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Resumo

Desempenho e ajuste do indice de perigo de incéndio florestal FMA+ para Reserva Natural Serra do
Tombador, Goids, Brasil. O objetivo deste trabalho foi verificar o desempenho e ajuste da FMA+ para regido
da Reserva Natural Serra do Tombador, Cavalcante — GO. O presente trabalho foi composto a partir de dados
meteoroldgicos e de focos de calor, para o periodo de 2016 a 2020, para area de influéncia de 50 km da estacdo
meteoroldgica presente na reserva. O desempenho do indice foi calculado por meio de skill score e porcentagem
de sucesso, enquanto o ajuste foi realizado através da modificagdo da amplitude das classes de perigo de
incéndios da FMA+, onde: a) a distribuicdo do nimero de dias por cada classe apresentasse comportamento
decrescente; e b) a quantidade de dias com foco de calor por classe de perigo apresentasse comportamento
crescente. A FMA+ apresentou skill score de 0,5 e porcentagem de sucesso 75%, entretanto foi necessario o
reajuste das classes para cumprimento das premissas mencionadas. Os resultados indicaram que a FMA+
ajustada apresentou aptiddo para uso na regido de estudo.

Palavras-chave: monitoramento florestal; unidade de conservagao; Cerrado.

Abstract

The aim of this work was to evaluate the performance of the FMA+ fire index for the Serra do Tombador
Natural Reserve region in Cavalcante, Goias. The dataset was composed of records provided by the reserve’s
meteorological station and hotspot detection by satellites. The period analyzed was from 2016 to 2020. The
index was fitted by modifying the limits of the fire hazard classes of the FMA+, where: a) the distribution of
the number of days in each class presented decreasing behavior; and b) the number of days with hotspots by
hazard class presented increasing behavior. The performance was evaluated through the skill score and accuracy
methods. The FMA+ index received a skill score of 0.5 and accuracy of 75%, but it was necessary to adjust the
classes to reach those levels. The results indicated that the adjusted FMA + index was suitable for use in the
study region.

Keywords: RPPN; protected area; Cerrado.

INTRODUCTION

The impacts caused by forest fires are many, such as loss of biodiversity, decrease in vegetation cover,
change in the chemical and physical characteristics of soil and water, and reduction of food sources and shelter for
fauna (GUIMARAES, 2014). In Brazil, due to the increase in the incidence of forest fires, there is strong concern
to establish Conservation Units (UCs), which are protected areas for preservation, due to the non-conformity of
fire events and the resilience of the affected areas, which cause degradation of the landscape (ADAMEK et al.,
2015). In these places, the action and effects of fire must be carefully evaluated to adjust guidelines that ensure the
best way to restore the modified areas (TEBALDI et al., 2013).

A method that helps to prevent and fight forest fires is the use of fire hazard indices, which enable applying
prior measures on technical and economic bases (MBANZE et al., 2017). These indices are used to understand the
danger, regulate the use of forests, and apply operations that involve the use of fire, in addition to formulating
prevention and protection plans (TEBALDI et al., 2013). Fire hazard indices are defined from the atmospheric
conjuncture of a day, or a sequence of days, that makes it possible for a fire to occur in each location (SOARES;
BATISTA; TETTO, 2017).

One of the main fire hazard indices in Brazil is the Monte Alegre Formula (FMA). According to Mbanze
etal. (2017), even though it is generally used in Brazil’s southern region, where it was developed, it has performed
well in other regions with adaptation of the hazard scale. To improve evaluation of the propagation of fire, another
index was created from the FMA, the FMA+ (Altered Monte Alegre Formula) (NUNES; SOARES; BATISTA,
2006), which contains the wind speed in its structure, to improve prediction and combating of fires through
evaluation of their spread.
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The Cerrado (savanna) biome is naturally prone to fires, and its biodiversity is under increasing threat. In
2020, fires in the UCs in these biome areas represented about 26.9% of the total fires in Brazil (INPE, 2020).
Consecutive fire has been triggering the fragmentation of the landscape, so the use of practices that can promote
the prevention and combat of forest fires in the Cerrado are increasingly significant for the survival of local UCs.
The objective of this work was to verify the performance of FMA+ for the Serra do Tombador Natural Reserve.

