ANALYSIS OF EFFICIENCY OF FIRE DANGER INDICES IN FOREST FIRE
PREDICTION!

Fillipe Tamiozzo Pereira Torres?*, Gumercindo Souza Lima2?, Sebastido Venancio Martins? and Sebastido
Renato Valverde?

'Received on 23.09.2015 accepted for publication on 14.12.2016.

2 Universidade Federal de Vigosa, Departamento de Engenharia Florestal Vigosa, MG, Brasil. E-mail: <torresftp2@gmail.com>,
<gslima@ufv.br>, <venancio@ufv.br> and <valverde@ufv.br>.

*Corresponding author.

ABSTRACT — Despite the existence of different fire danger indices, the use of an inefficient index can lead
to making wrong decisions on the appropriate procedures for preventing and fighting forest fires, while a
trusted prediction index can help the most quantification and allocation of resources for prevention. Thereat,
the objective of this study is to analyze the efficiency of Fire Weather Index (FWI), Logarithmic of Telicyn
Index, Nesterov Index, cumulative indexes of precipitation - evaporation (P-EVAP) and evaporation / precipitation
(EVAP/P), Monte Alegre Index (FMA) and Monte Alegre Changed Index (FMA™) in the prediction of forest
fires for the city of Vigosa (MG). The indices were compared using the method known as Skill Score (SS)
taking into account the days that the indexes pointed to the risk of events with focus fire identified by satellite
images on the 01/01/2005 to 31/12/2014 period. According to the results, the Logarithm of Telicyn Index
(0.53257) as the most efficient for the study area, followed by the indices EVAP/P (0.46553), P-EVAP (0.43724),
Nesterov (0.40445), FWI (0.39213), FMA™*(0.34595) and FMA (0.28982).

Keywords: Calculation; Danger; Fire.

ANALISE DA EFICIENCIA DE INDICES DE PERIGO NA PREDICAO DE
INCENDIOS FLORESTAIS

RESUMO — Apesar da existéncia de diversos indices de perigo de incéndios, a utiliza¢do de um indice pouco
eficiente pode levar a tomada de decisées equivocadas em relagdo aos procedimentos de prevengdo e combate
aos incéndios florestais, ao mesmo tempo que um indice de predig¢do confiavel pode ajudar na maior quantificagdo
e distribui¢do dos recursos para a prevengdo. Diante disto, o objetivo deste estudo é analisar a eficiéncia
dos indices Fire Weather Index (FWI), Indice Logaritmico de Telicyn, Indice de Nesterov, indices acumulativos
de precipitagdo menos evaporagdo (P-EVAP) e evaporagdo por precipitagdo (EVAP/P), Formula de Monte
Alegre (FMA) e Formula de Monte Alegre Alterada (FMA™) na predi¢do de incéndios florestais para o municipio
de Vigosa (MG). Os indices foram comparados através do método conhecido como Skill Score (SS) levando
em consideragdo os dias que os indices apontavam como de risco a ocorréncias e os focos identificados
porimagens de satélites no periodo de 01/01/2005 a 31/12/2014. De acordo com o Skill Score, o Indice
Logaritmo de Telicyn (0,53257) foi o mais eficiente para a area de estudo, seguido pelos indices EVAP/P
(0,46553), P-EVAP (0,43724), Nesterov (0,40445), FWI (0,39213), FMA*(0,34595) e FMA (0,28982).

Palavras-chave: Cdlculo,; Perigo; Fogo.
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1. INTRODUCTION

Regions recognized as possessing the potential
for forest fires need to be monitored. Significant
meteorological variables like fire risk must be studied
to facilitate the provision of subsidies for prevention
and control, as well as infrastructure and team dimension,
including monitoring and checking the number of
occurrences (Deppe et al., 2004).

Risk indexes, based on meteorological data enable
the quantitative estimation of the occurrence of forest
fires; therefore, over time they have become reliable
tools for the assessment of the potential risk of regional
fires (Holsten et al., 2013).

To estimate a fire risk, these indexes normally involve
a set of variables (wind, precipitation, temperature and
relative air humidity) that include the major factors
that play a part in forest fire initiation and propagation
(Huesca et al., 2009).

