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Possible checking of hidden trends in the sunspot number dataset
by means of  detailed sunspot datasets containing information on 
individual spots.

- GPR - Greenwich Photoheliographic Results, 1874-1976
        spots only for three decades (in printed form)

- Kislovodsk sunspot dataset  (not used here), 

- DPD - Debrecen Photoheliographic Data,  since 1977

- SDD – SOHO/MDI-Debrecen sunspot Data (1996-2010)

     - Historical solar images

Next slides: brief introductions of these datasets
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DPD: 1977-2012, all spots and groups, on a daily basis, no magn. data 
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Presentation of the DPD: three consecutive days in 1988 
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Presentation of the DPD: three consecutive days in 1988
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Presentation of the DPD: three consecutive days in 1988
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SDD: 1996-2010, all spots and groups, on a 1.5 hourly basis, with magn. data
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SDD, 28 Oct. 2003, 06:23:33 UT
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SDD, 28 Oct. 2003, 07:59:33 UT
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SDD, 28 Oct. 2003, 09:35:33 UT
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                                      No       U   U+P     U   U+P   B      L     dL     fi    r       magn.   magn.          
                                       p    p      c    c                                         U      P 

g 2003 10 28 06 23 33  10486         871  6175   478  3391 -17.59 285.51 -12.39 151.98 0.4333   513.2    21.5
s 2003 10 28 06 23 33  10486     1     0     9     0     5 -15.06 294.24  -3.66 169.68 0.3456  -931.0  -807.2
s 2003 10 28 06 23 33  10486     2     0     6     0     3 -14.90 293.76  -4.14 168.27 0.3445 -1065.0  -945.9
s 2003 10 28 06 23 33  10486     3     0     6     0     3 -15.40 293.39  -4.51 167.57 0.3537  -305.0  -165.5
s 2003 10 28 06 23 33  10486     4     0     7     0     4 -16.89 293.15  -4.75 167.86 0.3782   739.0   354.3
s 2003 10 28 06 23 33  10486     5     0     5     0     3 -18.73 293.10  -4.80 168.74 0.4074  -700.0  -482.2
s 2003 10 28 06 23 33  10486     6     0     8     0     4 -14.05 293.06  -4.84 165.72 0.3333  -755.0  -721.5
s 2003 10 28 06 23 33  10486     7     3    22     2    12 -17.72 292.89  -5.01 167.70 0.3923   606.0    83.7
s 2003 10 28 06 23 33  10486     8     3    -7     2    -7 -17.98 292.76  -5.14 167.54 0.3967   749.3  999999
s 2003 10 28 06 23 33  10486     9     0     6     0     3 -13.64 292.79  -5.11 164.63 0.3280  -950.0  -765.5
s 2003 10 28 06 23 33  10486    10     0     3     0     2 -14.09 292.70  -5.20 164.74 0.3356  -853.0  -730.7
s 2003 10 28 06 23 33  10486    11    47   495    25   264 -15.82 291.89  -6.01 163.97 0.3664 -2139.4  -722.3
s 2003 10 28 06 23 33  10486    12    39   -11    21   -11 -16.24 291.35  -6.55 162.96 0.3754 -1741.4  999999
s 2003 10 28 06 23 33  10486    13    30   511    16   269 -13.45 290.83  -7.06 158.99 0.3352 -2288.2  -660.5
s 2003 10 28 06 23 33  10486    14    24   -13    13   -13 -13.99 290.70  -7.20 159.20 0.3441 -1715.2  999999
s 2003 10 28 06 23 33  10486    15     0    10     0     5 -18.18 289.64  -8.26 160.64 0.4135 -1288.0  -886.6
s 2003 10 28 06 23 33  10486    16     0     6     0     3 -15.56 289.67  -8.23 158.27 0.3740 -1297.0  -962.3
s 2003 10 28 06 23 33  10486    17     0    11     0     6 -21.63 289.25  -8.65 162.48 0.4666  -846.0  -855.4
s 2003 10 28 06 23 33  10486    18     0     2     0     1 -17.84 289.41  -8.49 159.85 0.4098  -870.0  -717.8
s 2003 10 28 06 23 33  10486    19     2    15     1     8 -14.94 289.46  -8.44 157.10 0.3661 -1187.2  -604.8
s 2003 10 28 06 23 33  10486    20     0     4     0     2 -19.24 289.09  -8.81 160.37 0.4321   229.0   234.8
s 2003 10 28 06 23 33  10486    21     0     6     0     3 -21.85 288.85  -9.05 161.90 0.4717  -631.0  -441.5
s 2003 10 28 06 23 33  10486    22     3    31     2    17 -21.50 288.83  -9.07 161.61 0.4667 -1170.4  -625.8
s 2003 10 28 06 23 33  10486    23     0     9     0     5 -16.56 289.02  -8.88 157.78 0.3929 -1304.0 -1007.0
s 2003 10 28 06 23 33  10486    24     4    18     2    10 -20.86 288.45  -9.45 160.41 0.4593  -524.7  -254.3
s 2003 10 28 06 23 33  10486    25     3    15     2     9 -22.55 288.30  -9.60 161.38 0.4845  -230.3  -140.0
s 2003 10 28 06 23 33  10486    26     0    13     0     8 -22.12 287.86 -10.04 160.28 0.4806   160.0   280.7
s 2003 10 28 06 23 33  10486    27     0     4     0     2 -12.76 288.09  -9.81 150.97 0.3439   528.0   430.2
s 2003 10 28 06 23 33  10486    28    10  4411     5  2440 -16.37 287.64 -10.26 154.53 0.3991 -1888.2   253.9
s 2003 10 28 06 23 33  10486    29    10   -28     6   -28 -21.19 286.87 -11.03 157.74 0.4727  1249.0  999999
s 2003 10 28 06 23 33  10486    30    23   -28    12   -28 -16.30 286.95 -10.95 152.97 0.4030 -1721.2  999999
s 2003 10 28 06 23 33  10486    31     4   -28     2   -28 -20.76 286.61 -11.29 156.89 0.4683  1201.7  999999
s 2003 10 28 06 23 33  10486    32    15   -28     9   -28 -21.58 286.33 -11.56 157.12 0.4815  1165.2  999999
s 2003 10 28 06 23 33  10486    33     8   -28     4   -28 -14.69 286.79 -11.11 150.62 0.3816 -1319.9  999999
s 2003 10 28 06 23 33  10486    34     0     4     0     2 -12.66 286.89 -11.01 147.92 0.3525  -906.0  -731.2
s 2003 10 28 06 23 33  10486    35     0     3     0     1 -13.02 286.79 -11.11 148.26 0.3584 -1003.0  -881.1

