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A Forest Fire Danger Index is a valuable tool in forest fire prevention and firefight because it grades fire occurrence possibility on a
daily basis. Six Fire Danger Indexes were tested for accuracy based on forest fire occurrence in eucalyptus plantations of the north
coast of Bahia, Brazil.They are Angstron, Nesterov, Telicyn Logarithmic Index,Monte Alegre, Rodŕıguez andMoretti, andModified
Monte Alegre. The results were analyzed using two parameters of the Heidke Skill Score test: Skill Score index and Percentage of
Success. The Telicyn Logarithmic Index proved to be the most accurate for the study area.

1. Introduction

Every year, forest fires are responsible for economic impact
and local biodiversity loss in almost every country in the
world [1]. In Brazil from 1998 to 2002, 85 thousand hectares
burned, including 13.5 thousand hectares of eucalyptus [2].
Also in Brazil, between the periods of 1983–1987, 1994–1997,
forest fires destroyed areas of 134 thousand and 265 thousand
hectares, respectively. And in 1963, in the Brazilian state of
Paraná, one of the worst fires occurred, devastated 2 million
hectares and killed 110 people [3, 4].

Fires break dynamic equilibrium in a forest and cause
increasing susceptibility to erosion, mudslides, and pests
(particularly ants and termites). They damage infrastructure,
melting electrical and communication wires, block roads
with burning debris, and pollute the atmosphere with CO

2
.

Wildlife, livestock, pets, and humans in the area suffer
respiratory complications, burns, and death [5–12].

Therefore, the need for more effective fire prevention is
obviously urgent, particularly in regions more susceptible,
due to the type of vegetation, climatic conditions [13, 14],

and the amount of human disturbance [15], and even more
so in those regions that represent conservation or economic
interest [16].

With this goal in mind, in the middle of the 20th century,
Angstron and Nesterov developed Fire Danger Indexes that
predict an area’s fire susceptibility based on weather condi-
tions. The success of these tools has inspired many others to
try to develop more accurate indexes for their own regions.
The indexes are so important because they help determine the
best time to intensify preventivemeasures, such as employing
more park rangers; raising public awareness; organizing and
training volunteers; increasing forest surveillance; construct-
ing firebreaks; and choosing the best days to safely reduce the
fuel loads with controlled burnings [17, 18].

Unfortunately, in Brazil, there are a few national pre-
ventive educational campaigns against forest fire. Also, there
is no Forest Fire Danger Index that is especially calibrated
for the entire country, as can be found in other countries
such as Portugal, Spain, Australia, Canada, and the USA [19–
23]. Regionally though, the Monte Alegre Index (FMA) and
the Modified Monte Alegre Index (FMA+) were developed
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Figure 1: Focused area including the eucalypt plantations of the Bahia Specialty Cellulose company.

especially for the south and southwest regions of the country
and presented good results [24, 25]. However, few studies
have been directed to the northeast region (e.g., [13, 26–28]),
where this study is based.

So, aiming at helping diminish losses caused by fire in
eucalyptus plantations at the study site, this work evaluated
the forecast efficiency of the six most used Fire Danger
Indexes in Brazil: Telicyn Logarithmic; Angstron; Nesterov;
Rodŕıguez and Moretti; FMA; and FMA+ [26, 27, 29–32].
Although there exist other Fire Danger Indexes commonly
used in other countries, such as the Canadian Fire Weather
Index (FWI) [20, 21] and theNational FireDangerRating Sys-
tem (NFDRS) [19], both were not tested due to unavailability
of climate data for the study area to assess them.

2. Material and Methods

2.1. The Study Area. The study area is located on the north
coast of Bahia between latitudes 11∘31S and 11∘58S and lon-
gitudes 38∘11W and 38∘38W. The plantations belong to the
Bahia Specialty Cellulose company, which has approximately
100,000 ha planted with hybrid eucalyptus resulting from
the cross Eucalyptus grandis (Hill ex. Maiden) × Eucalyptus
urophylla (S. T. Blake) for cellulose production (Figure 1).

