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Dear Referee,

First of all, we would like to thank you for the time devoted to the revision of
our manuscript and the positive feedback provided, leading us to re-think some
parts of our study and resulting in a new version with significant improvements.
We are also grateful to the referee for pointing to some grammatical mistakes
and writing inconsistencies. We have undertaken a thorough revision of the
manuscript in order to correct them.

Following your comment/suggestions, and also considering the feedback re-
ceived from the other two referees, we have undertaken substantial modifications
to the original version. These are the most important new points addressed:

• The focus of our article is now more explicitly done on the daily pre-
dictability of wildfire occurrence from an operational point of view, al-
though we also make some complementary analyses of burned area. This
has lead to a new title of the article: Assessing the predictability of fire
occurrence and area burned across phytoclimatic regions in Spain.

• The three referees have coincided in pointing to the importance of an-
thropogenic factors in wildfire occurrence, not considered in the previous
version. In the revised manuscript, we have included socio-economic and
land use / land cover covariates in our analyses, in order to ascertain their
contribution to the improvement of model performance.

• This has led to a new version in which the mechanisms behind the perfor-
mance of the models at each phytoclimatic zone are more deeply analysed
and discussed.
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• Finally, extended information has been included in the Supplementary
Material, including Fig. 3 which was too complex and whose caption was
too lengthy to be included in the main body of the article, but that in
our opinion provides an extremely helpful visual overview of the modelling
approaches tested.

In the following, we perform a point-by-point answer to the comments and
questions posed by the referee. Note that the referee comments have been
literally reproduced and indicated in boldface throughout the text.

General comments

The understanding of why models do not perform well, is limited and
poorly described. The work would greatly benefit from exploring this
key point more thoroughly, i.e. understanding why, where and when
models do not perform well is, in my opinion, more important than
just evaluating how they perform. This could shed some light on fu-
ture improvements and important components that are missing from
your modelling approach We agree with the referee on this point. With
the inclusion of new socioeconomic and LULC covariates in the models we have
made more emphasis on the implications of other factors apart from climatic
ones in fire occurrence (and burned area), and included specific comments on
possible ways of improving the models taking into account these factors.

I disagree that you demonstrate the usefulness of ERA-Interim re-
analysis data. You demonstrate that using that data, along with the
modeling approach, can provide interesting results. But to demon-
strate the usefulness you would need to do some extra analysis, such
as use multiple datasets and assess their impact on the capability of
predicting fire frequency/burnt area. We agree with the referee, and we
also think that this statement is misleading. What we meant here is that the
output from ERA-Interim reanalysis can be successfully applied to fire mod-
elling applications using real observed fire records, which does not mean that is
the most adequate product to this aim. In the new version of the manuscript
we have made an emphasis on the fact that ERA-Interim is used because it is
representative of numerical model daily outputs, for instance as produced by
the forecast models routinely used in operational weather prediction, while pro-
viding time series of sufficient length and homogeneity to enable modelling the
historical fire-climate relationships. The added value of our study is to show how
daily outputs from climate models can be successfully applied for the prediction
of fire occurrence building upon the FWI System, so potential fire danger fore-
casts, as issued for instance by the EFFIS system in the Euro-Mediterranean
countries of the EU (Camia et al., 2006; Camia and Amatulli, 2009), may be
also translated to fire occurrence predictions over particular regions with a good
level of confidence.

I have some doubts in the use of the word “skill” to describe model
“accuracy” or “performance”. We agree with the referee in his/her doubts
about its use in this context, provided that the term skill is used always when
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comparing the results against a given benchmark. We have omitted this term
from the text of the revised manuscript, and replaced it by model performance.

Specific comments

The specific comments given have been taken into account in the new revised
version. We make a more detailed explanation on the final one in the following
paragraph.

