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The Model 
  Sunspots ''injected'' on a synthetic solar surface (observations of area and 

position compiled by D. Hathaway, from Greenwich and USAF records)  

  Monte Carlo simulation of sunspots fragmentation and erosion + 
backside emergence on a one-day time cadence 

 Fragments grouped in two categories : 

–  Large-scale fragments : r>r* (''spots'') 

–  Small-scale fragments : r<r* (''faculae'') 

  Irradiance calculation : 

–  Contribution from the quiet Sun, the spots and the faculae + 
stochastic network contribution and rotational modulation 
amplification. 

Crouch et al., 2008, Ap. J., 677, 723.  Bolduc et al., 2012, Sol. Phys. 279:383.   



The Model 
  Quiet Sun contribution : interpolation on a synthetic, completely non-

magnetic QS spectrum. (ex : Kurucz with Teff=5750K or observed 
ATLAS 3) 

  Sunspots contribution : ratio of the monochromatic flux from a non-
magnetic spectrum with Teff=5250K and the flux from a spectrum with 
Teff=5750K (the QS spectrum) 



The Model 
  Facular contribution : Black body inversion procedure  

  (Solanki & Unruh (1998) A&A, 329:247) 

–  Quiet Sun flux converted into temperature assuming a BB 
emissivity. 

»    from 

–  Formation height from quiet Sun temperature profile  
  (Fontenla et al. (2009) ApJ 707:482, model B) 

–  Assuming that the photons from the faculae are formed at the 
same height : emission temperature for the faculae from a 
temperature profile 

        (Fontenla et al. (2009) ApJ 707:482, model P) 

–  Conversion of this facular emission temperature into flux with 
the above formula 



The Model 
  Facular contribution : Black body inversion procedure  



The Model 
  Rotational modulation amplification and network contribution  

–  Corrections necessary because our model lacks 
chromospheric plages 

–  Rotational modulation : 
•  By amplifying variations around the smoothed time 

series 
•  Weighted by the surface coverage of the solar disk 

by small- and large-scale magnetic structures 
  (Amag(t)) 

–  Network contribution : 
•  Absolute value of a random number (mean=0, 

variance=1, generated daily), weighted with the 
factor γ 



The Model 
  First results (Bolduc et al. (2012) Sol. Phys. 279:383) 
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220 nm 

240 nm 
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Spectral Domain extension 

  Quiet Sun approximation with ATLAS 3 instead of 
Kurucz  

 (Because of the discrepancy below ~200 nm) 

  Optimization of a new facular temperature profile  

 (Because the monochromatic flux at every wavelenght 
is different -> different formation height -> inconsistent 
temperature) 

  Optimization of the network contribution (weighting 
factor) in function of wavelength 



Temporal Domain extension 
  Simulation of SS distribution of area and position with the Wolf number 

as input, following statistical properties of emergences according to the 
cycle phase, amplitude, etc. 

  Comparison of reconstructed SSI using Hathaway's database vs 
simulated emergences : 



Temporal Domain extension 

  Quiet Sun variation: 
  The radio flux at 10.7 cm is a good proxy for SSI (Dudok De Wit, 

private comm.) 

  We obtain the TSI with the slowly varying component of the F10.7 
(Tapping et al. (2007), Sol. Phys., 246:309): 

  We convert this irradiance into temperature assuming it is emitted by 
a black body; 

  We compare the temperature for each day with the temperature for 
1994, November 11 (date of ATLAS 3 observation) 

  The difference is a «correction» on the quiet Sun emission 
temperature. 



Temporal Domain extension 

TSI~1364.5 W/m2 

TSI~1365.5 W/m2 



Results : spectral reconstruction 
ATLAS-1 vs MOCASSIM (March 29, 1992) 

MOCASSIM 
ATLAS-1 



Results : spectral reconstruction 
 Comparison with other reconstructions (figure 4a of Thuillier et al. 
(2013) Submitted to Sol. Phys.) 