The meteorological station used in this work is placed
at an altitude of 233m, latitude 11∘5042S, and longitude
38∘2202W, in the municipality of Inhambupe, Bahia. The
climate of the town is semiarid with an average annual
temperature of 24∘C, total rainfall of around 900mmper year,

and the rainy season from April to July [33]. The Atlantic
Forest and Caatinga biomes are present in the region, and
besides the plantation of eucalyptus, there are other minor
forms of agricultural and some livestock is raised [34–36].

2.2. Data Processing. Therelationship between the Forest Fire
Danger Indexes and forest fire occurrence, obtained from
the Bahia Specialty Cellulose company, was analyzed using
daily meteorological data for 1 January 2002 to 31 December
2012, comprising a total of 4018 days (11 years) and forest
fire occurrence data of the same period. Fire occurrence
data were categorized in binary form, where the value “1”
represents days with fire and “0” represents days without fire.
Analysis of variance statistical analysis (ANOVA) was used
to verify significant difference between the fire occurrence
among the months and years.

The variables, air temperature at 1 pm and 3 pm, relative
humidity at 1 pm and 3 pm, deficit saturation of the air, dew
temperature, daily average wind speed, daily rainfall, and the
number of consecutive days without rain, were quantified
and applied in the following Forest Fire Danger Indexes:
Angstron [37], Nesterov [38], Telicyn Logarithmic [39], FMA
[24], Rodŕıguez and Moretti [40], and FMA+ [25].

To evaluate these six Fire Danger Indexes, the Heidke
Skill Score (HSS) was used [41] (Table 1). The HSS measures
the fractional improvement of the forecast over the standard
forecast.The parameters fromHSS that were chosen were the
Skill Score (SS) and the Percentage of Success (PS), according
to Sampaio [30], Nunes [25], and White [26] (1). The HSS
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Figure 2:Monthly variation of forest fire risk according to the Telicyn Logarithmic Index and forest fires occurrences registered on eucalyptus
plantation of Bahia Specialty Cellulose.

Table 1: Heidke Skill Score input table.

Event forecast Event observed
Yes No Marginal total

Yes 𝑎 𝑏 𝑎 + 𝑏

No 𝑐 𝑑 𝑐 + 𝑑

Marginal total 𝑎 + 𝑐 𝑏 + 𝑑 𝑎 + 𝑏 + 𝑐 + 𝑑 = 𝑛

methodology has been utilized and trusted by many authors
(e.g., [3, 25, 26, 30, 31, 36, 42, 43]):

SS = 2× (𝑎 × 𝑑) − (𝑏 × 𝑐)

[(𝑎 + 𝑐) × (𝑐 + 𝑑) × (𝑎 + 𝑏) × (𝑏 + 𝑑)]

,

PS = (𝑎 + 𝑑)

(𝑎 + 𝑏 + 𝑐 + 𝑑)

.

(1)

3. Results

3.1. Fire Occurrence Distribution. Of the 4018 days analyzed,
351 days (8.74%) had forest fire occurrence in the study area.
The year of 2010 had the most fires, 49, while 2008 had the
least, 14. However, according to ANOVA test, the difference
between those years was not significant (𝐹 = 0.86; 𝑝 = 0.57).
But when verifying months instead of the years, there was
observed a significant difference among them (𝐹 = 3.67,
𝑝 = 0.16 ∗ 10

−3).
It was possible to separate the months in two distinct

groups according to the forest fire occurrence: the group
with higher fire occurrence, October, November, December,
January, February, and March (𝐹 = 0.83; 𝑝 = 0.54), and the
groupwith low fire occurrence, April,May, June, July, August,
and September (𝐹 = 0.71; 𝑝 = 0.61) (Table 2).

3.2. Fire Danger Indexes Analysis. Applying the HSS to gauge
the Fire Danger Indexes, it was determined that Telicyn Log-
arithmic Index is the best model to forecast fire occurrence
in the study area, followed by the Angstron, FMA+, Nesterov,
FMA, and Rodŕıguez and Moretti, respectively (Table 3).

According to the Telicyn Logarithmic daily-risk fore-
cast, October, November, December, January, February, and
March form the semester that presents the highest risk of

fire occurrence, which is in accordance with the daily fire
occurrence observation (Figure 2).

