Dear Kevin and co-authors of the manuscript,
This manuscript presents the updated version of the Vulcan US emission data product. The original
version of the Vulcan data product (v1.?) was published as Gurney et al. (2009) in the journal,
Environmental Science and Technology (EST). Since then, the Vulcan has been used in many science and
policy applications. Thus, the significance of the Vulcan product does not need to be discussed much.
In this review, I would like to focus on some of the points where I feel more clarifications would be
needed for the users of the Vulcan product. This manuscript concisely summarizes the data and
methodology used in this work, which is usually a good thing from a paper writing point of view.
However, ESSD wants stand-alone papers rather than papers that are “too” concise. The readers will
have to refer to other papers/documents and information to fully understand the data product. Please
do not hesitate to write up the data and methodology w/o concerning the text length. Especially,
emission products like this are hard to validate. Thus, describing the data and methodology is very
important to let the data users evaluate and assess the utility of the data products for their applications
while identifying the limitations. This is unusual, but essential for manuscripts to be considered for
ESSD, the high-quality data publication journal. Please further refer to Carlson and Oda (2018) ESSD for
ESSD’s general approach.
Other than the above-mentioned, editorial-ish comments, I want to discuss the evaluation of the
Vulcan product. The comparison to ODIAC was certainly interesting for the fossil fuel data users.
However, as we probably both agree, such comparison does not give us much practical information as
an evaluation. Instead, what the data users, including myself, would like to see is a comparison to a
previous version of Vulcan (v1.? and v2.0). It is important to compare the updated/new product to
previous versions in writing and/or analyses in order to show the improvements you claim. A
comparison to ACES (Gately and Hutyra, 2018) is also useful, given the data and methodology are very
similar to many users. Moreover, I would like to see why you think ACES is following the idea of the
Vulcan. I believe that is not very clear to many of the data users, especially the broader audience of
ESSD. I don’t see the limited spatial coverage of data in ACES as a problem that prevents you from
comparing two products for evaluation. I do understand we often can’t do a clean emission data
comparison. However, I still believe you could show the differences among products and explain the
differences in terms of data and methodologies used.
What this study has to do next is to compare the new/updated version of Vulcan to Hestia, given the
fact that Hestia is a sort of reanalysis of the Vulcan output. In my opinion, this should have been done in
Gurney et al. (2019) ESSD or Gurney et al. (2018) JGR. However, both papers did not cover this key
important analysis. Such comparison will provide more useful information, instead of a comparison to
ODIAC, which does not actually prove any improvements regarding the new Vulcan. A comparison to
ODIAC might be okay as an analysis, but it does work as evaluation here in ESSD. ESSD is not a place to
discuss the results, but rather a platform to describe the data products and show evaluations of the
products. I also feel that how the information is transferred from the Vulcan and Hestia is unclear, and
not fully documented either in Gurney et al. (2019) or this manuscript. I would like to request more text
regarding that. I also found inaccurate version names and citations. Version control is very important
for securing the traceability of the research because the earlier Vulcan products have been heavily used.
I also thought it would be great to keep previous products for record purposes.
That being said, I feel this manuscript needs to be significantly improved to be published as a part of
ESSD. Below, I discussed my major concerns and also listed specific line-by-line comments. I tried not to
repeat the questions and comments raised by others which have been posted on the interactive
discussion. I found all the questions and comments are very good and important. I am very curious to
hear how you respond and address them. I hope my/our review will be useful. It is my pleasure to
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serve as a referee for this work, which will have a large impact in the research community. I look
forward to receiving your response.
Sincerely,
Tomohiro Oda (tom.oda@nasa.gov)
Main concerns:
• The method/data section needs to be significantly improved. ESSD manuscripts should have a
complete data table. This is the basic requirement for all the manuscripts submitted to ESSD. The
data sources and journal references should be distinguished. By having such table(s), the authors
can avoid having many hyperlinks in the main text and guide readers better by improving the
readability. In the data table, year versions/editions of data are also important to indicate, as that
could significantly change the emission estimates. Also, the base year of the geospatial data is
important as it tells the data user how often the spatial data would uniquely change (or not). I
have discussed this in Carlson and Oda (2018), as well as Oda (2019). Oda (2019) is my interactive
review comment to the manuscript published as Janssens-Maenhout et al (2019) ESSD. You can
see that I discussed and suggested the same things there.
