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Annex A: Example of the general calculation process as performed in the supplementary spreadsheet template by use of published δ13C data for USGS64 Glycine.
The whole evaluation process is explained on one real example: the re-evaluation of USGS54 Glycine, as published in Schimmelmann et al. (2016). This constitutes one of the most complicated cases and can exemplify the needed approximations and limits, however provides clear evidence for a problem with the original reported data. The input values for the calculation are taken from the supplementary file of that publication (worksheet S4-delta13C-RM-uncertainties) and they are shown in the table below. The published δ13C value for USGS64 has been -40.81 ± 0.04‰.
Table A.1: δ13C data for USGS64 Glycine (all values in ‰). Each ‘x’ in the last five columns indicate the used reference materials for calibration by the individual laboratories. No measurement data of these materials were made available, however their measurement uncertainty was compiled in colR (‘sd(RM)’).
	Lab
	Mean
	unc_c (meas)
	n
	sd (sample)
	sd (RM)
	u_RM assigned
	LSVEC
	NBS19
	USGS40
	USGS41
	other

	colA
	colB
	calculated*
	colD
	colC
	colR
	colQ
	colE
	colF
	colG
	colH
	L-P

	IU
	-40.799
	0.037
	5
	0.030
	0.021
	0.079
	x
	x
	x
	
	xx

	Leipzig
	-40.738
	0.093
	4
	0.034
	0.087
	0.132
	x
	x
	
	
	

	Jena
	-40.776
	0.093
	19
	0.068
	0.064
	0.133
	x
	
	
	
	x

	JP
	-40.806
	0.059
	3
	0.033
	0.049
	0.073
	
	
	x
	x
	

	NL
	-40.828
	0.049
	5
	0.036
	0.033
	0.068
	
	
	
	
	xx

	UQAM
	-40.867
	0.142
	12
	0.096
	0.105
	0.132
	x
	x
	
	
	

	Munich
	-40.912
	0.032
	5
	0.018
	0.026
	0.115
	x
	x
	x
	x
	

	USGS
	-40.772
	0.115
	16
	0.09
	0.072
	0.132
	x
	x
	
	
	

	UK
	-40.789
	0.056
	20
	0.023
	0.051
	0.073
	
	
	x
	x
	


* laboratory measurement uncertainty in this column is calculated as SQRT(colC2+colR2) from both sample and standards (e.g., for IU: SQRT(0.0212+0.0302)=0.037‰). 
The laboratory measurement uncertainties (‘unc_c(meas)’) were calculated in Table A.1 from the supplied measurements uncertainties from sample (sd_sample)  and reference materials (sd_RM). These values are needed for the calculation below of the gross standard deviation for the whole set.
Equation 3 (AoM) is used to derive the gross mean of -40.802‰ from the nine individual means and individual number of measurements.
Equation 4 (sdAoM) is used to derive the standard deviation for the whole population. Input parameters are the gross mean (AoM), laboratory means, lab unc_c and lab ‘n’. The standard deviation based on the whole population of values is then calculated to 0.098‰. Dividing this value by the square root of nine (number of laboratory mean values), the corresponding Estimated Standard Error of measurements to be considered for the set is 0.033‰. This constitutes the best estimate of the gross measurement uncertainty of the whole data set (type A uncertainties). The use of the number of all measurements as denominator would be applicable for a set of samples from the same population with the same standard deviation and no biases, which is not the case in data from different laboratories (In such case of use on all measurements as denominator another external factor would need to be added to address interlaboratory offsets, like in the Mandel-Paule approach).
As second step the assigned uncertainty of calibration standards (type B uncertainty) has to be calculated for the whole data set. In a case of a well-designed calibration study, all laboratories would use the same calibration standards and number of measurements, therefore resulting in the same additive variance term for calibration (sum of the two last variance terms in Equation 2). In this given case for USGS64 the source of the listed assigned calibration uncertainties for each laboratory (colQ) is not explained and therefore they were not directly used. Unfortunately the application of partial derivatives for calculation of the last two terms in the Equation 2 is not possible in this particular case, as no measurement data for calibration standards were published. Therefore the best proxy is the use of mostly used calibration standards and the calculation of their average uncertainty applied to all laboratories across, which is an applicable approximation in all cases. The average for these uncertainties in Table A.2 is 0.110‰. 
Table A.2: Main reference materials used for calibration of δ13C sample measurements (all values in ‰), see Table A.1. The assigned uncertainties are directly taken from the respective supplementary file (Spreadsheet S4). Five further standards were used by single laboratories and are not listed and considered here. An ‘average calibration uncertainty’ is calculated as approximation from these four main calibration standards used.
	used Ref.Materials
	RefValue
	RefUnc

	NBS19
	1.95
	0

	LSVEC
	-46.6
	0.15

	USGS40
	-26.39
	0.04

	USGS41
	37.63
	0.25

	Average
	
	0.110


Now the approximated combined standard uncertainty can be calculate from the two terms above: SQRT(0.0332 + 0.1102 ) = 0.115‰. This constitutes the uncertainty for the re-evaluation.
The re-evaluated value is therefore -41.80 ± 0.11‰.
Please be aware that only measured fully uncorrelated laboratory data were combined for the derivation of the gross type A uncertainty, and no reference was yet made to calibration data. Assuming the same calibration scheme for each laboratory, the calibration uncertainty was added only once at the end. 
Now the re-evaluation values can be compared with the original published values: 
The mean values are indistinguishable (-41.81‰ and -41.80‰) within original stated uncertainty. 
The uncertainties are very different (0.04‰ versus 0.11‰). As the calibration uncertainty cannot vanish, and the uncertainty of reference materials used for calibration is way above 0.04‰, this published value seems to be too low and too optimistic. The same can be concluded from the stated individual assigned RM uncertainties in colR: all values are significantly above 0.04‰ for each individual laboratory.
Why is the average value of 0.11‰ used for the RM uncertainty in table A.2? This is meant to provide an approximation which can be used for all cases of such general data check without any need for further fine-tuning. In this case of USGS64 with an isotopic value of -40.8‰, it would be possible to use as better approximation the uncertainty of RMs close to its isotopic value (being intermediate between USGS40 (-26.39‰) and LSVEC (-46.6‰) with uncertainties of 0.04‰ and 0.15‰; the contribution of NBS19 and USGS41 would be minimal). That would result in an uncertainty in the same order according to formula y=ax+b: 
(0.15-0.04)/(-46.6+26.39)*(-40.8) + (0.04 - (0.15-0.04)/(-46.6+26.39)*(-26.39)=0.118‰. 
This high uncertainty is caused by the use of LSVEC for calibration with its reported high uncertainty due to discovered sample-to-sample isotopic inhomogeneity. One could try to avoid this effect by using only NBS19 and USGS40 for calibration. This would be an alternative, however would require a new data evaluation with availability of the measured data. In view of the uncertainty of USGS40 of 0.04‰, the extrapolation to -40.8‰ would indicate a resulting uncertainty of at least 0.06-0.07‰, still significantly higher than the original reported value. However, such recalculations could rescue all the effort spent in the original characterization exercise and considerably reduce reported uncertainties on this material. However this requires the availability of all data or a re-evaluation by the authors.
For other studies (e.g., Verkouteren (2004), Coplen (2006)), the applied strict analytical protocol facilitates the evaluation very much, most approximations necessary in the case of USGS64 above can be avoided.
