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Dear Authors,

Two reviewers have now provided a detailed review of the revised manuscript. Both
appreciate your effort and overall improvements of the revised version (when compared to
the submitted manuscript). Nevertheless, both reviewers still require further revisions. In
particular reviewer#2 has a substantial amount of criticisms and suggestions. Therefore |
would like to invite you to submit a revised version of your manuscript.

Please provide an ‘author’s reply’ to each issue raise by both reviewers. Please can you also
include a track changes document between the old manuscript and the new one (you can
include this as part of your ‘author’s reply’).

Looking forward to see a much improved version
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Recommendation to the editor

1) Scientific significance Excellent

Does the manuscript represent a substantial
contribution to the understanding of natural
hazards and their consequences (new
concepts, ideas, methods, or data)?

2) Scientific quality Fair

Are the scientific and/or technical
approaches and the applied methods valid?
Are the results discussed in an appropriate
and balanced way (clarity of concepts and
discussion, consideration of related work,
including appropriate references)?

3) Presentation quality | ‘ Good ‘

Are the scientific data, results and
conclusions presented in a clear, concise, and
well-structured way (number and quality of
figures/tables, appropriate use of technical
and English language, simplicity of the
language)?

For final publication, the manuscript should be

reconsidered after major revisions:

Were a revised manuscript to be sent for another round of reviews:

| would be willing to review the revised manuscript.
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Suggestions for revision or reasons for rejection (will be published if the paper is accepted for
final publication)

The authors answered all my comments regarding the first version of the manuscript and
improved the manuscript accordingly. In particular, the authors included the Continuous Haines
index in the analysis and the results of the MLP training suggest a significant advantage for the
EFBI over the Continuous Haines. There are however important aspects that are missing or need
clarification.

In particular, the Continuous Haines is not mentioned in the Data and Methods section. In fact, it
is only mentioned in L222 when describing the accuracy of the MLP and it was apparently added
to Figure 4 without any commentary.

Added to methodology (levels do we use for the two components of the CHaines).

The results of the MLP are very good with an accuracy of 78% when using the EFBI combined
with the FWI components percentiles (“FWI” + EFBI) but they need a better justification to be
convincing. Particularly so if a change in the model architecture and optimizer improved this
number from 65% (in the first version of the manuscript) to 78%. This suggests that the MLP in
the first version didn’t converge to an optimal solution. | didn’t find in the text if the data is
normalized/standardized before applying the MLP. If not, | suggest that the authors should
repeat the MLP training for the 3 experiments (“FWI”, “FWI” + EFBI, “FWI” + CHI) with data
normalized to have a mean of 0 and standard deviation of 1. For the decision tree, | suggest
presenting the results for the (“FWI” and “FWI” + CHI) cases since only the “FWI” + EFBI case is
presented. The comparison would be relevant for the discussion.

The optimizer cannot guarantee optimal solution even using a hyperparameter tunning for each
experiment. The work is a first approach that shows the importance of an atmophere-wildfire
index. The 3 experiments are already as the reviewer suggest “FWI” 60.75% acc., “FWI” + EFBI
78.37% acc, “FWI” + CHI 63.42% using normalization for all of them, (also added to the
manuscript). The decision tree is used to illustrate idea about the value of the results in the
mutual information when combined with other important input parameters as FWI.

Finally, a comparison of the MLP results for the 3 experiments (“FWI”, “FWI” + EFBI, “FWI” + CHI)
in a visual format would bring further value to the discussion of the results. One suggestion
would be to use the outputs of the MLP in probability form and make histogram plots for the
distribution of the probabilities in the two classes (small, large fires) and for the 3 experiments.

