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Point-by-point Response to Reviewer Comments
Reviewer 1
The reviewer has limited experience with the Sunset TOA, but does believe the OC/EC/TC measurement uncertainties estimated by the manufacture (i.e., Eq. (1)) cannot be representative. There is no reason to assume uncertainties converging at 5% for high OC, EC, and TC values while neglecting the calibration results. Therefore, the effort made by the authors should be encouraged. Information presented in the manuscript, however, are somewhat scattered and difficult to follow. The reviewer suggests moving the "Protocol" to the appendix or supplemental information and accompanying it with diagrams and/or videos to facilitate readers. The Figure and Table Captions can be moved to the end of paper, before or with the Figures and Tables.
We thank the Reviewer for recognizing the need for improved uncertainty characterization in thermal-optical instruments, especially in the context of the manufacturer’s uncertainty estimates. We appreciate the suggestions with respect to the layout of the manuscript, but we believe that it is currently formatted in agreement with the JoVE guide to authors.  We would gladly adjust the format as required but we suggest that this decision is left to the editor and typesetter.
Additional comments:
The authors should also give suggestions on the selection of "laser correction procedure" and "critical attenuation decline" in the protocol. Certainly the OC and EC results will be influenced by these selections. Are any sensitivity tests necessary to explore the selection of these parameters? How can they be consistent among users?
We agree, and in the revised Protocol, we now highlight that the software’s mouseover utilities provide support to the user inputs while noting recommended selections.
[bookmark: _GoBack]
Regarding the “laser correction procedure”: our experience has shown that this has a very minor effect on the split point and, hence, OC and EC masses – the effect is often less than or on the order of the significant figures reported by the software tool.  As such, we make the 3-parameter “quadratic correction” default to ensure an adequate fit to the laser-temperature relation.  The mouseover utility also highlights the “quadratic correction” as recommended.

Regarding the “critical attenuation decline”: as noted in the manuscript’s introduction, a “critical attenuation decline” is estimated based on uncertainty in the TOT split point definition – i.e., uncertainty in laser attenuation relative to its initial value.  This value is automatically updated upon plotting of the thermal analysis data (by clicking the button in section (2)(d) of the “Data Analysis Tool – Inputs” tab); the suggested value is also indicated in text directly below the appropriate input – e.g. “Suggested attenuation decline is x.xxx%”. 

OC and EC results can indeed be influenced by the software settings; however, other than minor variations resulting from Monte Carlo randomness, computed carbon masses are deterministic when the default software inputs are used, or any consistent inputs are used.  Although sensitivity tests can indeed be useful to help capture inconsistency amongst users, we suggest that they are not required.  This is based on the notion that user subjectivity is captured by the understanding that carbon masses are operationally-defined; furthermore, uncertainty in the parameters enabling the calculation of the operationally-defined carbon masses are fully propagated through the OCECgo software.  
The procedure of Monte Carlo calculation is not described adequately in the paper. Please indicate how it is accomplished, including the equations used for error propagation. Do you use Matlab built-in toolbox? Please also indicate if the minimum detection limit is used explicitly to estimate uncertainty.
The specifics of our custom Monte Carlo (MC) method are more detailed than appropriate for the length of the JoVE manuscript.  For this reason, we instead extensively detail the custom-written MC procedure in the software’s documentation, which was provided with the initial submission and will be distributed with the source and build distributions of the developed software. 

As elaborated in the comment below, the minimum detection limit is only useful for estimating instrument precision (via a “noise floor”) and is not, in general, a reliable indicator of the total instrument uncertainty.  In the present case, as detailed in the manuscript, total uncertainty is dominated by bias errors and the employed MC method rigorously captures each of these contributing sources to compute overall uncertainty in carbon mass.  In response to the Reviewer’s comment below, for completeness we have added the provision to propagate instrument precision error (as a final component of the total uncertainty) through our presented MC method and software tool.  However, in the present case, using variance in repeated blank analyses as a surrogate of instrument precision, this contribution proves negligible.

