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Choice of a wildfire risk system for eucalyptus plantations: a case study for
FWI, FMA* and RIF-database

ABSTRACT

With the advent of computation and the progressive advancement of geotechnologies,
the use of mathematical models of wildfire risk became more expressive in quantitative
terms. The existence of a significant and variable number of models of wildfires risk
presents the necessity to select the model that best fits a probable region - which can
be done in two ways: visually or through the confrontation of existing models. In this
sense, the present study aims at selecting the wildfire risk models FWI, FMA* and RIF-
Database for the Eucalyptus plantations. The study area extends from the north-
central coast of the state of Espirito Santo and the south coast of Bahia, Brazil. The
database was comprised the period between January 1st, 2010 to June 30st, 2016,
with 10,447 occurrences. The validation and choice of the results were determined by
the success percentages and the skill score value, for each subzone and risk model.
After, it was performed the parametric analysis of Variance Analysis (ANOVA), if the
F test was significant, the Tukey-Kramer post-hoc test (p<0.05) was used to compare
all the ids with each other. We observed in days with wildfire, a greater sensitivity of
the FMA* model, which presented success percentage values higher than 60% for all
subzones. However, it presented the worst results for the days without wildfire and,
consequently, the worst results for the overall success rate. Additionally, considering
the skill score value, the FWI model presented the best results for subzone 1. The
RIF-Database model presented excellent results, being the model to be used for
subzones 2 and 3.

Keywords: Climate change, geotechnologies, mathematical models.
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1. Introduction

Wildfires are results by the complex interactions between vegetation, climate,
topography and anthropogenic activities over time. However, local climatic conditions
have a direct influence your occurrence and how they spread, given that the intensity
of a fire and the speed with which it advances are directly linked to as relative air
humidity, air temperature and wind speed, since it affects the moisture content of the
fuel, amount of biomass, which is the main controller of the principal fire
characteristics, in addition to the type of vegetation found (Chang et al., 2015).
Therefore, because of its ability to provide quantitative estimates of the possibility of
forest fire occurrence, the hazard indices based on meteorological data, have become
important tools to evaluate the potential risk of regional fires (Holsten et al., 2013).

Actually, with the advent of computation and the progressive advancement of
geotechnologies, the use of mathematical models concerning the risk of occurrence,
danger and the form of propagation of a wildfire became more expressive in
guantitative terms. It is believed that the next step in regression models estimating
forest fire hazard occurs through complex interactions using nonlinear algorithms in
artificial intelligence. However, there are currently several mathematical models that
are used around the world to estimate wildires risk, for example, the indexes that were
used in this article: Forest Weather Index - FWI, Modified Monte Alegre Formula -
FMA* and models developed for specific databases, the RIF-Database.

The FWI system was developed for a standard type of forest fuel from the pine
forests of a region of Canada, but since its creation the system has been used as a
general measure of wildfire hazard throughout Canada (Van Wagner, 1987). The FWI
system is used in different parts of the world, covering different types of ecosystems.
However, its correct application is conditional on the use of a reliable database and a
calibration process (Van Wagner, 1987; Viegas et al., 2004; Carvalho et al., 2008;
Dacamara et al., 2014).

Soares (1972) developed the first fire risk index for brazilian conditions, the
Monte Alegre Formula (Férmula de Monte Alegre - FMA). In a simplistic view, it can
be said that the FMA is a cumulative index that uses as meteorological variables the
relative air humidity and the precipitation. From the understanding of the need to
include some index for the propagation of the fire in the structure of the FMA, Nunes

(2005) added the wind speed, factor of great importance for the prevention and mainly

3
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for wildfires fighting, thus developing the Modified Monte Alegre Formula (Férmula de
Monte Alegre Alterada - FMA®), which was tested and approved for use in the region
of Telémaco Borba, state of Parana, Brazil.