• The data product description (data and methodology) section needs to be improved. The ESSD
manuscripts need to be standalone. I feel this manuscript is not standalone. For example, the data
users will need to refer to the 80-page documentation on the Gurney lab website
(http://vulcan.rc.nau.edu/assets/files/Vulcan.documentation.v2.0.online.pdf) in order to
understand the Vulcan product and evaluate/assess the utility of the product. I don’t believe this is
acceptable for ESSD. If the data users need to use additional documents and/or your guidance for
the data use, that means this manuscript does not include adequate description to be published in
ESSD. I don’t expect the authors to include all the information documented in the 80-page
documentation for the Vulcan 2.0. However, a certain (I imagine significant) amount of the
data/model description needs to be added to the manuscript to fully describe how the
new/updated Vulcan is developed, including how new developments are relative to the earlier
versions (1.x and 2.0) of the Vulcan data product. Several of my concerns and questions in this
review might be addressed by doing so.
• The version names and references do not seem to be correct. Please fix. For example, my
understanding is that Gurney et al. (2009) EST describes the version 1.? of the Vulcan product.
Here is what the Wikipedia page for Project Vulcan says (with versions highlighted):
The first Vulcan inventory (v1.0) was released to the public in early April 2008. Version 1.1 was released in
February 2009 and Version 1.2 is due out in early August 2009. In addition to the data release, establishment
of the Vulcan website and a press release, a video of various aspects of atmospheric transport was released
on Purdue University’s YouTube website and portions of the Vulcan inventory are available on Google
Earth.[5] As of 2015, version 2.2 has been published on a site hosted by Arizona State University.[6] (source:
https://en.wikipedia.org/wiki/Project_Vulcan, last access: 03/04/20).

•

The documentation on the Gurney lab is for the Vulcan 2.0 (and also later?). To clearly highlight
the improvements from the previous version of the Vulcan product, the background and history
needs to be described a little bit more with proper version names. Again, this might not be a huge
issue for other science journals, but ESSD is a high-quality data publication journal.
Now the Vulcan data is also important as a parent data/model for the Hestia emission products
(Gurney et al. 2019, ESSD), another significant emission data product the authors have developed.
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The latest versions of the Hestia LA were also presented in Gurney et al. (2018) JGR (you incorrectly
cited this JGR paper in the 2019 ESSD paper as a Vulcan reference, by the way). I feel that how the
information is transferred from the Vulcan and Hestia is unclear, and not fully documented, either,
in two previous papers or this manuscript. I believe this is fair to point out as Hestia and Vulcan are
closely related and support the scientific significance of each other. W/o understanding the Vulcan
product (this manuscript), the Hestia paper does not stand by itself. Understanding Hestia
correctly is a key step to recognize the significance of the Vulcan product correctly.
This manuscript lacks the evaluation of the Vulcan product. This is probably the biggest concern I
have. I understand that it is challenging to fully evaluate emission products in general. However,
this study has so many opportunities to evaluate the Vulcan product in terms of data, emission
calculation methodologies, spatial modeling approaches and the resulting spatial emission
estimates. The analyses of the per capita emissions and the Center of Mass (CoM) are good. A
comparison to ODIAC is also okay, but such analyses do not really evaluate the Vulcan and prove
the improvements that are brought in. We probably agree on this, but just comparing two
emission fields does not provide any practical information. Instead of just presenting the ODIAC’s
disaggregation error, you should show the improvements you’ve made under the Vulcan project.
