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Why this question ?  
What happened ? 

u  Unpredicted abnormally long minimum after cycle 23 

u  Strange disruptions of mutual relations between 
indices:  
u  for example F10.7 (~25% > Ri)  

u  but also NOAA vs. Ri  

u  and others.  

u  Lots of solar indices reached unprecedented low levels 
(TEC, TSI, foF2, EUV flux…) 

 



Why this question ?  
What happened ? 

u  Unpredicted abnormally long minimum after cycle 23 

 



Minimum was predicted as March 2008 +/- 6 months à in reality it 
was more 2009 ! 
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u  for example F10.7 (~25% > Ri)  
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u  and others.  



Unprecedented disagreement 
between Ri and F10.7 

Ri compared with R2(F10.7) from Johnson (2010) 
R2(F10.7) = (1/A) x (F10.7 － B)^(1/C) 
B=67 & A=0.281 & C=1.3305 

èA problem in the Ri index ? 



Indices disagreements : Ri vs. NOAA 
Boulder 

Ri got 20% lower than NOAA 



Indices disagreements: outside the Ri-network 
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Indices disagreements: inside the Ri-
network 

Low dispersion 
 

Large dispersion 
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Ri compared to the AAVSO 
sunspot number Ra 



Why this question ?  
What happened ? 

u  Lots of solar indices reached unprecedented low levels 
(TEC, TSI, foF2, EUV flux…) 

 





If it is not a technical problem, then 
what is it ? A physical change in the 

Sun ? 

To answer this question we use the information about individual 
sunspots that we have in our merged catalog. 



Our merged catalog 

"   Merged Catalog based on DPD and SOON-USAF 
"   USAF -> end of 2010 (January 5th 2011) : Still waiting 

for answers on the rest of this dataset. 

"   DPD -> 2012  

"   Merged catalog is till beg. of  January 2011 at this point 

"   Details down to individual sunspots 

"   Added information about McIntosh types 



Groups of each McIntosh type at maximum 
development (Merged catalog) 

Each group is counted only once: when it reaches its maximum area. Ratios are for max22 
(1989-1991) and max23 (2000-2002). 

rA=2.4±0.5 
 
rB= 2.5±0.4  
 
rC=1.2 ± 0.2 
 
rD=1±0.2 
 
rE=1±0.2  
 
rF=0.8 ±0.3  



Groups of each McIntosh type at 
maximum development (USAF) 

rA=3±0.8 
 
rB= 2.8±0.6  
 
rC=1.1 ± 0.2 
 
rD=0.9±0.1 
 
rE=0.8±0.3  
 
rF=0.7 ±0.2  



Number of small spots in each type 
of group 

Small spots: U+P ≤ 17 msh  AND (U+P)/U ≤ 7 

rA=2.9±0.7 
 
rB= 3.9±0.8  
 
rC=1.8 ± 0.4 
 
rD=1.2±0.2 
 
rE=1.4±03  
 
rF=1.0 ±0.3  



Lifetimes of the groups 
Merged catalog 

Cycle 22 
Cycle 23 
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Conclusions 
u  The aforementioned symptoms seem to be caused by a global small sunspot 

deficit. 

u  The small sunspot deficit naturally explains the discrepancies between Ri 
and other indices that put less weight on the smallest magnetic features. 

  
u  It reveals an anomaly in cycle 23, begun long before the new cycle, that 

suggests the Sun switched to a new regime. Also note that the mentioned 
disagreements started to disappear recently. 

 
u  In the context of this workshop, what we should keep in mind is that what 

appears as a deviation in a sunspot index dataset, or a discrepancy between 
indices, is not necessarily caused by a technical problem in the data. 
(different indices = different processes) 

u  And also, that keeping the drawings is important (details of sunspots), 
because the sunspot series cannot give us the whole story.  



The End 



New issues 

"   The scale dependence of the observed change implies 
the existence of two different dynamos: deep and 
superficial (Schatten, 2005). 



New issues 

"   Cycle 23 shares properties with cycles of the 19th and 
early 20th century. Did such a small spot deficit occur 
for those cycles ? Can it explain some enduring 
discrepancies between historical index series (Ri vs. RG, 
Sunspot area, aa) ? 

"   NB: the transition to large solar cycles seems to 
coincide with the Waldmeier transition… (1945) 



Complementary Material 

"   Our merged catalog 

"   Why did we chose these criteria in size ? 





Matching groups 

•  Total : 54857 groups 

•  78.8% of the groups can be matched without problems 

•  13.5% are ”penumbrae without umbrae” (pores) 

•  4.3% are transitory objects (short lived sunspots or pores) 

•  3.4% of cases are still to be studied (mainly different group 
splitting) 

•     è96.5% of “real” groups are matched  

16/06/11 



Distributions of Umbrae (U) and 
Penumbrae (P) 

Merged / DPD catalogs 

90% of A and B groups have U+P ≤ 17 msh, U ≤ 5 msh and (U+P)/U ≤ 7  



DPD:  (U+P)/U criterion 

Table: Description of group 7815a in the DPD catalog 
       Year   mt  dy  h  mn   s    NOAA+suffix       U     U+P  U   U+P           Lat    Long      LCM          B0   Dist from center 

g     1994 12 13 08 33 29   7815a                1    6     1     3         -11.26 217.23 -17.40   122.11   0.3479  
s     1994 12 13 08 33 29   7815a    1          1    6     1     3         -11.26 217.23 -17.40   122.11   0.3479 
 
Excerpt from the DPD catalog. Columns year, mt, dy, h, mn and s correspond respectively to year, month, day, hours, minutes and seconds of 
observations. Lat, long and LCM are the heliographic latitude, longitude and the longitude from the central meridian. B0 is the heliographic latitude 
of the center of the solar disk and the last column gives the distance from the solar disk center in units of the solar radius. Group 7815a was also 
observed on December 13th 1994 by the ISOON-USAF consortium and classified as McIntosh AXX. 

Ø  (U+P)/U = 3  
Ø  U+P = 3U 
Ø  P=2U 
 
Penumbra twice the size 
of umbra though spot is 
classified AXX by USAF-
ISOON catalog  



Small spots vs. large spots 

Small spots: U+P ≤ 17 msh  AND (U+P)/U ≤ 7 
Larger spots: U+P > 17 msh OR (U+P)/U > 7 