The Universal Forest Fire Risk System (RIF-Database) is based on
meteorological databases and the occurrence of forest fires in eucalyptus plantations,
was obtained through language Transact-SQL. According to Eugenio (2017), the RIF-
Database is a new path for existing fire risk models because it is part of one of the
databases that can be fed over the days, calculating the system, acquiring greater
sensitivity to the area to which it is being applied.

The existence of a significant and variable number of models of wildfires presents
the necessity to select the model that best fits a probable region - which can be done
in two ways: visually or through the confrontation of existing models.

Lawson and Marion (2008) argue that visual choice is very subjective, since there
are several aspects on which the decision can be based, such as: generality,
computational requirements, predictive capacity, among others not counted in
subjective decisions. However, a visual analysis of the models - although subjective -
is supported by Finney (2000) in the comparison of real and simulated perimeters.

Busemeyer and Wang (2000) report that the models originated with the aid of
technology obtained a gain in complexity. As a result, there was a need to create
rigorous methods for comparison. The authors indicate that it is possible - even after
the comparison of models - to obtain a model that is “better than another” because
there is a more flexible function or a greater diversity of parameters, and not because
it is based on better scientific principles.

Viegas et al. (1999) argue that the task of comparing various models of wildfire
risk is very difficult because not only the empirical - and sometimes subjective - nature
of the formulation of wildfire hazard indexes but also the different levels of complexity
of the existing methods with their various input and output parameters are taken into
account.

Haines et al. (1985) analyzed some particular models of the National Fire Danger
Rating System (NFDRS) and affirm that it is necessary to submit the different models
to the same set of meteorological and fire data in order to better evaluate them. Paix&o
(2015) carried out the comparison of four fuel models, through a computer application,
for an area of 29,000 ha in the Serra de Portel, Portugal - such comparison was based
on statistical analysis. Considering what is stated above, the present study aims at

4
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selecting the wildfire risk models FWI, FMA* and RIF-Database for the Eucalyptus
plantations on the north-central coast of the state of Espirito Santo and the south coast

of Bahia, Brazil.

2. Material and methods

2.1 Study area and database

The study area extends from the north-central coast of the state of Espirito Santo
to the south coast of Bahia state, as described by Eugenio (2017) for the delimitation
of the area was used a buffer of 70km from the coast, because, within this buffer are
the region that concentrates the largest number of planted eucalyptus forests and all
meteorological stations of forestry companies. The study area was divided into three
climatic subzones and the occurrences of wildfires and their climatic subzones can be

observed in Figure 1.

2.2 Data processing and statistical analysis
2.2.1 Database preparation and risk calculation

Data on the number of wildfires and meteorological variables were acquired from
Fibria Celulose S.A during the period comprised between January 1st, 2010 to June
30st, 2016. The database has several information about the fires occurring in the
region, such as: geographical location, date of occurrence, burned area, time of
occurrence. An analysis was performed to remove duplicated information within the
database, which was based on the identical geolocation search on the same date of
occurrence, thus, eliminating the flaws. With the adjusted database, the occurrences
of wildfires were plotted in the Geographic Information Systems (GIS) environment by
providing the ArcGIS 10.3 software application.

The study had data from 20 meteorological stations, for each station - regardless
of its geographic location in the study area - the wildfire risk values were calculated
using the following models: FWI, carried out through an Excel® supplement provided
by the Canadian Forest Service! following classes were defined according to

1 Linked to the research conducted by Dr. Beatriz Duguy Pedra for the European project FUME (Forest
fires under climate, social and economic changes in Europe - the Mediterranean and other fire-affected
areas of the world - GA 243888) http: //cordis.europa. | / result / rcn / 90753_en.html
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meteodology proposed by Eugenio (2017); FMA*, carried out through the software
developed by Eugenio (2017), based on the equation conceived by Nunes (2009);
and, RIF-Database, risk calculation performed using the database-base system
prepared by Eugenio (2017). After the calculation, the occurrences were separated

according to the area of coverage of subzones 1, 2 and 3.