To demonstrate the detailedness of SDD: 2003 Oct 28, NOAA 10486 (Halloween) 06:23:33 UT
data of 35 spots out of the 110 spots identified in the group
g row: group data, s rows: spot data:
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SDD, 28 Oct. 2003, NOAA10486,  06:23:33 UT

Continuum MagnetogramCartoon drawn from the
position, area and polarity data

in the SDD
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SDD, 28 Oct. 2003, NOAA10486,  07:59:33 UT

Continuum MagnetogramCartoon drawn from the
position, area and polarity data

in the SDD
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SDD, 28 Oct. 2003, NOAA10486,  09:35:33 UT

Continuum MagnetogramCartoon drawn from the
position, area and polarity data

in the SDD
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A historical  observational material:
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Comparison of the sunspot data reconstructed graphically from the GPR to the 
drawings from Kalocsa and the ISSN in Oct. 1905.

Greenwich, 1905 Oct.17 
SN=45

Kalocsa, 1905 Oct.18
SN=121ISSN=119
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Greenwich, 1905 Oct.18 
SN=40

Kalocsa, 1905 Oct.19 
SN=129ISSN=142

Comparison of the sunspot data reconstructed graphically from the GPR to the 
drawings from Kalocsa and the ISSN in Oct. 1905.
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Comparison of the sunspot data reconstructed graphically from the GPR to the 
drawings from Kalocsa and the ISSN in Oct. 1905.

Greenwich, 1905 Oct.19 
SN=31

Kalocsa, 1905 Oct.20
SN=114ISSN=84
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Comparison of the sunspot data reconstructed graphically from the GPR to the 
drawings from Kalocsa and the ISSN in Oct. 1905.        No.5682

Greenwich, 1905 Oct.17 
SN=15

Kalocsa, 1905 Oct.18
SN=101
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Comparison of the sunspot data reconstructed graphically from the GPR to the 
drawings from Kalocsa and the ISSN in Oct. 1905.        No.5682

Greenwich, 1905 Oct.18 
SN=18

Kalocsa, 1905 Oct.19 
SN=109
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Comparison of the sunspot data reconstructed graphically from the GPR to the 
drawings from Kalocsa and the ISSN in Oct. 1905.        No.5682

Greenwich, 1905 Oct.19 
SN=11

Kalocsa, 1905 Oct.20
SN=94
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Comparison of the Sunspot Group Number (SGN) from GPR
 and the Sunspot Number (SN),    monthly means

