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Abstract

Wildland fires are responsible for impacts in the fauna and flora in fire sensitive ecosystems and release into the atmosphere
greenhouse gases responsible for global warming. This study aims to analyze the spatiotemporal variation of hot spots detected
by the AQUA satellite from 2003 to 2019 in the state of Bahia, and to determine the main factors affecting the fire frequency
of incidence. A significant downtrend was observed in the number of hot spots recorded over the years and about 65% of them
were detected in the months of September and October. The Southcenter and the Northwest state’s regions were the ones with
highest hot spot incidence, while the Northeast and East Central regions presented lower incidence. Presidente Janio Quadros
was the municipality with the highest hot spot incidence per area. Besides this one, there were another 351 municipalities
(accounting together with almost 75% of the state area) that were classified in the “Extreme”, “Very High” and “High” classes
of hot spot incidence. The independent variables that presented a significant correlation with the municipality hot spot density
were, in decreasing order of significance: percentage of land covered by savanna; percentage of land covered by agriculture
and pastures; percentage of land covered by forests; mean annual temperature; mean annual rainfall; and demographic density.
The results obtained in this study should be used by municipal and state environmental agencies seeking to reduce the wildland
fire occurrence and thus ensuring biodiversity conservation and reduction in the release of green house gases.
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1. Introduction

Wildland fires are any non-structure fire that
occurs in vegetation. They can be classified as
controlled burns or wildfires depending on whether
the fire is being used in a prescribed manner or if it is
out of control (NWCG, 2020). Both, wildfires and
controlled burn, are responsible for releasing into the
atmosphere large amount of greenhouse gases, thus
contributing to global warming. Wildfires in fire-
sensitive ecosystems represent a major threat to the
preservation of biodiversity, causing impact on the
fauna and flora. Moreover, the smoke often causes
respiratory complications and represents, in some
locations, a public health issue (Arbex et al., 2004;
Soares and Batista, 2007; Shlisky et al., 2009).

In several Brazilian states, the use of fire in
controlled burns is cultural and difficult to change.
Due to the lack of surveillance by the government
and knowledge of the law by the population, usually
the burns are held in an irregular manner, without the
authorization from the responsible environmental
agency, thus against the law. The lack of inspection
results in a larger number of control burns that turned
into wildfires difficult to extinguish that consume
large areas of vegetation.

The detection of wildland fires via satellite
began in the 1980s (Wang et al., 2012). Until a few
years ago, the Advanced Very High-Resolution
Radiometer (AVHRR) and Moderate Resolution
Imaging Spectroradiometer (MODIS) were the
sensors most effective abroad the satellites for this
purpose. Currently, the Visible Infrared Imaging
Radiometer Suite (VIIRS) sensor, equipped abroad
the Suomi NPP and NOAA-20 satellites, has a
greater detection capacity (VIIRS sensors detect
about 10 times more hot spots than MODIS sensors,
for example). Nevertheless, since both satellites
equipped with the VIIRS sensor were put into
operation only a few years ago, data from other
satellites are still important to analyze variations in
fire occurrence through time and space (White and
White, 2016; INPE, 2020).

The images generated by the thermal and
infrared sensors installed in the satellites are sent to a
control center (on land), where they are processed
through a detection algorithm (Batista, 2004; Wang
et al., 2012). It is essential the use of an efficient
algorithm, since a hot spot does not necessarily mean
that the vegetation is burning, but that certain area
presents, at the moment that the satellite passes, high
temperature (Batista, 2004). Only after processing the
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images received by the satellite, it will be possible to
identify which hot spots represent fire in vegetation.
Therefore, the data processed by the detection
algorithm represents the occurrence of wildland fire.
The current algorithm wused by the National
Aeronautics and Space Administration (NASA) and
by the INPE for images generated by MODIS
sensors, such as the one abroad the AQUA satellite,
is called “Collection 6”. The use of the “Collection
6”, replacing the “Collection 5, is part of a major
reprocessing of the entire MODIS data archive to
generate standardized data results with calibration
enhancements and algorithm refinements (NASA,
2020a).

Tre Brazilian Weather and Climate Studies
Research Center (CPTEC), from the INPE, generates
and provides information on the occurrence of fires
based on satellite data. Although receiving images
from nine satellites that have optical sensors
operating in the thermal-average range of 4um
(NOAA-18, NOAA-19, METOP-B, NASA, TERRA,
AQUA, NPP-Suomi, NOAA-20, GOES-13 and
MSG-3), the images generated by the AQUA satellite
processed through the “Collection 6” algorithm has
been used as “reference” by the INPE since 2002 to
compose comparable time data over the years and
thus enable trend analysis for the same periods in
regions of interest (White, 2018a; INPE, 2020). Due
to the similarities between control burns from
wildfires, satellite imagery is unable to discern one
from the other. Therefore, a hot spot represents a
place where the vegetation is burning, whether
controlled or uncontrolled.

This study has the objective to determine the
spatiotemporal variation of hot spots detected by the
AQUA satellite, processed by the “Collection 6”
algorithm, in the state of Bahia, Brazil from 2003 to
2019. Also, to understand why some municipalities
burn more than others. The results obtained from this
study can be wused by municipal and state
environmental agencies to assist the development of
public policy focused on wildfire prevention and
nature conservancy.

2. Materials and methods

Characterization of the study area

Bahia is the fourth largest Brazilian state.
With 564,760.43 km? it has an area bigger than
several countries. The largest municipality is
Formosa do Rio Preto (15,901.74 km?) and the
smallest Madre de Deus (32.20 km?). The total
population in the state is 14,016,906, that accounts
for a mean demographic density of 24.82 inhab./km?,
varying from 3,859.44 inhab./km? at the capital
(Salvador) to 0.94 inhab./km? in Jaborandi (IBGE,
2010; IBGE, 2020).

The predominant climates in most of the
state, according the updated Koppen-Geiger
classification (Kottek et al., 2006), are: equatorial
with dry winter (Aw), hot arid step (BSh) and
equatorial fully humid (Af). Other climates
classification that occurs in smaller areas in the state
of Bahia are: equatorial monsoonal (Am), warm
temperature fully humid warm summer (Cfb) and
warm temperature fully humid hot summer (Cfa).

According to satellite imagery from the year
2018, most of the land was covered with natural
vegetation (including forests, savanna, steppe and
mangrove), occupying a total area of 262.786,12 km?,
followed by agriculture/livestock areas, with
251,721.61 km? This two land use make up for
approximately 90% of the state area (MapBiomas,
2020). Three of six Brazilian biomes are found in
Bahia: Atlantic Forest, Cerrado and Caatinga. The
protected areas cover about 7% of the state,
distributed in 110 Conservation Units (CU) (CBPM,
2020).

According to data from the INPE reference
satellite (INPE, 2020), Bahia is the Brazilian state
with the fifth highest number of hot spots detected,
only behind the states of Pard, Mato Grosso,
Rondé6nia and Tocantins. It is the state from the
Northeast Region with the highest wildland fire
occurrence. Deforestation data from MapBiomas
(2020) accounts for a sum of 87,643 km? of
deforested areas between 1990 and 2017, which
represents a mean of 3,130 km? deforested annually.