Characterizing the differences from previous versions of the Vulcan product is definitely one way. I
also point out that the ACES inventory (Gately and Hutyra, 2017) should provide a great
opportunity to highlight the improvements you claim and place the data users in a better position
to understand the new/updated Vulcan product. I don’t see ACES’s spatial coverage as a problem
that prevents you from comparing this study to it. A comparison to ACES is a very good option to
evaluate the Vulcan product, given the similarity in the data and approaches used. The authors
adopted the uncertainty estimates by Gately et al. (2017). I assume the authors did so because the
methodologies used in the two datasets are very similar. The authors could step back a little bit.
The calculated emissions can be evaluated by comparing to other estimates. The evaluation is not
just about the final gridded fields. I had a similar discussion in Oda (2019), the interactive comment
to the EDGAR paper.
A comparison to ACES is also very important as the authors need to clarify why the authors think
ACES and other regional bottom-up studies are following the Vulcan’s idea. It would be fair to
claim it if the authors provide some explanations. The authors need to be specific in the statement
about which datasets are really following the Vulcan idea. For example, the GESAPU emission
project (Bun et al. 2017) started w/o following the Vulcan idea. While Bun et al. (2017) published
the GESAPU grand paper in 2017 in English language, the project had started even before the
publication of Gurney et al. (2009). One of the earlier studies from the GESAPU project was
documented as a PhD thesis (defended in 2009). The thesis was written in Ukrainian language with
an English abstract (http://ena.lp.edu.ua:8080/bitstream/ntb/3216/4/avt_01337432.pdf, K. Hamal
2009). More fundamentally, Bun et al. (2017) takes a completely different approach from the
Vulcan. It is very clear by just looking at a single emission sector (Danylo et al. 2019). By the way,
this is just an example to show my concern. My intention here is not to discuss who was the
pioneer, but to suggest the authors to make the statement more fair.
The description of the uncertainty calculations needs to be improved. It is unclear to me how the
uncertainty estimates are made. This is clearly related to the fact that the data and methodologies
are not fully described. It is okay to cite other uncertainty estimates, but the lack of the details of
the Vulcan methodologies and the uncertainty calculations makes it hard to assess if the
uncertainty assessment was appropriately done in a scientifically satisfying fashion. Have you
bumped up the uncertainties for the years where you used scaled values? I assume you did not
include the uncertainties associated with the spatial modeling. Is that correct? The uncertainty
estimates provided are model/inventory specific as FFDAS (Rayner et al. 2010; Asefi-Najafabady et
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al. 2014) does. Given that, is it fair to say the uncertainty estimates are likely to be
underestimated? This seems to be partially addressed by the top-down work by Basu et al. (2019)
though.
Another important thing to point out here for ESSD is the data description section. The section
needs to accurately describe the data you provide under the DOI the authors indicated. In the
main text, the authors mentioned the Vulcan is provided at the 1x1km resolution, as done in
ODIAC. But that statement does not seem to be accurate. I see the Vulcan 3.0 data provided in
two data formats. One Vulcan emission field is provided on a lambert conformal projection grid
and the other one is on a regular latitude-longitude grid. Which one is the native emission field
(one with lambert-conformal projection)? Do the authors plan to provide the Vulcan 3.0 in two
grid formats? I believe the earlier versions of the Vulcan data were provided in two grid formats.
Currently, we only see the data product provided on the lambert-conformal projection. My other
concern here is about version control. Especially, the authors should describe how to deal with the
version control for both Vulcan and Hestia consistently. Hestia already has several versions
released. Are all the existing versions of Hestia based on the Vulcan 3.0 output? This should be
explained to inform the readers how the Vulcan update impacts on Hestia updates. Lastly, the
statement regarding the Vulcan update seems to be very optimistic, observing the history of the
Vulcan and ACES updates. Given the labor-intensive approach, it does not seem to be feasible to
fully update the Vulcan data product as frequently as claimed. I would expect that the authors do
need some sort of heavy simplification to make it happen.

Line by line comments:
Abstract
P1, L7: I feel the current manuscript does not provide the complete description of the Vulcan 3.0.