4. Discussion

Due to the size and diversity of climes in Brazil, several
studies obtained different results when applying the Forest
Fire Danger Indexes across the country; for example, Soares
[29], Zaicovski et al. [44], and Deppe et al. [45] describe
the FMA as the most appropriate model to forecast fire
occurrence for the South region of Brazil, whose months of
May, June, July, and August are those with most forest fire
occurrence.

Borges et al. [31] determined that the FMA+ was the best
index for the state of Espı́rito Santo, in Southeastern Brazil.
Other studies in the Southeastern region, in the state ofMinas
Gerais, indicate the months June to October to be with most
forest fire occurrence [42, 46] and May to September in Rio
de Janeiro [47].

Narciso et al. [32] determined that the Nesterov Index is
the most adequate for Mato Grosso do Sul, in the Midwest of
Brazil, which presents June, July, August, and September as
the months with most forest fire occurrence [48].

According to White and Ribeiro [27], the Angstron
model functions best for Sergipe, in the Brazilian Northeast
region, with December to February as the months with
most forest fire occurrence. For the same geographic region
(Northeast), but around 700 km up to North, Santana et al.
[49] determined, for the state of RioGrande doNorte, that the
months August, September, October, and November present
more forest fire occurrence.

These observations emphasize the climatic differences
throughout Brazil and confirm what Bugalho and Pessanha
[50] and Borges et al. [31] concluded: depending on the
patterns of climatic variables in a study area, one Forest Fire
Danger Index may predict better than another.

Besides assessing current available Fire Danger Index,
new models can be created. White et al. [51], for example,
developed a new index, the White model, due to the low
accuracy of the existing models for the study area.

By determining or creating the best Forest Fire Danger
Index for each region, better capitalization on the financial
investments can be made in forest protection.
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Table 2: Amount of fire occurrence per year and month on eucalyptus plantation of the Bahia Specialty Cellulose company.

Month 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total
Jan∗ 0 14 0 8 4 5 10 5 5 3 4 58
Feb∗ 0 9 1 7 10 4 3 11 0 3 7 55
Mar∗ 1 3 0 4 0 0 1 10 3 4 4 30
Apr‘ 1 4 1 0 1 2 0 3 4 5 2 23
May‘ 0 0 0 0 1 0 0 0 3 3 4 11
Jun‘ 0 0 0 0 0 0 0 0 3 2 5 10
Jul‘ 0 0 0 0 0 2 0 0 5 0 6 13
Aug‘ 0 0 0 0 1 1 0 0 4 2 4 12
Sept‘ 1 2 0 2 0 0 0 0 1 4 2 12
Oct∗ 9 1 4 2 2 2 0 0 9 4 4 37
Nov∗ 7 0 7 9 0 8 0 0 4 1 3 39
Dec∗ 10 2 11 4 1 10 0 0 8 4 1 51
Total 29 35 24 36 20 34 14 29 49 35 46 351
Note: ∗Months with high fire occurrence.
‘Months with low fire occurrence.

Table 3: Values of the Skill Score and Percentage of Success for the
Fire Danger Indexes evaluated in the study area.

Indexes SS PS
Telicyn Logarithmic Index 0.10 0.59
Angstron 0.08 0.47
FMA+ 0.05 0.36
Nesterov 0.03 0.23
FMA 0.02 0.20
Rodŕıguez and Moretti 0.01 0.15

5. Conclusion

Based on the results from this study, the Telicyn Logarith-
mic Index performed better for predicting daily forest fire
occurrence in the study area. Also, it is possible to affirmwith
statistical significance that October to March are the months
with higher forest fire occurrence.

Even though this study defined the best Forest Fire
Danger Index for the study area, all the indexes tested
presented poor result with a Skill Score ≤0.1. This outcome
supports the need for new studies using other indexes, such
as the FWI or the NFDRS, or a development of a new Forest
Fire Danger Index for the study area.
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vol. 3, no. 3, pp. 19–40, 1972.

[38] V. G. Nesterov, Combustibility of the Forest and Methods for
Its Determination, USSR State Industry Press, Moscow, Russia,
1949, (Russian).

[39] G. P. Telicyn, “Logarithmic index of fire weather danger for
forests,” Lesnoe Khozyaistvo, vol. 11, no. 1, pp. 1–58, 1970.
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