Please provide a more detail justification for the statement “bearing
some sort of memory on the antecedent conditions” present in last
paragraph of the Conclusions. This statement is done on the basis of the
findings of several previous authors. For instance, Carvalho et al. (2011) indicate
that DC estimated in summer still reflects spring time atmospheric conditions,
justified by the slow reacting character of this indicators, that models variations
on moisture of deep organic soil layers. Other studies conducted in Portugal
show that the DC gives a good indication of wildfire behaviour and propagation
and also of the relative hazardousness of a fire season due to its long-term
response to daily weather variations (Viegas et al., 2004). This is explained in
the text of the revised manuscript.

Questions

1. In the abstract and conclusions you mention that fire frequency
predictions are more suitable for past fire history reconstruction
and pose several advantages over burned area. What are those
advantages? This should be in the manuscript.

Inter-annual correlations between observed and modelled fire occurrence
are much higher than those obtained with burned areas, and therefore fire
occurrence is better modelled from climate data alone than burned area.
In the framework of future climate impact assessment, the projections of
future fire danger scenarios are most often based on the simulation out-
put of GCMs (either downscaled or not) run in transient mode. This im-
plies that model predictions do not have a day-to-day correspondence with
real climate, and their value lies in the ability of the models to represent
the mean state of climate, its variability, trends . . . throughout relatively
large climatological periods. This suggests that the estimation of inter-
annual fire frequencies from simulated model outputs for sufficiently long
time slices (typically 30-year periods) is able to provide a more robust
estimation of future impacts than area burned, the latter often yielding
too inflated, unrealistic future estimations, as shown in several previous
studies (Amatulli et al., 2013; Balshi et al., 2009; Carvalho et al., 2010;
Flannigan et al., 2005). This issue has been explained in more detail in
the text.

2. The definition of phytoclimatic regions was based on Spanish
Meteo Agency data and not in ERA-INTERIM. Did you make
any comparison between both meteorological datasets? If they
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have significant discrepancies what do you think will be the im-
pact on your results and major findings?

Yes, this issue is specifically addressed in a previous comparative study by
the authors (Bedia et al., 2012). According to our results, data derived
from reanalysis in general, and from ERA-Interim in particular, tend to
underestimate the magnitude of the index (i.e., yields a negative bias) with
regard to the observations. However, this effect is not by itself deleterious
for the models. Nevertheless, other problems arise from the fact that
ERA-Interim data have a relatively coarse horizontal resolution, and they
present some deficiencies in the representation of the tail of the distribution
(we analysed the 90th percentile in particular), and therefore it is not able
to capture all extreme events. This effect was shown to be of different
magnitude depending on the location. Reanalysis data are likely to provide
a less accurate representation of the observed climate in coastal locations
and zones with complex topography, like northern Spain.

However, given the coarse scale at which the phytoclimatic regions are
delineated in the map by Allué (1:1.000.000), we believe that the mismatch
between reanalysis data and phytoclimatic regions has a negligible effect
on the models.

3. Why do you think that in most phytoclimatic regions, the time
series of fire frequency and burnt area follow so closely? Some
works have shown that, for instance in agricultural regions, the
fire frequency can be high but with very low burnt area.

We guess that this comment refers to data displayed in Fig. 2 of the
manuscript. In this case, please note that we are not displaying time
series, but time-averaged data. The close relationship depicted is partly
due to the aggregation of the data in time (period 1990-2008), and space
(gridboxes from each phytoclimatic zone have been averaged). Variability
is larger when considering disaggregated data, for instance single pixels or
monthly time series. In Table 1 we show the low cross-correlation values
between burned areas and number of fires when considering the monthly
time series for the period 1990-2008 (N = 228 months), as opposite to the
close correspondence found when considering the monthly-averaged data
for the whole period (N = 12 months, as depicted in Fig. 2).

2-3 4 5 6 7-8 9 10-11-12 13-14-15
(i) monthly 0.12 0.11 0.21 0.10 0.21 0.07 0.19 0.10

(ii) aggregated 0.59 0.66 0.66 0.41 0.78 0.46 0.45 0.55

Table 1: R-squared values of the monthly time series of burned area vs. number
of fires at each phytoclimatic region (i), and considering the data aggregated for the
whole 19-year period (ii) (as in Fig 2 of the manuscript.)

