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Our TSI model

❖ Crouch et al. (2008) ApJ, 677:723.!

❖ Injection of observed spots !
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❖ Fragmentation —> Spots and Faculae!
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❖ Calculation of irradiance !
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❖ Next time step: fragments+new emergences!

❖ Faculae follow an exponential decay!

❖ Backside emergences: stochastically!
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Modifications
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❖ Problem 2: minimum between Cycle 23 and 24!

❖ No magnetic network in our model
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Optimization
❖ 6 free parameters in the original model!

❖ We add 3 (4) more:!

❖ Fraction of faculae converted into "network" (BR)!

❖ "Network" decay rate (λdisk)!

❖ "Network" contrast (αdisk)!

❖ Variable quiet Sun factor (C10.7)



Optimization
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fitness!

❖ New generation! !

❖ Generate new parameters by "mixing" the previous 
generation population's parameters (encoded as strings, 
cut, then re-assembled)



Optimization
❖ PIKAIA (get it here! http://www.hao.ucar.edu/modeling/pikaia/pikaia.php)!

❖ Population of 200 models with randomly chosen parameters!

❖ Run each model, compares to observations, calculates 
fitness!

❖ New generation! !

❖ Generate new parameters by "mixing" the previous 
generation population's parameters (encoded as strings, 
cut, then re-assembled)

For example

Good fitting individual 1

Good fitting individual 2

Some parameter's value:!
x1=0.54672!

String:!
54672

Some parameter's value:!
x1=0.98746!

String:!
98746

New individual

54672

98746

98672!
x1=0.98672



Optimization
❖ 3 different TSI observation composites available

Credit: C. Fröhlich, http://
www.pmodwrc.ch/

pmod.php?topic=tsi/
composite/SolarConstant
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Reconstruction to the Maunder Minimum



Conclusion and future work

❖ Our model succeeds best in reproducing the PMOD 
composite!

❖ The network contribution does not help reproducing the 
2009 minimum!

❖ The variable quiet Sun does!!

❖ Future: include this network representation in 
MOCASSIM
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More equations for TSI


