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Umbra The darkest, coolest portion of a sunspot

Penumbra The lighter, warmer area surrounding the umbra of
SOME sunspots
Pore A dark spot on the Sun, essentially a sunspot

umbra with no penumbra

Image from the Swedish Vacuum In Image from Kitt Peak National
Telescope, La Palma Vact Observatory
Ohsesrvatory

Image from University of
Hawaii
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Figure 1. Examples of sunspot groups in the Cortie classification [Source: Observatorio de
Valencia, 1928a].






The Zurich Classification System of Sunspot Groups

https://www.aavso.org/zurich-classification-system-sunspot-groups



« "A" Type: One or more tiny spots that do
not demonstrate bi-polarity or exhibit
penumbra.

"B" Type: Two or more tiny spots that demonstrate
bi-polarity but do not exhibit penumbra.
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"C" Type: Two or more spots that
demonstrate bi-polarity and either the
lead spot or trailing spot has a
penumbra.

"D" Type: Two or more spots that
demonstrate bi-polarity and the lead spot
and trailing spots display a penumbra.
The "D" Type will occupy 10 degrees or
less of Solar longitude.



"E" Type: This group type is similar
to the "D" type but spreads

between 10 and 15 degrees
’ of Solar longitude.

"F" Type: Largest and most extensive of Sy
groups, similar to "E" type but will cover in
excess of 15 degrees of Solar longitude.




"G" Type: The decayed remnant of "D", "E", and "F" groups. Demonstrates a bi-polar group with
penumbras.

"H" Type: The decayed remnant of "C", "D", "E", and "F" groups. A single spot group with
penumbra. Must be larger than two and one-half degrees in diameter. The "H" type

occasionally is accompanied by a few small spots.

"J" Type: The same as the "H" type but has a diameter less than 2} degrees.

"G* Type "H" Type
L a
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Figure 1. Left: The drawing showing how sunspots diameter and group length should be measured.
Right: The drawing showing that over time differential rotation widens the longitudinal separation between the
leading and following spot leading to a class change for the group.



MODIFIED McIntosh
ZURICH CLASS Sunspot Group Classification 1990, Solar Physics

Patrick S. McIntosh
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Fig. 1. The 3-component McIntosh classification, with examples of each category.




The 3 component Mclntosh classification (Mclntosh, Sol. Phys. 125, 251-267,1990)

is based on the general form 'Zpc', where

Z'is the modified Zurich Class, http://sidc.oma.be/educational/classification.php
'p' describes the penumbra of the principal spot, and

'c' describes the distribution of spots in the interior of the group.

Z-values: (Modified Zurich Sunspot Classification).
A - A small single unipolar sunspot. Representing either the formative or final stage of evolution.
B - Bipolar sunspot group with no penumbra on any of the spots.
C - A bipolar sunspot group. One sunspot must have penumbra.
D - A bipolar sunspot group with penumbra on both ends of the group. Longitudinal extent does not exceeds 10 deg.
E - A bipolar sunspot group with penumbra on both ends. Longitudinal extent exceeds 10 deg. but not 15 deg.
F - An elongated bipolar sunspot group with penumbra on both ends. Longitudinal extent exceeds 15 deg.

H - A unipolar sunspot group with penumbra.

p-values:

X - no penumbra (group class is A or B)

r - rudimentary penumbra partially surrounds the largest spot. This penumbra is incomplete, granular rather than filamentary, brighter than
mature penumbra, and extends as little as 3 arcsec from the spot umbra. Rudimentary penumbra may be either in a stage of formation or
dissolution.

s - small, symmetric (like Zurich class J). Largest spot has mature, dark, filamentary penumbra of circular or elliptical shape with little
irregularity to the border. The north-south diameter across the penumbra is less or equal than 2.5 degrees.

a - small, asymmetric. Penumbra of the largest spot is irregular in outline and the multiple umbra within it are separated. The north-south
diameter across the penumbra is less or equal than 2.5 degrees.

h - large, symmetric (like Zurich class H). Same structure as type 's', but north-south diameter of penumbra is more than 2.5 degrees. Area,
therefore, must be larger or equal than 250 millionths solar hemisphere.

k - large, assymetric. Same structure as type 'a', but north-south diameter of penumbra is more than 2.5 degrees. Area, therefore, must be
larger or equal than 250 millionths solar hemisphere.

