Answer to Reviewer #1: Anonymous Referee

Manuscript presents and interesting exercise of evaluation of consumed biomass and
emissions estimated during a wildfire and the differences between Pinus and Quercus
stands.

Thank you very much for your reply. We appreciate the time the reviewer spent on reviewing the
manuscript. We have considered all of the reviewer comments and suggestions, and either
incorporated them into the text or responded to them below.

The exploitation of public databases and field sampling is a valuable approximation to this
topic. Nevertheless, this method present important limitations that must be highlighted by
authors. A high level of uncertainty is expected with proposed methodology; therefore
authors and readers must be aware of this approximation to results and derived conclusions.

We agree with your comment about the important uncertainties of the method in each one of their
steps. We have written a short section in the discussion with the different uncertainties from the
method and what we tried to do to reduce these uncertainties “Section 4.4. Uncertainties in
emissions estimates and limitations” on (Lines X).

We used Seiler and Crutzen (1980) method and the equation;
EM=AXBXxCxD,

where EM are the total emissions (Mg/ha), A is the area burned (ha), B is the available biomass
before the fire (Mg/ha), C is the combustion factor (%) and D is the emission factor (g/kg).

If the burned area is precisely defined, as we think it was in our case, the greatest uncertainties
are in the estimation of biomass prior to the fire and the combustion factor (Ottmar et al., 2008;
Bacciu et al., 2015; Fernandes et al., 2022), but also on the use of emission factors available. We
discuss below each of these components.

The quantification of different fuel types before the fire is one of the main sources of uncertainty,
indeed, variations in fuel characteristics may contribute to 83 percent uncertainties in estimates
of wildfires emissions (Ottmar et al., 2008; Fernandes et al., 2022). Moreover, in the south-
European forests, the high spatial variability of fuel loadings, the fuel structure which describes
how fuel loads are vertically distributed in a stand and how fire moves through a site are critical
factors when describing forest fuels and determine final pollutant emissions (Carvalho et al.,
2007; French et al., 2011). We have tried to reduce this uncertainly with the identification of
species at different layers and by using specific allometric equations from a combination of data
from National Forest Inventory (NFI) for canopies and shrubs but especially from Ecological
Forestry Inventory of Catalunya for litter assessment (IEFC) (Gracia, 2001; Vayreda et al., 2016).
Although biomass allometries are also a source of uncertainty, the range values in which they
move fit with real data from the inventories and are at least differentiated between plots instead
of using a general value for all plots. There are more precise allometric equations for shrublands
in Spain that we used but they are also difficult to apply after the fire when sometimes you cannot
identify variables such as height or diameter of the shrub. The joint of these data allowed reduction
in the uncertainty of the total fuel load available especially including the litter component that
is not usually assessed.

In fact, previous studies considered that forest floor emissions were the most uncertain component
when modelling carbon emissions from forest fires, since its consumption can range from near 0



to 100% (Vilen and Fernandes 2011). In addition, considering the difficulty in estimating
combustion of subsurface carbon and that 65% of the total fire-wide carbon emissions may come
from the combustion of litter, duff, and mineral soil carbon (Campbell et al., 2007), we consider
that most of the uncertainty in our estimate of total emissions may arise from uncertainty in
combustion of these fuels. Therefore, our results should be taken with caution because of the
complexity of litter distribution and the variables that could influence its amount and variation.
We highly recommend to develop better models for assessing litter for different forest species
because of its high percentage in the two forest types studied. This will be the future challenge
since for the moment remote sensing is not useful for assessing these fuel loads. If the content of
litter is not assessed, there will be a constant underprediction of fuel load and emissions especially
when there are extreme wildfires.

Combustion factors for each layer are another important source of uncertainty with values over
30% (Ottmar et al., 2008; Fernandes et al., 2022) and values that could be higher depending on
the position of the fire (head, flank, back) (Surawski et al., 2016). There are few examples from
field works especially when you apply Seiler and Crutzen (1980) method with remote sensing
tools (De Santis et al., 2010; Jimenez et al., 2013). However, we reduced that uncertainty with
direct observation of the percentage consumed after the fire at the three layers. This is especially
important when you are comparing emissions between different fire severities. It is also important
to distinguish what crown fraction is consumed in crown fires in wind fires since it is usually
overestimated because it is often considered that up to 0.6-2.5cm all branches are consumed when,
in this fire type, we saw that in some cases not all the fine material had been consumed. Although
the estimation method was visual, it helps to understand what fraction of the canopies can be
consumed in this type of fires. However, it would be necessary to replicate the measures in
convective and topographic fires where perhaps more canopies can be consumed. Overall, these
variations in crown consumption could affect the total biomass but the largest amount of biomass
consumed is clearly that of shrubs and litter, the biomass most poorly estimated in studies on
emissions and therefore the greatest source of uncertainty.