Agree with the reviewer, EFBI would represent one component to a future fire danger. Assuming
that the proposal can be further developed, we must follow working as the reviewer mentions
using a probabilistic approach from the last layer of the NN but also increase the number of
classes. It is also true that danger classes cannot be just small and large, we expect to be able to
reduce the variability of the accuracy, retrieve better information and increase the number of
classes to reach a useful final fire index which included severe fire behavior. Therefore, a more
developed proposal would use a probabilistic approach and a confusion matrix for a given fire in
addition to the final classification. The proposed work shows the relevance of atmosphere data




for severe fire danger, but this proposal must be improved using fire types and new classes for
the classification to be used only with a ML approach. The ML approach is used to point out that
EFBI can provide information but the available datasets for the assessment include limitations
that make it hard to go further in a single article. With a refined dataset and less uncertainty
more complex ML approaches can be applied using hyperparameter tunning.

Additional comments:

L156 (previous L136) - | think the wording on this sentence is what can make it confusing. The
sentence says “the initial day of the time window (...) was increased by two days” which |
interpret as: the initial day was moved forward by two days hence the time window reduced. In
the answer to my previous comment, the authors wrote “We increased the time window” which |
interpret as the initial day being decreased by two days to account for weather conditions of fires
with dates mapped later than the correct day. | suggest rewording the sentence to avoid
confusion.

Done.

L213-214 - | would expect to see some comments regarding the MI comparison for the EFBI and
the Continuous Haines. At which level is the Continuous Haines computed? Or is the level
selected based on the height at the location of the event? A Ml of 0 for CH_max may suggest
saturation of this index, can the authors provide some comment on that?

Done

L219-220 - This sentence may also need to be restructured. For instance, the ReLU activation
function is part of the model architecture, it is not related to the Adam optimizer as the text may
suggest.

Changed

Overall the results are promising but the aspects mentioned above need to be addressed to
better convey the results and to make sure they can be reproduced.

Authors really appreciate the suggestions of the reviewer, which are extremely useful and
improve the work. We consider that the probabilistic approach is the next following step for an
improvement of the proof of concept and potential usefulness. But for that, we need a full
human validated dataset of fire classes as mentioned in the conclusions. Levels for the CHaines
have been included and now is also specified in the text the normalization of the inputs for the
ML for the three experiments.
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Recommendation to the editor

1) Scientific significance | Fair
Does the manuscript represent a substantial
contribution to the understanding of natural
hazards and their consequences (new
concepts, ideas, methods, or data)?

2) Scientific quality Poor
Are the scientific and/or technical approaches
and the applied methods valid? Are the
results discussed in an appropriate and
balanced way (clarity of concepts and
discussion, consideration of related work,
including appropriate references)?

3) Presentation quality Fair
Are the scientific data, results and conclusions
presented in a clear, concise, and well-
structured way (number and quality of
figures/tables, appropriate use of technical
and English language, simplicity of the
language)?

For final publication, the manuscript should be

reconsidered after major revisions:

Were a revised manuscript to be sent for another round of reviews:

I would be willing to review the revised manuscript.

Suggestions for revision or reasons for rejection (will be published if the paper is accepted for
final publication)

The authors have made some changes to the manuscript, but my major concerns remain. | suspect |
did not express these concerns clearly enough. | will begin this review by paraphrasing and
commenting on the five central points of my original review:

1. Presentation: The presentation has improved. There still might be a sign error in the EFBI
equation (it looks like it will yield negative values). Confusion remains regarding wind-driven and




plume-driven fires etc. (see below). I still feel there needs to be more detail included in some of the
figure captions. For example, the Convective Condensation Level (CCL), which appears to be key to
the EFBI, is marked in Fig. 2, but there is no mention of it in the text or caption.

We really appreciate the work done by the reviewer. The difference in the manuscript in the main
formula (eql.) was wrong, the other way around. It should be the altered state (CAPEP+CINP) less
the original state (CAPE+CIN) according how the computation is done. We apologize for the
confusion generated with two consecutive mistakes in the formulas.

About the negative value of the EFBI:

CAPEP+CINP-CAPE-CIN - CAPE is greater than 0 by definition but also less than CAPEP which is also
greater than 0. CINP is 0 or a small positive. While CIN is negative or 0 by definition. So, CAPEP-
CAPE >= 0 and CINP-CIN >= 0.