Datasets

The records of hot spots in the state of Bahia
for the period 01/01/2003 to 12/31/2019 were
obtained from the INPE Satellite Monitoring Burning
Program website, based on data from the AQUA
satellite processed through the “Collection 67
algorithm. The values were quantified for the entire
state and grouped by month of occurrence and the
municipality in which they were detected.

The following variables that may have a
significant influence on the number of hot spots were
guantified for each municipality: mean annual
temperature; mean annual rainfall; population
density; municipality area; forest areas (including
natural and planted forests, and mangroves); savanna
formations (including Cerrado restricted sense,
Parque Cerrado, Palmeiral and Vereda); non-forest
natural formation areas (including wetlands,
grasslands, apicum and other non-forest formation);
non-vegetated areas; and agriculture/pasture areas.
These variables were chosen due to availability of
historical data and because they have been shown to
influence the wildland fire occurrence (e.g. Ajin et
al., 2016; Suryabhagavan et al., 2016; White and
White, 2016; White et al., 2016; White, 2018b).
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The mean annual temperature and the mean
annual rainfall were obtained from Climate-Data
(2020) based on climate models and data measured
between 1982 and 2012. Data from population
density were obtained from the last population census
(IBGE, 2010). The municipality areas were obtained
from IBGE (2020). And the data from the area of
forest, savanna, non-forest natural formations, non-
vegetated and agriculture/pasture fields were
obtained from MapBiomas (2020) from 2003 to 2018
(the last year with available data).

Wildland fire incidence per municipality

The state municipalities were grouped
according to the classification originally proposed by
White and White (2016) with the inclusion of a new
frequency class: Extreme (Table 1). This updated
classification seeks to better describe the frequency
of wildland fire based on the number of hot spots per
area detected by the AQUA satellite during a period
of one year.

Table 1 - Frequency of incidence of hot spots detected by the AQUA satellite over one year. The classification
follows the originally proposed by White and White (2016) with the inclusion of the “Extreme” frequency class.

Frequency class

Number of hot spots detected per year

Very Low
Low
Average
High
Very High*

Extreme**

None or one hot spot for an area > 600 km?
(Equivalent to < 0.0017 hot spots/km?).

One hot spot for an area > 300 and < 600 km?
(Equivalent to > 0.0033 and < 0.0017 hot spots/km?).
One hot spot for an area > 150 and < 300 km?
(Equivalent to > 0.0067 and < 0.0033 hot spots/km?).
One hot spot for an area > 75 and < 150 km?
(Equivalent to > 0.0133 and < 0.0067 hot spots/km?).
One hot spot for an area > 25 and < 75 km?
(Equivalent to > 0.04 and < 0.0133 hot spots/km?)
One hot spot for an area < 25 km?
(Equivalent to > 0.04 hot spots/km?)

Note: *Size of the class altered from the original proposed by White and White (2016) for the
inclusion of the Extreme class. ** New class proposed in this study.

Statistical analysis

The Student’s t test was used to test the
existence of significant differences among the
number of hot spots recorded in different months of
the year. Linear regression was used to evaluate the
trend in the number of hot spots detected throughout
the time series. A correlation matrix was constructed
with the Pearson (r) correlation coefficients for the
variables analyzed in the study.

3. Results

A total of 229,554 hot spots were detected by
the AQUA satellite using the Collection 6 algorithm
in the state of Bahia between 01/01/2003 and
12/31/2019. The year of 2007 had the highest number
of detections (29,468), while 2018 had the lowest
number (4,956). The mean during the assessed period
was 13,503 hot spots per year with a standard
deviation of 6,871. The linear regression analysis
indicates a significant downtrend during the time
series (r? = 0,48; p < 0,01) (Figure 1).

When classifying the hot spots according to
the months of the year in which they were registered
and using the Student’s t test to compare the means, it
was possible to define 4 different groups (Figure 2).

In the group “A” are the months with the highest
number of hot spots detected: September (mean of
4,484 per year, 35.4% of the total) and October
(mean of 4,044 per year, 29.9% of the total). In the
group “B” are the months of August (mean of 1,254
per year, 9.3% of the total) and November (mean of
1,098 per year, 8.1% of the total). Following, the
group “C” with the months of July (mean of 491 per
year, 3.6% of the total) and December (mean of 404
per year, 3% of the total). In the group “D” are the
months with the lowest detection, that were, in
descending order: June, January, March, February,
May and April (mean between 290 and 188 hot spots
per year, corresponding to 2.2 to 1.4% of the total).
Hot spots were detected in 412 of the 417
municipalities in Bahia during the period assessed
(Table 2). The municipality with the highest
incidence was Formosa do Rio Preto (13,526).
Proportionally to its area, Presidente Janio Quadros
registered the highest frequency of incidence of hot
spots, followed by Candido Sales and Belo Campo.
The correlation matrix was done using the
proportional values for the following variables that
was significantly affected by the municipality area:
forest area (r = 0.29; p < 0.001), savanna formation
area (r= 0.94; p < 0.001); non-forest natural
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formations (r = 0.79; p < 0.001), non-vegetated area
(r=0.49; p< 0.001), agriculture/pasture fields area (r
= 0.78; p < 0.001); as also in the number of hot spots
registered (r = 0.81; p < 0.001). So, it doesn't matter
if a municipality has 10 or 1000 km? of forest area,
for example, but how much that area represents of the
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total municipality size. The same is true for the
number of hot spots. A municipality A, for example,
which registered 10 times more hot spots than the
municipality B, may present a lower hot spot density
if its size is more than 10 times larger than the size of
municipality B.
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Figure 1 — Number of hot spots detected by the AQUA satellite using the Collection 6 algorithm between 2003 and
2019 in the state of Bahia, Brazil. The regression line indicates a significant downward trend.
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Figure 2 — Maximum, minimum and mean of the number of hot spots detected in each month of the year by the
AQUA satellite and processed by the Collection 6 algorithm in the state of Bahia between 2003 and 2019. Letter
above the lines indicate significant differences among the means of each month according the Student’s t test.

Table 2 - List of municipalities of Bahia state (Brazil) and their number of hot spots (HS) detected; mean annual
hot spots; area; area divided by mean annual hot spots; hot spot frequency of incidence; forest area; savanna area;
non-forest natural formations area; non-vegetated area; agriculture/pasture area; demographic density; mean annual
rainfall and mean annual temperature. Municipalities are grouped in increasing order of the area by the mean

annual number of hot spots.

Non- Agri.

