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Point-by-point Response to Comments by Referee 

The authors Conrad and Johnson have addressed most of my feedback. I only have two comments remaining.  

Length: the authors responded to my request to shorten the manuscript by stating various justifications. These should be added 

to the text with one or two introductory sentences. The same applies to the authors' response to my comment on the presence 

of non-BC impurities. Please add a brief summary to the main text.  

1) We have revised the introductory paragraph to Section 3 (“General uncertainty analysis methodology”) to highlight 

our justification for the comprehensive methodology section, and specifically that “[t]his new methodology is a 

significant improvement to the sky-LOSA algorithm that enables accelerated MC-computation of soot column density 

and, hence, emission rates from sky-LOSA image data”. 

2) We have included additional text to the paragraph following Equation (3) to highlight that absorption-enhancing non-

BC material is not likely to be observed in flare plumes, especially in the near field, according to both laboratory 

(Kazemimanesh et al., 2019) and field data (Schwarz et al., 2015; Weyant et al., 2016), which justifies the literature-

derived probability distributions used in sky-LOSA (Johnson et al., 2013).  

Validation of assumptions: the authors' response to my comment (“The manuscript assumes throughout that a perfect skyLOSA 

measurement gives a perfect result'') was “sky-LOSA has been validated [...] from the perspective of first principles.” The 

authors full response included a restatement of the bottom-up work done so far. This work is extensive and thorough, especially 

in the context of atmospheric measurement techniques, but does not address my comment. The purpose of my comment is to 

highlight that bottom-up work requires top-down validation (to the extent that such is possible). 

For example, Thomson et al. (2004, https://doi.org/10.1016/j.combustflame.2004.11.012) state that “The uncertainty of the 

LOSA soot volume fraction measurements is estimated to be 20 to 30% (95% confidence interval). The uncertainty is dominated 

by the uncertainties in the magnitude of and the contribution of scatter to light attenuation measurements.” So the authors may 

add a statement such as “The LOSA technique is estimated to be 20 to 30% accurate. We estimate that the calculation of the 

inscattering of solar radiation adds an additional X\% to this uncertainty using our MC technique, resulting in an overall 

uncertainty of Y%.” Please add such a statement to the manuscript. 

Overall measurement uncertainties vary with field conditions and equipment setup, which is indeed the motivation behind 

this paper.  For most real-world field conditions, overall sky-LOSA uncertainties are in the range of −26/+36% (e.g., 

Johnson et al., 2013) – we have added text to specifically note this in the penultimate paragraph of Section 2 where the sky-

LOSA method is described.  Importantly, as detailed in the manuscript, sky-LOSA uncertainties are rigorously calculated 

on a case-by-case basis via a Monte Carlo method, where fundamental soot properties and field conditions (sky and solar 

radiation) are treated as random variables.  This contrasts with the cited earlier work of Thomson et al., (2005), where 

uncertainties in their laboratory-based collimated-LOSA technique were estimated by summing selected uncertainties in 

quadrature (Thomson, 2004): 𝐸(𝑚𝜆) , the scatter-to-absorption ratio (related to the single-scatter albedo, 𝜔(𝒃) ), and 

diagnostic-specific measurement uncertainties that are unrelated to sky-LOSA. 

We agree with the Referee that it is important to validate bottom-up measurements with a top-down alternative to the extent 

that such is possible.  The challenge – as noted by the Referee – is that top-down validation can only be performed if a 

satisfactory alternative measurement technique exists.  Echoing our first response to the Referee, this is unfortunately not 

the case for sky-LOSA since the current measurement “standard” for flare soot/BC emissions is a visible assessment of 

plume opacity by a human observer (U.S. EPA, 1974).  There are aircraft-based (top-down) techniques that use atmospheric 

measurements of BC and combustion product concentrations to infer flare BC emissions based on an assumed flare gas 

composition (Gvakharia et al., 2017; Schwarz et al., 2015; Weyant et al., 2016).  However, because BC emission rates are 

very strongly dependent on fuel composition (e.g., McEwen and Johnson, 2012), and due to the stochastic nature of flare 

BC emissions (Conrad and Johnson, 2017), it is not obvious how these approaches can resolve robust emission rate statistics 

sufficient to serve as an additional validation for sky-LOSA. 
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