2. Lack of references to similar published indices: The suggested papers are now mentioned, but
there is no discussion of the indices and how they compare with the EFBI. A more detailed
explanation of the EFBI and its illustration in Fig. 2, would provide opportunities to reference some
of the concepts introduced in these papers, and clear up confusion elsewhere in the text (see the
‘Additional points of confusion’ below). For example, the CCL appears to be a concept central to the
EFBI (the CAPEP parcel emerges from the CCL). This would be a good opportunity to explain the
EFBI in more detail, and to acknowledge Lareau and Clements work, which uses the CCLis as a
pyroCb predictor. Another example is the close similarity between the EFBI AT term, and Leach and
Gibson’s AT term and Tory and Kepert’s AB term.

Absolutely agree with the reviewer, a paragraph including the assumptions and the physical
approach has been added referencing the similarities with previous works. However, we cannot
consider that the EFBI is a fully realistic physical approach. We really appreciate the work, time, and
patience of the reviewer.

3. The EFBI is presented with insufficient physical justification: The EFBI is described, but no
reasoning is given for why this particular function was chosen. My concern here remains. See also
the previous point.

This work is not proposing a model, but an indicator based on data that does not see the fire and is
evaluated at global scale. We clarified that the index focuses on moist convection and the similarity
with AT term. Also, we changed the text, and before the description of the EFBI and the equations:

“The extreme fire behaviour index(EFBI) determines the amount of increase in temperature
degrees at the surface required to cause a null CIN and quantifies the change in the available
convective energy. The amount of change of convective energy per degree is used as indicator for
deep moist convection.”

4. The EFBI is promoted as a tool for identifying extreme fire behaviour but is designed to identify
moist convection: The authors msunderstood my concern in this point (see below).

The text has changed to specify moist convection.




5: The EFBI performance is not convincing: This is my opinion based on seeing other tools in
operational use. Performance assessments of those other tools have not been published. Hence, |
concede that my criticism on this point was unfair.

Main point of confusion.

Historically, fires have been classified as wind-driven or plume-driven, with anecdotal evidence
suggesting plume-driven fires are associated with rapid fire spread and unpredictable fire
behaviour. Wind-driven fires are loosely classified as fires with flames blown by the wind, igniting
fuel by direct contact. Plume-driven fires have upright convection columns, with inflow from all
directions, with radiation heating the fuel to ignition. This simple distinction continues to be
debated.

A relationship between upright convection columns and dry convective instability was established
decades ago. Dry convective instability occurs typically in deep, neutral mixed layers, and the
instability is caused by surface radiative heating.

Haines developed a very simple measure for diagnosing deep, neutral and dry mixed layers. Being
very simple, it has limitations. The Haines indices fail when the pressure levels, hard-wired into the
indices, do not adequately sample the mixed-layer. Another limitation is that they saturate for
moderately deep and dry mixed layers.

Very deep convection columns in the right atmospheric conditions can lead to cloud formation
(pyrocumulus, pyroCu) and thunderstorms (pyrocumulonimbus, pyroCb). These can introduce
additional hazards. It follows that conditions that support PyroCb development are a subset of
conditions that support convection-column development.

Fire CAPE, Convective Condensation Level, Pyrocumulonimbus Firepower Threshold, and Leach and
Gibson’s tools, are all designed to identify this specific subset of conditions, i.e., pyroCu/pyroCb.

The EFBI is a modified CAPE index, and CAPE is a thunderstorm diagnostic. Large values of EFBI
identify conditions where a relatively small amount of heating generates a large increase in
conditional instability, i.e., a large increase in thunderstorm potential. By design it does not target
dry convection.

The authors imply that the EFBI is an index designed to identify conditions that support convection-
column development in general, which is incorrect.

| suggest the text be adjusted so that it acknowledges the index was designed to target moist
instability (thunderstorm potential). The fact that it seems to work when no cloud is observed in the
plume, is largely accidental. | suspect this is because small AT will be present on typical days of high
fire danger.

