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The Sunspot Cycle 



Number of sunspots observed on 

the Sun varies with time 

 

Å Time variation is predominantly cyclic, mean period 11 years. 

 

Å The amplitude of the sunspot cycle is the target 



Why do we want to predict the 

solar cycle? 



 

 

 

 

 

 

 

 

 

 

 

 

Å Solar storms generates severe space weather 

ü They originate within sunspot magnetic structures 

 

Å Sunspots also modulate solar irradiance and cosmic ray flux 

ü Long term variation is relevant for Earthôs climate system 

    Hinode   

    SOHO 



Predictions exists. However, we 

are not quite there yet 

Cycles have an amplitude that goes between 40 to 190 

sunspot at solar maximum  



However, we are not quite there 

yet 

Range of predictions for this cycle (24) spans the entire 

range of  all sunspot cycles directly observed! 

Taken from Pesnell 2008 



Types of solar cycle predictions 

ÅStatistical/mathematical analysis of past 

sunspot data (no physics) 

 

Å Precursors (invokes some physics) 

 

Å Solar dynamo models (physics-based) 

üUnderstanding of the dynamo mechanism required 



Simulating the solar cycle 



Å  Based on the Mean-Field induction equation: 

 

 

 

 

 

Å Expressing the fields in axisymmetric form: 
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Å Turbulent Diffusivity 
 

Å Poloidal Source 
 

Å Poloidal Field 
 

Å Toroidal Field 
 

Å Meridional Flow 
 

Å Differential Rotation 

Kinematic Dynamo models 



Toroidal Field                                         Poloidal Field 

Kinematic Dynamo models 

Chatterjee, Nandy and Choudhuri (2004) 

 



·Stochastic forcing is introduced in the turbulent convection 

zone for different set of parameters. 

·Efficiency of Dynamo: ND = a(DW)L3/h2 

 

 

 

 

 

 

 

 

 

 

·Increasing dynamo number      period doubling bifurcation          

.   Chaos 

Chaos in Kinematic Dynamo Models 
(Charbonneau, St-Jean & Zacharias 2005) 



Chaotic Systems and Predictability 

(Bushby & Tobias 2007) 

Å Chaotic regime: small differences in initial conditions diverge  

  ï long-term prediction not possible 
 

Is short-term prediction possible? 
 



Predicting the Solar Cycle 



Underlying Physics 
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Observations 



Å Dikpati et al. (2006) predict a very strong solar cycle 24, 

Choudhuri et al. (2007) predict a much weaker solar cycle 24! 

  

 Why the difference? 

Dynamo-based predictions 

 Dikpati et al. (2006)  Choudhuri et al. (2007) 



Understanding Solar Cycle 

Memory 



Å Introducing randomness in the poloidal field 

creation process. 

  

 

Å Study the persistence of memory in the solar cycle 

at two different regimes:  

         

üAdvection dominated (Dikpati et al. 2006) 

üDiffusion Dominated (Choudhuri et al. 2007) 

Stochastically forced dynamo 

simulations Yeates, Nandy & Mackay 2008 



 

Å Memory of fluctuations different in diffusive and advective regimes. 

 

Å Differing memory is the basis for different predictions. 

(Diffusion dominated ï high h)  (Advection dominated ï low h) 


