (hizh frequency) radio propazation may be

e i i o e & i i e Weather
aavigation can be out for bowurs, and aurora has been seen a3 low as Florida and southern Texas (fypically 40°

gromagnetic lat )**

Power systems: possible widespread voltage coatrol problems and some protective systems will mistakenly trp Ep=8, 100 per cycle

out key assets from the grid. clodmg 3 8- | (60 days per cycle)

G4 Shacecrafl oneranions. may experience surface charging and tracking problems, cotrections may be needed for
Severe orientation problems.

Other systems: induced pipeline currents affect pr ¥ HF radio prop sporadic, satellite

1 dezraded for bours, low-fre Y radio & d. and aurora has been seen a3 low as

Bosier syslamy: voltage corrections may be required, false alarms triggered oo some protection devices Ep=7 200 per cycle

Snacecraft operations: surface charging may occur on satellite components, drag may increase on low-Earth-orbit (130 days per cycle)

sellites OCTOCHONS T s A i bt i i

G 3 | Swong s St | *+ _For specific locations wownd the globe, wie seomagmete teds 1o determine bkely sahtiagm (196 www 1< 2033 g Asron)
Other systems ] = - - > | Number of events when

£adio mav be intermanent. ané Solar Radiation Storms 10MeV | B evel was

at) parnicles (lons)*

Biological: unavoidable high radistion hezard 1o astronsuts on EVA (extrs-vehicular activity); passengers and 10’ Fewer than | per cycle

crew in high-flying sircraft at high & may be exposed 1 rads k. *ee

Sasellie goemnions. satellites may be rendered useless, memory impacts can cause loss of control, mxy cause

S S | Extreme | serious noise in imare dats. star-trackers may be mable to locate sources; permanent damage 10 solar panels

possible.

Other systems: complete blackour of HF (ugh ) anons possible through the polas regons,

d position errors make ly difficalr
engers and crew in high-Oying sircradt st 10* 3 percycle

Buolomcal. dable rahaticn harard to o EVA; p
bugh larinades may be exposed 1o radiation risk ***
WM y device and noise on systems: star-tracker

' nﬂnhpndcﬁmcyc-hw
mu:n-ummmmmpummwmwm
over several days are likely.
Biological: radi hazard dance rec ded for enEVA; p and crew ia high-flying | 10" 10 per cycle
adrcraft ot high | des may be exposed to radi risk oo
S 3 |Swons Sateilie operations sinzle-evear upsets. noise in tmaziny systems. and slisht redwction of efficiency in solar
panel are likely
Other systems: degraded HF radio propagasion through the polar regions and navigation position ervors likely
Biolorical: passengers and crew in high-flying atrcraft at high latitudes may be exposed to elevated radiation 10° 25 per cycle
ik ~ee
S 2 | Moderate | Suellite operytions; infrequent single-event upsers possible.
Other systemy” effects on HF propazation throush the polar rezions. and navization at potar cap locations

G 1 | Minor

des (northern Michigan |
¢ Mub\mhﬁ'mwmdu S4 Severe
s for

10 50 per cycle
S 1 | Mser . .
w Esaswamest: (+100 MaV) ac » betms iadicator of radiation ritk to 30d gews womes we darty wmsc
Flus levels e J cums svweages. Fies = pesicless o R l. Bl k t GOES X-ay Number of events when
** Thets evects cam Last move thas coe day. ‘ < » . peak brghemess fhx level was met.
st rehormeo. adio Blackouts piew: | Seomtmunt
fux®
HE Radio: Complete HF (hizh fn ¥**) radio blackout on the ennire sunlit side of the Earth lasting fora X20 Fewer than 1 per cycle
mzmber of hours. This results in no HF radio contact with mariners and en route aviators in this sector. 2x10")
R 5 | Exweme | Navization Low-frequency navigation signals used by and general systems exp .
outages on the sunlit side of the Earth for many hours, causing joss in p L ‘unlh!
mmmhmﬂﬂam&mﬁ:uﬁo(mmﬁmw night side
ﬁmmmwmumd&-ﬂn&dmnmnmmmm X1o0 8§ per cycle
R4 |severe contact lost dunng this tme o’ (8 days per cycle)
mmo!h'mmm;gmkcmm“nmhmnm
hours. Minor disrup! possible on the sunlst side of Earth
mwmmmmdiﬁm(WMMolm(mhm”Mwmmmude xi 175 per cycle
R 3 | Swong of Earth (10" (140 days per cycle)
Navization: Low-fn Y navigation siznals depraded for about an hour
HF Radio: Limited blackout of HF radio communication on sunlit side, loss of radio contact for tens of msmmes. | MS 350 per cycle
R 2 | Moderate | Navization: Degradation of low-frequency navigation signals for tens of minutes (5x10% (300 days per cycle)
HF Radio: Weak or minor degradation of HF radio commmmcation on sunlit side occassonal loss of radso M1 2000 per cycle
R1 |Mior |cootact Qo) (950 days per cycle)
Low-| nay for brief intervals