Text has been changed specifying EBFI targets deep moist convection. EFBI does not assess dry
convection by design, any effect of dry convection in the EFBI time evolution depends on the input
data used, in this case from IFS model used in ERAS.

Additional points of confusion.
Some of the descriptions surrounding how the EFBI works are misleading. There appears to be a
misunderstanding of how fires interact with the atmosphere. The second paragraph in section 3




introduces the concept of CAPE, and notes that a hypothetical surface-temperature increase (here
14 C) can reduce CIN and increase CAPE, thereby causing “a considerable change in the vertical air
motion” and “a stable atmosphere can become unstable”. The fire adds 300-500 C of surface
heating, which is more than 20 times the 14 C mentioned in the example. The combustion gases are
very hot, and thus the smoke plume near the surface is extremely unstable. All wildfire smoke
plumes are extremely unstable. These fires do not change the stability of the atmosphere
surrounding the plumes by any measurable amount. Thus, the sentence is irrelevant in the wildfire
context.

Sentence changed. Added clarification of the 14 C increase. We do not estimate fire heat release,
parcel simulation or any use of high frequency fire monitoring, biomass estimation or gas emission.
We cannot estimate those values accurately for all fire events and how they may affect the stability
of the atmosphere on a global scale. Only a hypothetical change in temperature as an indicator,
which is not directly the energy released by the fire, may cause a change in the atmosphere.

As the plume rises it is rapidly diluted when cooler air from outside is mixed in to the plume. If the
plume cooling is not too rapid, the plume may rise high enough to condense (where, in the quoted
example, it will be 14 C or more warmer than the surface air), and then the added buoyancy from
condensational heating (diagnosed by CAPEP) can be realized. But there are many factors that
influence plume entrainment (e.g., the fire shape, size and intensity, the wind speed, the absolute
atmospheric stability, to name a few) most of which are independent of the surface temperature. In
fact, recent arguments suggest the surface temperature (and humidity) is largely irrelevant because
most of the air in the plume has been entrained from layers above the surface (e.g., Tory and
Kepert 2021). If this is true, the next paragraph (line 188-191) is also problematic.

CAPE, CIN are used as stability indicators too and are not independent of the surface temperature
and dew point temperature for a given timestep. Both are used to find LCL, using the moist
adiabatic lapse rate and temperature profile is used to find LFC and EL used for CAPE and CIN. So,
surface temperature and dew point also affect CAPE and CIN. We agree with the reviewer that
CAPE and CIN values are susceptible to being inaccurate because of the estimation of values at
surface and that the air of the plume can be entrained from upper layers. But also, there are fire
cases that start with low height plumes followed by sudden blow up with an increase of plume
altitude. But the datasets we have available cannot be used to validate or evaluate the entrainment
ease of air of the plume into upper layers. It is clearly one of the next factors to tackle learning from
models as the one described by Tory and Kepert.

The sentence (line 185-186) “A wildfire in this condition has a high likelihood of becoming driven by
convection” is also misleading. Presumably, the authors are referring to the plume-driven fire
concept (as distinct from wind-driven) associated with a deep convection column. But before the
moist instability can be released the smoke plume must rise typically 3—5 km, in which case it must
have been convectively driven for some considerable time (to get to that height). Clearly, the
potential for moist instability is irrelevant for establishing an environment that promotes plume-
driven fires, which gets back to the main point of confusion.

In short, the EFBI is moist-convection diagnostic that only has relevance to a smoke plume that
manages to rise 3—5 km, but the text references surface-based instability to describe the




instability.