As the referee points out, the relationship is not that close actually when
considering the time series instead of the aggregated means. This is be-
cause usually, many small fires occur throughout the year with little influ-
ence on the total burned area records, whereas a few large fires contribute
most to this value.
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4. Did you try to make any temporal aggregation of fire frequency
data? Weekly, biweekly or monthly, for instance. Predicting
daily fire frequency is challenging, do you think that, both in
terms of research and fire management applications, a larger
time step would be as useful (or even more) and that results
would be better? If not, please justify.

We fully agree with the referee in his/her appreciation on the challenging
nature of modelling daily data, and also in the likely improvement of the
results with the temporal aggregation of data. The reduction in variability
derived from temporal aggregation would surely help to improve model
fits (see e.g. Bedia et al., 2013, using annual time aggregation for FWI
validation purposes). However, the main value of using daily data lies in
the greater advantages that it provides from an operational point of view,
as we have indicated previously. This aspect of our study is emphasized
in the new version of the manuscript.

5. In section 2.6.1, for grid-box model training you sampled fire ab-
sences based on information from the entire phytoclimatic zone.
Why? Moreover, don’t you think that this procedure is bringing
the grid-box and areal approaches closer together? As I men-
tioned previously, I think that difference between both is one of
the most important results of this work.

The gridbox approach does not mean that models are independently devel-
oped for each gridbox, otherwise it wouldn’t be necessary to use the phyto-
climatic regions in order to stratify the territory, as fuel-climate relation-
ships would be particular for each gridbox. We assume that within each
phytoclimatic region, the sampling space is homogeneous in this sense.

Because the phytoclimatic zone is homogeneous, the idea of the grid-
box experiment is to consider individual gridboxes to determine fire ab-
sence/occurrence, but always within the region of interest. In contrast,
in the case of the areal models, the fire occurrence/absence is considered
globally at the phytoclimatic zone (i.e. considering whether fire occurs at
any of the gridboxes within the area or not).

Please note that Fig. 3 has now been moved to the supplementary ma-
terial. In this figure, gridbox homogeneity is illustrated. We have also
included here further comments to better clarify the methodology for data
analysis.

6. The way you performed the fire occurrence model training in-
volved bootstrap techniques (page 6,sec 2.6.1)?

The procedure for sampling no-fire days is just a simple random resampling
of the non-fire series with the same sample size as the fire occurrences (in
order to have balanced datasets). This procedure is repeated 100 times in
order to estimate the sensitivity of the results to the resampling procedure.
Note that no replacement is followed in this process and, therefore, the
method cannot be considered a bootstrap approach.

7. Can you provide a more detailed information of the main causes
behind the bimodality in region 10-15? How well does your
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model fit to the annual cycle in these regions? (see the residuals
analysis suggestion above and I suggest reading Le Page et al.
2010).

With the inclusion of the new socio-economic/LULC variables we can
now attribute much of the bimodal behaviour to anthropogenic factors,
provided the importance attained by socioeconomic and LULC covariates
in the models for this phytoclimatic zone (actually the greatest of all
zones).

8. What about region 9, don’t you think this exhibits some sort of
bimodality also?

Yes, it also exhibits some bimodality. This has been indicated in the text.

9. Monthly-varying threshold – So is this monthly or seasonal? In
page 9 sec 3.2 you mention seasonal. From what I understand
this is done at a monthly basis without “looking” to the other
months, i.e. you don’t do a “moving temporal window” ap-
proach, so if I understood correctly, the term “seasonal” cannot
be used or should be used in another way.

Yes, the referee is right in his/her interpretation. We mentioned seasonal
by error, we meant monthly. The text of the revised version has been
changed accordingly.

