
The big CV-project

Jan Janssens

Asten, NL 30 May 2009



30 May 2009 The big CV-project 2

The problem…

26 Oct 2002

R=81
SA=1820 MH

11 May 2005

R=82
SA=1862 MH

# Flares

C: 2
M: 0

# Flares

C: 9
M: 2
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The Classification Value (CV)

•Based on the McIntosh-classification
–Introduced in 1966 by Patrick McIntosh

•Final version published in 1990

–3 letter-code
•Z: Waldmeier-classification (modified)
•p: Shape of the main spot
•d: Internal distribution of sunspots within the group

–Especially a tool developed for the daily prediction
of flares
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Classification of röntgenflares

Power C:M:X : 1 : 10 : 100
Number C:M:X : 89 : 12 : 1
Fluence = Σflare maximum
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The McIntosh-classification
•3 components

–Z: Modified Waldmeier (Zürich) classification
•Unipolar or bipolar group?
•Penumbra or no penumbra?
•Penumbra on one or both sides of the group?
•Length of the group (>10°? >15°?)

–p: Shape of penumbra main spot
•Rudimentary or mature penumbra?
•Symmetrical or asymmetrical main spot?
•N-S-diameter of main spot (>2,5°?)

–d: Internal distribution of the spots
•Spots between leading and following main spots?
•Is there internally at least 1 spot with mature penumbra?

•60 possible combinations
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The McIntosh-classification
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Drawings: Kanzelhöhe Observatory
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Classification Value

•Kjell Inge Malde
–August 1981

•Each combination gets a score from 1 to 60
–From Axx = 1 to Fhc = 60

•Based on
–longer “survival”of s/h-groups vs. a/k-groups
–Complexity from internal sunspot distribution

•Important indicator in prediction of solar flares

–Determination CV-USAF => November 1971

•McI and CV now also used by NOAA, SIDC,… and
many other professionals and amateurs
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Classification Value
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The problem…
The solution…

26 Oct 2002

R=81
SA=1820 MH

11 May 2005

R=82
SA=1862 MH

# Flares

C: 2
M: 0

# Flares

C: 9
M: 2

CV

88

CV

133
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CV vs. Flares vs. R
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Practical problems with CV

•Limited timeseries
–CV-USAF since 1971, CV-Malde since 1981

•Only total CV
–No distinction between solar hemispheres

•Several observers
–Higher reliability vs. Longterm consistency

•Correlation with flare-activity
–Better than sunspotnumber

•E.g. in period 2000-2002
–Not always that good

•E.g. in period 2003-2005
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The big CV-project

•Kanzelhöhe Observatory
–Drawings from 1944 –now

•Interruption 1966-1968

–http://cesar.kso.ac.at/

•Greenwich-NOAA data
–Data from 1874 –now

•NOAA since 1976

–http://solarscience.msfc.nas
a.gov/greenwch.shtml
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The big CV-project

>50% spotcoverage

“0”if not observed

Split if necessaryAdded if not in database

Comments
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Internal distribution of sunspots

•Additional distinction
–Only for groups with a
“compact”distribution of
sunspots

– If area penumbra > 50% of
total area covered by group
•“t”(C50: yes)

– If not
•“c”(C50: no)

•“Normal”McIntosh
classification
–All “c”

Fkt

Fkc
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The big CV-project

•Not for every day
–Goal: 8 to 10 observations per

month
–Equal distribution over the

month
•E.g. 2, 5, 8, 11, 14, 17, 20, 23,

26, 29 (Avg. 15,5; St. Dev. 9,1)

–Sunspotnumber: r2 = 0,999

–Unequal spread
•E.g. first 10 days of the month

(Avg. 5,5; St. Dev. 3,0)

–Sunspotnumber: r2 = 0,904
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The big CV-project

•Smoothed evolution per month of
–Number of observation days per month (9 +/- 1)
–Average day per month (15)
–Spread on average (+/- 9)

•=> OK, except for the period 1966-1968
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The big CV-project

• In total:
–6694 observation days
–43751 evaluations

• 6591 eliminations (“0”)
• 630 spotless days
•36530 McI-classifications

•Performed during 2 periods
–1944-1971: Nov 2004 –Aug 2005
–1972-2009: Nov 2008 –Mar 2009