P1, L9: It is unclear to me how these uncertainties are calculated. This is also asked by someone at the
interactive discussion. Please clarify. Also, how should we be using these uncertainty estimates,
especially ones at the grid level? It would be good to have clear guidance from the authors in
order to avoid misuse by the data users. By the way, I assume these uncertainty estimates are
inventory/model-specific uncertainties, like ones provided by FFDAS.
P1, L10: Are these per capita CO2 estimates significantly different from what you would get from the
state level CO2 emission estimates? If so, why? I believe this is another good way to evaluate
the Vulcan 3.0 and allow the authors to characterize the differences from other estimates.
P1, L14: The total emissions from ODIAC are based on the CDIAC estimates (Oda et al. 2018). When the
total emissions are examined, the authors should discuss using the CDIAC estimates (no impact
from emission disaggregation). The data users would be curious to know emission differences
due to the differences in the emission calculation methods (Vulcan vs. CDIAC). This is the place
the authors can highlight their own unique calculation methods and the
improvements/advancements in relation to previous versions of the Vulcan product or existing
other estimates.
P1, L17: How are Vulcan 1x1km emission fields at cities different from Hestia emission fields? Do we still
need Hestia? The language here is pretty similar to what was claimed for Hestia. What is the
significance of Hestia now when the Vulcan 3.0 is available to us? Is it just a matter of the spatial
resolutions (multi-scale vs. gridded)? I am asking this because the differences between the
Vulcan and Hestia fields are not well explained in either Gurney et al. (2019) or this manuscript,
thus unclear. I believe comparisons (verbally and quantitatively) of Hestia and Vulcan will clear
this up.
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Introduction
P2, L5: Citing Durant et al. (2011) and Bellassen et al. (2015) seems to be a little stretch, given the
sentence the authors wanted to support. Also, Janssens-Maenhout et al. (2013) is a book review
of a National Research Council (NRC) report. I do not have access to this book review, so I am
curious to learn if there was any particular reason that this needs to be cited, instead of the
original report by Pacala et al. Citing the original Pacala report seems to be more sensible.
P2, L8: How about citing studies like Callender (1938) and Keeling (1973) here?
P2, L9: Such as? The authors should not assume the broader audience of ESSD are familiar with fossil
fuel CO2 big names, such as CDIAC.
P2, L13: The link to the Marland et al. paper seems to be no longer active. Please update.
P2, L15: Liu et al. (forward modeling), Yadav et al. (inversion framework), and Gaubert et al. (inversion
inter-comparison). Given the statement the authors wanted to support, the authors could
choose more appropriate studies that actually implement inversions with observational data.
P2, L17: and combinations of two (e.g. Rayner, Ghosh, and Ou). The authors should also add AsefiNajafabady et al. (2014) here as the study also creates a combination of the population and
nightlight in the modeling framework.
P2, L19: This needs to be fixed. Wang et al. (2013) used nightlight data only for small fraction of the
total emissions. The majority of diffused emissions are distributed using population data. I
would propose to include EDGAR here. EDGAR’s inclusion of a variety of geospatial information
was pioneering and has uniquely defined the EDGAR data product.
P2, L22: Asefi- -> Asefi-Najafabody.. Why isn’t Rayner et al. (2010) mentioned here? The two studies
both do, in different ways.
P2, L25: Ivanova et al. is about carbon footprint and it does not present subnational distributions (only
country scale). How about organizing these studies by region (e.g. A and B for Europe, C and D
for China…)?
P2, L27: I don’t not disagree with this, but I am not sure if we can generalize this like that. For example,
REAS (Ohara et al. 2007; Kurokawa et al. 2013) did have CO2 estimates together with air
pollutant emissions. I feel the authors need to carefully discuss this, unless the authors are very
sure of the histories of the studies cited.
P2, L28: O’Hara -> Ohara (Japanese surname)
P2, L30: The authors should be careful about this statement. The authors need to be specific which
one(s) are following the Vulcan project by explaining why. I feel it is unfair to claim this w/o
doing so. We should not just judge that by looking at the publication year. I am sure and I agree
that the Vulcan project has inspired many emission studies though.