Results : time series (240 nm) 

Faculae 
Spots 
Network 

S(λ) 
Quiet Sun 



Results : time series (370 nm) 

Faculae 
Spots 
Network 

S(λ) 
Quiet Sun 



Results : spectral reconstruction 

MOCASSIM : May 2008 vs 1680 





Stratospheric chemical species 
abundance variations 

  Calculated with the photochemistry model presented in 
Muncaster et al. (2012) Atmos. Chem. Phys., 12:7707. 

  No dynamics, no heating, equatorial conditions. 

  Difference between solar max and solar min. 

  Different solar spectra = different results! 



Chapman cycle 

λ < 242 nm  

λ < 300 nm  



Stratospheric chemical species 
abundance variations 

Using sept. 1986 (min) and nov. 1989 (max) spectra from   Lean et al. (1997) JGR,102:29939.  



Stratospheric chemical species 
abundance variations 

Using sept. 1986 (min) and nov. 1989 (max) spectra from Thuillier et al. (2012) Sol. Phys. 
277:245. 



Stratospheric chemical species 
abundance variations 

Using sept. 1986 (min) and nov. 1989 (max) spectra from MOCASSIM. 



Stratospheric chemical species 
abundance variations 

Using Nov 2007 (min) and Apr. 2004 (max) spectra from SORCE. 



Stratospheric chemical species 
abundance variations 

Using Nov 2007 (min) and Apr. 2004 (max) spectra from MOCASSIM. 



Conclusions 
  MOCASSIM 2.0 : 

–  4 components : quiet Sun, spots, faculae, network (+ rotational 
modulation amplification) 

–  Spectral range : 150-400 nm 
–  Temporal range : 1610-now 

  Results : 

–  Time series starting in 1610 showing the network importance during 
minima 

–  Spectral reconstructions of ATLAS-1 spectrum (in agreement within 
5%, except in emission lines) with an accuracy comparable to other 
reconstructions 

–  Spectral reconstructions during important minima (Maunder, 2008) 
–  According to our reconstructions, MM ≠ Cycle 23 

–  Calculations of stratospheric chemical abundances variations over 
the cycle are strongly model-dependent! 
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–  different colors for Maunder 

minimum and following cycles 



Correlations 
  Plot the ratio of two monochromatic 

fluxes against one of them 

–  one point per day,  
–  different colors for Maunder 

minimum and following cycles 

  Plot the flux ratio against one of them 

  Linear fit on last cycle 



Correlations 
  Plot the ratio of two monochromatic 

fluxes against one of them 

–  one point per day,  
–  different colors for Maunder 

minimum and following cycles 

  Plot the flux ratio against one of them 

  Linear fit on last cycle 

  Divide the flux plotted on the y-axis by 
the linear fit to remove the trend and 
show the variations 

  Conclusion : Maunder minimum and 
cycle -3 show a different behavior from 
the other cycles! 



Correlations matrix 
Maunder minimum (average between 1650-1715) 



Correlations matrix 
Cycle 20 (average on the whole cycle) 



Variability for the reconstructions used 
for the photochemistry model  



TSI reconstruction 



Taux de réactions affectés par les variations de l’irradiance 
solaire 

Vents thermiques associés 
Perturbation de la propagation des ondes planétaires 
Interaction avec OQB: addition des anomalies  

OQB-E + Smin 
OQB-O + Smax 

Possiblement également une interaction avec les 
rayons cosmiques (accélèrent la formation de 
nuages?) 

En conclusion, les mécanismes au sol et ceux 
découlant de la stratosphère s’amplifient 
probablement mutuellement pour produire les 
effets observés par un couplage stratosphère-
troposphère.  

Introduction - Observations - Impacts sur l’atmosphère - Modèles pour les reconstructions -  
Conclusion 

Impacts sur l’atmosphère terrestre 