•Additional control and changes
–For all a/k vs. s/h and for all c-groups
–April 2009 => changes mentioned in files
–There are still mistakes in the group-classifications…

•Not always consistent
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CV-evolution 1944-2009

Missing data
1966-1968

SC21, 22 en 23
have same
maxima but
lower than
SC18 & 19
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Janssens vs. McIntosh
(1944-2008) vs. (1969-1976)
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Janssens vs. McIntosh
•Modified Waldmeier class

–No significant differences

•Shape & symmetry of penumbra main
spot
–Many more a/k than s/h (ratio 3:1 vs. 1:3)

– Janssens-classifications are based on 6
complete cycles, McIntosh-classifications
contain only decreasing branch of moderate
SC20

• Internal distribution of sunspots
–o/i: Kanzelhöhe drawings show also many

(too) small spots
–“i”demands multiple spots…

a/k

s/h

Examples (JJ)
(errors possible…)
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McIntosh –1st Component
Waldmeier
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McIntosh –2nd Component
Shape & Symmetry Penumbra Main Spot
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McIntosh –3rd Component
Internal distribution sunspots
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Flare-ratio
• Excellent agreement

– McIntosh & JJ differentiate
active from inactive types of
sunspotgroups

• Absolute values differ due to
different calculation method
– Kildahl: # MX-flares of a

group linked to the
frequency of the type
(McIntosh)

– Janssens: total # MX-flares
of a group linked to
maximum CV of that group
during its transit over the
solar disk

– Groups of same type that
did not produce a flare were
also taken into account

• Distinction between “c”and
“t”is important
– “t”produces 2 to 3 times

more M & X-flares

Kildahl vs. Janssens
(1969-1976) vs. (1976-2008)
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3 CV_JJ -series

•CV_JJm
–Based on McIntosh-classification
–Use of Malde’s CV (1 => 60)

•CV_JJ+ en CV_JJx
–McIntosh-classification + 12 “t”classes (=72)
–Ratios flare-fluence of 3 components McI:

•FF = (Wr . sr . dr)1/3 (Bornmann, 1994)
–CV_JJ+ : (+/-) ranking from 1 to 72 i.a.w. FF↑
–CV_JJx : i.a.w. FF and reduced to 100 (Fkt)
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CV_JJ+
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CV_JJx
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Correlations with raw monthly values
1981-2008 –Linear –r2

•CV_JJx is great for high-energy-flares & fluence!
–Much better than other CV-dataseries
–CV_Malde best for Radioflux
–CV_USAF best for total number of CMX-flares

•Sunspot Area remains best overall, but labor-intensive!
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Correlations with smoothed monthly values
1976-2008

Slope difference!?
=> Linear r2 correct?
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MX vs. CV_JJx vs. R
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MX vs. CV_JJx vs. Area

!
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CV_JJx-evolution 1944-2009
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Evolution CV_JJx per hemisphere
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CV_JJx vs. MX
Comparison per hemisphere

•Compared to MX-flares
assigned to a group
–N+S < Total MX

•Exist very good agreements
•SC23: CV_JJx > MX

–Not necessarily a
classification problem
•Area has same “problem”,

but less explicit
•Flare-reporting (H-alpha)
•Physical:

Livingstone&Penn?

•Periodicity (12-24 months)
– In both hemispheres
–Linked to Tachocline?
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To do…
•Redo classifications again?...
•Booklet with clear examples for the various

McIntosh-classifications
•Research on the correctness of the sunspot area

of the groups in MSFC-database
•Standard-deviations in flaring-statistics

–Why do some groups flare while other, of the same
type, don’t?

•…
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Data sources

•Sunspot-drawings: Kanzelhöhe Observatory (CESAR)
–http://cesar.kso.ac.at/synoptic/draw_years.php

•Sunspot-data and Area: Greenwich/NOAA @ MSFC
–http://solarscience.msfc.nasa.gov/greenwch.shtml

•Sunspot numbers @ SIDC
–http://sidc.oma.be/

•CV-data (Malde & USAF) @ Helios
–http://www.cv-helios.net/

•Flare-data and RadioFlux @ NGDC/NOAA
–ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/
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Questions?

The end of

this briefing

is near…