Replicate analysis (i.e., analyze the same samples multiple times) is a widely used alternative to quantify measurement uncertainties in TC, OC, and EC. This may be a legitimate method to confirm your uncertainty estimate based on error propagation. As part of the paper, the reviewer would recommend to compare uncertainties from the two approaches.
We agree that replicate analysis is a useful tool to quantify the component of the total uncertainty attributable to instrument precision (unstructured/random/repeatability error); however, replicate analysis does not yield information on instrument bias (structured error).  One key contribution of our presented software is the estimation of instrument bias through the consideration of fundamental contributing uncertainties, as detailed in the Introduction of the manuscript.  Instrument precision (repeatability) error, we suggest, will be instrument-, user-, and application-dependent and could indeed be computed by a user via replicate analysis.  This measure of precision could be combined with the bias uncertainties computed with OCECgo.  Based on the reviewer’s comment, we have included an additional field in the software tool (Data Analysis Tool – Inputs; Section (4)(a)) where a user could optionally provide appropriate replicate analysis results to propagate instrument precision into the uncertainties of computed carbon masses.
Reviewer 2
Manuscript Summary:
The paper describes a calibration protocol for any existing/commercial TOA instrument. They provided an open-source Mat-Lab based software tool for quantifying the uncertainties in the measurement of OC and EC. The software tool goes over and above that given by the manufacture which uses fixed equations for the relative and absolute errors. The title appropriately describes the method presented. The abstract has a nice length and provides a nice overview of the paper. The introduction describes the presented method and explains why the presented method can be useful. The protocols give detailed steps for obtaining improved measurements of OC and EC using the Sunset TOA and their improved software tool for error estimates.
We thank the reviewer for their positive feedback and recognition of the utility of the developed protocol and software.
Major Concerns:
None
Minor Concerns:
There are some suggestions how to further improve this paper, below:
Introduction:
Provide motivation why the Sunset Model 4 is preferred over other TOA instruments. How does the Sunset measurements or indeed your improved measurements with the Sunset instrument compare with the more recognizable NIOSH method 5040?
We do not mean to suggest that the Sunset Model 4 (semi-continuous) is the preferred instrument for thermal-optical organic/elemental carbon analyses.  Indeed, the Magee Scientific (Desert Research Institute) instrument and the Sunset laboratory-based instrument (with flame ionization detector) are viable alternatives.  Our software however, has been developed to integrate with the results file output by the Sunset Model 4 (with non-dispersive infrared detector) but, as we note in lines 65-66 of the original manuscript, “…the software tool could readily be extended … to work with outputs generated by other instruments.”  

The presented software and the studied instrument are both agnostic to the specific thermal protocol − example data generated by our cited references were created using the standard NIOSH method 5040 and the European EUSAAR2 method.  
Protocol:
The following safety issues must be highlighted either in the protocols or in the discussion
1. Laser, mention the necessary precautions needed when handling the laser system.
2. The high temperatures involved (870°C) must be highlighted either in the protocols or in the discussion
We agree that these safety concerns are important for safe operation of the instrument and have added text to this effect as step 0 revised Protocol. 
Table of materials:
I think the following items described in the protocols should also be included in the materials table
Helium (preferably UHP
Helium/Oxygen mixture
Helium/Methane mixture
Filter punch tool
[bookmark: OLE_LINK5]Filter removal tool
We have added the suggested materials to the revised Table of Materials.
Reviewer 3
Manuscript Summary:
The authors describe a protocol for determining the uncertainty in quantification of organic and elemental carbon using thermal-optical analysis. A MatLab based program was designed to assist in the calibration and quantification of sources of uncertainty with the TOA assessment.
Major Concerns:
None
Minor Concerns:
A discussion of how the user should evaluate the uncertainty results and ways to decrease uncertainty would be helpful for the readers, particularly for use with unknown compounds. Please see below for comments on individual sections.
In agreement with the Editor’s comment regarding content of the Discussion, we have added significant text noting the critical steps of the protocol, evaluation of results, and means to reduce uncertainty. 