Sentence removed.

| recommend the authors consider review articles on fire dynamics, before editing the manuscript.
Good examples include:

Sullivan, A., 2017: Inside the Inferno: Fundamental Processes of Wildland Fire Behaviour Part 1:
Combustion Chemistry and Heat Release. Current Forestry Reports.
https://link.springer.com/article/10.1007/s40725-017-0057-0

Sullivan, A., 2017: Inside the Inferno: Fundamental Processes of Wildland Fire Behaviour Part 2:
Heat Transfer and Interactions. Current Forestry Reports.
https://link.springer.com/article/10.1007/s40725-017-0058-z

Dominique Morvan, Nicolas Frangieh. Wildland fires behaviour: wind effect versus Byram’s
convective number and consequences upon the regime of propagation. International Journal of
Wildland Fire, CSIRO Publishing, 2018, 27 (9), pp.636. ff10.1071/Wf18014ff. ffhal-02114689f

Additional responses are included below, prefaced by “Reviewer:”.

2. It lacks references to, and comparison with, similar published indices and concepts.
The proposed literature by the reviewer is very valuable and will be included in the article allowing
the reader the better understanding of the parameters used in the EBFI.

Reviewer: The article lists the additional papers. It does not discuss the tools/indices proposed in
those papers in any detail, or compare them with the EFBI. The existing tools could provide context
for the EFBI.

3. It lacks explanation of the ideas, theory, or reasoning that underlies the EFBI.

The concepts required to compute EFBI are mentioned and described in the article. Ideas and
reasoning of the proposal are implicit in the formulas and described in paragraph in line 90 and 155.
References to other articles describing or using some of the components included in the EFBI are
included in the article, allowing the reader to have a deeper understanding of the underlying
factors affecting the behavior of the EFBI in addition to examples like the description that starts in
line 174. The overall aim of the paper is to evaluate the quantifiable amount of information that
EFBI provides in relation to convection trends in fires on a global scale using reanalysis weather
data.

Reviewer: See the “Additional points of confusion” described above.

4. The EFBI is used and promoted as an index for identifying extreme fire behaviour (defined by fire
spread rate), but appears to be designed to identify a small subset of those events — fires that
produce deep moist convection.

EFBI evaluates the convection trend and potential conditional change around the fire using ERA5
reanalysis. It is true that fires driven by convection may be only a subset of all extreme fires, but the
EFBI provides the mechanisms to identify these critical events in advance, providing essential
information to firefighting services and enhancing the potential response to those fires. Currently,



https://link.springer.com/article/10.1007/s40725-017-0057-0
https://link.springer.com/article/10.1007/s40725-017-0057-0
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https://link.springer.com/article/10.1007/s40725-017-0058-z

there are neither open and global datasets of fire events classified by type nor exhaustive data from
vertical soundings or radar analysis of fire columns that would allow the classification of fire events
and all their transitions. Although the FWI can contribute to discriminating fires according to their
spread, our results show that EFBI provides an additional contribution to this discrimination on the
trend of convection of the atmosphere (also caused by moisture at surface) and conditional
instability.

Reviewer: See the two discussions above on points of confusion.

The manuscript will require substantial revision to address these concerns. In anticipation of a
major rewrite, | decided not to provide a list of minor points to be addressed.

Major concerns expanded:

6. The paper contains incomplete equations with undefined terms (the EFBI equation is difficult to
understand and possibly contains a sign error), and insufficient information in figure captions. A
number of terms and concepts are used loosely, which make comprehension difficult for the
reader. For example, the term “convective fire” is used almost synonymously with extreme fires.
Given all fires produce heat and convection, the term “convective fire” needs to be clearly defined.
Also, it is not clear if it refers to fires that produce deep convection columns, or specifically fires
that produce moist convection (i.e., pyroCu or pyroCb). Discussions often include references to the
very broad topic of “wildfire-atmosphere interactions”. For clarity the reader needs to know which
specific interactions are being referred to.