MATERIALS AND METHODS

Study area

The Serra do Tombador Natural Reserve (RNST) is a Private Natural Heritage Reserve (RPPN) in the
category of sustainable use, according to the National System of Conservation Units (BRASIL, 2000). Maintained
by the Boticario Group Foundation (Fundacéo Boticario de Protecdo a Natureza), the RPPN was created by
Decree 26 of May 8, 2009 (BRASIL, 2009), with a total area of 8,730.46 ha, located in the municipality of
Cavalcante, Goias state (Figure 1). According to the Ministry of Environment (MMA, 2018), the RNST is in a
very high priority region for biodiversity conservation.
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Figure 1. Location of the Serra do Tombador Natural Reserve (RNST) - GO and area of influence of the
meteorological station.

Figura 1. Localizagdo da Reserva Natural Serra do Tombador (RNST) — GO e area de influéncia da estagdo
meteorolégica.

The region's climate, according to the Képpen-Geiger classification, is Aw (tropical savanna, with a dry
winter season). Rainfall varies annually from 1500 to 1750 mm, with the rainy season occurring between
November and March and the dry period extending from June to August. The other months are considered
transitional (FUNDAGCAO GRUPO BOTICARIO, 2011).

The RNST is located in an area of classic Cerrado vegetation, in its distinct formations, which are strongly
influenced by altitude, associated with edaphic aspects and the different levels of water availability. These factors
contribute to high physiognomic diversity, consisting of a mosaic of natural landscapes, where it is possible to find
forest, savanna and grassland formations, as well as ecotones. The landscape around the reserve consists of
grassland, savanna and forest formations. Until 2007, the property was used for cattle grazing, and since then the
native vegetation has been regenerating (FUNDACAO GRUPO BOTICARIO, 2011).
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Obtaining meteorological data

To calculate the fire danger index FMA+, the meteorological variables relative humidity (%),
precipitation (mm) and wind speed (m.s) were obtained for the period from 2016 to 2020. The data came from
the weather station located within the boundaries of the RNST, under the responsibility of the Boticario Group
Foundation.

Obtaining the hotspot data

To evaluate the performance and adjustment of the FMA+, an area of influence of 50 km from the RNST
weather station was considered, aiming for a spatial coverage of local-scale data, as mentioned by Siqueira et al.
(2018), based on the recommendations of the World Meteorological Organization (WMO), which according to
which synoptic observations (weather forecasts) should normally be representative of a region of up to 100 km
surrounding the weather station, while for small-scale applications, the region considered may have dimensions of
10 km or less (WMO, 2008).

We used data regarding hotspots from all satellites available in the BDQueimadas database of the National
Institute for Space Research (Instituto Nacional de Pesquisas Espaciais) (INPE, 2020), aiming for better efficiency
in the daily coverage.

The hotspot data were acquired in shapefile format for each year from 2016 to 2020 for the states of Goiés
and Tocantins. Subsequently, the Arcgis 10.5 software was used to generate the 50 km buffer zone around the
central point of the RNST and to perform the cutoff, through the clip function, of the hotspots. The table of these
attributes was exported to an Excel spreadsheet, in which the days with occurrence of hotspots were identified (1
- presence of hotspots; 0 - no hotspots) and paired with the respective degree of fire danger resulting from the
FMA+ for the same date.

Performance and adjustment of the FMA+
The FMA+ was calculated using the following formula, established by Nunes, Soares and Batista (2006).
n

100
FMA+ — Z( Hi ) % e0,04V

i=1

Where:

FMA+ = Altered Monte Alegre Formula

n = number of days without rainfall greater than or equal to 13.0 mm;
Hi = relative air humidity (%), measured at 1 pm;

e = base of natural logarithms (here approximated as 2.718282);

v = wind speed (m.s?), measured at 1 pm.

The FMA+ was calculated based on daily values of relative humidity and wind speed, since there are no
hourly meteorological data available for the analyzed period. Thus, we adopted the values recorded at 1 pm.

Rainfall is a variable of indirect use in calculating the FMA+ and was used according to the following
restrictions (Table 1).

Table 1. Restrictions on the sum of the Monte Alegre Formula.
Tabela 1. Restri¢des ao somatorio da Férmula de Monte Alegre.

Rain of day (mm) Modifications in the calculation
<24 None
25-49 Subtract 30% from the FMA+ calculated the day before and add (100/H)*e”0.04v for the
' ) day.
50-9.9 Subtract 60% from the FMA+ calculated the day before and add (100/H)*e”0.04v for the
' ) day.
10.0-12.9 Subtract 80% from the FMA+ calculated the day before and add (100/H)*e”™0.04v for the
' ' day.
>12.9 Interrupt the summation (FMA+ = 0) and restart the calculation the next day or when the
' rain stops.

Source: Soares, Batista and Tetto (2017).