Regarding emission factors, they are also one of the main uncertainty sources in emissions
estimations. It is important to work on this topic with more field measurements, in particular for
southern European conditions variability (Fernandes et al. 2022). EFs variation (mainly due to
type of pollutant, type and arrangement of fuel, and combustion factor) that could contribute to
about 16% of the total error associated with emissions (Ottmar et al., 2008; Bacciu et al., 2015;
Fernandes et al., 2022) is mainly available for United States of America (USA) forests (Urbanski,
2013), but it is not a suitable proxy for wildfires in Europe, due to the different vegetation cover
and the differences in combustion characteristics (e.g. flaming and smouldering phases).

There are also other limitations with the methods used in the current study. They include not
considering fuel load from herbs, not taking into account the influence of topography or fuel
moisture on the general emission factors and the use of litter emission factors from Q. pubescens
(the only available) instead of those from Q. suber. We also did not differentiate between flaming
or smoldering phase of combustion and we did not consider fuel moisture.
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Next, | detail some comments and suggestions to improve the manuscript and some question
to authors that must be clarified:

Line 80. The main objective is not completely in agreement with title. Reconsider rewrite de
title please. Propose a hypothesis please.

OK, we will reconsider both the title and the formulation of the main objective to make them
coherent between them. However, as the other reviewers may also propose changes in this
direction, we prefer to wait for having all comments and then reformulate them.



Line 102. Regeneration of Quercus ilex under Q. ilex stands?

No, this was incorrectly written it was Quercus suber under Q. suber stands. We have changed
that on line 102.

Line 102. What about mixed forest? Are there mixed oak-pine forests in burned area?

Yes, there were areas with mixed forests. In the north-west forests of Q. suber changed to Q. ilex,
but this was burned with south winds in the days following the start of the fire and there were not
enough cases to include in the study. There were also mixed areas of P. halepensis and Q. ilex,
but this type of forest was not dominant in the landscape and we only carried out plots in areas
with pure forest species, either pines or oaks.

Line 112. This is not considering a large spot distance during extreme wildfire events (e.g.
see Tedim et al. 2019)

You are right, spot distances of 200-400 meters with a maximum of 1km are not considered large
spot distances but intermediate-range spotting during this extreme wildfire event EWE (Tedim et
al., 2018). This is especially true when you compare with other countries and forest types (Martin
and Hillen, 2016; Cruz et al., 2012) and accepted definitions to describe extreme fire event (Tedim
etal., 2018).

We have upgraded the section 2.2 “Fire description and weather conditions during the fire” to
justify better the reason because this fire was considered an EWE following Tedim et al., (2018)
among other articles.
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Line 120. “monspeliensis” Lowercase

OK, changed (Line 120).



Line 125. Why do you not use remote sensing data to plan the inventory? Helicopter flight
do not seem a very economic method and you probably obtain similar categories than
remote sensing from Copernicus database (ANBR). Justify better please.

After the fire, during August 2012 we did not know if we would have the opportunity to do the
study and some of us were working with firefighters collecting data from fires. Until September
2012 we could not start to plan the field work and we did not have much time because we knew
that the timber extraction work was going to start immediately as it was happened in other fires
where we did field work (Alvarez et al., 2012).

A recording flight of the fire had to be carried out by the fire department, so due to our
collaboration with them, we were able to participate in the flight, obtaining videos and hundreds
of photos of the entire fire. Therefore, it was not a specific flight for the work but a complementary
activity. These were used to make an initial estimate of the burned area by each severity and to
locate areas where to find severities that were not charred. In fact, we thought about the possibility
of apply any remote sensing index but we did not know if it could identify these areas with lower
severity better than with the flight material obtained. Finally, we were lucky to participate in the
flight because we could also understand better the global spread of the fire that helped us to obtain
other data related to fire behavior.

In section 2.3 “Field plot data and fire severity estimation” we have included a sentence to clarify
the reason because we used a flight instead of the use of remote sensing tools to determine
distribution of fire severity. We will highlight the lack of time, the opportunity of obtaining a
multifunctional data from flights and the doubt about the precision to distinguish green and scorch
areas in this massive scorch wildfire.
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Line 150-155. This hierarchical and deterministic classification following Alvarez et al. 2012
must be justified for studied area. e.g. using cluster analysis

We used this classification in the studied area because it was created and tested in a fire only 30
km away from this fire in Pinus halepensis stands, one of the two main species of forest types of
this study with also similar fuel types. Moreover, the classification was made not only to apply to
one species but in general, according to common but critical variables that determine fire behavior
independently of forest types: the density of trees, which determines horizontal continuity, and
the percentage of trees based on height, which determines vertical continuity.

