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Determination of 𝝈𝒔𝒄𝒂𝒕𝒕𝒆𝒓
𝒆𝒇𝒇

 

A critical issue in the accurate implementation of a simplified, non-parameter-explicit bias correction is the selection of a 

reasonable 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 . As described in the main text, a reasonable estimate of 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 must be represented by the the standard 

deviation of the residuals, σresidual, between measured and fitted sensitivity in log units, log(Smeasured,i) – log(Sfitted, i). However, 

the effect of σSmax on σresidual must be considered and removed as described by Eq. 11 because, in cases of  high σSmax (e.g., 5 

90%, Figure S1), using σresidual as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 overcorrects for the bias by up to 30% (Figure S1b)  

Figure S1. Simulated data set with σscatter dominating the source of uncertainty (N=1000 ions, σscatter=0.4, σslope=0, 

σdV50,max=0, σSmax=90%). (a) The nominal (black line), parameter-explicit bias corrected (dark blue line), and simplified 

𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 corrected relationship with σresidual as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 (light blue line) and with 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 estimated based on Eq. 11 (yellow 

dashed line). (b) The influence of σSmax on the average percent bias of analytes using σresidual or Eq.11 as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 for the 10 

simplified bias correction. 

 

For use in Eq. 11, Eq.12 provides a conversion of linear uncertainty, σSmax, to log-equivalent uncertainty, σSmax(log), for cases 

where σSmax is below ~50%. The the analytical relationship between σSmax(log) and σSmax is complex, but can be calculated 

numerically using a simulated set of Smax data with normally distributed error. The relationship between σSmax(log) from σSmax 15 

is described by Eq. S1: 

 𝜎𝑆𝑚𝑎𝑥(𝑙𝑜𝑔) = −0.0635 +
0.476

1+exp(
0.325−𝜎𝑆𝑚𝑎𝑥

0.179
)
 (S1) 

a

) 

b

) 
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For values of σSmax greater than ~50%, this equation provides a reasonable estimate of σSmax(log), while for values below 50% 

it is in approximate agreement with Eq. 12. 

Figure S2. The simulated and fitted relationship between σSmax(logscale) and σSmax. 20 

The obtained 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 using Eq 11 is very close to the theoretical correction factor, σscatter =0.4, regardless of σSmax values and 

the bias-corrected mass approximates the true mass of analytes (dark yellow line in Figure S1b). Notice that the simplified 

𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 correction approach still overestimates analyte mass by 5-10% when σSmax is greater than 70%, probably due to the 

uncertainties in transforming σSmax to σSmax(log). Although such bias correction method does not fully remove the bias in some 

circumstances, it is relatively close to the full parameter-explicit bias correction relationship, as shown in Figure S1a, and 25 

values of σSmax this large should probably be considered with some caution. 

Alternatives for 𝝈𝒔𝒄𝒂𝒕𝒕𝒆𝒓
𝒆𝒇𝒇

 

While Eq. 11 is effective to determine 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 for the simplified approach, it relies on σSmax. Typically, σSmax can be 

determined by multi-point measurements of analytes that are known to be maximumly sensitive in the chemical ionization 

mass spectrometer (CIMS) (Lopez-Hilfiker et al., 2016), but there may be cases where σSmax is not well known. To address 30 

the lack of σSmax information, we examine the possibility of other statistical parameters in the log-linear fit to correct the bias 

using a real-world case reported by Isaacman-Vanwertz et al. (2018) 

 

As shown in Figure S3, we compare the error for the prediction of summed mass using different statistical parameters as 

𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 including (a) Eq 11; (b) the median of absolute residuals; (c) the mean of absolute residuals; (d) the median 35 

deviation of absolute residuals, and (e) σresidual. Abolsute residuals are defined here as the magnitude of the difference 

between measured and fitted log sensitivity, ∆𝑆𝑖 = |𝑙𝑜𝑔(𝑆𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑,𝑖) − 𝑙𝑜𝑔(𝑆𝑓𝑖𝑡𝑡𝑒𝑑,𝑖)|. The detailed definitions of each 

parameters are as follows: 
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a) Eq. 11: calculate 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