c-values

x - undefined for unipolar groups (class A and H)

o - open. Few, if any, spots between leader and follower. Interior spots of very small size. Class E and F groups of 'open' category are
equivalent to Zurich class G.

i- inkt)ermediate. Numerous spots lie between the leading and following portions of the group, but none of them possesses mature
penumbra.

c - compact. The area between the leading and the following ends of the spot group is populated with many strong spots, with at least one
interior spot possessing mature peanumbra. The extreme case of compact distribution has the entire spot group enveloped in one

continuous prenumbral area.
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A STUDY OF THE EVOLUTION OF SOLAR ACTIVE REGIONS

FOR IMPROVING SOLAR FLARE FORECASTS
MODIFIED ZURICH
CU]SS Patricia L. Bornmann
[ ] Darren Kalmbach, David Kulhanek, and April Casale
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Figure 1. Schematic representation of
criteria used to define each of the three POSSIBLE MATURE PENUMBRA
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Fig. 1. The 3-component McIntosh classification, with examples of each category.
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AR12488 Beta DAO http://www.solarham.net/regions/2488.htm




The magnetic classification of sunspots
Mount Wilson Magnetic Classifications, Hale Class

a—Alpha: A unipolar sunspot group.

B —Beta: A sunspot group that has a positive and a negative polarity (or bipolar) with a
simple division between the polarities.

y—Gamma: A complex region in which the positive and negative polarities are so irregularly
distributed that they can't be classified as a bipolar Sunspot group.

B-y — Beta-Gamma: A bipolar sunspot group but complex enough so that no line can be
drawn between spots of opposite polarity. (Bipolar groups which have more than one clear
north-south polarity inversion line).

6 — Delta: The umbrae of opposite polarity in a single penumbra.

B-6 — Béta-Delta: A sunspot group with a general beta magnetic configuration but contains
one (or more) delta sunspots.

B-y-0 — Beta-Gamma-Delta: A sunspot group with a beta-gamma magnetic configuration but
contains one (or more) delta sunspots.

v-6 — Gamma-Delta A sunspot group with a gamma magnetic configuration but contains one
(or more) delta sunspots.

http://www.spaceweatherlive.com/en/help/the-magnetic-classification-of-sunspots
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Magnetograms (top row) and white light images (bottom row) for the four sunspot classes.
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SCMAN — p. 16/

http://astrostatistics.psu.edu/sullscma5/lectures/Tlee_scmav.pdf




Automatic Detection and
Classification of Sunspot Images

Thomas C. M. Lee

tcmlee@ucdavis.edu

Department of Statistics, University of California at Davis

beta-gamma

beta-gamma-delta



Images: An example of a very complek su'nspot group {}\/lth a Beta- Gamma Delta magnetic
classification as seen by NASA SDO's HMI instrument. This sunspot region was the source of
a major X2.3 solar flare. The top image shows us this sunspot region in visible light. The
bottom image is a so called "magnetogram' and shows the magnetic layout of a sunspot
region. The red colour indicates sunspots or areas with a negative polarity and the blue
colour indicates areas with positive polarity sunspots.

http://www.spaceweatherlive.com/en/help/the-magnetic-classification-of-sunspots
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Designation

B
BC

BS
BY
BCS
BYS
BB
BBC
B-B
BCB

BBEB

MAGNETIC CLASSIFICATION OF ACTIVE REGIONS*

SARA F. SMITH and ROBERT HOWARD
(Lockheed Solar Observatory, ( Mount Wilson
Burbank, Calif., U.S.A4.) and Palomar Observatories;

California Institute of Technology,
Pasadena, Calif., U.S.A.)

Table 1

Magnetic Region Classifications
Definition

Simple bipolar region

Simple bipolar region with one polarity partially encircling the opposite
polarity

A simple bipolar region with an area of opposite polarity embedded in
one or both of the main bipolar components of the region

Bipolar region with a peninsula of one polarity extending into the
opposite polarity

Bipolar region with the characteristics of both a BC and a BS region.
Bipolar region with the characteristics of both a BY and a BS region.
Two adjacent simple bipolar regions not clearly distinguishable as
separate plages

A BB region with any of the C, Y or S characteristics

Two adjacent simple bipolar regions distinguished as separate plages
Two adjacent bipolar regions which were distinguished as separate
plages but including any of the C, Y, or S characteristics

Three closely spaced B regions of any complexity

No classification given — poor data
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K oTBeTy Ha BOMNpoOC O NOUCKOBbLIX CUCTEMAaX.
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