At the beginning of the study, we concluded that we captured the variable forest structures in Q.
suber plots, just as the classification method was designed to be applied to other types of forests
and allow comparisons. The result was really good because it was possible to identify the
differences in the fuel types between the two different types of forests and the effects on fire
severity and consumption. We have added a small comment justifying this point in section "2.3
Field plot data and fire severity estimation™.

Line 170-174. How? Visually estimation? In my opinion it is very difficult this estimation at
crown level and the uncertainty of measure is very high. Consumed visually observed could
be a good estimation if pre-fire data are available (very difficult or impossible during




wildfires). In my opinion a good estimation of percentage of shrub and dead fuel data in
opportunistic sampling need a comparison between burnt and unburnt plots (control
unburnt plots is needed to ratify data obtained in 3FNI see below).

We agree with you about the difficulty of the visual estimation of fine crown and shrub percentage
after the fire and we also understand the concern about the high degree of uncertainty that this
measure can cause. However, according to De Santis et al. (2010), biomass consumption was
traditionally estimated using a two-step methodology which includes:

a) the estimation of pre-fire biomass by applying allometric regression equations using
destructive sampling or biomass values per species and
b) the post-fire biomass estimated by field-based weighting or by visual examination.

When we started the fieldwork, we visited the few areas unburned within the fire perimeter to
understand what possible fuels we could find and to identify species. Moreover, we visited areas
that immediately bordered the perimeter of the fire when we had plots near the perimeter. When
we started to measure the plots, we invested long time to measure all the different possible
diameters from shrubs and fine branches from trees with a caliper.

All plots were done by the same two people in order to avoid observer bias that could cause a
significant influence in the kind of measures that we took, the percentages of fuel types after the
fire. The value of each percentage was an average value from the two people to avoid errors of
perception. We also take dozens of photos from all angles from each plot to capture trees, shrubs
and litter. It was useful because at the beginning every night we contrasted percentages given to
each plot and adjusted them comparing with previous plots when it was necessary. After this first
training and as we made more plots, we had a more balanced vision (which was far from perfect)
of the percentages we gave, so that the quantitative differences we appreciated were relatively
small. The fieldwork was intensive from Octobre 2012 to March 2013, only stopped on very
windy or rainy days. At the end of the work, we obtained near 12,000 photos from plots and their
surrounding area that also helped us to calibrate dubious plots.

On the other hand, we transparently recognize that the potential shrub or litter cover
measurements before the fire based on the number of shrubs, and comparing it with what we saw
in unburned areas inside could be not as accurate as it could be using other methods. However,
these quantitative percentages reflected the difference between plots that we saw qualitatively and
the results obtained from the fuel loads from shrubs were within the ranges that we obtained from
the IFN3 plots and bibliography.

We have updated the section “2.4.1 Area burned and pre-fire available biomass”, including
a synthesis of the training method to obtain the percentage of fuel consumed. Moreover, in the
discussion or/and in the new section “4.4 Uncertainties in emissions estimates and limitations”
we have included the implications over the uncertainties and potential overestimation of shrub
and crown fuel loads before and after the fire.

References:

Ottmar, R. D., Vihnanek, R. E., and Wright, C. S.: Stereo photo series for quantifying natural
fuels Volume X : sagebrush with grass and ponderosa pine-juniper types in central Montana,
USDA For. Serv. Pacific Northwest Res. Station. Gen. Tech. Rep., X, 2007.

De Santis, A., Asner, G. P., Vaughan, P. J., and Knapp, D. E.: Mapping burn severity and burning
efficiency in California using simulation models and Landsat imagery, Remote Sens.
Environ., 114, 1535-1545, https://doi.org/10.1016/j.rse.2010.02.008, 2010.

Surawski, N. C., Sullivan, A. L., Roxburgh, S. H., and Polglase, P. J.. Estimates of greenhouse
gas and black carbon emissions from a major Australian wildfire with high spatiotemporal



resolution, J. Geophys. Res. Atmos., 121, 9892-9907,
https://doi.org/10.1002/2016JD025087, 2016.

