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2 Sunrise seen from Cadillac Mountain 
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[figures from Scafetta and West, GRL, 2006] 
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Secular	
  (long-­‐term)	
  changes	
  of	
  solar	
  
irradiance	
  can	
  be	
  estimated	
  by	
  

trending	
  results	
  at	
  the	
  cycle	
  minima	
  

-0.7 K 

Global temperature change at 
Maunder Minimum is about -0.4 K. 
Shown is Northern Hemisphere. 

Maunder 
Minimum 

MM 

1970-2000 estimates for MM total 
solar irradiance (TSI) are mostly 
based on sun-like stars and are 
considered too high now. 

Recent MM TSI estimates are based 
on magnetic field changes and are 
about 1-2 W/m2 (0.15-0.3 K). 



6 Figures	
  from	
  Judith	
  Lean	
  (Lean	
  &	
  Rind,	
  GRL,	
  2008)	
  



From Steinhilber et al., ASST, 2008 Maunder	
  Minimum	
  

Modern	
  Maximum	
  

Maunder	
  Minimum	
  





From David Hathaway 
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Maunder 
Minimum 

Dalton 
Minimum 

Modern 
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From	
  Neil	
  Sheeley’s	
  SOHO	
  Keynote	
  Talk:	
  	
  
This	
  is	
  not	
  your	
  father’s	
  solar	
  minimum.	
  
It’s	
  your	
  grandfather’s	
  solar	
  minimum!	
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What’s Different on the Sun? 
SOHO EIT Images from Giuliana de Toma 

Cycle 23 minimum - 2008 

●   polar coronal holes are smaller (by ~40-50%) than in 1996 

●    large, mid- and low-latitude coronal holes persisted for most of the minimum phase 

 Cycle 22 minimum - 1996 
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2008 1996 

See also Schwadron  & McComas (Ap J, 2008) 
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  Fractional area of active network 
and quiet network is not zero at 
minimum 
  e.g. Worden et al., Ap J, 1998, 

1999, 2001 
  Quiet Sun radiance changes with 

solar activity 
  e.g. Schuhle et al., A & A, 2000 

using SOHO SUMER data 
  Luminosity changes 

  e.g. Foukal et al., Nature, 2006 
  PICARD mission: solar diameter 

  Dynamo changes 
  Faster rotation rate and/or 

meridional flow rate 
  e.g. Eddy et al., Solar Phys. 1976 

Ca	
  II	
  K	
  line	
  
6/03/1992	
  

Map	
   • 	
  	
  Black:	
  Quiet-­‐Sun	
  
• 	
  	
  Purple:	
  Active	
  Network	
  
• 	
  	
  Grey:	
  Enhanced	
  Network	
  
• 	
  	
  White:	
  Plage	
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For example, Claus 
Fröhlich’s composite 
TSI indicates lower 
irradiance for 2008. 
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±4000 ppm 
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6% (1-σ) 



24                      1970               1980               1990              2000              2010 

Density	
  at	
  400	
  km	
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  Solar polar magnetic field (PMF) during this minimum is 
40% lower than the last few solar cycles 

1996 MIN 

2008 MIN 

1986 MIN 



27 

45% Less Open Flux than Any Cycle in the Past 40 Years 
from Neil Sheeley – Solar Magnetic Field 

In	
  contrast:	
  	
  Lin	
  Fisk	
  et	
  al.	
  reported	
  that	
  total	
  Magnetic	
  Flux	
  (B	
  *	
  Area)	
  is	
  conserved	
  over	
  the	
  solar	
  
cycle.	
  	
  In	
  part,	
  the	
  low-­‐latitude	
  coronal	
  holes	
  compensate	
  for	
  the	
  smaller	
  polar	
  coronal	
  holes.	
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Dalton	
  
Min.	
  

Maunder	
  
Min.	
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Modern	
  Maximum	
  

Maunder	
  Minimum	
  

Very	
  low	
  compared	
  to	
  last	
  5	
  cycles.	
  
Approaching	
  extreme	
  minimum	
  state.	
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Solar	
  Surface	
  Features	
  
	
  Peculiar 	
   	
   	
   	
   	
   	
   	
   	
  Normal 	
   	
   	
  	
  

Low	
  SSN	
  wrt	
  last	
  8	
  cycles 	
   	
   	
  Similar	
  SSN	
  as	
  1900s	
  &	
  Dalton	
  Min.	
  
Longer	
  cycle	
  wrt	
  last	
  8	
  cycles	
   	
   	
  Similar	
  length	
  as	
  1900s	
  &	
  Dalton	
  Min.	
  
Duration	
  longer	
  wrt	
  last	
  8	
  cycles 	
   	
  Similar	
  duration	
  as	
  1900s	
  &	
  Dalton	
  Min.	
  

	
   	
   	
   	
   	
   	
   	
   	
  Similar	
  active	
  network	
  area	
  as	
  1996	
  
More	
  low-­‐latitude	
  coronal	
  holes	
  	
  
Smaller	
  polar	
  coronal	
  holes	
  	
  

Solar	
  Magnetic	
  Fields	
  
	
  Peculiar 	
   	
   	
   	
   	
   	
   	
   	
  Normal 	
   	
   	
  	
  

Low	
  PMF	
  wrt	
  last	
  few	
  cycles 	
   	
  	
  
Low	
  Open	
  Field	
  wrt	
  last	
  7	
  cycles 	
   	
  Similar	
  Open	
  Field	
  as	
  1900s	
  &	
  Dalton	
  Min.	
  

	
   	
   	
   	
   	
   	
   	
   	
  Similar	
  Magnetic	
  Flux	
  (B	
  *	
  Area)	
  as	
  1996	
  
More	
  low-­‐latitude	
  coronal	
  holes	
  	
  
Smaller	
  polar	
  coronal	
  holes	
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EUV	
   Lyman-­‐α	

 FUV-­‐MUV	
   NUV-­‐Vis-­‐NIR	
   TSI	
  

200 ppm PMOD 
160 ppm ACRIM 

100 ppm SARR 

15% SOHO/SEM 

5% SOLSTICE 

1-5% SOLSTICE ??? 

8-12% Thermosphere 
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Faster	
  Meridional	
  Flow	
  (Hathaway)	
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Density	
  at	
  400	
  km	
  



38 Sunset seen from Bass Harbor Head Light 

SC 24 
might be like 

SC 12 

Prediction	
  is	
  very	
  difficult,	
  especially	
  about	
  the	
  future.	
  
 Yogi Berra,  Niels Bohr,  Piet Hein 