Fire prevention subsidies, studied by Nunes et
al. (2015), revealed that the number of occurrences
is directly connected to the investment in prevention.
When a poorly efficient index of danger is employed,
even the present authors can be misled to draw incorrect
conclusions regarding forest fire prevention and control
procedures. A good prediction index, therefore, will
facilitate greater quantification and distribution of the
prevention resources.

As Padilla and Vega-Garcia (2011), showed
considerable variations in the efficiency of fire indices
in the regional spatial scales, it emphasized the necessity
for an analysis of the efficiency of several indices for
the same region. Viegas et al. (2004), advocated that
the safest method of comparing different forest fire
hazard indices was to submit them to the same
meteorological and fire data.

However, it must be noted, according to Mélo
etal. (2011), most of the occurrences of fires in Brazil
were anthropogenic in origin. But even if there is maximum
risk, it does not necessarily mean that a fire is present.
On the other hand, on days classified as null fire due
to anthropic influence, fire occurrence may be observed.

Corroborating with the findings of Torres et al.
(2014), it is not sufficient if the factors directly linked
with the occurrence of forest fires are favorable for
the initial ignition and the propagation of the fire; for
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a fire to occur, the initial spark is essential to initiate
the combustion reaction.

In light of the facts mentioned above, this study
aims at analyzing the efficiency of a few of the most
recurrent indexes available in the literature, viz., the
Fire Weather Index (FWI), Telicyn Logarithmic Index,
Nesterov Index, cumulative rates of precipitation minus
evaporation (P-EVAP) Precipitation (EVAP/P), Monte
Alegre Formula (FMA) and Monte Alegre Altered
Formula (FMA +) to predict forest fires, employing
the data for the municipality of Vigosa, MG.

2. MATERIALAND METHODS

This study was conducted in the municipality of
Vigosa, Minas Gerais (20 °45 ‘Sand 42 ° 51° W). Based
on the KSppen classification the climate of the region
is Cwb (mesothermic, with sparse rainfall distribution
throughout the year, rainy summers and dry winters).
The annual rainfall is about 1,300 mm on average, while
the temperature varies from 26°C maximum to 14°C
minimum on average (Oliveira Junior and Dias, 2005).

Analysis was done of the data collected from 2005
to 2014. This data regarding the atmospheric elements
were gathered by the Climatological Station, situated
on the Federal University of Vigosa campus. These
data bear significance for the whole micro-region of
Vicosa (including, Araponga, Cajuri, Canad, Coimbra,
Ervalia, Paula Candido, Pedra do Anta, Porto Firme,
Sao Miguel do Anta, Teixeiras and Vigosa), extending
across an area of roughly 236,135 ha.

With respect to the occurrences, the 79 heat sources
were drawn during the study period from the detection
system of INPE / CPTEC (National Institute of Space
Research / Center for Weather Forecasting and Climate
Studies), where information was taken from the satellites
of NOAA-12, and on the AQUA_M-T (INPE, 2015).
According to Abreu and Souza (2016), the polar orbiting
satellites (NOAAs 800 km, and TERRA and AQUA at
730 km), can detect a fire front with around 30 m length
by 1 m width or more, which is then taken as the minimum
dimension of the occurrences analyzed in this study.

In this study, seven fire hazard indexes were
analyzed in the literature: Telicyn Logarithmic Index
(Sampaio, 1999); Cumulative precipitation indexes -
evaporation (P-EVAP) and the division of evaporation
by precipitation (EVAP/P) (Sampaio, 1999); Nesterov
Index (Sampaio, 1999); Monte Alegre Formula (FMA)
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and Monte Alegre Altered Formula (FMA +) (Nunes
etal.,2010); and the Canadian Fire Weather Index (FWI)
(van Wagner, 1987).

Telicyn Logarithmic Index

Basic equation:

n
[=2 log (ti —ri)
i=1

Being:

“I” =Telicyn index; “t” = Air temperature in °C;
“r” =Temperature of the dew point in °C; “log” = Base
10 logarithm.

On the days when the precipitation exceeds 2.5mm,
the sum is ignored and the calculation is resumed the
following day, or when the rain stops. On rainy days
(s) the index is zero (Table 1).

EVAP/P

The EVAP/P is a cumulative index, which indicates
the division of daily evaporation by precipitation,
expressed in mm. To calculate this, the restrictions
of Table 1 were employed.