2.2.2 Distribution of wildfire risk values for each risk class
The FWI, FMA* and RIF-Database models have different intervals for each risk
class and subzone, as can be seen in Table 1. Therefore, the grouping was done

according to each risk class.

2.2.3 Creation of new spreadsheets according to the occurrence or not of wildfires
According to its class, the separation of the days with and without occurrence of
wildfires was made. Since each station has an area of coverage, consequently, it is

possible to have knowledge of the dates when there was a wildfire within that area.

2.2.4 Analysis of the results of the classes found

After the calculation and determination of the values for each class, the fire risk
behavior was obtained for the different methodologies.

In order to analyze the risk behavior of the RIF-Database, FWI and FMA* models
in the different classes, a cross-reference of the calculated risk and the dates of the
wildfire were performed. It was used the Skill score (SS) and Percentage of Success
(PS) as was used in the works of Sampaio (1999), Nunes (2005), Nunes et al. (2006),
Borges (2011) and Dimitrakoupolos et al. (2011).

This method provided the estimate of the assertiveness of each calculated
risk, since it is based on the ratio of the difference between the correctness of the
prediction and the expected number of hits, as well as the difference between the

number of days observed and the number of days (Table 2).

The equations for performing the calculations were:
N=a+b+c+d 1)
Where: N = total number of observations; a= number of days with occurrences of

expected and observed fires; b= number of days with occurrences of expected fires
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and not observed; ¢= number of days with occurrences of fires not expected and
observed; and d= number of days with occurrences of fires not expected and not

observed.

G,=a+d @)

Where: G, = number of hits in the forecast.

H, =N(1-p)(-a)+Npq ®)

Where: H, = expected number of hits; p= N,/N = number of days with occurrences of
expected and observed fires; §=N,/N = number of days with occurrences of fires
anticipated and not observed; N;= number of days with occurrences of fires planned
and observed more number of days with occurrences of fires not expected and
observed; N,= number of days with occurrences of fires anticipated and observed
more number of days with occurrences of fires anticipated and not observed; N,=
number of days with occurrences of fires expected and not observed plus number of

fires days with occurrences of unexpected and unobserved fires; N, = number of days

with occurrences of fires not expected and observed more number of days with

occurrences of fires not expected and not observed; P= number of days with

occurrences of fires expected and observed more number of occurrences of
unexpected and observed fires occurring, divided by the total number of comments;

and (= number of days with occurrences of expected fires and observed more number

of days with occurrences of expected and unobserved fires, divided by the total

number of observations.

SS:(Ga_Ha)/(N_Ha) (4)

Where: SS= skill score.

PS=(G,/N)L00 )

Where: PS : percentage of success.
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2.2.5 Choose the template

The choice of the model is a crucial step for the correct use of a risk index. The
methods used in the present study consisted in the validation and choice of the results
presented by the success percentages and the skill score value, for each subzone and
risk model. Initially, normalization of success percentage data with and without fires,
general and skill score values, was normalized, with the values ranging from 0 to 100.

After the normalization of the values, the hypothesis test is carried out using the
Shapiro-Wilk test, in order to know if the sample is or is not coming from a normal
distribution. Ho: The sample comes from a normal distribution and, H:: The sample
does not come from a normal distribution.

If the sample comes from a normal distribution, it was performed the parametric
analysis of Variance Analysis (ANOVA), which has as hypothesis the equality between
the means of two or more populations. If the F test was significant, the Tukey-Kramer
post-hoc test (p<0.05) was used to compare all the ids with each other. Given that, the
highest average value will be the model chosen.

On the other hand, if the sample did not come from a normal distribution, the
Kruskall-Wallis non-parametric analysis of variance was used, and the null hypothesis
is the equality between the models in each subzone, at the level of significance equal
to 0.05 and confidence interval equal to 95%.

