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Compare the SSI at two dates for which the 
proxy shows the same value.  

ΔSSI≠0  ⇔   indication of a trend 

This approach has been exploited before by 
Woods [2011], Morrill [2014]. 

Key idea: define f(t) = deviation of the observed SSI from the true (trend-less) SSI. 
 We have   proxy(t1) = proxy(t2) 
      SSI(t1) × f(t1) = SSI(t2) × f(t2) 
      f(t0) = 1       at launch 
 Now estimate the deviation f(t) *at all times* by using a parametric model 

Main advantages 

• Number of terms N (= temporal resolution of f) is set by cross-validation 
• f(t) comes with realistic confidence intervals, obtained by bootstrapping

All solar spectral irradiance (SSI) observations must be corrected for instrumental effects 
(i.e. sensor degradation) that may otherwise cause spurious trends. 
Our challenge: detect undocumented trends in solar spectral irradiance (SSI) 
records with as few assumptions as possible.  
This problem arises with other datasets: ozone concentration, ground temperature, etc. 
How to detect such trends when there is no absolute reference ?

1. Objective 4. Our approach

1.Compare observations with an absolute reference 
☛ Ideal ! But if indeed possible, then skip this poster… 

2.Compare observations with an SSI model 
☛ Dangerous because of the risk of inbreeding 

3.Compare observations with a multi-solar proxy model 
☛ Dangerous because of collinearity (numerical problems) 

4.Compare observations with a combination of several solar proxies 
☛ Risky because of poor traceability (each proxy describes a different aspect) 

5.Compare observations with several solar proxies, taken individually 
☛ Probably the least objectionable solution…

2. Different solutions

We	acknowledge	CNES	for	funding	and	the	science	team	of	SORCE	for	making	their	SSI	data	available.

Compare MgII indices from Bremen and from LASP. The latter is known to suffer from a 
scattered light problem after ~2008. 

Benchmarking with several datasets confirms the excellent performance of the method.

5. Example : MgII index

from irradiance recordsand extracting trends T. Dudok de Wit (LPC2E)Ident
ifying

We want a method that is: 
• Transparent and fully traceable: all assumptions must be explicited ! 
• Provides realistic confidence intervals 

Assumptions 

• The SSI varies in phase with the proxy (on time scales >> lifetime of active regions) 
• The long-term stability of the proxy must be at least as good as that of the SSI 
• Need to observe at least 1/2 solar cycle 

*No* assumption on the functional relationship between proxy and SSI, which may be 
nonlinear.  
*No* proxy model fit to the SSI.

3. What are your assumptions ?

time

amplitude

proxy p(t)

SSI(t)

t1 t2

ΔSSI

Observed MgII indices  
(3-month average)

Estimated trend f(t)  
(with 1𝜎 confidence interval) 
agrees well with exact trend

When different proxies reveal the same deviation f(t), then there is strong (but not definite) 
evidence for an uncorrected instrumental trend. 

6. Which proxies ?

Deviation f(t) estimated for 
SORCE/SOLSTICE observations 
@ 144.5 nm, using different 
proxies 

SSN sunspot number 
DSA daily sunspot area 
F30  radio flux @ 30 cm 
F10.7 radio flux @ 10.7 cm 
MgII-LASP (problematic…) 
MgII-Bremen 
TSI  total solar irradiance (TIM)

We observe significant trends in SORCE/SOLSTICE and SORCE/SIM observations from 
2003-2015 

7. Trends in SORCE observations ?
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Average deviation estimated 
from SORCE/SOLSTICE 
and SORCE/SIM 
observations. 

shaded area = range of 
solutions obtained by using 
6 different solar proxies (all 
but MgII-LASP) 

Average SSI trend 
normalized to solar cycle 
amplitude. 
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MgII index from LASP, 
after trend correction A new transparent and traceable method for detecting undocumented trends. You know 

exactly what your assumptions are (open science approach !) 
Using this approach with SORCE/SIM and SORCE/SOLSTICE data, we find strong 
evidence for trends that are comparable to the solar cycle amplitude.

8. Conclusions
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