Introduction:
The introduction is well written, providing a background on carbonaceous compounds, TOA measurement techniques, and the issues with current calibration processes.  Details on how system overcomes described issues? Comparison.
We thank the reviewer for the positive feedback.  General issues with thermal-optical analysis approach and the underlying “operationally-defined” distinction between OC and EC that is intrinsic to thermal analyses cannot be overcome because they are inherent to the measurement technique.  However, as detailed in the manuscript the developed protocol and software enables rigorous, quantitative calculation of uncertainties associated with both calibration and operation of the instrument, particularly the determination of the split point between OC and EC.  This is a significant advance that will improve accuracy and robustness of measurements as noted by all reviewers.  Table 4 and associated discussion compare uncertainties quantified with this new approach versus the simplified uncertainty estimates output by the manufacturer’s software for a variety of samples.
Line 61 - does the calibration have to be performed manually? Could the program be used with other instruments?
As will be shown in the protocol visualization through the video, the calibration procedure (specifically the steps in Protocol sections 2 and 3) requires significant manual manipulation of the instrument − i.e., for each calibration data point, the instrument must be opened, and the sucrose solution must be manually applied.  

At present, the OCECgo software tool is designed to integrate with the Sunset Model 4 instrument; however, as noted in lines 65-66 of the original manuscript, “…the software tool could readily be extended … to work with outputs generated by other instruments.”  
Protocol:
The protocol is well written with sufficient detail for the reader to perform.
Step 3.3 - In the author's experience, what is an appropriate number of initial calibration points to perform prior to moving to Step 4?
The appropriate quantity of calibration data is dependent upon the user’s desired uncertainty in the mass calibration constant.  However, one very useful feature of the OCECgo tool (specifically, step 4 of the protocol) is that it can be used in parallel with the acquisition of calibration data (i.e. as step 3 is repeated) to calculate calibration uncertainties in real-time, enabling the user to decide when sufficient repeats have been performed and uncertainty in the mass calibration constant is acceptable.  As discussed in the Representative Results section of the original manuscript, the standard quantity of calibration data according to the instrument’s manual1 is six; however (referring to the Discussion of the original manuscript), satisfactory calibration may be achieved with fewer data and the acquisition of further data comes with diminishing returns.  Additionally, we note in the manuscript that a brief three-point calibration set can be used as a “bump-test check” of the instrument to assess whether a full calibration is required.
Step 4.3.2.1 - Please define 2σ.
As noted in the revised manuscript, 2σ is conventional notation for two times the standard deviation (σ).  Assuming a Gaussian/Normal distribution, 2σ uncertainty is a conservative estimation of the 95% confidence interval of an uncertain metric.  In the context of step 4.3.2 of the original protocol, this corresponds to the pipette’s manufacturer-reported statistics.  
Step 4.5 - Do the authors have suggestions to review the Monte Carlo results?
Review of the Monte Carlo results is necessary to assess the convergence of the calibration procedure.  This is best performed through the analysis of statistics resulting from the Monte Carlo analysis and the subjective definition of “satisfactory” calibration uncertainties. 

Step 4.5 has been rewritten in the revised manuscript.  When the Monte Carlo analysis is completed, OCECgo automatically graphs the fitted calibration data with confidence limits and shows the uncertainty distribution of the calibrated mass results.  The final calibration data with 95% confidence intervals (shown as a % uncertainty) and parameters describing the shape of the distributions best representing these results are shown in Section 4 of the GUI.  As noted in the revised manuscript (lines 570−573), if the calibration data are not sufficiently linear, the software automatically warns the user, who is then able to troubleshoot the dataset via the Boolean control noted in step 4.2 of the Protocol; the user can then modify their calibration dataset by acquiring replacement data as needed.  
Results:
Please provide the details of the sucrose solution used for the representative results.
The sucrose solution used in the Representative Results corresponds to that developed using Protocol section 1.  As now noted in line 89 of the revised manuscript, this solution is approximately 0.99% sucrose by mass.  At typical room temperature of 25°C, the carbon mass concentration of the solution employed in our specific analysis was 4.148 ± 0.022 gC/L (2σ), which has been added as a footnote to Table 1 of the manuscript.