This methodology aims at solving a difficult situation experienced in the areas of
forests planted in the central-north coast of Espirito Santo and the south coast of
Babhia, since in this region there are about 92% of the days without the occurrence of
wildfires and only 8% days with wildfires. Added to this factor, we have that the area
has a history of criminal fires, thus reducing the relationship between the variables and
their response in the model. All five steps necessary to carry out the present
methodology are represented in Figure 2.

3. Results and discussion

The results found for the success percentage of the days with and without fire,
general and skill score tests are presented in Table 3.

For the days with wildfire, it was observed a greater sensitivity of the FMA*
model, which presented success percentage values higher than 60% for all subzones.
However, it presented the worst results for the days without wildfire and, consequently,

the worst results for the overall success rate.
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Regarding the percentage of general success obtained for the FMA* in both
subzones, the results found in the present study are (in an average) very close to
those found by Nunes (2005), Nunes et al. (2006) and Nunes et al. (2010), which
obtained a value of 55.64%. However, for the skill score test it was found lower values
than those found by the same authors, who obtained a value of 0.11165 for the test.

It is noted the greater accuracy of the FMA* model for both subzones, as
discussed previously. It is also worth noting that for subzone 3 there is a reversal of
the percentage of correctness between the FWI and RIF-Database models, with the
RIF-Database exceeding the FWI in this subzone with 5.50% more, however, it is still
a low hit, being it of 40.66%.

In relation to the success rate of the days without wildfire, there is a reversal in
the role of the models, and the RIF-Database model presents the highest sensitivity
for the accuracy of days without wildfire.

For the days in which did not occur wildfires, the RIF-Database model presented
success percentage values above 80% for all subzones and, consequently, the best
results for the percentage of general success with an average close to 80%. It is also
worth noting the values obtained by the FWI model for the days without wildfire, which
has an average over 70%.

The result of the overall success percentage of the days with and without wildfire
is consistent with what was expected, since the greatest hit of the days without wildfire
is directly correlated with the greater overall score, since there is no homogeneous
distribution between days with and without wildfire in the study area.

For all subzones the RIF-Database model was the best, overcoming all fire risk
studies in Brazil. It is expected that a fire risk model that was based and fed by data
from the study area would obtain the best results, however, it is also worth noting the
average of 70% for the FWI model, which can be considered excellent because it
surpasses several studies carried out in the country.

The RIF-Database and FWI models obtained results above those found by
Souza (2014), 63.53%; Rodriguez et al. (2012), 57.10%; and Borges et al. (2011), who
found success percentage values ranging from 51.54 to 56.47%.

White et al. (2013) and White et al. (2015) obtained as result the percentage of

success of FMA* in areas with eucalyptus plantations in the north coast of Bahia,
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286 values of 38.64% and 36%, respectively - values that are much lower than those found
287 in the present study.

288 White (2010) obtained a percentage of success of 73% when analyzed the FMA
289 * and the hot spots for the state of Sergipe - values similar to the one found for the
290 FWI model in the present study and below those found by the RIF-Database model.
291 In relation to the overall success percentage for the FWI model, the values found
292 in the present study are higher than those found in Sampaio (1999), which obtained a
293 value of 52.81% for the region of Agudos, Sdo Paulo. Viegas et al. (s.d. apud
294  SAMPAIO, 1999) found success percentage values for southern European regions
295 corresponding to 75.5% for FWI, a value close to that found for the present study
296 region.

297 The average found by the skill score test for the subzones was 0.1217 for the
298 FWI model, 0.0777 for the FMA* and 0.2312 for the RIF-Database model. White et al.
299 (2013), when evaluating FMA™ in areas of eucalyptus plantations on the northern coast
300 of Bahia from 01/01/2002 to 31/12/2009, found a skill score equal to 0.059; and White
301 et al. (2015), for the period that ranged from 01/01/2002 to 31/12/2012, found a skill
302 score equal to 0.05 (Figure 3). Rodriguez et al. (2012) evaluated the performance of
303 wildfire risk indexes for the areas of the Macujire forest company, in Cuba, during the
304  period that ranged from January 2006 to December 2011 and obtained for FMA™ in
305 the skill score test the value of 0.0737. Both studies obtained averages lower than
306 those found in the present study.