P-EVAP

The P-EVAP cumulative index gives the difference
between the daily precipitation (P) and evaporation
(EVAP), calculated in mm; the precipitation offers some
restrictions (Table 1).

Nesterov Index

Basic equation:

n
G=Xdi.ti
i=1

Being:

“G” = Nesterov Index; “d” = Air saturation deficit
in millibars; “t” = Air temperature in°C

Air saturation deficit is the difference between
the maximum water vapor pressure and the actual water
vapor pressure, calculated utilizing the following
expression:

d = E(1-H/100)
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Being:

“d” = Air saturation deficit in millibars; “E” =
Maximum water vapor pressure in millibar; “H” = Relative
humidity of the air in %

The Nesterov index shows the continuity of the
sum being limited by precipitation, as seen in Table 1.

Monte Alegre Formula

Basic equation:

n
FMA = Y’ (100/Hi)
i=1

Being:

“FMA” =Monte Alegre Formula; “H” = Relative
humidity (%); “n” = Number of days without rain

The index reveals precipitation restrictions, as
evident in Table 1.

Monte Alegre Formula Altered

Basic equation:

n
FMA* =Y (100/Hi) ¢4
i=1

Being:
“FMA" =Monte Alegre Formula Altered; “H” =

[T L]

relative humidity (%); “n” = Number of days without

rain; “v” = Wind speed in m/s; “e” = Base of natural
logarithms (2,718282)

As it is cumulative, this index is also influenced
by precipitation constraints, as evident in Table 1.

Fire Weather Index

The FWI index of the Canadian Forest Fire Hazard
Indexing System (CFFDRS) involves six units: at the
first level the FFMC - Index of the moisture content
of the fine fuels; DMC - Index of moisture content
of the organic layer; EDC - Drought Index, indicating
the soil water deficit. All calculations were done using
the meteorological data (temperature (°C), relative air
humidity (%), and wind speed at 10 m height (m/s)).

At the intermediate level there are two indices
linked with fire behavior or propagation: ISI - Initial
propagation index that combines the moisture content
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Table 1 — Restrictions of the indexes according the rain.
Tabela 1 — Restri¢oes dos indices de acordo com a chuva.

Index Rain (mm)

Telicyn >2.5

Change in calculation

Leave the sum and resume the calculation the next day, or when the rain
ceases. On rainy days the index is zero.

EVAP/P <11 a 15>15 Does not enter the calculation.
Divide EVAP/P from the previous day’s rain.
Stop the calculation, restarting the next day or when the rain ceases. On

rainy day EVAP/P =0

None

Decrease 25% in the amount of G calculated the day before and add (d.t)
of the day.

Decrease 50% in the value of G calculated the day before and add (d.t) of
the day.

Leave the previous summation and start a new calculation, that is, G = (d.t)
of the day.

Interrupt the calculation (G = 0), resuming the summation the next day
or when the rain ceases.

Nesterov

P-EVAP

FMA <2,42,5 a 4,95,0 a
and FMA* 9,910,0 a 12,9>12,9

Same as Nesterov

None

Decrease 30% in FMA calculated the day before and add (100 / H) of the
day.

Decrease 60% in FMA calculated on the previous day and add (100 / H)
of the day.

Decrease 80% in FMA calculated the day before and add (100 / H) of the
day.

Interrupt the calculation (FMA = 0), resuming the summation the next
day or when the rain ceases

Source: Torres and Ribeiro (2008)

index of the fine fuels and the wind speed values to
provide the intensity of the velocity of propagation
of the fire on flat ground, as should be the case during
the initial phase of a fire; and BUI - which integrates
the two subindices DMC and DC to give an estimate
of the proportion of vegetation available (medium and
coarse particles) that will effectively assist in the
propagation.

The final result of this system is the hazard index
(FW1), a combination of both the groups. It comprises
the exit data that most directly relates to the possibility
of'the occurrence of fires and their respective hazards
(Viegas et al., 2004).

Employing the sequential set of tables, the 6WW
components are calculated (van Wagner, 1987); the
free software FWI CALCULATOR v.10.2.1 was used
in this study.