Area by Savanna  Forest Non- and Demog. Mean Mean
Mean the mean Forest - annual

Rank Municipality HS*  Annual Area" annual HSm area Form. Natural ~ Vegetated pasture density an_nual temp
(km?) freq. Mt area Form. Area fields (hab./km?) rainfall ’

HS HS (km?) + 2y+ - w (°C)

(km2/HS) (km2) area (km?) area (mm) it

(km?)* (km?)*
Presidente
1 et 2507 147,47 1209,17 8,20 Extreme 513,79 290,65 0,18 0,85 693,96 11,52 604 22,00
Janio Quadros

2 Candido Sales 2223 130,76 1169,81 8,95 Extreme 505,54 501,00 0,00 2,54 661,72 17,26 856 22,10
) Belo Campo 1466 86,24 772,76 8,96 Extreme 233,37 5158 0,04 2,78 533,30 25,47 780 20,90
4 Tremedal 3271 192,41 2010,32 10,45 Extreme  1040,29 98,68 0,21 1,00 966,56 10,14 736 22,80
5 Cotegipe 6608 388,71 4282,78 11,02 Extreme  3372,40 255,21 77,05 6,13 815,42 3,25 1039 24,60
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939
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590
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844
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23,30
22,60
22,40

24,60

21,70
22,20
24,00
23,40
23,50

20,00

22,20
22,90

24,40

24,50

22,10
25,50
23,60
24,90

24,30

20,90
23,90
23,40

22,10
23,10
23,70

20,80

23,60
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23,00
21,60

25,40
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24,60
23,30
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21,80
25,40
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21,70
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Planalto
Feira da Mata
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Novo
Horizonte

Barra do
Mendes

Jucurugu
Firmino Alves
Iraquara
Seabra
Boa Nova
Ibitiara
Sebastido
Laranjeiras
Boninal
Esplanada
Palmas de
Monte Alto
Tanhagu
Caetanos
Serra Dourada
Luis Eduardo
Magalhées
Boquira
Marcionilio
Souza
Maracés
Itambé
Séo Félix
Ibicui
Alcobaca
lgapora
Pildo Arcado
Paratinga
Bonito
Ibotirama
Utinga
Lengois
Canépolis
Matina
Novo Triunfo
Palmeiras
Andarai
Salde
Mucugé

Wenceslau
Guimardaes

Itanagra

Mulungu do
Morro
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Estiva
Almadina
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Vitéria
Paramirim
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Itagiba
Santa Luzia
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595
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305
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829
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242
483
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22,53
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27,59

60,24
38,24
2,53
27,82
36,06
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34,00
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33,65
4,94
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1586,63
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2562,82
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877,65
1592,25
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1426,23
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2413,27
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1139,38
1482,29
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633,76
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773,28
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1657,41
245,24
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33,18
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1233,14
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140,41
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317,68
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126,61
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0,00
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13,62
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252,80
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1488,22
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42,70
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477,82
7,37
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43,55
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0,00

237,10
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11,33
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10,42
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2,81
54,71
21,34

0,38
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9,74
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0,01
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30,77
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29,75
4,46
65,66
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0,77
13,86

72,98
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766,45
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322,81
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611,33
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329,58

540,71
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10,10
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17,52
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7,06
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17,74
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875
1595

704
813
767

603

1042
949
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753
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747
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796
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1277
965
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772
863
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1206
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762
789
888
1065
927
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1792
664
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1489

928
1198
1012
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1226
688
1583
1257
1237

743
581
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24,50
24,00
21,50
22,90
23,70
23,60
19,20
24,30
24,20

25,90
24,60
22,40

22,60

24,60
22,90
22,10
21,80
20,10
21,80

23,70

21,00
23,60

23,60

23,80
23,00
24,70

24,20
24,00
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18,50
23,40
24,50
22,60
24,50
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26,40
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19,70
25,50
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176
177
178
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183
184
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186
187
188
189
190
191
192

193
194

Sincora
Miguel
Calmon
Umburanas
Mascote
Cardeal da
Silva
Morpara
Mundo Novo
Milagres
Nova
Redengéao
Taperoa
Caturama
Piatd
Boa Vista do
Tupim
Pindobagu
Teolandia
Itapé
Itubera
Mirangaba
Ibipitanga
Livramento de
N. Senhora
luid
Ituacu
Prado
Santa Cruz
Cabrélia
Ourolandia
Rio do Pires
Xique-Xique
Erico Cardoso
Ibipeba

Lajedo do
Tabocal

Piritiba
Jacobina
Itorord
Santo Amaro
Véarzea Nova
Jandaira
Camagari
Pojuca
Nova Itarana
Marad
Apora
Caém
Planaltino
Acajutiba
Guaratinga
Ruy Barbosa
Macajuba
Jeremoabo
Lajedinho
Potiragua
Nova Canaéd
Amélia
Rodrigues
Gentio do
Ouro
Maiquinique
Itagi
Nova Vicosa
Caravelas
Valenca
Coaraci
Cafarnaum
Itaberaba
Aragas
Porto Seguro
Oliveira dos
Brejinhos
Ipupiara

508

560
233

92

653
465
131

173

138
218
554

900
150

136
124
517
280

573

446
350
492

422

443
186
1420
204
383

105

265
587
84
130
321
168
203
81
122
214
120
135
238
45
539
489
172
1134
206
270
195

42

917

141
74

310

554

63
147
544
108
519

748
234

29,88

32,94
13,71

541

38,41
27,35
7,71

10,18

8,12
12,82
32,59

52,94

8,82
512
8,00
7,29
30,41
16,47

33,71

26,24
20,59
28,94

24,82

26,06
10,94
83,53
12,00
22,53

6,18

15,59
34,53
4,94
7,65
18,88
9,88
11,94
4,76
7,18
12,59
7,06
7,94
14,00
2,65
31,71
28,76
10,12
66,71
12,12
15,88
11,47

2,47

53,94

8,29
4,35
18,24
32,59
15,35
3,71
8,65
32,00
6,35
30,53

44,00
13,76

1599,67

1775,63
742,69

293,46

2093,87
1491,99
420,36

565,36

452,00
716,26
1825,86

2972,11

495,85
289,60
453,14
415,43
1751,78
954,37

1953,38

1522,35
1199,37
1687,83

1462,94

1544,99
656,22
5079,66
735,25
1382,01

382,94

980,33
2192,90
314,06
489,32
1225,89
643,75
785,34
314,93
475,38
848,89
479,26
540,91
955,36
181,48
2189,40
1991,77
701,17
4627,28
846,73
1111,57
804,62

173,48

3817,95

588,30
310,62
1316,38
2377,87
1124,32
274,50
643,66
2386,39
474,66
2285,76

3313,42
1055,76

53,53

53,90
54,19

54,23

54,51
54,55
54,55

55,56

55,68
55,86
56,03

56,14

56,20
56,59
56,64
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57,60
57,94

57,95

58,03
58,26
58,32

58,93

59,29
59,98
60,81
61,27
61,34

62,00

62,89
63,51
63,56
63,99
64,92
65,14
65,77
66,10
66,24
67,43
67,90
68,11
68,24
68,56
69,05
69,24
69,30
69,37
69,88
69,99
70,15

70,22

70,78

70,93
71,36
72,19
72,97
73,23
74,07
74,44
74,57
74,72
74,87

75,30
76,70

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

High

<< € £ €K< <<<<< <K<K <K<K KKK <LK LKL <KL«

748,38

1045,30
404,89

131,70

1651,09
671,65
128,10

155,83

378,36
265,99
1221,72

1427,82

284,10
190,97
101,76
314,71
674,00
275,46

655,62

321,80
614,93
681,04

856,15

312,48
437,64
3086,59
516,73
839,34

78,39

269,95
948,45
100,09
179,89
421,66
280,61
213,19
76,34
84,55
615,57
55,04
207,08
268,81
18,63
512,05
695,10
199,41
3149,48
227,71
154,06
169,41