SGN/SN

SG area
   SN

The cyclic means of SGN/SN ratio are computed for the inner 5 years of the cycles
because of the high errors in minima
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Cyclic means of the ratio   SGN/SN

Waldmeier's involvement cannot be pointed out in the long term variation
of the cyclic mean ratio of SGN/SN, but there are long trends.
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- atmospheric seeing 
- instrumental (objective)
- registration technique – visual, graphic, photographic, electronic
- personal bias (selection criteria) 
- robustness of SN definition
- mistakes

      - unrevealed variations of solar origin

1. What can be the sources of the inhomogeneities in long sunspot datasets?

2. What could be the most reliable independent parameter 
    to detect the varying performance of the determination of ISSN? 

proxies?  - connections may be weak 
GPR? - also inhomogeneous
reprocessing the old observations?
    if yes, the different techniques may also result inhomogeneity

A possible parameter for the era of existing observations: 

       total area of sunspot umbrae 
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Problem of areas: varying observability of the spots across the disc
Umbral area distribution at different CM-distances, SDD, 1996-2010 

In the SDD the CMD-dependence is only insignificant for umbrae larger than 7MSH
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The same distributions from the DPD, 1977-2012
the 1 MSH umbrae are better represented because of the higher resolution 
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The same distributions from the HMIDD, 2010-2012
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The same distributions from the HMIDD, 2010-2012
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This CMD-dependence imposes the same constraint 
on each  sunspot dataset, it could apparently be disregarded.

However, it makes questionable, whether the daily sunspot
number is a real measure of the activity.

It may have a significant daily variability even if all spots
remain the same at the same locations during two weaks, 
just because of the variable observability.   
   
The monthly values are real.
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Should we omit the spots below an area limit?

This could even increase the inhomogeneity 
because of the difficulties of area measurements.

Next slides: 

     what happens if the smaller spots  (from 1 o 7 MSH)
     are omitted from the data?
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Daily Wolf- numbers in 1989 from the data of DPD,
   sunspots within  ±60º  CMD (Central Meridian Distance) are considered
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Daily Wolf- numbers in 200 from the data of SDD,
   sunspots within  ±60º  CMD (Central Meridian Distance) are considered
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Variation of the number of spots in the groups

What is the real weight of the groups?

How stable is the Wolf-definition?
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Number of spots in groups at maximum area  within ±60º CMD in the DPD era

How stable is the Wolf-definition?
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Number of spots in groups at maximum area  within ±40º CMD in the DPD era

How stable is the Wolf-definition?
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Number of spots in groups at maximum area  within ±60º CMD in the SDD era

How stable is the Wolf-definition?
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Cyclic time profiles of ISSN and the DPDWolf  within ±60º CMD
11-monthly running means 

How stable is the Wolf-definition?
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Cyclic time profiles of ISSN and the SDDWolf  within ±60º CMD
11-monthly running means 

How stable is the Wolf-definition?
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A possible reference parameter: total area of sunspots

measurable on the disc
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Total umbral area vs ISSN in the DPD era
monthly means of group areas taken at the highest size

smoothed with an 11-month window
±60º CMD 
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Total umbral area vs ISSN in the DPD era
monthly means of group areas taken at the highest size

smoothed with an 11-month window
±40º CMD 
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Total umbral area vs ISSN in the SDD era
monthly means of group areas taken at the highest size

smoothed with an 11-month window
±60º CMD 
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Another possible measure: total amount of emerged magnetic flux by using
the area [MSH] – mean magnetic field [gauss]  relationship obtained 
from the SDD data in the 10º  environment of the solar disc center.
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TMF  = [ Σ K × f (Ai) × Ai ]LP

The total magnetic flux for all spots observable on the solar disc:

Ai : Area of i-th umbra

f(Ai) = Bi  the mean magnetic field of the i-th umbra (see previous frame)

K: a factor between the umbral and total fluxes 

LP: leading polarity 
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A long-term program in Debrecen to establish an alternative sunspot 
parameter for the assessment of activity level:

Phase l: monthly emerged flux by using SDD data
    - Calculating TMF (previous slide) at the maximum phase of each group
    - Summarizing all these TMF values for the entire month.

Phase 2: extension of the method for those area observations where 
     no magnetic data are available.

Ultimate aim: to obtain monthly values of the total emerged flux for
     all time intervals covered by solar disc observations.

Advantage: this parameter is physically better established than the 
     Wolf-definition based on spot counts.

THANK YOU


