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S1. ISO method 

A standard approach to interpreting interlaboratory comparison data is outlined in ISO 5725-2 – Basic method for the 

determination of repeatability and reproducibility of a standard measurement method (ISO, 2019), as was applied to TOA data 

by Panteliadis et al. (2015). As ISO 5725-2 was used in a previous ILC for TOA, and may be more familiar to some researchers, 

the analysis in this study was repeated using the ISO 5725-2 method and compared below to the MCMC method used in the 

text. There are two significant caveats to the use of the ISO method here.  

(1) Given the destructive nature of the test, there is only a single measurement for each laboratory-filter combination, such 

that nij = 1. Note that this nij applies to all of the measurements, such that the nomenclature can be simplified to nij = n = 

1. This requires some adaptation to apply the ISO method.  

(2) As noted in the main text, the laboratory-reported s̃ij represents a broader set of uncertainties for the method derived by 

the instrument manufacturer, rather than a proper measure of repeatability within a laboratory. However, in the absence 

of a recommendation to calculate the repeatability, the laboratory-reported uncertainties are used instead.  

Then, each filter is considered as a separate level, consistent with the treatment of Panteliadis et al. (2015). The applicable 

random effects model when nij = 1 is given by Eq. (2) in the main text.   
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where Fj is equivalent to the general mean, m, in the ISO standard and Lij is equivalent to B.  

Proceeding with the ISO method, the filter effect is considered as fixed for each filter and is the expected value for a given 

filter,  
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where, as noted above, nij = n = 1 disappears given that it is a constant for all of the measurements and p = 6 is the number of 

laboratories. The within-laboratory variance is then taken as the arithmetic mean of the laboratory-reported uncertainties, 
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which represents a simplification of Eq. (25) in ISO 5725-2 under the assumption of the same number of measurements by 

each laboratory, avoiding the singularity caused by n − 1 = 0. We also make use of the symbol s̃r,j to denote that this is not a 

true measure of repeatability. The remaining between-laboratory variance is given by Eq. (26) in ISO 5725-2. Given that n = 

1,  
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Similar to s̃r,j, this between-laboratory variance is not a true measure of the differences between laboratories. Rather, it is a 

measure of the additional uncertainties that are not already accounted for in the laboratory-reported s̃ij. As these uncertainties 

would be hidden outside of an interlaboratory study, we rather use the term dark to describe them here (Thompson and Ellison, 

2011). To differentiate the two, we use the term dark here instead of between-laboratory uncertainties. Note that dark 

uncertainties cannot be negative. As such, individual filters where the laboratory-reported uncertainties exceed the observed 

variance result in zero dark uncertainties. When averaging over all of the filters, this tends to increase the overall uncertainties 

relative to the MCMC method. Finally, the reproducibility variance is taken as  
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representing the combined within- and between-laboratory uncertainties, which should be similar to the reproducibility 

estimated using the method in the text (it is only the decomposition of the uncertainties that should be substantially different).   

For EC and TC, Table S1 indicates that reproducibility is very similar between the ISO and MCMC methods. For OC, the 

reproducibility is substantially worse for the ISO method, likely due to a combination of high laboratory-reported uncertainties 

(which exceed the reproducibility from the MCMC method) and the constraint for non-negative dark uncertainties (which 

happens more often for OC than for EC and TC). Laboratory-reported uncertainties are more significant than the within-

laboratory reported uncertainties determined by the MCMC method, in particular for EC and TC. This is due to the consistent 

bias observed in the data, which causes the measurements to be more consistent for a single laboratory than the laboratory-

reported uncertainties would indicate. For EC and TC, laboratory-reported uncertainties remain insufficient to accommodate 

the overall variance, resulting in significant dark uncertainties.  
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Table S1. Breakdown of uncertainties in the TOA measurements, stated as expanded (k = 2) coefficients of variation based on the 

ISO method. The reproducibility using the MCMC method in the text are repeated here for convenience; to compare other 

uncertainties, refer to Table 3 in the text. All quantities correspond to an average of the corresponding variance across the filters.  

Uncertainty component Symbol 

Expanded coefficient of variation (k = 2) [%]* 

EC OC TC 

Laboratory-reported† s̃r 12.4 14.3 13.1 

Dark uncertainties‡ s̃L 12.3 9.2 3.9 

Reproducibility sR 17.5 17.1 13.7 

Reproducibility (MCMC) sR 16.5 8.0 12.1 

† Within-laboratory uncertainties are approximated by the laboratory-reported values for the purposes of the ISO method. *Coefficient of 

variation are stated using mean EC, OC, and TC measurements of 8.1, 4.7, and 12.9 μg/cm2 and EC/OC and EC/TC ratios of 1.74 and 0.63. 

The term expanded refers to the use of a coverage factor of k = 2, roughly equivalent to 95% intervals. ‡While computed analogous to the 

between-laboratory uncertainties in ISO 5725-2, the use of the laboratory-reported uncertainties rather than a true measure of repeatability 

means that this is not a true between-laboratory contribution. Rather, we use the term dark, denoting that these are additional, otherwise 

hidden uncertainties but not true between-laboratory contributions.  
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