Table 1 - Is the order of the volume of sucrose solutions due to the example given by the OCEC instrument? A comment on this would be helpful.
The order that the volumes of sucrose solution are provided to the instrument for calibration is at the user’s discretion.  It is recommended however, that the order is randomly permuted from calibration to calibration to avoid any unknown hysteresis effects.  To note this, we have updated text at lines 89−91 of the revised manuscript:
“Repeated tests are performed where different known volumes of the sucrose solution are introduced in random order into the instrument and the thermal-optical analysis is performed.”
What is the original uncertainty/calibration provided by the OCEC instrument?
We present the instrument’s uncertainty calculation in Equation (1), where there is a relative and absolute component for each carbon mass (OC, EC, and TC).

The original calibration of the instrument corresponds to the first implementation of the presented calibration protocol once the instrument is received, and is therefore not a standard value.  Nominally however, during the CH4-loop, 0.8 mL of the 5% CH4-He gas mixture is injected into the instrument.  Assuming standard volumetric conditions of 25°C and 1 atm, this corresponds to a carbon mass in methane of ~19.6 μgC. 
Discussion section:
What are the critical steps in the protocol to ensure success?
In response to this comment and the Editor’s comment to the same effect, we have revised our Discussion section to include this important discussion.
Are there additional ways other than more calibration points to decrease uncertainty?
Referring to Table 3 of the original manuscript, bias in the instrument’s NDIR is the most dominant contributor to overall uncertainty.  This NDIR bias is estimated by OCECgo as the relative 2σ error of an imposed normal distribution representing the calibration areas (step 4.2.1 of the original Protocol) reported by the instrument.  Unfortunately, this largest source of uncertainty is outside of the user’s influence.  Marginal reductions in uncertainty might be obtainable by reducing those of the pipette, however (as suggested by the data in Table 3) this would yield a very minor effect.  
Reviewer 4:
Manuscript Summary:
The manuscript entitled "Calibration Protocol and Software for Split Point Analysis and Uncertainty Quantification of Thermal-Optical Organic / Elemental Carbon Measurements" by Conrad and Jhonson have tried to develop a protocol for calibrating the OC/EC instrument alongside a software tool for accurate and precise quantification of calibration errors and uncertainties during OC/EC measurements. The manuscript is well written with descriptive methodology and precise introduction to the topic. Results are well presented and discussed. Overall the manuscript does fulfill the standard of the Journal and I suggest the editor accept the manuscript after incorporating minor suggestions.
We appreciate the positive feedback of the reviewer and thank them for their effort in reviewing our work.
Major Concerns:
Why the statistical part was only validated through MATLAB, why not with other open source programs such as R.
There indeed exist myriad software tools that could have been used to perform this work.  Using MatLab allowed us to develop the graphical user interface of the OCECgo software and was well-suited to efficiently performing all calculations and Monte Carlo analyses.  Although the full MatLab development package is not open-source, the runtime required to execute OCECgo is open-source and will be freely distributed with the open-source software upon publication.
OC/EC estimation is largely influenced by different fractions of interfering substances, although authors have tested with four different samples from different sources still it remains a question that how to reduce the interference which also influences the accuracy of measurements. What authors suggest for removing those bias.
The Reviewer is correct that OC/EC estimation is indeed sensitive to not only interfering substances in the sample, but also the specific organic constituents and other unexpected inorganic substances.  This fact supports the standard notion that thermal-optical analysis-quantified carbon masses are operationally-defined, in that the specific thermal protocol and definition of the split point influences the resulting carbon masses.  This concern however, is left to the specific research and researcher and is therefore out of the scope of the present study, which instead presents a software tool that enables consistent calculation of operationally-defined carbon masses and rigorous quantification of associated uncertainties, despite the specific operational-definition employed by the user.
How many replicates were run for each sample?