The interpretation of the degree of danger estimated by the original FMA+ was performed according to
the classes defined by Nunes, Soares and Batista (2006): < 3.0 = Very low; 3.1 to 8.0 = Low; 8.1 to 14.0 =
Moderate; 14.1 to 24.0 = High; > 24.0 = Very high.

The FMA+ performance was determined using the Skill Score (SS) and Success Percentage (SP) methods
(NUNES et al., 2010). This is based on a contingency table that integrates observed and predicted values for an
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event in a population (Table 2). Very low and Low danger degrees were considered as not indicating the probability
of fire occurrence, while Moderate, High and Very High danger degrees were considered as indicating the
probability of fire (NUNES; SOARES; BATISTA, 2006; NUNES et al., 2010).

Table 2. Contingency table.
Tabela 2. Tabela de contingéncia.

Event Fire Oblserveglo fire Expected total
Foreseen Fire a b N=a+b
No fire c d Ns=c+d
Total observed Ni=a+¢c Ns=b+d N=a+b+c+d

Source: NUNES et al. (2010).
Note: a = correct alarms; b = false alarms; c = errors; d = false negatives; N = total number of samples.

The variables required to perform the calculations are:
N = Total number of observations=a+b+c+d
G = Number of correct alarms in the forecast =a + d
H = Expected number of correctalarms=N*(1-p)*(1-q)+N*p*q
p=N1/N
g=N2/N
SS = Skill score = (G -H) /(N - H)
PS = Success percentage = G/N

Subsequently, we observed whether the assumptions established by Nunes, Soares and Batista (2006) for
FMA+ were satisfied, namely:

() the distribution of the number of days predicted in each hazard class should have an inverse
relationship with the hazard class, such that the higher the hazard class, the lower the number of days predicted
for it will be (decreasing behavior);

b) In relation to the variables days with recorded outbreaks in each hazard class, the premise establishes

a direct relationship, so that the higher the hazard class, the higher the values observed for these variables

will be (increasing behavior).

It is important to note that the second premise originally incorporated the variables number of fires, area
burned, and average burned area, but due to the nature of the data, this principle was adapted. The noncompliance
with these premises suggests that the original intervals of the FMA+ danger classes did not reflect the local reality,
making it necessary to adjust them. This adjustment was done by changing the range of hazard classes, to meet the
pre-established assumptions and result in adequate skill score and success percentage values.

RESULTS

For the period from January 2016 to December 2020, only 1,716 days were analyzed due to the lack of
meteorological records in certain periods. For this, 47.5% of the days were concentrated in the Very low and Low
hazard classes, while 52.5% were in the Moderate, High, and Very High classes of the original FMA+ (Table 3).

Table 3.  Annual behavior of the fire hazard index (FMA +) for the influence area of the RNST meteorological
station from 2016 to 2020.

Tabela 3. Comportamento anual do indice de perigo de incéndios (FMA+) para area de influéncia da estacdo
meteorolégica da RNST de 2016 a 2020.

Hazard classes
Year Very low + Low Moderate + High + Very high Total
Number of days % Number of days %
2016 176 48.1 190 51.9 366
2017 157 43.9 201 56.1 358
2018 162 52.8 145 47.2 307
2019 142 44.1 180 55.9 322
2020 178 49.0 185 51.0 363
Total 815 475 901 52.5 1716
Average 163.0 - 180.2 - -
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Figure 2A presents the distribution of the days predicted per fire danger classes of the original FMA+, to
verify the fulfillment of the first pre-established premise (decreasing behavior of the classes). Figure 2B refers to
the second premise, regarding the distribution of the number of days on which there were fires per hazard classes,
with increasing behavior of these classes.
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Figure 2. Distribution of days predicted per fire hazard classes (A) and days with records of hot spots (B), by fire
hazard classes from the original FMA +, from 2016 to 2020 in the area of influence of the weather
station of RNST.

Figura 2. Distribuicdo dos dias previstos por classes de perigo de incéndio (A) e dos dias com registro de focos
de calor (B), por classes de perigo de incéndio da FMA+ original, de 2016 a 2020 na éarea de influéncia
da estacdo meteoroldgica da RNST.

For the number of days predicted per hazard class, the Very High class had representation of 38.2% of
the predicted days, followed by the Very low class with 30.7% (Figure 2A). For the days with hotspots, the Very
High class concentrated 60.3% of the days with outbreaks, followed by the Low class, with 12.4% (Figure 2B).

Regarding the performance of the FMA+, Table 4 presents the number of days predicted by the index for

occurrence and non-occurrence of fires, as well as the observed days, that is, the number of days on which there
actually were fires.