307 White (2010) provided the FMA* to calculate the risk of wildfires between
308 06/06/2008 and 11/08/2009 - the author describes in his study that for the wildfires
309 that occurred in the Serra de Itabaiana National Park, Sergipe, Brazil, it was obtained
310 a skill score equal to 0.023 (a lower value when compared to the one found in the
311 present study); on the other hand, for the state of Sergipe and when analyzing the
312 hotspots, the author found a value of 0.36 (value higher than that found in the present
313  study).

314 Sampaio (1999), in his study for the region of Agudos, state of Sdo Paulo, made
315 a comparison between different wildfire risk indexes, among them the FWI. The data
316 used by the author comprised the period between 1984 and 1995 and obtained as a

317 response of the best index - after adjustments - the FWI, which presented in the skill

10
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318  score test the value of 0.1363; a value similar to the average of the FWI model found
319 in the subzones of the present study.

320 White et al. (2013) carried out in their work a comparison between different
321 wildfire risk indexes in the period of time comprised between the years of 2002 and
322  2009. The authors used the database of wildfires in eucalyptus plantations in the north
323  coast of Bahia, Brazil, and obtained for the FWI a value of 0.053 for the skill score test,
324 which is much lower when compared to the results obtained in the present study.
325 Borges et al. (2011) carried out a study to verify the performance of some fire
326 riskindexes in eucalyptus plantations in the North of Espirito Santo from 2003 to 2004.
327  The authors found skill score values ranging from 0.1626 to 0.2055; values higher than
328 those found in the present study for the FWI and FMA* models, however, below the
329 RIF-Database.

330 In work developed for southern European regions, Viegas et al. (apud SAMPAIO,
331 1999) found skill scores for the region of the province of the De-Haut Alps
332 corresponding to 0.28 for the FWI, a value above that found in the present study.

333 The choice of the model for each subzone was based on a statistical test. Initially,
334 it was performed a standardization of the success percentage data with and without
335 fire, and also general and skill score values, being standardized to a scale ranging
336 from 0 to 100. After standardization of the values, the hypothesis test was performed
337 using the Shapiro-Wilk test, as can be seen in Table 4.

338 As can be observed, the ids presented values higher than 0.05, therefore, the
339 null hypothesis is accepted, so the sample comes from a normal distribution. The
340 parametric analysis of the Analysis of Variance (ANOVA) was performed, which has
341 as hypothesis the equality between the means of two or more populations - in the
342 present case, the equality between the normalized values for each id. As the F test
343 was significant, the Tukey-Kramer post-hoc test was used to compare all the ids to
344  each other.

345 The Tukey-Kramer test was performed at the significance level of 0.05 and its
346  95% confidence interval, and for both subzones the null hypothesis was not rejected,
347 that is, the distribution of normalized values is the same between the different
348 identifiers, for each subzone. Therefore, the choice of the best wildfire risk model for

349 each subzone was based on the highest average found.

11
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350 As can be seen in Table 6, the highest average value for subzone 1 was the FWI
351 system with an average value of 35.11; for subzone 2 and 3, the RIF-Database system
352 was the chosen one, presenting an average value of 39.32 and 31.91, respectively.
353 It was expected that the RIF-Database model would present the best results and
354  would be the model chosen for all the subzones since it was developed with daily
355 meteorological data of the study area, however, for the subzone 1 the FWI model
356 surpassed it. This fact is presented as a sign that the FWI model is rather a very
357 efficient model for predicting wildfires in the study area.

358 Thus, the importance of the present study is emphasized, considering the risk of
359 wildfires in Brazil, since it is still possible to improve the FWI system with the calibration
360 of its parameters. Therefore, it is believed that with studies aimed at calibrating the
361 FWI system together with the class identification methodology of the present study,
362 the overall accuracy of the index may be even higher in relation to the other
363 methodologies of fire risks adopted in Brazil.