The Skill Score (SS) method was used to compare
the indices (Table 2) based on a contingency Table
which contains the observed and predicted values for
a particular event in a population. The SS is the basis
for the difference between the prediction hits (G) and
the expected number of hits (H) and the difference
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between the number of days observed (N) and the number
of days the hit is predicted (Torres and Ribeiro, 2008;
Nunes et al., 2010).

The performance of each index was ascertained
by defining the limit that separated the occurrences
of fire from the non-occurrences. It was accepted that
when the calculated value of the indices which indicated
no danger of occurrence dropped below the lower
limit of the average grade class (Table 3) of the
respective indices, it was safe; but danger of occurrence
was implied when the value of the indices exceeded
that limit.

Comparisons were performed depending upon the
percentage of days and occurrences per hazard class
according to Table 3 and the efficiency of the indexes
according to the Percentage of Success (PS) and Skill
Score (SS). The best time to use the meteorological
data was also determined (average data, from 13:00
to 15:00 hrs and daily extreme values). Besides, a Pearson
Linear Correlation analysis was done between the average
monthly results of each index and the average monthly
values of the meteorological elements with the monthly

number of occurrences of the foci.
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Table 2 — Contingency table and calculation of the Skill Score.

Tabela 2 — Tabela de contingéncia e calculo do Skill Score.

Estimated Observed Total estimated
Fires No Fires

Fires a b N2=a+b

No Fires ¢ d N4 =c+d

Total Observed Nl=a+c¢ N3=b+d N=a+b+c+d

Contingency table calculations

Estimated Observed Total estimated
Fires No Fires

Fires a/(a+c) b/(b+d)

No Fires c/(a+c) d/(b+4d)

The variables for performing the calculations are:
”G” - Number of hits in the forecast. G = a + d;

”P” - Probability of having at least one event per day. P = N1 / N;
”Q” - Probability of exceeding the index limit value. Q = N 2 / N;
”H” - Expected number of hits. H =N * (1-p) * (1-q) + N * p * q;

”SS” - Skill Score. SS =(G-H) / (N-H);
”PS” - Percentage of success. PS=G /N

Source: Nunes et al. (2006; 2007); Torres and Ribeiro (2008); Nunes et al. (2010); Borges et al. (2011); Rodriguez et al. (2012)

Table 3 — Fire hazard class according to the value obtained for each index.
Tabela 3 — Classe de perigo de incéndio de acordo com o valor obtido em cada indice.

Index Null Small Average High Very high
Telicyn <2 2,1 a3,5 3,6 a5 5al5s > 15
EVAP/P <5 5a?20 20,1 a 50 50,1 a 100 > 100
P-EVAP >-5 -5 a -30 -30,1 a -55 -55,1 a -125 <-125
Nesterov d” 300 301 a 500 501 a 1000 1001 a 4000 > 4000
FWI 0al,9 2 a4,9 5a 8,9 9 a 16,9 > 17
FMA" d” 3 3,1a8 8,1 al4 14,1 a 24 > 24
FMA d’ 1 1,1 a3 3,1a8 8,1 a 20 > 20
Source: Van Wagner (1987); Torres and Ribeiro (2008); Nunes et al. (2010).

3. RESULTS

The results revealed that the normal fire season
for the study area or the time during which the most
number of occurrences was reported, was between June
and October (96% of observations). The monthly average
values obtained using the FWI index was the one that
showed the highest correlation with the number of
monthly occurrences (r = 0.87) followed by the Nesterov
(r=0.76), FMA+ (r=0.73),P- EVAP (r=-0.71), FMA
(r=20.70), EVAP /P (r =0.69) and finally Telicyn
(r=0.62).

Monthly insolation was the sole meteorological
element showing strong correlation with the number
of monthly occurrences (r = 0.64), precipitation
(r=0.54) revealed moderate correlation and relative
humidity of the mean air (r =-0.26) and evaporation
(r=0.17) was poor.

SIIF

With respect to the time of use of the meteorological
data, the Logic Index of Telicyn, Nesterov, FMA and
FMA + revealed better results when the daily average
data was utilized; the FWI, however, gave a better
response with the daily maximum temperature and relative
humidity of 15: 00 hrs.

When the number of days in each hazard class
(Table 4) was observed, the EVAP/P index alone revealed
a decreasing order of percentage of days per risk class,
i.e., the number of days was in the reverse order of
the index hazard. FMA and FMA +had the lowest values
of days and no occurrence of fire for null risk; however,
they had higher values of percentage of days and number
of occurrence, plus FWI, for very high risk.