10. I think that it was expected that areal approach would provide
better results than the grid-box approach. For management pur-
poses working with broad and large phytoclimatic regions can
be a limiting factor. Do you have any suggestion on how to “de-
compose” or “break” this broad regions into smaller contiguous
areas that would enhance the usefulness of your work for fire
management purposes?

One possibility is using political/administrative units (e.g. Spanish Provinces,
NUTS2), or even smaller administrative units (NUTS3) provided a cli-
matic information source of and adequate resolution (ERA-Interim data
is too coarse for such an approach). This approach would be not as ad-
equate in order to obtain homogeneous areas in terms of fuel/climate
relationships, but on the other hand it would allow to ensure a better
homogeneity in terms of fire alert and suppression means, whose action is
strongly determined by administrative boundaries.

11. In section 3.2, how did the sample size (N) vary with the burnt
area threshold? Could the results shown in the first paragraph
of this section be significantly affected by the sample size and
condition your findings? I suggest you put the N in tables 3 and
4.

Surely the results are affected by the sample size. In fact, it can be seen
in Table 3 how the variability in the ROC areas consistently increase with
larger area thresholds. Following the suggestion of the referee, we provide
the N in the corresponding table in the revised manuscript, and make a
comment with this regard in the results.
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12. What do you think are the main reasons for the correlation
decrease from smaller to larger area thresholds? It seems that
this result is contradictory with figure 3, please confirm.

The ability of the models to detect large fires decreases since those events
are largely controlled by other variables not taken into account in the
models, related to the physical conditions needed for triggering and con-
trolling the spread of this kind of fires, like the velocity of reaction of
fire suppression means, or the spatial continuity of fuels across landscape
(100 ha are still below the spatial resolution of our analysis). However,
the favourable conditions with high fire danger values are likely to give
raise to numerous small fires that only under particular circumstances can
become large fires. As a result, the predictability of small fires is easier
because it depends on less factors and can be more accurately modelled
with the climate/socio-economic/LULC covariates used in the analysis.

13. In Table 3, the bimodal phytoclimatic areas do not have signif-
icant models’ performance. What do you think are the main
reasons for this, how does this limit your work’s findings and
how can this be overcome in the future? Is the earlier fire peak
captured by your model predictions? (again the residuals sug-
gestion, above).

The reasons behind this fact are the strong anthropogenic influence of fire
regimes in this area of Spain (and specially in the north-western corner), a
phenomenon well described by previous authors (see e.g. Mart́ınez et al.,
2009). We make special reference to this issue in the new revised version
of the manuscript.

14. In conclusions, if the good model performance in terms of RSA
does not directly translate into a good reproducibility of fire
frequencies then what does this say about the capability of RSA
to provide reliable model performance indications? What do you
suggest as alternatives? (I suggest you take a look at the Model
Efficiency Index developed by Nash and Sutcliffe, 1970)

RSA is an adequate metric for model performance assessment. There
are two different issues jointly affecting the reproducibility of inter-annual
fire frequencies: On the one hand, this is affected by model performance
(RSA). Obviously, those models with low RSAs have less ability to ade-
quately reproduce the inter-annual fire frequencies. This can be seen in
the examples of zones attaining low RSA values (e.g. 13-14-15), specially
with the area threshold of 0.1 ha (Table 3). However, it is also important
to take into account the inter-annual variability of fire occurrence, which in
turn is related with the prevalence of the phenomenon. For instance, most
models attain relatively high RSA values for the 100 ha area threshold,
but the inter-annual variability of these large fires is lower, because there
are few fires larger than 100 ha every year (perhaps zero some years at
some regions), and definitely much less than small fires above 0.1 ha. As a
result, the estimated inter-annual frequencies are more drastically affected
by false alarms / false positives in the case of large fires than in the case
of small ones, even though in both cases RSA values are good. In Fig. 4
it can be seen how the best inter-annual correlations correspond to those
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zones where the inter-annual variability is higher. This variability tends
to reduce as the fire area threshold increases, leading to worse results. We
agree with the referee on the relevance of this fact and specifically address
it in the discussion of the new revised version of the manuscript.
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