We thank the reviewer for noting the typo in the EFBI formulas. The typo was in the formula stating
the condition CIN <= 0. CIN is negative when there is inhibition, opposite to CAPE. The manuscript
was modified stating CIN >= 0 in eq.4, meaning that no convective inhibition exists. The EFBI is
based on already well known meteorological concepts such as CAPE and CIN. EFBI estimates the
temperature difference at surface that may cause a null or positive CIN. All the required formulae
to compute the EFBI are presented in the article. Regarding the term convective fire, it refers to a
fire which is driven by convection, as opposed to, for instance, a wind driven fire. As the reviewer
mentions, fire produces convection, however fire spread is not always driven by convection as a
main factor. We refer to convective a fire when it is driven mostly by convection, not the wind,
topography, fuel types, fuel conditions, etc. As suggested by the reviewer, the term “convective
fire” has been defined and the definition included in section. We agree with the lack of precision in
some of the text in the manuscript. We have further explained the term “wildfire-atmosphere
interactions” where it was present in the text.

Reviewer: The definitions used to explain the fire type remain confusing. Perhaps use the term
“convection column” when describing the plume type being targeted. See discussions above.

7. There are two main topics that need to be referenced, plus a paper that the authors might wish
to consider for comparison: (i) In the manuscript the EFBI is claimed to be similar to the Haines
indices (Lines 73-75), but a description of these indices (and the often-used modified Haines index,
C-Haines) is lacking. Most readers familiar with the Haines indices will not immediately see the
similarities. Indeed, the Haines indices were designed to assess atmospheric dryness and absolute
stability, whereas the EFBI assesses conditional instability. The Haines indices were developed
because existing stability indices used for thunderstorm forecasting were known to be invalid for
extreme fires. Given this historical progression, the EFBI design might appear to readers to be
regressing. It follows that a comprehensive justification is required to demonstrate that the EFBI is a
better discriminator of extreme fire behaviour than the Haines indices, as is implied in the




manuscript. (ii) Recent works that develop indices and techniques for identifying and predicting
pyroCb (a specific subset of extreme fire events) should also be acknowledged and compared with
the EFBI. The EFBI has much in common with Potter’s (2005) FireCAPE concept, Lareau and
Clement’s (2016) use of the Convective Condensation Level, Tory et al.’s (2018) pyroCAPE concept,
the ideas that underpin Tory and Kepert’s (2021) Pyrocumulonimbus Firepower Threshold (PFT),
and Leach and Gibson’s (2021) pyrocumulus prediction model. Section 5 of Tory et al. (2018)
discusses and compares some of these concepts and ideas. (iii) The authors might like to compare
their FWI/EFBI analysis of extreme fire events, with a paper by Di Virgilio et al. (2019) that
performed a similar comparison using the McArthur Forest Fire Danger Index and C-Haines to
analyse pyroCb events.

The authors thank the reviewer for the relevant points mentioned in this comment and the number
of references provided in it. As regards the overall message in the comment, we would like to note
that the EFBI does not exclusively looks into conditioned stability as the EFBI also shows the
buoyancy trend.

Reviewer: The EFBI targets conditional instability by design (it is a function of CAPE, a conditional
instability diagnostic). The fact that it works for dry convection is largely accidental. See discussions
above.

In 1988, Donald Haines provided an extremely useful and pragmatic index to estimate the potential
dry and unstable air. Currently, some very severe wildfires had high C-Haines values, although
sometimes that only happens when using specific pressure levels different from the ones
considered in high, medium, and low versions of C-Haines. In a previous answer to the valuable
comment of M. Pinto, we replied by including a figure that depicts that fact in the fire event of
Pedrogao (Portugal), where C-Haines index values depict a low sensitivity in all three versions
compared with the EBFI. Nowadays we have resources to compute buoyancy trends using all the
levels.

Reviewer: Yes, now that we are able to use information at all levels, we can develop more
sophisticated diagnostics. This includes improved diagnostics for identifying dry instability, which
would also perform better than C-Haines.

However, we still lack a database of fire events classified by fire type on that basis, while we only
know some fire characteristics such as fire spread. Therefore, we proposed an index that can be
efficiently computed on a global scale and exploits the known information about fires.

Reviewer: An improved dry-instability index would better exploit our knowledge of fire behavior.
The EFBI is irrelevant for many cases of extreme fire behavior. See discussions above.