The sample data presented in Table 2, 4, and Figure 3 and discussed within the manuscript were provided to the authors by others for use as proof of the utility of the OCECgo software tool.  As such, these data are from singular measurements performed by other researchers using the same type of instrument.
Why experiment was performed with a single instrument? Why not validate in other instruments? Instrument age is also a major factor.
The sample data obtained from other researchers as noted above were acquired on different instruments.  The Reviewer is correct to note that instrument age may be an important element in the operation and calibration of the thermal-optical instruments, and this is a key factor contributing to the need for continual calibration of the instrument.  For example, the efficiency of the MnO2 oven in oxidizing evolved carbon into CO2 is likely to change (reduce) over time, but this effect would be appropriately captured in regular calibrations assisted by the OCECgo software.  Indeed, we have used the OCECgo tool to calibrate our instrument as it has aged and these calibrations have been performed satisfactorily with newly-installed, moderately-aged, and highly-degraded oven sub-units.  It may be interesting for someone to use the presented OCECgo software tool to quantify variations in operation of a single instrument through longitudinal study of calibration results.  
Why only 2 concentrations of sucrose were used, the minimum should be 3.
Following the manufacturer’s manual1, the six-point calibration we discuss in the manuscript includes two measurements at each of three different volumes (0, 5, and 10 μL) of the aqueous sucrose solution.  The Reviewer is correct to suggest that three data points are needed to perform the linear regression necessary to compute the mass calibration constant (since regression degrees of freedom = number of data – 2 ≥ 1); however, the mathematics of the calibration are agnostic to the specific data and quantity of data.  That is, if insufficient calibration data are acquired, regression uncertainties − which ultimately yield calibration uncertainties − will be unsatisfactorily large.  In our experience, which appears to be mirrored by the manufacturer’s manual, the presented six-point procedure is satisfactory and, as noted in the manuscript, further calibration data yield diminishing returns.  
Data on Table 4 shows that whenever the mass of one component is very low there is a higher uncertainty in instrument reported as well as in present work as estimated by software. How the authors justify this.
As shown in Table 4 of the manuscript, OC and EC uncertainties are negatively correlated with the reported carbon mass.  This is a consequence of the split point uncertainty.  For a given absolute split point uncertainty in mass units, the resulting uncertainty in OC and EC mass depends on the nominal mass of OC and EC.  By inspection, when EC/TC > 50% (such that EC > OC), uncertainty in OC is larger (examples A−C).  In contrast, when EC/TC < 50% (such that OC > EC), uncertainty in EC is larger (example D).  This same effect is also observed when using the fixed equations (Eq. (1) in the original manuscript) for OC and EC as employed by the manufacturer.  In this case, there is a fixed component (5%) of uncertainty in addition to an inversely-mass-dependent component, such that the relative uncertainties in OC and EC masses (in %) increase as the measured carbon masses decrease.
Minor Concerns:
What is the actual precision of the instruments?
In light of this Reviewer comment and those of Reviewer #1, we have estimated the precision of our instrument by performing successive blank analyses using the NIOSH 5040 thermal protocol.  The estimated 2σ precision/repeatability error was quite low at ~0.031 μgC, and negligible in comparison to the total uncertainty of the results.  Nevertheless, we have updated the Monte Carlo procedure of the OCECgo to allow a used to propagate instrument precision into the final carbon mass calculations.  Because this is an instrument-dependent property, we have included this as a user-defined input into the OCECgo software, with the default value equivalent to our observation.
What is the detection limit of the mass balance used in this study?
The detection limit (reported as “minimum weighing value”) of the mass balance listed in the Table of Materials (AND model FX-3000iWP) is 0.01 g, equivalent to 0.1% and 0.001% of the desired sucrose and water masses, respectively.
What can be done to reduce the pipetting error?
Pipetting error is a function of both manufacturing tolerances of the chosen pipette and user error.  The suggested pipette listed in the Table of Materials is typical of adjustable-volume manual pipettes in terms of accuracy and cost.  User error can of course be minimized through the use of manufacturer-recommended pipetting procedures.  Nonetheless, refering to Table 3 in the manuscript, pipetting error has only a marginal effect on overall calibration uncertainty, which is dominated by bias in the instrument’s NDIR detector.  Therefore, we suggest that any single-channel, adjustable volume, manual pipette used in accordance with recommended procedures is appropriate for this calibration of this instrument. 