364

365 4. Conclusions

366 The use of different data to choose the model was of fundamental importance.
367 The FWI model presented the best results for subzone 1. The RIF-Database model
368 presented excellent results, being the model to be used for subzones 2 and 3. The
369 FWI model is seen as the most successful model for the study area, since it found
370 higher values for a subzone when compared to the model developed through the
371 database of the study area, however, a study will be needed in order to calibrate its
372  parameters.

373
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483  Figure 1 Study area and its climatic delimitations for wildfires.
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487  Figure 2 Flowchart of the steps required to carry out the methodology.
Wi
Low Wedium _High Very high Extrem

0-8 81-11 11,1-15 151-25 >25

2 0-9 91-14 141-18 18,1-27 >27
3 0-9 91-14 141-19 19,1-30 >30

-

FMA’
Low Medium High _ Very high Extrem
*-‘_> 1 0-10 10,1-17 17,1-25 251-56 >56
2 0-14 14,1-23 231-35 351-78 >78
3 0-14 14,1-23 231-35 351-63 >63

RIF-Database

Low _ Medium Extrem
1 0-44 441-55 551-64 64,1-81 >81
2 0-47 471-57 57,1-65 651-84 >84
3 0-43 431-53 53,1-62 62,1-81 >81
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Figure 3 Results obtained by the skill score tests for the class values of the FWI, FMA *and RIF-Database models
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493  Table 1 Limit values of the classes of wildfire risk classes FWI, FMA *and RIF-Database.

classes of wildfire risk

model subzones low medium high very high extrem
1 0-8 81-11 11.1-15 15.1-25 >25
FWI 2 0-9 9.1-14 141 -18 18.1 - 27 >27
3 0-9 9.1-14 141 -19 19.1-30 >30
1 0-10 10.1-17 17.1-25 25.1 -56 >56
FMA+ 2 0-14 14.1-23 23.1-35 35.1-78 >78
3 0-14 14.1-23 23.1-35 35.1 -63 >63
RIE- 1 0-44 441 -55 55.1-64 64.1 -81 >81
Database 2 0-47 47.1 -57 57.1-65 65.1 — 84 >84
3 0-43 43.1 -53 53.1 -62 62.1 —81 >81

494  Table 2 Difference between the number of days observed and the number of days

wildfires
expected total
event observed not observed xP
Contingency table.
o expected a b N2=a+b
wildfire not expected c d Na=c+d
total observed Ni=a+c N3=b+d N = a+b+c+d
Calculations of the contingency table.
expected al (a+c) b/ (b+d) 1
wildfire
not expected c/ (a+c) d/ (b+d) 1
total observed 1 1

495  Source: Sampaio (1999), adapted by the author.

496 Table 3 Results obtained by the percentage success for the class values of the FWI, FMA *and RIF-Database

497  models
model subzone — percentage of Sl_JceSS (%) Skill Score
with fire without fire general
1 59,71 74,38 72,17 0,2386
FWI 2 57,22 71,14 69,13 0,1901
3 54,51 75,49 73,74 0,1398
1 62,80 68,24 67,10 0,1758
FMA+ 2 61,75 61,70 61,58 0,1350
3 59,13 69,55 68,84 0,1224
RIF 1 55,95 81,87 76,60 0,3545
Database 2 56,28 75,01 72,98 0,1868
3 56,94 68,99 67,14 0,1993
498
499  Table 4 Results found with the Shapiro-Wilk test for the different ids.
Model Subzone Shapiro-Wilk  Tukey-Kramer
1 0.028 36.00
FwiI 2 0.051 32.78
3 0.101 31.21
1 0.004 35.74
FMA* 2 0.015 31.72
3 0.227 32.54
1 0.118 38.13
RIF-Database 2 0.006 31.34
3 0.784 30.52
500
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