In our results, we state that the EFBI provides valuable information and contributes to enhance the
accuracy performance of the classification at global scale despite there is uncertainty in the
datasets used due to resolution gaps and cloud coverage affecting GlobFire (based on MCD64A1).
Finally, as we described in the paper and also in point number 5 above, there is an enhanced
performance of the EFBI when compared to the C-Haines and FWI together or only with the FWI.

The scope of the paper was not detecting pyroCb and therefore the datasets used in the article do
not include pyroCb or pyroCu detection.




Reviewer: While the intention may not have been to detect pyroCu/PyroCb, the EFBI has a strong
pyroCb focus. See discussions above.

The comparison of the EFBI with other indices, in addition to the C-Haines, which is already
considered and included in the new version of the manuscript, is out of the scope of our work.

Reviewer: My suggestion seems to have been misunderstood. | agree there is no need to test the
other indices. | was only suggesting their design and underlying philosophies be discussed, noting
similarities and differences.

We would like to note that in most of the papers suggested by the reviewer there is not only a lack
of comparison with other important works like Haines, but also, the analysis are done at national
scale with very few study cases. An exception to this was the work of Di Virgilio et al. (2019), who
used two different indexes and a database which covered the cases within the state of Victoria
(Australia) and analyzed 196 cases to discriminate two classes of fires of which 40 were pyroCb fires
and 166 were considered as standard wildfires. We found all those papers essential to describe the
state of the art of the fire and atmosphere research and cited them in the revised version of the
article.

8. The EFBI is introduced without sufficient explanation. The paper does not describe the underlying
theory behind the index, or why the index takes this specific form, or how it compares with similar
indices and concepts.

The article mixes several research fields and explains the tasks done in each with plain text for a
multidisciplinary journal for Natural Hazards and Earth Sciences. In data and methods section we
included the following statement: “The proposed EFBI determines the amount of increase in
temperature degrees at the surface required to cause a null CIN and quantifies the change in the
convective trend (addition of CAPE and CIN), allowing the prediction of fast fire spread due to
convection.

Reviewer: This sentence demonstrates poor understanding of fire behavior, convection, and the
relationship between fire-spread and moist convection in smoke plumes. See the discussions above.

In cases in which the atmosphere is already unstable, CIN is equal to or greater than 0 being AT=0,
the values assigned to the index are the full integration of CAPE+CIN.” followed by the formulas
used to compute it and its explanation. There is also an example in section 3 with a skew-T diagram.
The article does not provide any new meteorological concept but uses known concepts applied for
fire danger and evaluates the results with two global datasets to see the use feasibility for fire
danger under GWIS project.

Reviewer: The article adapts a meteorological concept into a fire-danger tool, the EFBI. | believe the
physical justification is largely irrelevant to its stated purpose. See the discussions above.

Therefore the work proposes a first version of the index at global scale which is comparable around
the planet and ready to use with global datasets. The information provided by EFBI has been used
in fire events in Europe and California during 2020 and 2021.

Reviewer: The index may prove to have some predictive value, which is why | do not wish to
recommend rejection. However, the paper shouldn’t be published until the inaccurate statements




about what the index is, and misleading statements about plume-atmosphere interactions, have
been addressed.

9. The type of convective instability being targeted is not mentioned. The EFBI looks like it is
targeting moist convection, but it is used to identify any fire that spreads rapidly. Can the decision
to apply a moist-instability index to dry events be justified? In general, hot, dry and windy
conditions favour extreme fire behaviour. Large values of the Haines indices correlate well with
deep well-mixed layers, which have neutral stability on average. Moist plume growth, on the other
hand, requires a much more specific set of conditions and consideration of the atmosphere above
the mixed-layer.

The article mentions already that extreme fire behavior is not just caused by convection (line 276).
The aim of the work is not modelling the fire plume, but a first approach including convection trend
evaluating the usefulness of the ERA5 and GlobFire at global scale. EFBI assesses convection trend
using the vertical integral of the buoyancy and how it would change with an artificial increase of the
temperature at surface (defined in section 2).