41,97

3072,32

62,85
221,96
792,06
1153,42
752,29
161,33
169,90
670,96
237,83
1037,66

1856,50
804,81

19,68

108,72
0,00

0,01

7883,86
0,01
514

2999,43

669,34
0,00
0,13

324,13

215,61
3,29
22,86
581,36
198,92
0,00

222,11

0,01
829,13
257,39

155,01

0,00

0,10

0,02
917,35
54,93

1269,06

3,98
448,35
0,01
0,22
0,00
66,41
6,88
0,00
144,98
793,99
3,28
583,88
385,10
547
27,18
0,04
354,06
0,01
0,01
434,03
0,07

0,01

0,02

2146,94
0,02
0,00
0,04
0,00
5,10
0,00
0,04
0,00
0,01

0,01
0,01

14,94

310,68
11,45

0,10

0,83
0,33
1,02

1,09

0,62
3,44
279,42

2,86

0,68
0,20
1,09
34,63
414,35
0,14

26,46

0,77
46,25
9,47

9,20

346,32
22,98
603,47
128,22
48,87

0,01

0,28
172,97
0,11
3,75
127,44
9,30
63,83
1,58
0,53
59,94
0,09
2,94
1,28
0,03
43,28
0,95
0,50
137,42
021
1,95
0,20

0,04

298,76

1,58
0,00
12,05
66,45
27,05
0,13
20,60
2,02
2,47
16,28

67,72
14,31
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0,87
1,03

0,61

2,10
0,17
2,37
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0,33
0,57
3,97

1,60
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1,03
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4,14
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10,86
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1,77
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0,80
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0,50
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45,50
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0,29
10,60
7,95
5,78
1,32
2,06
7,86
0,77
25,61

3,65
2,58

833,03

418,73
370,18

124,50

436,54
819,55
288,81

407,82

68,85
446,03
320,45

1526,26

209,49
98,33
349,78
44,31
662,99
677,50

1266,18

1129,21
533,48
976,94

587,23

884,30
194,11
1243,99
121,28
489,83

303,93

706,94
1063,30
212,40
258,34
674,04
320,72
397,07
209,90
387,73
123,54
506,09
329,13
683,17
160,55
1632,27
1291,43
500,26
1337,10
618,09
953,62
634,24

128,91

397,04

522,53
88,37
491,15
1117,22
310,26
111,73
450,80
1701,98
245,99
1202,88

1383,52
234,03

16,88

10,18
18,95

34,64

4,88
16,34
36,24

18,64

45,64
13,31
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46,68
23,94
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16,92

11,03
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74,35
74,17
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23,73
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517
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765
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1461
1227
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623

776
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979

1614

445
757
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799
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749
831
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1713
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1203
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696
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23,90

24,20
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22,10

23,50

24,60
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233
234
235
236

237
238
239
240

241
242
243

244
245
246
247
248

249

250

251

252
253

254
255
256
257

Jequié
Aiquara
Itapetinga
Dério Meira
Séao Gabriel
Itabuna
Guanambi
Campo
Formoso
Nordestina
Jodo Dourado
Andorinha
Camamu
Aurelino Leal
Ibicoara
Itapicuru
Morro do
Chapéu
Gongogi
lagu
Mata de Séo
Jodo
Itapebi
Barra do
Choga
Sitio do
Quinto
Entre Rios
Ponto Novo
Barro Alto
Itarantim
Pau Brasil
Abaira
Itaju do
Colonia
Una
Irecé
1lhéus
Cachoeira
Rio de Contas
Eunépolis
Ibicarai
Itacaré
Floresta Azul
Itirucu
Canarana
Pirai do Norte
Senhor do
Bonfim
Rio Real
Jaguarari
Filadélfia
Jaguaquara
Antbnio
Gongalves
Cansancéo
América
Dourada
Uibai
Itanhém
Itagimirim
Monte Santo
Ibiquera
Lafaiete
Coutinho
Pedro
Alexandre
Presidente
Tancredo
Neves
Cravolandia
Caldeirao
Grande
Dias d'Avila
Jussari
Cairu
Ubaitaba

657

362
90
249
87
276

1539

100
190
283
174
92
166
316

1166

41
474

122
203
153

140

236
104

322
120
103

234
215

134

125
412
95
150

56
219
133

222
139
476
109

7

138

68

38,65
2,18
21,29
5,29
14,65
5,12
16,24

90,53

5,88
11,18
16,65
10,24
541
9,76
18,59

68,59

241
27,88

7,18
11,94
9,00

8,24

13,88
6,12
4,76
18,94
7,06
6,06

13,76

12,65
3,53
17,29
4,35
11,76
15,00
2,41
7,53
3,29
3,24
5,82
1,94

7,88

7,35
24,24
5,59
8,82

3,29
12,88
7,82

512
13,06
8,18
28,00
6,41

4,53

8,12

4,00

1,65
4,12
1,65
2,94
4,00
1,59

2969,03
167,88
1651,16
413,64
1146,05
401,03
1272,37

7161,83

465,41
913,26
1362,39
839,70
445,39
817,36
1556,75

5744,97

202,19
2342,50

605,21
1013,07
765,15

700,17

1187,51
530,14
414,51
1674,03
626,31
538,68

1225,29

1126,73
319,17
1588,56
399,93
1115,25
1425,97
230,95
726,27
321,01
322,02
579,73
193,43

789,36

738,61
2466,01
579,69
924,74

345,28
1351,89
822,37

545,30
1394,17
876,80
3034,20
698,25

498,10

896,07

441,89

182,59
458,31

184,23
329,19
448,82
181,10

76,82
77,13
77,54
78,13
78,24
78,36
78,37

79,11

79,12
81,71
81,84
82,04
82,30
83,71
83,75

83,76

83,84
84,01

84,33
84,84
85,02

85,02

85,54
86,66
87,00
88,38
88,73
88,91

89,02

89,09
90,43
91,86
91,88
94,80
95,06
95,76
96,46
97,45
99,53
99,55
99,64

100,14

100,45
101,75
103,73
104,80

104,82
104,94
105,12

106,55
106,76
107,23
108,36
108,90

109,97

110,39

110,47

110,86
111,30

111,85
111,92
112,20
114,03

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

1730,19
79,19
202,49
218,89
318,24
266,43
229,16

3119,00

119,30
91,24
673,61
641,83
210,61
437,18
400,97

3401,38

83,12
724,01

288,76
302,41
242,86

159,73

579,08
112,90
76,54
150,26
250,92
312,06

184,15

980,38
27,35
1276,54
198,79
517,51
414,66
136,42
628,80
95,41
68,36
70,54
146,39

254,22

113,62
1015,69
120,37
309,75

224,44
445,78
120,36

293,26
117,38
148,39
1099,26
233,85

132,82

148,83

255,46

87,88
278,45
40,44
138,30

299,23
127,18

388,40
0,01
1,51
0,01

74,55
0,43
343,84

0,00

496,49
0,00
317,74
4018,93
733,62
711,35
6,22

981,96

0,00
0,24

601,20
3120,73
0,02

0,02

88,08
1896,82
1,61
328,62
0,00
290,38

13,19

453,29
0,01
0,17

134,69
2,95
4,49

60,35
0,00

204,21

516,45

616,50

1082,78

116,16

0,03
1401,89
864,48
0,00

249,44
0,01
68,25

785,01
109,65
752,22
2615,40
830,24

0,04

0,00

314,90

0,00
0,01
262,33
0,05
408,99
75,58

2,30
0,13
2,92
0,20
71,90
0,71
8,13

1845,27

6,25
15,43
63,55

5,88

051
117,46

081

339,07

0,38
2,54

713
0,87
0,00

4,22

29,05
7,20
5,64
3,61
0,53

88,16

2,02

16,73
4,63
5,16
0,60

214,19
0,69
0,15
4,29
0,39
0,00
8,40
0,15

6,57

0,72
816,19
4,15
0,16

0,44
15,49
15,54

17,00
0,80
0,43

127,12
0,27

0,04

0,01
1,07
6,73
0,17
53,31
0,31
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23,44
0,10
9,05
0,30
2,77
16,48
21,24