Methods
P3, L3-: I am a little bit confused with this paragraph. I imagine the authors wanted to state the Vulcan
only indicates the scope 1 emissions. Correct? Maybe the authors also wanted to emphasize the
limitations of Vulcan? Do the authors plan to have Scope 2 Vulcan? What was the intention
here? I agree with this paragraph here, but I would like to suggest to improve the flow.
P3, L15: The improvements are not highlighted while the authors could do many things to do so (see my
comments earlier).
P3, L19: The readers would be curious to know what is the utility of Vulcan relative to Hestia at urban
domains.
P3, L32: Gurney et al. 2019 -> Gurney et al. 2019a?
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P3, L34: Due to the lack of details, it is difficult to realize the actual native resolution of the emissions.
Also, with the word “native”, it is more difficult to clearly distinguish Hestia and Vulcan in terms
of the basic approach. I believe this will be addressed by improving the data/method section.
P4, L2: Did you bump up the uncertainty to account for these “conditioning”?
P4, L6: And height for aviation emissions?
P4, L10: This is not acceptable for ESSD. ESSD wants a standalone paper.
P4, L11: Incorrect citation. Gurney et al. 2009 is for version 1.x. There is no peer review papers for the
Vulcan 2.0, I believe. An extended Vulcan overview needs to be added in this manuscript in order
to adequately educate the data users.
P4, L13: This does not seem to be consistent with the data product distributed under the DOI indicated
in the manuscript.
P4, L15: It is not clear to me what was done for uncertainty calculations and what is missing.
P4, L17: Table 1 needs to be improved. The data sources and data citations need to be distinguished.
Also see my comment earlier.
P8, L18: This is an emission disaggregation. Would you be able to evaluate the disaggregation error by
comparing the Vulcan fields to Hestia?
P8, L29: Does this remain the same over the 6 years?
P11, L12: How did the authors define the representative points of the sources (e.g. center of the facility
or multiple outlet/smoke stacks)?
P12, L5: Is this a mean climatology? If so, the number of data points and standard deviation (SD = proxy
for uncertainty?) would be of interest to the readers.
P12, L11: Does this mean the methodology is essentially the same in this study and Gately et al.?
P12, L19: How many of them?
P18, L2: How well does NONROAD model work? Any evaluation? These uncertainties should be aliasing
to the final Vulcan uncertainties (the same comment for other models that are used internally). I
would not worry too much if the model output was used for downscaling (proxy approach).
However, the model performance here has impact on the accuracy of the bottom-up emission
estimates.
P20, L4: Figure 2. SD for the lines?
P22, L23: Gurney et al. (2009) is an incorrect citation for the version 2.0 Vulcan.
P23, L8: This is about emission estimations. How about emission spatial locations/distribution? How
often do the underlying data change? This is a very important thing to know when reconciling
the differences among spatial emission fields (bottom-up emission estimates & the spatial
distributions) from different products.
Results
P23, L30: Why year 2012? The multi-year emissions are achieved using the 2011 as a base year.
P23, L31: Uncertainty range in %?
P24, L30-: The total US emissions from Vulcan can be compared to the other available estimates. Such
comparisons should allow the authors to calculate a meaningful emission difference and provide
opportunities for discussions.
P24, L 7: These kinds of analyses are interesting. However, the first thing the authors should have done
was to evaluate the performance of the Vulcan. Validating emission products is challenging and
often can’t be done cleanly. I share the difficulty. However, in the case of this study, the authors
could do very meaningful evaluations. For example, the authors can do the same analyses using
other estimates (e.g. reported values and data products) and compare that to numbers from the
Vulcan. Since the Vulcan has its own unique emission calculations, we would like to know the
accuracy of the emission estimates. At least the authors should compare those numbers at
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aggregated levels to show the validity of the Vulcan emission calculation approaches and
characterize the differences from other estimates, from data and methodology perspectives.