When the efficiency (Table 5) was analyzed, the
Percent Success was observed to follow the Skill Score
results for each index, thus indicating that the Telicyn

Revista Arvore. 2017;41(2):e410209



Table 4 — Percentage of expected number of days and observed fires according to the classes of indexes.
Tabela 4 — Porcentagem de dias previstos e numero de incéndios observados de acordo com as classes dos indices.

Torres FTP et al.

Null Small Average High Very high
Index Days Fires Days Fires Days Fires Days Fires Days Fires
Telicyn 48,2% 5,1% 10,8% 1,3% 6,3% 5,1% 21,3% 31,6% 13,4% 57,0%
EVAP/P 29,0% 1,3% 22,8% 5,1% 20,0% 13,9% 16,5% 40,5% 11,7% 39,2%
P-EVAP 30,6% 1,3% 27,3% 13,9% 12,1% 16,5% 18,3% 12,7% 11,6% 55,7%
Nesterov 35,6% 2,5% 9,1% 2,5% 15,8% 6,3% 32,3% 38,0% 7,2% 50,6%
FWI 29,1% 1,3% 14,2% 3,8% 15,9% 0,0% 23,2% 1,3% 17,7% 93,7%
FMA* 21,3% 0,0% 17,6% 5,1% 12,0% 1,3% 11,6% 1,3% 37,5% 92,4%
FMA 14,9% 0,0% 16,0% 2,5% 18,9% 2,5% 19,8% 8,9% 30,4% 86,1%

Table 5 — Skill Score and Success Percentage of each index.
Tabela 5 — Skill Score e Porcentagem de Sucesso de cada

indice.

Index S PS

Telicyn 0,53257 76,63%
EVAP/P 0,46553 73,28%
P-EVAP 0,43724 71,86%
Nesterov 0,40445 70,22%
FWI 0,39213 69,61%
FMA* 0,34595 67,30%
FMA 0,28982 64,49%

Logarithm Index was the most efficient for the study
area.

4. DISCUSSION

The results of this study do not concur with those
of'the other studies which employed the data evaluated
at 13:00 in Parana (Soares, 1972, 1998; Soares and Batista,
2006, 2007; Nunes etal.,2010) and at 15:00 in Juiz de
Fora (MG) (Torres and Ribeiro, 2008) and is more efficient,
as it reveals the variations in the climatic characteristics
of each region. This is explained using the Pearson
Linear Correlation between the daily values of humidity
and the daily amount of occurrences in the region;
despite being weak the relative humidity of the mean
air (r=0.1517), gave higher values than the relative
humidity of the air of 15:00 (r=0.1389) and 13:00 hrs
(r=0.12525).

In terms of the monthly averages, the insolation
and the report of Torres et al. (2010a), revealed a higher
correlation; however, the authors identified strong
correlations also for relative humidity, evaporation and
precipitation, for Juiz de Fora. More number of solar
brightness hours implies less cloudiness, accompanied
by lower air humidity.

Santana et al. (2011), recorded field observations
revealing that the period of the greatest fire occurrence
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does not commence immediately with the rainfall period,
because the soil and the combustible material, the
litter in particular, retain the moisture for some time.
Similarly, the resumption of the rainfall period does
not correspond to the prompt drop in the occurrence
of fires, because when the soil contains a low content
of combustible mass it will absorb the rainfall until
the fuel material can no longer be ignited. Corroborating,
Sampaio (1999), reports that the time of the greatest
occurrence of fires commences two months post the
onset of the rainy period and ends two months post
the end of that period.

The occurrence of fire in the municipality of Vigosa
and the adjacent cities of Ub4 and Juiz de Fora (Torres
etal., 2010b) are highest during June and October. For
the state of Parana, Soares (1985), Soares and Santos
(2002), Vosgerau et al. (2006), Tetto et al. (2012), concluded
that the July and September period has the greatest
occurrence of fires. Silva et al. (2003), in his study
of the Central-West region of the Federal District,
highlights June, July, August and September as the
months having the greatest fire risk. In the state of
Mato Grosso the highest fire occurrences happen during
August, September and October (Souza et al., 2012),
whereas in Rio de Janeiro, May to September are the
months of greatest risk (White et al., 2015). Santana
etal. (2011), focusing on the Northeast state of Rio
Grande do Norte, indicate that August to November
are the months with the highest forest fire risk. In Sergipe,
White and Ribeiro (2010), reveal December to March
as the highest fire risk period, whereas for the state
of Bahia, White et al. (2015) emphasize December,
January and February as the highest fire risk quarter.
On analysis of Brazil as a whole, fires are observed
to be concentrated between June and December (INPE,
2015). These differences are mainly due to the continental
dimensions of the Brazilian territory, which in turn implies
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complex climatic variations throughout the extent of
this country.