11,11

1,44
2,24
1,76
0,88
0,43
1,64
1,45

28,82

0,24
514

14,01
2,19
1,17

0,61

12,78
1,69
0,59
1,61
0,52
0,62

0,44

2,25
8,10
16,73
1,19
3,14
16,76
1,62
1,26
0,53
0,99
2,07
0,02

6,52

1,94
15,85
0,99
6,52

0,19
516
1,74

0,94
1,55
0,84
2,34
0,40

0,28

121

0,59

0,86
0,38
21,02
0,36
6,70
1,07

1176,94
88,44
1435,64
194,14
752,89
117,13
1008,23

2186,20

338,10
804,29
622,32
107,90
233,49
260,29
1182,28

1974,84

118,36
1606,85

311,51
672,23
519,74

535,29

593,39
405,89
331,52
1508,29
374,08
137,83

1038,42

215,73
279,08
272,30
162,68
342,66
992,40
92,69
86,28
224,42
252,62
498,39
46,73

520,47

599,76
617,73
451,97
607,97

120,03
878,52
684,46

234,08
1274,34
712,13
1804,94
463,35

364,86

738,86

184,99

93,73
187,14
102,03
190,33

27,97
51,49

47,07
28,82
41,95
28,82
15,36
473,50
60,80

9,18

26,38
24,65
11,55
38,22
29,70
20,34
20,35

6,12

42,28
10,50

63,46
10,44
44,42

17,98

32,81
31,65
32,68
10,27
17,89
15,68

5,98

20,48
207,45
104,67
81,03
12,23
84,97
104,65
32,96
36,32
40,46
41,76
52,32

89,93

51,84
12,35
29,36
54,95

35,09
24,62
19,05

24,73
13,81
8,47
16,43
5,15

9,62

18,97

57,16

31,08
27,46
360,64
18,14

33,35
115,72

703
1198
857
1158
582
1419
720

946

461
573
623
2340
1478
977
830

691

1250
586

1632
1107
741

727

1339
696
602
785

1015
849

973

1577
583
1946
1268
821
1165
1172
2301
1134
7
592
1610

768

919
663
727
790

849
508
534

683
1152
1045

688
765

614

1594

753
871

1668
1196
2151
1472

160

23,30
23,60
23,60
23,50
23,50
24,40
23,60

23,20

24,10
22,30
23,70
24,60
24,40
20,00
24,20

20,20

24,00
23,50

24,70
23,40
19,90

23,00

23,40
24,10
22,70
23,80
23,70
22,80

23,80

24,10
23,30
24,50
24,30
20,70
23,80
23,60
24,70
23,60
19,70
22,60
23,70

23,40

23,80
22,30
23,90
20,50

23,60
23,80
22,60

24,30
24,50
23,30
23,10
22,00

21,30

23,50

23,00

21,20
23,70
24,80
23,40

24,60
24,30



258
259

260
261
262
263
264
265
266
267

268
269
270
271
272

273

274
275
276
277
278

279

280

281
282
283

284

285
286

287

288
289

290

291
292
293
294

295
296
297

298
299
300

302
303
304
305
306

307
308
309

310
311
312
313
314
315
316
317

318
319

Irajuba

Santa Brigida
Euclides da
Cunha

Itamaraju
Itabela
Inhambupe
Tapiramuta
Séo Sebastido
do Passé
Vereda
Presidente
Dutra
Buerarema
Jaguaripe
Itatim
Mairi
Nilo Peganha
Barra do
Rocha
Queimadas
TerraNova
Antas
Nova Soure
Avratuipe
Itaguacu da
Bahia
Vérzea do
Poco
Muritiba
Ibitita
Jussiape
Coronel Jodo
Sa
Vera Cruz
Quijingue
Teixeira de
Freitas
Itilba
Alagoinhas
Séo José do
Jacuipe
Itamari
Capim Grosso
Lapdo
Itaquara
Séo José da
Vitéria
Ubaté
Cruz das
Almas
Simades Filho
Maragogipe
Ibirataia
Dom Basilio
Laje
Central
Nazaré
Sento Sé
Banzaé

Séo Francisco
do Conde
Brejdes
Medeiros
Neto
Barro Preto
Ipiad
Ibirapud
Lajedédo
Santaluz
Conceicdo do
Jacuipe
Crisépolis
Sao Gongalo
dos Campos
Catu
Jussara

67
130

285

336

130

149
98

73
105
31

29
113
71
117
50
27
251
23
40
114
21

517

24

10
65
66

98

33
150

125

177
75

38

15
48
66
35

13
18
14

20
43
31
66
43
54
26
1132
38

25
48
118

18
25
68
55
141
10
54
25

36
109

3,94
7,65

16,76

19,76
7,65
8,76
5,76
4,29
6,18
1,82
1,71
6,65
4,18
6,88
2,94
1,59
14,76
1,35
2,35
6,71
1,24
30,41

141
059
3,82
3,88
576
1,94
8,82
735
10,41
441
224
0,88
2,82
3,88
2,06
0,76
1,06
0,82
1,18
2553
1,82
3,88
2553
318
1,53
66,59
224
1,47
2,82
6,94
1,06
1,47
4,00
324
8,29
0,59
318
1,47
212
6,41

459,05
900,06

1992,64

2360,29
924,93
1082,26
714,69
536,58
782,14
232,06
219,49
863,11
547,51
906,68
390,96
214,41
2011,06
184,30
321,61
921,71
174,01
4310,24

206,48

86,31
573,03
589,76

883,52

299,37
1380,80

1165,62

1650,59
707,56

362,37

143,48
464,78
642,88
344,09

127,93
177,64
139,12

201,22
438,18
318,13
688,65
449,83
566,97
278,63
12181,24
409,51

269,61
518,57
1311,74

201,59
280,45
771,10
624,35
1623,45
117,53
636,61
294,77

426,96
1355,17

116,47
117,70

118,86

119,42
120,95
123,48
123,98
124,96
126,63
127,26
128,66
129,85
131,09
131,74
132,93
135,00
136,21
136,22
136,68
137,45
140,87