Reviewer: As discussed earlier, this is largely irrelevant.

We agree with the reviewer that the work does not justify the decision to apply EFBI for fires not
driven by convection. However, results show a considerable increase in accuracy in the
classification that when using CHaines+FW!I or only FWI. It would be a major improvement to use a
global database with a good accuracy of classification between spread types for each moment of
the fire.

Reviewer: | hope the authors can fix the inaccuracies so that the work can be published.

Specific points:

Line 48: “In this work we will refer to fire driven by convection when convection is an important
driving factor of the fire spread.” This is too vague. The “convection” definition is a critical concept
in this paper. What sort of convection is it referring to? How does this convection drive fire-spread?
Convection describes the motion of fluid driven by density gradients (i.e., buoyancy). In the wildfire
context there are three types of convection commonly discussed: (i) dry convection describing the
deep overturning circulations caused by solar heating of the surface in a neutral boundary layer
(the focus of the Haines indices), (ii) moist convection, associated with thunderstorms in the smoke
plumes (the focus of FireCAPE, CCL, PFT, Leach and Gibson tools), and (iii) convection in the flame-
zone and smoke plume. Fire-spread is accelerated mostly by strong winds and dry fuels. The link
between any of these forms of convection and fire-spread is not immediately obvious, and
arguments | am aware of are mostly anecdotal. The assumptions and hypotheses that underpin the
EFBI need to be clearly communicated here.

Lines 50—54: The discussion of the Haines index here would benefit by describing which
“atmospheric instability” it was targeting (absolute rather than conditional), and how it contributes
to dangerous fire spread. It should note also that Haines was targeting dry instability. His indices
have high values during conditions of weak, absolute stability. He had to eliminate humid
conditions with weak absolute stability because they are often associated with heavy rain. This is
why the Haines indices contain a dewpoint depression term.




Line 63—65: See the discussion above on how plumes trigger thunderstorms, and my argument
that surface conditions are largely irrelevant.

Line 76—79: These sentences are bold claims that are not demonstrated in the paper.

Line 103: There still seems to be a sign error in this equation. CINP by definition will be close to
zero, and CAPEP will always be larger than CAPE+CIN, which would mean this EFBI equation is
negative.

Line 123—124: “Under these conditions, air can potentially move vertically creating local conditions
which are not explicitly provided by meteorological forecasts.” Meteorological forecasts are very
good at identifying conditions that produce vertical motion. High-resolution forecast models are
capable of resolving a range of convective circulations. Is the sentence referring to the smoke
plume in some way?

Line 125—127: This sentence appears to be out of place. How does it tie in to the previous
sentences in the paragraph?

Line 181—184: The discussion around Fig. 2 needs clarification. Add more labels to the figure,
explain the labels in the caption, and talk the reader through the process in more detail.

Line 193—194: It might be worth explaining why the EFBI only needs to be large at the beginning of
the period when “the fire had extreme behaviour”.

Line 270—272: It would surprise me if ERA5 knew anything about the fire. The sentence appears to
imply that the fire is affecting the environment in some way that changes how the EFBI functions.
The EFBI is designed to diagnose conditions unaffected by the fire, so it should not be a problem if
ERAS knows nothing about the fire. Perhaps | have misunderstood the intended meaning.

Line 289—290: This sentence raises the concern that ERA5 knows about the fire, whereas forecast
models will not know about the fire. As in the previous point | would be surprised if ERA5 knows
anything about the fire. There would need to be a number of observations near the fire included in
the assimilation. Even then, if the observations differ too much from expected values they get
rejected after failing quality control. Smoke can affect the local meteorology, but it is not
assimilated into any numerical weather prediction system that | am aware of.

Line 294—295: The wording of this sentence could be improved. It suggests the fire interacts with
an abstract concept: “atmospheric vertical profile”.

Line 299—300: The meaning of this sentence is unclear. Is it suggesting that model surface data
could be improved
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