When the number of days per hazard class was
considered, a very wide variation was observed between
the results of each index for the municipality of Vigosa
and other studies. In the northern state of Espirito
Santo, the FMA index leaned towards a concentration
of the percentage of the number of days in the higher
hazard classes, showing 56.62% on average when
compared with the high risk (31.90 %) and very high
risk classes (24.72%) (Borges et al., 2011).

In this study the FMA +hazard index was observed
to concentrate the percentage of the number of days
in the highest hazard classes, probably as a result of
wind speed. However, the authors report values lower
than the FMA results, with an average 0f42.25%, when
taking into account the values of the high (19.18%)
and very high risk (23.07%) classes. However, for the
null and small risk classes the percentage of the number
of days revealed mean values 0£40.16%, indicating
a possible balance between these classes. The Nesterov
index revealed a greater tendency on comparison with
the FMA and FMA + in order to concentrate a greater
number of days in the high and very high risk classes,
showing mean values 0f 39.43 and 23.48%, respectively,
totaling 62.91%. This was likely due to the regional
climatic characteristics. Besides, the small fire hazard
class presented a mean value of 5.64% for the percentage
of the number of days, which was the lowest percentage
in all the analyses done.

According to Nunes et al. (2010), in the forest
district of Monte Alegre (PR),the FMA showed higher
percentages of days in the upper and middle classes
and lower percentages in the low and null classes,
whereas the FMA + revealed higher values for the null
classes, decreasing to the lowest in the very high classes.
In this study, the declining distribution observed for
FMA +is advantageous for the behavior of the number
of days predicted, according to the premises established
for this variable, implying that the index is suited for
this region.

Nunes et al. (2006), concluded that the results
were satisfactory when the percentage of the number
of days predicted per risk class was observed to have
an inverse relationship with the risk class, which implied
that the higher the risk class, the lower the number
of days foreseen or predicted.

SIIF

Corroborating with the study done in Cuba by
Rodriguez et al. (2012), the distribution of the number
of days predicted for each risk class was observed.
On analyzing the Nesterov, FMA and FMA + indices,
an undesirable condition was noted as the expected
decreasing trend from null to very high was absent,
arequirement necessary for the behavior of'this variable;
the authors improved the index performance by adjusting
the descriptive classes.

Borges et al. (2011), on analyzing the number of
days in which fire occurrences were reported in the
north of Espirito Santo, identified for FMA a value
0f 37.29% in the high risk class and 43.96% in the very
high risk class (totaling to 81.25%). They also ascertained
a higher number of days with high and very high risk
for FMA +, reporting 25.08 and 42.11%, on average,
respectively (67.19% in total). For the Nesterov index
(N), they noted an unbalanced trend, with the values
being concentrated in the high and very high risk classes,
showing 45.81 and 43.10%, respectively (totaling to
88.91%).

When the results of the FMA for the state of Parana
were compared with the occurrences of the heat sources
detected by the image processing from the NOAA /
AVHRR satellites, Deppe et al. (2004), confirmed that
52% of the foci detected fell under the extreme danger
class and 46.4% under the high risk class. A small
percentage of 1.5% of the outbreaks were found to
take place in areas of moderate risk, while the number
of outbreaks detected in the low and zero hazard classes
was nil.

Nunes et al. (2010), stated that the increasing
distribution of the number of days with the events
recorded by the hazard class is desirable for the behavior
of fire occurrence in the vegetation.