141,73

146,26

146,73
149,87
151,91

153,26

154,22
156,49

158,52

158,53
160,38

162,11

162,61
164,61
165,59
167,13

167,29
167,77
168,93

171,04
173,23
174,46
177,38
177,84
178,49
182,18
182,93
183,20

183,33
183,66
188,98

190,39
190,71
192,77
192,98
195,73
199,80
200,41
200,44

201,62
211,36

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Average
Average

Average
Average

Average

Average
Average

Average

Average
Average
Average
Average

Average
Average
Average

Average
Average
Average
Average
Average
Average
Average
Average
Average

Average
Average
Average

Average
Average
Average
Average
Average
Average
Average
Average

Average
Average

119,40
288,90

939,97

605,30
293,52
219,84
330,77
100,94
121,44
30,05
173,79
482,43
116,90
136,62
328,89
157,38
230,53
14,30
56,84
300,85
88,06
2150,87

16,13

5,58
56,12
304,12

187,38

113,53
476,02

225,58

360,44
233,33

13,85

86,62
51,23
61,61
86,44

99,85
120,12
8,75

62,38
210,72
231,24
244,16
116,42
179,48
143,50
7734,17
190,22

67,14
117,94
63,64
175,59
170,44
169,95
42,41
273,64
13,13
49,30
24,63

97,34
328,98

610,78
329,73

1093,42

1632,30
248495
238,64
1025,30
0,69
212,82
149,64
0,01
2526,05
0,05
0,01
0,02
0,00
119,03
0,06
3,82
0,00
42,42
95,91

300,19

0,89
463,30
110,04

39,59

1808,29
13,68

310,95

803,67
353,80

522,17

1698,69
36,23
0,01
545,53
11,00
0,06
147,48
1115,23
8653,83
179,00
209,43
9,29
0,01
276,62
103,81
152,32
67,33
140,34
0,00
110,72
197
0,00
0,90
30,00
512,39
0,01
229,50

471,23
37,23

0,06
0,30
6,48
9,34
0,85
0,77
0,45
1,07
134
2,52
0,13
100,09
0,82
0,36
14,65
0,18
20,48
0,13
0,35
1,97
041
758,95

0,09
0,00
6,57
53,50
40,13
6,64
7,04
2,06
18,37
0,39
0,10
0,10
4,06
5,02
0,01
0,06
0,29
0,00
2,27
3,25
0,77
2,84
1,76
18,70
1,63
2084,97
0,10
5,67
0,20
2,43
0,05
0,28
1,07
0,86
11,56
0,03
0,08
0,39
0,23
136,47
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0,83
0,65
2,76
541
2,93
1,52
0,43
3,01
0,37
121
0,95
4,59
3,97
0,54
0,69
0,28
5,85
0,97
0,46
1,54
0,08
2,23

0,46
2,05
1,25
1,02
7,01
8,92
3,32
21,91
1,77
21,23
0,78
0,13
4,68
2,04
1,06
0,28
124
5,01
18,44
2,39
1,18
1,15
0,67
6,37
0,92
19,32
0,49
6,56
2,18
2,72
0,23
3,48
1,08
0,66
7,94
5,49
1,01
5,70
3,95
2,84

338,21
610,24

1043,26

1739,50
627,29
912,65
382,40
431,30
658,66
198,30
44,59
234,40
424,92
769,15
42,92
56,43
1753,35
168,87
263,96
632,07
84,69

1389,20

189,75

78,64
508,71
230,85

648,25

47,75
894,33

915,12

1263,65
452,59

345,30

56,61
402,48
574,11
256,47

27,72

55,88
125,29
106,57
188,81

84,57
439,80
330,66
362,39
131,03
1383,09
218,61

115,71
397,93
1242,81

25,69
106,03
598,75
580,14
1329,37
98,88
557,20
252,68

314,68
886,76

16,93
17,06

27,75

28,47
33,37
29,70
24,88
78,30
7,78
84,07
80,73
18,32
24,89
20,29
31,38
30,30
12,13
64,36
53,08
25,40
47,47

2,97

42,27

323,58
28,63
13,72

19,32

125,33
20,28
118,87
20,96
188,67
25,30
71,14
79,47
42,38
23,77
78,84
93,22
402,12
586,65
97,27
64,24
16,78
48,50
28,24
107,47
2,95
51,92

126,24
29,70
17,40
50,26
166,05
10,10
6,07
21,65
256,30
32,99
110,67

122,72
15,87

700
545

622

1136
1261
905
916

1640
1159
616

1292
1825
554
760
2057

1242

553
1488
847
760
1676

658

752

1222
635
598

1874
397

1099

659
1478

631

1334
667
590
694

1288
1290
1136

1674
1418
1269
593
1308
593
1615
600
693

1796
810
1065

1243
1202
1009
1042
594

1188
800

1079

1525
576

161

21,30
24,90

23,10

24,60
24,20
23,50
20,40
24,60
24,70
23,70
24,10
24,80
23,00
22,80
24,60
23,80
24,10
24,30
22,70
24,10
24,50
25,20

23,10

23,10
22,60
23,70

24,00

25,10
24,00

24,30
23,90
23,50
23,20
23,00
23,30
22,90
21,10
23,70
23,90
23,00
24,90
24,60
23,60
24,00
23,30
23,60
24,70
26,70
23,90
24,80
20,80
24,50
23,50
23,60
24,10
23,80
23,20
23,30
23,50
23,20

24,00
24,00



320
321
322

323
324
325

326
327
328
329

330
331
332

333
334

335

336
337

338
339
340

341

342
343
344
345
346
347

348

349
350
351
352
353
354
355

356

357
358
359
360

361

362

363
364
365

366

367

368
369
370
371
372
373
374

375

376
377
378
379
380

381

Jitalna
Paulo Afonso
Candeias
Santa
Teresinha
Cipé
Coragéo de
Maria
Casa Nova
Camacan
Baixa Grande
Ubaira
Teodoro
Sampaio
Remanso
Salinas da
Margarida
Ibirapitanga
Pedréo
Lauro de
Freitas
Igrapitna
Ipecaeta
Conceicdo da
Feira
Itajuipe
Conceicdo do
Coité
Capela do
Alto Alegre
Sétiro Dias
Santa Inés
Castro Alves
Jiquirica
Uruguca
Amargosa
Ribeira do
Pombal
Quixabeira
Araci
Biritinga
Serrolandia
Tucano
Apuarema
Arataca
Ribeira do
Amparo
Aramari
Canudos
Adustina
Ipird
Governador
Mangabeira
Rafael
Jambeiro
Nova Ibia
Mutuipe
Agua Fria
Vérzeada
Roca
Feira de
Santana
Juazeiro
Serra Preta
Gavido
Valente
Barrocas
Nova Fatima
Lamaréo
Santo Ant6nio
de Jesus
Saubara
Irard
Santo Estévéao
Anguera
Helidpolis
Sao Miguel
das Matas