* Flux, seevered = the 0.1-0.5 2m sange, i Wax. Based oo this massere, but ofhur phvical sasserss e alo contsdared.
** Othar Saquencies sy 2k be affactad by Shese canditions

URL: www.zec.noaa gov/NOAAScale: March 1, 2005
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.’Wh’s an Actlve Reglon’?

e A part of the solar
atmosphere where you can
observe:

* sunspots
e faculae
* flares
* Active regions are the

result of enhanced
magnetic fields.

Will use interchangeably
with “sunspot.”

Magnetlc gradient field of
' sunspot

¥ httpy//www.aip.de/image_archive/Sun.Sunspots.html
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. \ﬁat are sunspots?

An area\seen as a dark spots on the
photosphere of the Sun.

* Concentrations of magnetic flux.

* Appear dark because they are cooler than *
the surrounding photosphere.

* Larger and darker sunspots sometimes are
surrounded (completely or partially) by
penumbrae. The dark centers are umbrae.

 (Classification

The Modified Zurich Sunspot Classification
System

Devised by Mclntosh
White-light characteristics of a sunspot

group.
A 3-letter designation: Zpc

http://www.astrosociety.org/education/publications/tnl/68/solar.html
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. .elas‘icatﬁ of Sunspots:
p F

: Compactness
C.
¢ * X: asingle spot
* 0:0pen
* |: intermediate
e C: compact




Clas‘lcatl n of Sunspots:
_Penumbra .

Op:

X: N0 penumbra
r: rudimentary

s: small (<2.5 degrees north-
south diameter), symmetric

a: small, asymmetric

h: large (>2.5 degrees north-
south diameter), symmetric

K: large, asymmetric
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small single sunspot or
very small group of spots
same magnetic polarity
no penumbra

bipolar
no penumbra

elongated

bipolar sunspot group
one sunspot must have a
penumbra

penumbra longjtudinal
extent < 5°

elongated

bipolar sunspot group
penumbra on both ends of
the group

5° < Penumbra
longitudinal extent < 10°

jcatic

Cl
Q . fied

of Sunspots:
Zurich Classification

elongated

bipolar sunspot group
penumbra on both ends.
10° < penumbra
longitudinal extent < 15°

elongated

bipolar sunspot group
penumbra on both ends
15°.< penumbra
longitudinal extent

uni-polar sunspot group
with penumbra




HeI|C|ty

The amount of twist in the

plasma flow below the surface of
the Sun.

NOT magnetic helicity
IS hydrodynamic helicity

Norm‘alized Helicity
Gradient Variance (NHGV)

— A parameter designed to capture
the large, shrinking spread of
helicity values, the overall range of
helicity values, and the depth
variation of the helicity.
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Area of Sunspot Group

A.108
2mR* cos(B) cos(L — Ly)

A —
AN —

Ay=sunspot area in millionths of the sun’s visible
hemisphere

As= measured sunspot area (square millimeters or
inches)

R=radius of solar drawing
B=heliographic latitude of sunspot group (degrees)
L=heliographic longitude of sunspot group (degrees)

Lo=heliographic longitude of the center of the disk
(degrees)

Ebro 1/1/1983 $8:22:0 UT NOAA 5230

Distance 1 Longitudinal Extent

v = cos (cosf, cos B, + sinb, sin &, cos(p, — ¢, ))

»

Subroutine that | wrote
Co-latitudes (90-latitude)
Degrees to radians
Spherical geometry

Angle times solar radius to get arc

d ISta nce betwee nsuns pOtS http://www.ne.jp/asahi/stellar/scenes/moon_e/sun2001.htm
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Pleoed together a IDL programs

Wrote an IDL program to

— measure distance between two active regions
and

— restrict the location of the sunspot to the center
of the disk to avoid uncertainties

Organized lots of data
Made lots of plots and histograms

Looked for patterns with respect to NHGV
values in the plots and histograms
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. Re‘ts
and
Analysis
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Histogram Penumbra
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Penumbra
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Standard Deviation shows

how much variation there is from
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’ ’ Conclusion

The more Compact the sunspot group is, the higher
the probability of producing an x-class flare

Asymmetric penumbra sunspots are more likely to
flare in the x-class than symmetric penumbra
sunspots.

Elongated bipolar sunspot groups with penumbra at
both ends are more likely to flare in the x-class than

single spots, those without penumbra, and uni-polar
sunspots.

Increasing compactness and complexity of a sunspot
iIncreases NHGV

Work-in-progress.
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