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Background and Motivation 

■ New model of TSI and SSI: 

Code for Solar Irradiance Reconstructions – COSIR 

► reconstructions of past and forecasts of future irradiance 

              improved 11-year + long-term trend, 

 

► predecessor: 

COSI’s irradiance modelling after Shapiro et al. (2011), 

 

► radiative transfer within COSI:  

improved by R. Tagirov et al. (2015), in prep.; allows 

calculation of synthetic spectra for each active feature.  
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Background and Motivation 

■  Shapiro et al. (2011) results: 

► TSI and SSI with annual resolution for 1610–present and 

22-year resolution over the Holocene,  

 

► “Shapiro forcing” : 

6 W/m2 peak-to-peak difference in TSI since the Maunder 

Minimum; other long-term reconstructions converge to 

values of ≤ 1.5 W/m2 . 

 

■  Judge et al. (2012): 

► re-examines Shapiro forcing; makes recommendations 

for improvement in COSI’s long-term trend in irradiance. 
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11-year irradiance variability: TSI 
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features COSI COSIR 

 

 
spectra of active 

photospheric features 

  

 

 
sunspots = umbrae 

 

 

 

sunspots = umbrae + penumbrae 

 

 

 
distribution of 

sunspots and faculae 

 

 

 
homogeneous + full-disk 

 

 

homogeneous + activity belts  

 
weighted spectral 

contributions to TSI: 

empirical relations 

between SSN and filling 

factor 

linear 

regression coefficients  

linear + parabolic 

regression coefficients 



11-year irradiance variability: SSI 
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features COSI 

 

 

  

 

 
= relative contribution of 

spectral regimes to 

overall TSI changes 

between solar maximum 

in 2004 and solar 

minimum in 2008 of 

solar cycle 23 (weak) 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

 

 

 

 Ermolli et al. (2013) 

inversion point 

at 700 nm 



11-year irradiance variability: SSI 
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features COSIR 

 

 

  

 

 
= relative contribution of 

spectral regimes to 

overall TSI changes 

between solar maximum 

and solar minimum of 

solar cycle 23 (weak) 

and, respectively, 

solar cycle 21 (strong) 

 

 

 

 

Once we’ve implemented: 

 

 

 

                                  +                        + 
  

 

 

= 
histograms of two different inversion points 

 
 

 

 



Results with COSIR: 

TSI over the satellite era 
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TSI modelled with COSIR (black) overplotted with two TSI composites. 

Red – old PMOD composite. Blue – updated PMOD composite.  



Results with COSIR: 

SSI / TSI for solar cycle 23 (weak) 
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inversion point 

at 1200 nm 



Results with COSIR: 

SSI / TSI for solar cycle 21 (strong) 
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inversion point 

at 1100 nm 



Results with COSIR: 

Lyman-alpha time series 
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Integrated flux of Lyman-alpha, 1950–2010. 

Black – COSIR; red – SATIRE; 

blue – measurements and semi-empirical models 

following Woods et al. (2000). 

Integrated flux of Lyman-alpha, 1600–2010. 

Black – COSIR, red – SATIRE. 
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New Model of Solar Irradiance 

 
 
 
 
 
 
 
 
 
 
 
 
 

Additional slides 



Results with COSIR: 

Full-disk model versus activity belt 
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Faculae in the full-disk model of COSI (black) 

and the belt model of COSIR (blue). 

Umbrae in the full-disk model of COSI (black) 

and the belt model of COSIR (blue).  

 

Penumbrae in the full-disk model of COSI (black) 

and the belt model of COSIR (blue).  

 



Shapiro et al. (2011) 
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Implications of Judge et al. (2012) 
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Solanki, Krivova 

and Haigh (2013) 