21

730
44

49
18
343
1

34
1

40
25

11
18
67

1,24
7,24
118

3,29
0,71
1,71

42,94
2,59
4,24
2,88

1,06
20,18
0,65

2,00
0,65

0,24

2,35
1,47

0,65
1,06
3,94

2,41

3,82
1,41
2,65
0,88
1,88
1,59

4,29

1,29
524
1,88
1,06
6,94
0,47
1,35

2,06

1,12
9,47
1,82
8,82

0,29

2,88

0,53
0,71
1,88

1,18

318

16,35
1,29
0,82
0,82
0,41
0,65
0,35
0,47
0,29
0,47
0,59
0,29
0,53
0,35

262,05
1545,19
251,63

719,26
155,72
378,42

9647,07
584,85
967,51
659,14

244,61
4683,40
151,50

472,69
158,49

57,66

591,31
372,57

164,80
270,75
1015,25

629,59

1008,18
379,27
713,79
238,60
510,10
431,67

1177,45

366,39
1495,55
553,76
322,02
2185,01
150,83
435,96

667,34

368,95
3189,54
632,14
3105,28

106,85

1090,55

203,20
275,83
743,01

468,41

1304,43

6721,24
595,30
384,59
394,88
207,30
346,79
189,26

261,74

166,43
267,88
360,33
187,84
338,80

230,89

212,14
213,56
213,88

218,35
220,60
221,83

224,66
225,96
228,44
228,68

231,02
232,12
234,14

236,35
244,94

245,07

251,31
253,34

254,69
255,71
257,60

261,05

263,68
268,65
269,65
270,42
270,99
271,79

274,20

283,12
285,67
294,19
304,13
314,79
320,51
322,23

324,13

330,11
336,78
346,66
351,93

363,28

378,35

383,82
390,76
394,73

398,15

410,65

411,01
460,00
467,00
479,49
503,44
535,94
536,23

556,20

565,86
569,25
612,57
638,66
639,95

654,18

Average
Average
Average

Average
Average
Average

Average
Average
Average
Average

Average
Average
Average

Average
Average

Average

Average
Average

Average
Average

Average

Average

Average
Average
Average
Average
Average
Average

Average

Average

Average

Average
Low
Low
Low
Low

Low

Low
Low
Low
Low

Low

Low

Low
Low
Low

Low

Low

Low
Low
Low
Low
Low
Low
Low

Low

Low
Low
V. Low
V. Low
V. Low

V. Low

188,07
547,47
53,42

103,37
43,06
28,82

5154,80
474,79
172,06
383,41

33,78
2266,63
32,22

381,62
15,48

15,56

447,75
20,85

14,72
237,98
200,31

14,53

228,77
144,22
46,35
137,74
457,45
110,56

372,95

38,17
370,89
137,00

33,09
672,04

70,59
409,21

183,75

105,37
2159,46
98,87
171,69

7,14

93,16

146,52
116,91
264,50

14,86

65,36

1911,37
28,78
533
47,28
27,52
3,99
5,78
55,39
63,48
13,60
12,19
5,81
22,90

54,62

72,01
2256,58
12,92

3420,17
16,09
1822,82

183,48
371,23
40,33
478,49

224,36
389,60
27,15

1182,05
282,15

0,00

0,00
4,77

287,91
3,08
0,01

1,75

0,01
117171
4658,22

28,95
269,26
1150,62

8,12

0,04
0,01
7,86
7092,13
11,93
0,02
0,02

1039,49

0,00
315,45
4,17
0,01

11,80

0,02

0,00
0,21
219,40

0,00

190,99

1367,95
864,19
200,29

7592,10
918,25
616,14

9,51
38,38
30,72
0,00
770,77
159,24
491,11

595,73

0,11
1,79
3,12

0,33
0,11
0,10

1563,73
0,29
0,39
0,07

0,02
254,63
6,37

0,78
0,00

0,22

11,78
0,13

0,01
0,09
9,64

0,09

0,60
0,00
0,05
0,09
1,35
0,03

0,82

1,66
23,20
0,54
0,63
13,78
0,40
0,19

0,52

0,78
351,92
5,08
0,58

0,00

0,69

0,16
0,22
1,00

021

2,47

2391,97
0,08
0,02
0,40
0,53
0,13
0,03
0,27
3,18
0,03
0,04
0,00
0,10
0,33
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0,43
16,57
11,00

0,42
2,02
151

32,32
1,34
051
0,67

0,25
7,72
1,94

0,82
0,20

24,72

0,45
0,33

1,79
1,04
11,45

0,87

0,62
1,65
1,57
0,20
131
2,37

3,89

0,51
24,88
0,45
1,14
8,05
0,23
0,28

0,52

0,49
11,80
1,65
6,35

0,53

2,14

0,20
0,69
0,85

0,68

101,82

59,87
1,04
038
1,70
283
152
0,24
6,21
2,80
1,92
4,94
037
0,71
0,09

73,37
947,62
165,14

614,37
110,60
347,96

1934,50
108,14
794,26
274,98

209,58
1575,61
18,72

89,04
142,13

16,42

80,24
351,22

124,83
31,51
793,42

614,02

780,06
233,29
665,57
100,55
49,53
318,66

799,68

322,95
1068,20
415,62
286,71
1490,77
79,59
26,30

457,64

257,30
650,91
525,38
2925,96

90,83

992,59

56,32
158,01
476,68

444,94

1124,24

2318,37
565,13
378,86
345,06
176,23
341,23
183,18

199,54

16,87
252,31
325,81
181,63
315,13

174,93

64,47
68,62
321,87

13,64
122,78
64,34

6,73
50,22
21,19
27,19

34,10
8,32
89,81

50,53
43,03

2833,38

25,31
41,45

125,19
74,10
61,06

17,75

18,78
32,83
35,70
58,97
50,61
74,16

62,34

24,64
33,19
26,97
41,72
18,73
48,17
217,70

22,22

30,44
4,89

24,84
19,39

186,40

18,95

37,19
75,74
23,77

26,83

416,03

30,45

28,71

12,33

63,90

70,61

21,73

45,74
348,14
68,51

98,87

131,91
57,85

38,94

48,57

1150
540
1797

651
891
1145

480
1217
754
881

1341
590
1756

1563
1193

1232

2183
721

1110
1495
585

695

654
648
761
1041
1585
960

711

712
659
701
751
648
1394
1268

788

1316
465
617
675

1158

647

1344
1179
899

752

888

422
710
561
559
627
504
824

1178

1699
1022
789
735
733

1015

162

23,50
25,80
24,60

23,00
24,90
23,10

25,40
23,60
22,90
22,20

24,10
26,80
25,00

24,10
23,00

25,00

24,50
23,40

23,10
24,10
22,30

22,80

23,60
21,60
22,70
22,40
24,20
21,80

24,20

23,30
23,70
23,60
23,40
24,40
22,80
23,60

24,70

23,30
23,80
23,50
22,60

23,00

23,10

23,00
23,00
22,70

22,80

23,00

24,80
22,80
23,60
23,00
22,90
23,30
23,30
23,00
24,80
22,60
23,00
23,20
23,30

22,30



382
383
384
385
386
387
388
389

390

391

392
393
394
395

396

397
398
399
400
401
402
403
404
405
406
407
408

409
410
411
412
413

414
415
416

417

Itaparica 3 018 118,04 66889  V.Low 849
Paripiranga 11 0,65 435,71 673,37 V. Low 36,76
Retirolandia 6 035 242,33 68660  V.Low 1376

