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Error Range in Predictions

A decade ago | was using the 2o uncertainty in the predicted amplitude of

the cycle for the error range. This constant value was too small for the

monthly values at maximum and too large for the monthly values at
minimum.

Cycle 23 Sunspot Number Prediction (August 2002)
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Errors Proportional to VR,

Since then | have used errors given by 3.3 YR, which seem to contain
~95% of the variations.

Cycle 24 Sunspot Number Prediction (January 2013)
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Variations in Monthly R,

Plotting the RMS variation of the 13 monthly values in the 13-month
running mean of R, since 1749 shows a good fit (albeit with substantial

scatter) to 2.1 VR, .
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Monthly R, Variability Ratio History

Plotting the Monthly Variability Ratio (the ratio of the 13-month RMS
variation from the 13-month running mean to the square-root of thel3-
month running mean itself) as a function of time shows a fairly constant
2.1 with no indication of any long-term trends.
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Daily R, Variability Ratio History

Plotting the Daily Variability Ratio (the ratio of the RMS variation of the
daily values from the monthly mean to the square-root of the monthly
mean itself) as a function of time also shows a fairly constant value (a
somewhat higher 3.0) with no indication of any long-term trends.

*Brunner, SIDC

=
©
o
=
E
[
S
©
>
o
=5
@
o]

Schwabe Wolfer Waldmeier

o = N W s~ O O N

1750 1800 1850 1900 1950 2000
Date




Day-to-Day R, Variability Ratio History

Plotting the Day-to-Day Variability Ratio (the ratio of the average absolute
difference between a daily value and the value from the day before to the
square-root of the monthly mean) as a function of time does show a long-
term downward trend.
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Group Sunspot Numbers

The Group Sunspot Number, R, was devised by Hoyt & Schatten (1998):
Rs =12.08 } k; G/N
The RGO data was used to normalize this relationship with krgo = 1.0.

Plotting smoothed monthly values of R, vs. Grso suggests a nonlinear
relationship .
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Smoothed SSN
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Group Sunspot Numbers

Pre 1947 R, =108 G

Smoothed RGO Groups

There is a weaker dependence on the
number of Groups prior to 1947 than
afterwards.

After 1946 the number of Groups must
be multiplied by an additional 1.2.



Monthly Rs Variability Ratio History

Plotting the R; Monthly Variability Ratio as a function of time (data after
1995 are derived from USAF Region Reports) shows a fairly constant
value from about 1900 to the present but with lower values from ~1850 to
~1900 and higher values from ~1750 to 1810.
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Dailly R Variability Ratio History

Plotting the R Daily Variability Ratio as a function of time shows similar
behavior - a fairly constant value from about 1900 to the present but with
lower values from ~1850 to 1900 and higher values from ~1750 to 1810..
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Day-to-Day R Variability Ratio History

Plotting the Day-to-Day Variability Ratio as a function of time does show a
long-term downward trend.
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10.7 cm Radio Flux

The 10.7 cm radio flux has a nonlinear relationship to the sunspot

number. Holland & Vaughn (1984) gave a compound relationship with
an exponential for small values and a linear relationship at larger values.
This can be approximated by two linear segments.

—— F10.7 = 56 + 0.94°R, (R, > 30)
——— F10.7 = 67 + 0.58*R, (R, < 30)
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F10.7 Equivalent

R. = (F10.7 — 67.)/0.58, F10.7 < 84
R. = (F10.7 — 56.)/0.94, F10.7 > 84



Monthly Rg Variability Ratio History

Plotting the R Monthly Variability Ratio as a function of time shows a
similar and fairly constant value.
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Daily R Variability Ratio History

Plotting the Rg Daily Variability Ratio as a function of time shows similar
behavior.
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Day-to-Day RcVariability Ratio History

Plotting the Day-to-Day Variability Ratio as a function of time shows an
initial drop to more constant values.
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Area vs. Number

Comparing the RGO areas to the International Sunspot Numbers gives:
Areagco = 16.3 R,

Comparing the USAF areas to the International Sunspot Numbers gives:
Area sar = 11.2 R,.

This indicates a scaling factor to bring the USAF areas in line with the
RGO areas:
Areagco = 1.45 Areasar
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Area vs. 10.7 cm Flux

Comparing the RGO areas to the 10.7 cm Radio Flux gives:

Comparing the USAF areas to the 10.7 cm Radio Flux gives:

This indicates a scaling factor to bring the USAF areas in line with the
RGO areas:
Areagco = 1.44 Areasar
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Which Areas are “Correct” ?

Should we use
Area = Areargpo = 1.4 Areasar
Or
Area = 0.7 Areargpo = Area sar



Sunspot Areas from SOHO

The “flattened” SOHO/MDI intensity
iImages were processed with an IDL
procedure that identifies penumbrae
and umbrae using break points in
the histogram of 8-bit intensities.
The total corrected sunspot area for
each of the 20,000 images was
calculated using the center-to-limb
distance of each sunspot pixel.




SOHO Area vs. USAF Area

Comparing the daily sunspot areas from USAF and from SOHO for
the time period of May 1996 through December 2010 indicates that it
is the USAF data that needs correction.
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Sunspot Area Equivalent

R, = Area/l6.7

(Where USAF Area is multiplied by 1.4)



Monthly R, Variability Ratio History

Plotting the R, Monthly Variability Ratio as a function of time shows a
somewhat higher but fairly constant value.
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With/Without Correction

+RGO USAF* +RGO
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The variability ratios for the uncorrected data fall below the average.



Daily R, Variability Ratio History

Daily Variability Ratio as a function of time shows similar
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Day-to-Day R,Variability Ratio History

Plotting the Day-to-Day Variability Ratio as a function of time does show a
long-term downward trend.

=

w

—h

>
=
Q
3
S
©
>
<
x 2
>
@
.
o
w
>
©
(]

o

1850 1900 1950 2000
Date




LR LR LR RS FRARLLLLERN LR

_________ | FPTTTTTAT ITTTT
M~ nD n < Qv N ~ O

oney Aujgenep Yy Ajyuop

ERaaaa st e iRy LA LEas (BARLLLELE Lt T T[T T I T I T T T T

Waldmeier

Wolfer

2
=
i
S
>
e
o
-
O
=

Schwabe

E

*
er

oney Aujqenep 'y Alyiuop oney Anjiqenep “y Ajyjuop




D
=
©
G
>
2
@
a

WLLLLLLY LILLLLLY LU U LAbMALA MALLLLLY L LY

3

1 Ly
TTTTTET IPUTTTTITI ThiTY

N O 0 < MO N - O
oney Aunqeriep °y Ajreq

Wolfer Waldmeier

gergues
Schwabe

Flau

N O 1 = M N - O
oney Aujiqenep 'y Ajeg

LA L B B B B B | L
b T

+
te.e LGN

M+++u+++#
Ld
o

o © < N ©

oney Aupiqenep Yy Ajreg

LR ARl LR LAY LR
+ .

IRRERTIRI RATRRTERI ATTRRRRETI FERARRTIRI ARRATRTEN

n < (3] (3] - o
oney Aujiqeuep “y Ajreg




Day-to-Day Variability
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Conclusions

 Variations in the Sunspot Number follow Poisson
Statistics and are proportional to the square-root of
the number itself

 The ratio of the variability in the Sunspot Number to
the square-root of the average value is relatively
constant in time

« Changes In this ratio may be indicative of scaling
changes in the Sunspot Number
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