Line 197. To my understanding NFI data from shrubs are a estimation of 5 m radius plot in
the centre of NFI plot, is it correct? Authors are expanding these data to plot level in field
data. Be cautious please.

At least authors must be honest highlighting the limitation of these data. In addition, what
is the time lag between NFI3 and wildfire? Authors must be highlight or justify how
including the growing of shrubs on results. On the contrary they must assume the
underestimation of biomass during the combustion process. It is important because this
value affects to estimated emissions.

I recommend consulting models proposed by Montero et al. for potential estimation of shrub
growing. This work includes correlation models for all Shrub communities in Spain and
could be useful to compare results with models proposed by authors.

For the first point, NFI data from shrubs are a measure of 10 m radius plot in the center of each
NFI plot (https://www.mapa.gob.es/es/desarrollo-rural/publicaciones/publicaciones-de-
desarrollo-rural/librobiomasadigital tcm30-538563.pdf). Regarding the use of IFN3 plots in
shrub load assessment, we developed models that related tree cover (at the time of IFN3) with
shrub fuel (also at IFN3), estimated with the model MEDFATE (De Caceres et al., 2019). Then
these allometries are applied to the field data. Field data for shrubs were the species identification
and the shrub fraction cover, which was used in the equations created with the data from the IFN3
results applying MEDFATE. We have included in the section “4.4 Uncertainties in emissions
estimates and limitations™ the potential overestimation of biomass with the measure of shrub
cover. However, after the fieldwork and comparing plots this percentage was logical with the
qualitative estimation among all the different plots.

IFN3 plots were done from 2000 to 2001 and the fire was in 2012. However, we did not used the
original values of those plots ten years later. We used IFN3 plots combined with measures of
MEDFATE model to obtain allometric equations used later with the field data to assess the shrub
fuel load. Therefore, there was not a problem with the growing of shrubs in the IFN plots.
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Line 215. Two months after fire (date of sampling) most of scorched needles in moderate
and low severity fire have fallen. Explain better how you estimate % of consumed biomass
please. In my opinion a visually observed evaluation must be carried out 1-2 week after fire
in order to classify completely burned, scorched and not consumed crown fuels. Explain this
point better please, or assume the limitation from this estimation

The question about how we estimated the % of consumed biomass has been explained in detail in
the previous question “Line 170-174.”.


https://www.mapa.gob.es/es/desarrollo-rural/publicaciones/publicaciones-de-desarrollo-rural/librobiomasadigital_tcm30-538563.pdf
https://www.mapa.gob.es/es/desarrollo-rural/publicaciones/publicaciones-de-desarrollo-rural/librobiomasadigital_tcm30-538563.pdf

Regarding the fact that needles fall before measuring the amount remaining on the tree after the
fire, it is an uncertainty that is inevitable. It is true that as more time passes after the fire, the
number fallen needles in areas of moderate/low severities increases. We took this phenomenon
into account by observing the number of needles on the burned ground, which were therefore not
present previously. We considered whether there was a slope to determine if the needles in the
area could correspond to the sampled trees and the condition of the trunk and branches of the trees
before decide the percentage of needles unburned.

Moreover, the fall of the needles, and in general the alteration of the conditions of the plots,
depends greatly on the days of rain and wind that occur after the fire. In 2012, after the fire, the
number of rainy days in the area burned was very few. Despite some windy days, the interruptions
to fieldwork were generally very few (perhaps less than five). We have also included these
considerations warning of the effect on the measurements of this phenomenon, and that it was
taken into account in section ‘2.3 Field plot data and fire severity estimation”.

Line 225. | aware the difficulties to obtain emission factors for all species studied but in my
opinion Q. pubescens is a very different species and ecosystem than Q. suber

Yes, it is also true that Q. pubescens and Q. suber ecosystems may be quite different. However
we only used the emission factors for the litter component from Pallozi et al. (2018) because it
was the only available study and because at least Pinus halepensis was correctly represented and
the other species was of the same genus. We also have included this consideration in the section
“4.4 Uncertainties in emissions estimates and limitations”.
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Line 226. ANOVA assumes independent and randomized events for each plot. This is not
true in studied plots (Figure 1). | suggest including a spatial correlation analysis

We will try to test the presence of spatial autocorrelation in the new version of the manuscript.

In my opinion results and discussion could be different if method is refocused. Authors must
justify well their decision to assess robust results

We agree with this point and we have included a new paragraph that we hope could reflect the
uncertainty and limitations of the work done and its potential implications. After your comments
we expect to explain better the weakest points of the work, recognizing the limitations but
highlighting the potential knowledge it can also provide.