Table 4. Contingency for original FMA + for the influence area of the RNST meteorological station from 2016

to 2020.
Tabela 4. Contingéncia para FMA+ original para area de influéncia da estacdo meteorolégica da RNST de 2016
a 2020.
Observance
Event Fire | No Fire Total Forecast
Fire 665 236 901
Forecast
No Fire 193 622 815
Total Observed 858 858 1716

From these values, the skill score and the success percentage were calculated, resulting in 0.5 and 75%,
respectively. Subsequently, the intervals of the fire danger classes were adjusted in order to meet the pre-
established assumptions. The new intervals are shown in Table 5.

Table 5. Proposal for new hazard classes for the RNST and area of influence.
Tabela 5. Proposta de novas classes de perigo para FMA+ para RNST e area de influéncia.

FMA+ Value Hazard Classes
<25 Very low
2.6-8.0 Low
8.1-30.0 Moderate
30.1-95.0 High
>95.0 Very High
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The distribution of predicted days (A) and the number of days on which there were records of hotspots
(B) in relation to the new proposed FMA+ hazard classes are shown in Figure 3.
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Figure 3. Distribution of days predicted by fire hazard classes (A) and days with records of hotspots (B), by fire
hazard classes of the adjusted FMA +, from 2016 to 2020 in the meteorological station's area of
influence of RNST.

Figura 3. Distribuicdo dos dias previstos por classes de perigo de incéndio (A) e dos dias com registro de focos
de calor (B), por classes de perigo de incéndio da FMA+ ajustada, de 2016 a 2020 na area de influéncia
da estacdo meteoroldgica da RNST.

For the number of days predicted per hazard class, the Very low class represented 26.8% of the predicted
days, followed by the Low class with 20.7% (Figure 3A). In turn, for days with records of hotspots, the Very High
class concentrated 30.1% of the days with outbreaks, followed by the High class, with 26.7% (Figure 3B). The
skill score value and percentage of success did not change, due to the continued presence of the value of the lower
limit of the Moderate danger class.

DISCUSSION

Due to the large size and great climatic diversity of Brazil, differences are expected when using fire
hazard indices to compare different regions. Thus, it is important to guard against the use of inappropriate hazard
indices, since this can lead to wrong decisions regarding preventing and combatting fires (NUNES et al., 2010).

Nunes, Soares and Batista (2006), when elaborating the FMA+ index for the municipality of Telémaco
Borba, Paran4, considered the values of SS (0.1165) and PS (55.64%) satisfactory, and, according to Nunes et al.
(2010), the performance was better than the original FMA hazard index. Nunes, Soares and Batista (2007), when
adjusting the FMA+ index for several municipalities in Parana, obtained variations of SS between 0.0884 and
0.3340, and PS between 49.27 and 66.67%. Borges et al. (2011) also reported better performance of the FMA+
index (SS=0.2055; PS=56.47%) compared to the Nesterov and FMA indices for the state of Espirito Santo.
However, the SS and PS values found in the literature were lower than those observed in the present study.

The aforementioned studies were prepared based on the records of the occurrence of corporate forest
fires, which, in general present complete and standardized information, but are restricted to their domain area.
However, such records do not exist for many protected areas (BONTEMPO et al., 2011), or when they do, there
is a lack of data and standardization (TORRES et al., 2016), which can compromise future analyses (LIMA et al.,
2018). In this sense, the hotspots proved to be appropriate, since according to INPE (2020), they are indicators of
fire occurrence in vegetation, allowing an efficient spatio-temporal coverage of the data, which may have
contributed to the performance of the FMA+ index and influenced its SS and PS values. However, it was not
possible to analyze the number of fires, as there was no direct relationship with the number of recorded outbreaks,
as well as the size of the burned area.

When the SS and PS values were higher than the others, on the other hand, the intervals of the hazard
classes of the original FMA+ proved to be inappropriate for the region studied, since it did not satisfy the pre-
established premises, which led to the need for adjustment. As for the adjusted FMA+ index, the number of days
with hotspots increased due to the presence of the most critical hazard classes, making it possible to use the index
as a tool for prevention of fires in the RNST.
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CONCLUSION

* The hotspot records allowed the performance analysis and adjustment of the FMA+ index;

* The original FMA+ presented high values of skill score and success percentage;

* The range of hazard classes from the original FMA+ was considered inappropriate for the studied region;

* The adjusted FMA+ satisfied the pre-established assumptions and was considered suitable for use in the
RNST region.
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