, with 𝜎𝑆𝑚𝑎𝑥(𝑙𝑜𝑔) estimated using Eq. S1 

b) Median of absolute residuals, 𝑚𝑒𝑑𝑖𝑎𝑛(∆𝑆𝑖) 40 

c) Mean of absolute residuals, 𝑚𝑒𝑎𝑛(∆𝑆𝑖) 

d) Median deviation of absolute residuals, 𝑚𝑒𝑑𝑖𝑎𝑛(|∆𝑆𝑖 − 𝑚𝑒𝑑𝑖𝑎𝑛(∆𝑆𝑖)|)  

e) σresidual: the standard deviation of the residuals 

Figure S3 suggests that using the median of absolute residual (red line) as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 in the simplified approach has similar skill 

as Eq. 11 to match the parameter-explicit bias corrections (dark blue lines). However, Figure S3 only presents a case study 45 

and a broader investigation of cases in Figure S4 demonstrates the superiority of Eq. 11 over the median of absolute 

residuals.  

Figure S3. Errors in summed mass of ions with median absolute residual, mean absolute residual, median absolute deviation, 

and gaussian width of residuals, as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

. The residuals are the differences between measured and fitted log(sensitivities) 

of voltage-scanned calibrants. 50 

Figure S4 shows the influence of σscatter, σslope, and σdV50,max on the average percent bias in summed mass of analytes when (a) 

Eq. 11 is used as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 for the simplified bias correction; (b) median of absolute residuals is used as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 for the 

simplified bias correction; and (c) no bias correction. We found that despite subject to some bias at high values of σ, using 

Eq. 11 is able to remove most forms of bias, except in cases of high σslope. Conversely, the median of absolute residuals is not 

able to capture most forms of bias. The positive results shown in the case study of Figure S3 are likely attributable to the 55 

large role of σSmax in the uncertainty, which does not generally introduce bias. In cases where σSmax is not known, the median 

of absolute residuals therefore represents a worst-case option, but Eq. 11 or a parameter-explicit bias correction (Eq. 9) is 

strongly preferred. 
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Figure S4. The influence of σscatter, σslope, and σdV50,max on the average percent bias in summed mass of analytes when (a) Eq. 

11 is used as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 for the simplified bias correction; (b) the median of absolute residuals is used as 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 for the 60 

simplified bias correction; and (c) no bias correction is applied. 

  

a) 

b) 

c) 
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Comparison of 𝝈𝒔𝒄𝒂𝒕𝒕𝒆𝒓
𝒆𝒇𝒇

 to parameter-explicit correction 

While 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 is shown in the Figures 6 and S3 to capture average bias with low average error. However, the skill with 

which the simplified approach is able to capture bias in each individual analyte is function of the heteroscadisticity of the 65 

error. This, in turn, is dependent on the relative importance of each source of uncertainty. In Figure S5, the impacts of 

varying σscatter and σslope is explored. As an illustration of the limitations of the simplified approach, consider panels (c) and 

(e), for which 𝜎𝑠𝑐𝑎𝑡𝑡𝑒𝑟
𝑒𝑓𝑓

 is similar, but the simplified average approach more closely matches the parameter-explicit correction 

when σscatter is substantially larger than σslope. 

 70 
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Figure S5. The influence of σscatter (log units) and σslope (log units/volt) of the analyte sensitivity distribution on the fitted. 

relationship with parameter-explicit bias corrections and simplified effective σscatter corrections (Eq. 11). The average bias in 

total mass of analytes without bias correction is displayed at the bottom of the figure. Each circle represents one ion with the 

a) b) c) 

d) e) f) 

g) h) i) 
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distribution of σscatter and σslope uncertainties listed. The number of simulated ions, σdV50, max, and σSmax in the dataset are 

10000, 0 V, and 0%, respectively. 75 
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