Table 2. Why uncertainty was more for OC?
Referring to the fourth-previous response to the Reviewer, uncertainty in OC was larger than that of EC in this example measurement due to the relative effect of split point uncertainty − i.e., OC mass was less than EC mass and, hence, affected more by split point uncertainty.  
Table 1. Why total NDIR area was almost double at 0 concentration of sucrose at first run compared to fifth run?
As presented in the note following original Protocol step 3.2.1, these data correspond to blank/background (zero-volume) analyses.  These analyses are necessary to correct for background gas-phase organic carbon that can be adsorbed during deposition of the sucrose solution onto the quartz “boat” and would subsequently bias the mass calibration constant high.  Deviation between the two analyses presented in Table 1 of the original manuscript is a consequence of:
1) Precision in acquisition of the blank − i.e., adsorbed ambient OC during these zero-volume analyses is variable through fluctuations in exposure time and ambient OC concentration, and/or
2) Bias of the NDIR detector − i.e., natural drift of the NDIR detector 

Despite the above, we do feel that it is important to note that, regardless of the source of variability in blank/background analyses, the effect of this variability is captured in the Monte Carlo method employed to calculate the mass calibration constant and its uncertainty.
In Table 4. TC mass for sample C should be 23.9, not 23.8, please correct it.
We have updated the table to fix the noted rounding errors.  
Editorial comments:
Changes to be made by the author(s) regarding the manuscript:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
We have thoroughly proofread the revised manuscript to ensure no spelling or grammar issues are present.
2. Keywords: Please remove commercial language (Sunset Labs).
We have removed this language.
3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Sunset Labs, MatLab, etc.
We have removed commercial language from the manuscript and now instead forward the reader to the Table of Materials.
4. JoVE policy states that the video narrative is objective and not biased towards a particular product featured in the video. The goal of this policy is to focus on the science rather than to present a technique as an advertisement for a specific item. To this end, we ask that you please reduce the number of instances of "Sunset" within your text. The term may be introduced but please use it infrequently and when directly relevant. Otherwise, please refer to the term using generic language.
In accordance with Editor Comment #3, we no longer refer to the manufacturer within the manuscript; however, since the software is designed to integrate with their specific instrument, we maintain the commercial language in the Table of Materials and refer the reader to the Table of Materials as required.
5. Please note that the highlighted protocol text will be used to generate the script for the video and must contain everything that you would like shown in the video. Software must have a GUI (graphical user interface) and software steps must be more explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks or menu selections for software actions, numerical values for settings, etc.). There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Some examples:
We have revised the below examples as noted and have added more detail to the protocol steps.
6. 1.4: How to mix? On a stirrer?
We have updated the text for clarification.
7. 1.5: Please specify the portion of the solution transferred?
We have updated this step (step 1.2 in the revised Protocol) to refer to the Table of Materials where we now list a suitable borosilicate glass jar (4 oz in volume). 
8. 2.3: Please describe how to replace quartz filters.
Detailed steps for replacing the quartz filters are included as sub-steps 2.3.1 and 2.3.2 in the revised manuscript.
9. 3.1.5: How to run the instrument’s “dry wet filter” protocol? By pressing a button or selecting a menu from a program?
This has been updated to instruct the user to select the protocol from a dropdown menu in the instrument software’s tool bar.
10. 4.2.1: Please specify the calibration data used in this protocol.
We had originally detailed the required calibration data within sub-steps.  In the revised protocol, this procedure and specification of the calibration data have been amalgamated into a single step (now step 4.2).
11. 4.3.1.2: What is the absolute 2σ bias? How is it calculated?
Absolute 2σ bias is equivalent to the reported accuracy of the scale in units of grams.  We have added text to clarify this.
12. 4.3.1.3: How to obtain the minimum purity?