P26, L4: Figure 4. The same comment as above. Is this very different from what we would get from
other estimates? This isn’t an evaluation, but application. We would like to see evaluations first.
P27, L3: Figure 3 (b). The authors could have roughly compared this aggregated 0.1 degree Vulcan field
to the earlier version of Vulcan to quantify the differences (= improvements). The authors could
do the CoM analysis for both previous and new Vulcan data by scaling total? The differences in
the trajectory of the CoM from different versions of the Vulcan should be a great tool for
evaluation.
P28, L3: Figure 6. It would be helpful to have a scale here.
P28, L8: how different is this from other exiting monthly estimates (e.g. CDIAC and EDGAR, ACES)?
P29, L3: At least, Bun et al. (2019) is probably not following the Vulcan idea.
P29, L5: See one of my major concerns.
P29, L8: Which ODIAC? Please indicate the data version (ODIACYYYY, YYYY=year version) and include
the data citation.
P29, L8: ODIAC are not on the same 1km grid.
P29, L11: If the authors went back to the CDIAC estimate (input data for ODIAC), the authors could have
done a cleaner comparison for the total emissions.
P29, L26: Liang et al. (2019) is not in the reference. Probably you meant Gurney et al. (2018) JGR.
P30, L15: Gurney et al. (2018) reported the domain wide difference for LA as -1.5%. How can we
reconcile the result from Gurney et al. (2018) and the statement here?
P31, L4: This also needed to be done using previous versions of the Vulcan and the Hestia. It should
have provided a sort of measures of the improvement brought in and highlighted the significance
of the Vulcan or Hestia.
P32, L1: Figure9: OK, so the authors seem to have the lat/lon regular grid version of the Vulcan product.
Do the authors plan to provide that version of the data product? It seems that the regular grid
version of the Vulcan is not covered in the data section.
P33, L1: This is great to learn. However, as mentioned earlier, there are many comparisons to show the
validity and/or improvements of the Vulcan 3.0, other than the top-down estimation.
P33, L5: What would be the difference between the updated and pervious Vulcan data products when
aggregated to 10km? This is now really meaningful as the Vulcan serves as a parent model for
the Hestia. And then my question would be what are the differences between Hestia and Vulcan
at 1x1km in city domains?
P32, L3: Figure 10. I feel the color scale do not well highlight the important low emissions around cities.
As the authors claimed (also Oda et al. (2019) reported), the urban-rural transitioning areas
indicate larger errors. Please improve the color scale to show emission distributions over the
transition areas well.
P34, L6: How about doing the same analysis using earlier versions of the Vulcan data to highlight the
differences/improvements?
P34, L16- : Data section needs to be improved. I feel this section does not adequately explain the data
distributed under the DOI. See Carlson and Oda (2018) and/or Oda (2019) for what level of
information ESSD wants the authors to provide. Do you plan to distribute the lat/lon regular grid
version of the data, too? How about the per cap emission map data?
P34, L24: Looking at the history of bottom-up inventories (Vulcan and ACES), it seems to be extremely
challenging to make the data update happen as frequently as claimed here. I would be more
convinced if the authors describe how the authors plan to do the update. Please be clear about
what will be updated and what remain the same in the update process. For example, if the
authors just scale the total emissions by keeping the other things the same, such (partial) update
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is totally doable. However, the significance as bottom-up emissions would be significantly
lowered.
Conclusion
Please make necessary changes to be consistent with the contents presented in the sections earlier.
Supplementary Information
P1, Table S1: Please characterize the differences you observed here. What is driving them? Numbers
are enormously large for some states.
P2, Table S2: Please define the aggregate type and sub-type code.
P3, Table S3: Please define the eQUEST building code.
P3, Table S4: Please defined those terms. Also, please provide justification to the level where at least
we can feel those are reasonable.
P5, Figure S1: Please add the total number of the VMT.
P5, Table S5: The same comment as above. Did the authors bump up the uncertainty for the gap-filled
ones?
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