With respect to the efficiency of the indices, Borges
etal. (2011), for the state of Espirito Santo, showed
that the values obtained by FM A + were higher than
those achieved with the other indexes for SS and PS.
In the five meteorological stations used, the SS values
for FMA + ranged from 0.1626 to 0.2055, whereas for
the other indexes the highest value was 0.1503, obtained
by employing the Nesterov equation. The FMA +
revealed PS values between 51.54 and 56.47%, while
for the other indexes 46.75% was the maximum value
obtained for the Nesterov index. The original FMA
recorded the lowest values of SS and PS, which were
0.0946 and 38.54%, respectively.

Revista Arvore. 2017;41(2):e410209



The forest district of Monte Alegre in Parana,
revealed values for FMA and FMA + as 0.0517 and
0.11165 for SS and 34.32% and 55.64% for PS, respectively
(Nunes etal., 2010).

White (2010), for the state of Sergipe, reported
values 0 0.36 (SS) and 73% (PS) for FMA +; their study
indicated that the Angstron index was the most efficient
for that state (SS = 0.582 and PS = 82%).

In Bahia, White et al. (2015) (Table 1), as in the
present study, indicated that the Telicyn index was
the most efficient (SS = 0.1 and PS =59%), followed
by the Angstron (0.08 and 47%), FMA +(0.05 and 36%),
Nesterov 0.03 and 23%) and FMA (0.01 and 20%).

Sampaio (1999), in his study on the state of Sdo
Paulo, highlighted the FWI index as the most efficient,
with SS and PS values 0o 0.1838 and 71.38%, respectively,
followed by the Telicyn Logarithmic Index (0.137 and
62.90% ), then the Nesterov (0.102 and 50.47%) and
finally the FMA (0.061 and 36.92%).

In their work, Holsten et al. (2013), reported that
for Germany, apart from the FWI, Angstron and Nesterov
indexes, the Canadian index also was most effective
for the country, while the Nesterov index had the lowest
efficiency.

In the city of Juiz de Fora, as well as in the State
of Minas Gerais, 122 km from Vigosa, Torres and Ribeiro
(2008) recorded higher results for the EVAP /P index
(0.534 and 78%, respectively), followed by Telicyn (0.511
and 76%), P-EVAP (0.473 and 75%), Nesterov (0.406
and 69%) and FMA (0.388 and 68%); barring the inversion
between first and second places, the results were similar
to those recorded for Vigosa.

Also, Sampaio (1991), for the state of Minas Gerais,
Coronel Fabriciano municipality, 138 km away from
Vicosa, identified the Telicyn, EVAP / P and P-EVAP
indices as the most efficient, which reiterates the need
to utilize them for this region.

This study reports results that are similar to those
available in the literature; also, the results of this study
concurred with those recorded in the literature (Sampaio,
1999; Nunes et al., 2007; Torres and Ribeiro, 2008; White,
2010 ; Nunesetal.,2010; Borges et al., 2011; Rodriguez
etal.,2012; White et al., 2015). The Skill Score of the
Telicyn Logarithmic Index identified for Vigosa is only
lower than the Angstron index reported for the state
of Sergipe (White , 2010) and the EVAP/P index observed
for Juiz de Fora (Torres and Ribeiro, 2008).
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Juiz de Fora and Vigosa revealed high values
indicating good calibration of the indices for the region;
however, because of the irregularity of the distribution
of days and number of occurrences by the risk classes
employed, it is suggested that in the future, studies
should ensure a better distribution of these values,
by realigning the risk classes and analyzing whether
or not an efficiency gain is observed.

5. CONCLUSIONS

Based on the results, the following conclusions
were reached:

- The monthly FWI index values revealed the
highest correlation with the monthly totals of occurrences;

- The average monthly sunshine was the
meteorological element revealing the highest correlation
with the monthly occurrences;

- The Logic Index of Telicyn, Nesterov, FMA and
FMA + gave improved results when the daily mean
data were utilized, while FWI had the best response
with daily maximum temperature and relative humidity
of 15:00 hrs;

- The indices showed a high degree of variation
in the percentage of days and fire outbreaks according
to the risk classes;

- The Telicyn Logarithmic Index had the highest
efficiency for the municipality, followed by the EVAP/
P, P-EVAP, Nesterov, FMA + and FMA indices;

- The high Skill Score recorded, when compared
with the other studies, revealed a good calibration of
the indices for the region under study;

- The wide variety in the results based on the region,
indicates the need for more site-specific studies, to
establish the most efficient index for each scenario.
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