The minimum purity of the sucrose is provided on the label of its vessel − e.g. “>99.5%”.  We have added text to clarify this.
13. 4.3.2 substeps: Please specify how to obtain these values.
Note: these substeps have been combined into step 4.3.2 of the revised protocol, in accordance with Editor comment #18.  These values were calculated using the pooled variances of studies of intra-user repeatability and inter-user reproducibility at each volume.  Text to this effect has been added as a note to this protocol step.
14. 4.3.3: What is the descried number here? Please provide some guidance.
This step corresponds to the user’s input of the “desired number of Monte Carlo draws”.  We have added text to clarify the influence of this number on results, the default value, and the range of values permitted by the OCECgo software.
15. 4.5.1: Please describe how this is done.
We have removed original protocol step 4.5.1 as this step is not necessary for the calibration procedure.  We have, however, added a more-detailed description to original protocol step 4.5.2 (step 4.5 in the revised protocol) instructing the user to update the instrument’s calibration file with the new calibration results.
16. 5.1.2: What is the descried volume?
We have revised this step (now described in steps 5.1 to 5.2 of the revised manuscript) to describe in detail how the user controls the desired sample volume via control of the sampling flow rate and sampling period.
17. 5.2: This is too brief. Please provide more details.
We have revised section 5 of the original manuscript to provided further detail on key steps such as that highlighted by the Editor.  In accordance with Editor comment #5, this revised section provides detailed instructions to the user including the necessary interactions (e.g. mouse clicks, text input, etc.) with OCECgo and the manufacturer’s software.
18. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
We have combined shorter protocol steps as requested.  
19. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
20. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.
21. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
In accordance with Editor Comments #19-21, we have highlighted ~2.75 pages of protocol text to identify the most critical steps for visualization of the protocol.  We believe our highlights within the revised manuscript are now acceptable in preparation of protocol visualization.  
22. JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
In our revised Discussion section, we have added mention of steps that we deem most critical to the successful implementation of the presented protocol.  These and other critical steps are further supported by the inclusion of notes, warnings, and cautions within our original and revised Protocol.  
b) Any modifications and troubleshooting of the technique
In the revised manuscript, we note a number of modification/troubleshooting techniques available to the user to ensure appropriate and ideal use of the OCECgo software tool.  These include:
· A modified (truncated) calibration procedure as a “bump test” check of the instrument’s existing calibration.
· Means to detect for the presence of spurious calibration data manually, through the monitoring of incremental changes in calibration uncertainty, and automatically, through a newly-added quantitative test of instrument linearity.
· Recommended troubleshooting of the necessary assumption that PC and EC optical properties are equivalent, through a cursory test of the effect of the critical attenuation decline.
We would also like to highlight the fact that, to support troubleshooting, the OCECgo contains numerous warning and error dialog boxes should the user input invalid data.
c) Any limitations of the technique
We have updated the revised Discussion section (see the final paragraph) to include mention of key limitations of our presented technique.
d) The significance with respect to existing methods
In the Discussion section, we perform a critical comparison of our presented method with the existing method of the manufacturer.  We show through the data in Table 4b that the manufacturer’s method tends to yield non-physical estimates of carbon mass uncertainty and, in majority, tends to under-estimate uncertainty in measured carbon masses.  As recognized by Reviewer 1, these are significant findings.  Moreover, this important result is specifically supported by four unique data performed by various researchers using different instruments in different research contexts.  
e) Any future applications of the technique
In the final paragraph of the revised Discussion section, we have echoed our statement in the Introduction that this protocol and software tool could be extended in future to work with outputs generated by other instruments and that this open-source software tool is designed to be collaborative in the sense that other useful (often field-specific) functionalities could be easily included in the software tool.  
23. Table 3: Please insert a space after the “±” symbol.
We have updated Table 3 as requested.
24. Table of Materials: Please ensure that it has information on all relevant supplies, reagents, equipment and software used, especially those mentioned in the Protocol. Please sort the items in alphabetical order according to the name of material/equipment.
We have updated the Table of Materials as requested.
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