Candeal 10 0,59 447,58 76088  V.Low 26,47
Fétima 8 047 359,39 76371  V.Low 10,48
Olindina 14 0,82 637,32 77388  V.Low 40,05
Abaré 35 206 160492 77953  V.Low 502,61
Tanquinho 5 0,29 243,84 829,05  V.Low 14,02
é;‘rtgg;g 6 035 293,53 831,67 V.Low 846
F':'rLr'Qi'rZa 2 012 10454 88859  V.Low 3377
Sobradinho 21 124 115491 934,92 V.Low 49355
Sto Felipe 4 024 222,41 94523  V.Low 41,93
Santa Bérbara 6 0,35 347,02 983,23 V. Low 5,27
Uaua 49 288 307479 106676  V.Low 1274,80
Cozlcrer:g?;ado 4 0,24 284,84 121055  V.Low 17,74
Pintadas 9 053 647,14 122238  V.Low 10,63
Macururé 30 1,76 2545,86 144265 V. Low 864,77
Gléria 18 106 156661 147958  V.Low 67158
Pé de Serra 6 035 596,77  1690,85  V.Low 12,14
Varzedo 2 012 221,40 188189  V.Low 58,47
Salvador 6 035 693,83 196585  V.Low 70,75
Serrinha 5 0,29 58331 198327  V.Low 46,46
Ichu 1 0,06 13802 234627  V.Low 543
Chorraché 20 118 300532 255452  V.Low  1490,91
Ourigangas 1 0,06 156,98 2668,69 V. Low 29,76
Teofilandia 2 012 351,89 299108  V.Low 19,60

Santan6polis 1 0,06 222,69 3785,66 V. Low 8,71

R'chﬁgedo 5 029 115542 392842  V.Low 17,44
Curagd 25 147 593594 403644  V.Low 2218,93
Do ;?ggos 1 0,06 289,96 492937  V.Low 12,74
Rodelas 7 041 220716 536024  V.Low 1184,67
MaDd;SSde 0 0,00 32,20 V.Low 173

Do”g:g”sf;edo 0 0,00 04,78 V.Low 12,62
Sapeagu 0 0,00 131,22 V. Low 2,96
M'Z'(;f;’jo 0 0,00 179,33 V.Low 34,12

Cii?;;ﬁ:;udo 0 0,00 222,03 V.Low 2,09

1003,17 0,48 323 13,42 175,58 1921 25,00
247,56 2,39 1,28 395,31 63,76 897 22,60
316,35 0,16 1,16 227,21 66,43 525 23,10
2,46 0,15 0,30 420,62 19,98 716 23,50
0,01 0,69 0,97 347,21 49,12 690 23,40
45,46 0,17 1,89 500,08 46,00 680 24,10
0,09 258,97 1,47 839,53 11,49 531 24,90
0,02 0,18 0,17 229,47 36,43 812 23,30
18,61 0,00 0,23 270,75 39,24 926 23,60
0,00 0,07 0,09 70,62 66,45 1455 23,90
0,01 276,22 5,07 308,18 17,76 444 25,20
919,14 0,01 0,25 180,17 98,57 1284 23,30
670,82 0,04 1,86 339,77 55,15 857 23,20
127468  1019,21 4,95 775,42 8,00 481 23,60
0,07 0,02 0,16 266,93 61,70 1122 23,20
0,01 0,07 0,65 635,64 18,96 540 23,30
0,02 448,92 1,69 1230,38 3,52 429 24,10
291,93 6,01 3,16 736,57 12,01 508 25,60
1040,57 0,28 2,41 581,96 22,32 444 23,20
0,00 0,16 0,23 161,99 40,16 960 22,90
317,14 3,95 177,62 49,58 3859,44 1781 25,20
0,00 0,22 4,82 531,58 122,97 801 23,20
76,91 0,07 0,29 132,26 41,16 648 23,30
0,02 604,87 3,58 903,95 3,57 416 24,40
45,22 0,23 0,37 132,74 53,51 1120 22,80
11,67 0,87 1,19 330,10 64,02 673 23,10
13,35 0,03 0,35 213,57 38,02 940 22,90
417,61 0,20 351 1133,94 217,87 539 23,40
0,02 2404,63 14,48 1285,75 5,29 461 24,60
0,00 0,12 0,92 276,00 28,22 521 23,40
0,01 60,94 9,35 816,60 2,85 447 24,60
720,98 0,49 2,20 0,58 539,61 1852 25,00
106,90 0,01 0,03 82,15 45,70 1190 23,20
1935,30 0,00 0,73 127,48 141,50 1066 23,00
0,03 0,01 0,00 145,21 41,06 895 22,10
3047,84 0,00 0,92 193,31 76,66 932 23,20

*Accumulated between 2003 and 2019 (Source: INPE, 2020). ** Source: IBGE, 2020. *** According to classification originally proposed
by White and White (2016) with the inclusion of the class “Extreme”. +Annual mean from data from 2003 to 2018 (Source: MapBiomas,

2020).

++Based on the last population census (Source: IBGE, 2010). ++++ Average value based on data from 1982 to 2012 (Source:

Climate-Data, 2020).

Based on the analysis of the correlation
matrix (Table 3) the most significant correlations
obtained and related to the wildland fire occurrence
were: the hot spot density increased as the percent of
the municipality covered by savanna formations
increased and as the percent of the municipality
covered by agricultural and pasture fields decrease.
Other less significant correlations were the hot spot
density increases as the percent of a municipality
covered by forest decreases; as the mean annual
temperature decreases; as the mean annual rainfall
decreases; and as the demographic density decreases.
Non-significant correlations were found between the
hot spot density and the percentage of non-forest
natural formations, as also with the percentage of
non-vegetated area.

Using the updated classification originally
proposed by White and White (2016), 39
municipalities from the state of Bahia (together
occupying 16.1% of the state area) were classified
with “Extreme” frequency of hot spot incidence; 153
municipalities (occupying 46.3% of the state area)
with “Very High” frequency of hot spot incidence; 90
(16.3% of the state area) with “High”; 69 (11.3% of
the state area) with “Medium”; 26 (4.4% of the state
area) with “Low”; and 40 (5.6% of the state area)
with “Very Low”. Most of the municipalities with the
lowest wildland fire incidence were located in the
Northeast and in the East Central regions while the
ones with the highest fire frequency were located in
the Southcenter and in the Northwest regions (Figure
3).
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Table 3 — Matrix of Pearson correlation coefficients (r) between all variables (dependents and independent) used in

this study.
Forest Savanna Non-forest Non- Agri. and Demo Mean Mean  Hot spot
cover  formations natural formation vegetated  pasture fields densi tg' annual  annual  density
area (%) area (%) area (%) area (%) area (%) Y rainfall temp.  (HS/km?)
Forest f%er aea 100  -051%* -0.15% 0.02 -0.42%* 004 073** 008  -0.15*
Savanna
formations area 1.00 0.32** -0.11 -0.47** -0.16* -0.46**  0.06 0.48**
(%)
Non-forest natural
formation area 1,00 -0,01 -0,40** -0.06  -0,10* 0,07 -0,01
(%)
Non-vegetated e o o " )
area (%) 1,00 0,10 0.88 0,20 0,16 0,08
Agri. and pastures . L0 RAF*  _() 9%%*  _() OE**k
fields area (%) 1,00 0.07 -0.34 0,23 0,25
Demog. density 1,00 0,20**  0,11* -0,12*
Mean annual
rainfall 1,00 0,30**  -0,12*
Mean annual *
temp. 1,00 -0,13
Hot spot density
(HS/km?) 1,00
Note: ** significant at p < 0.001; * significant at p < 0.05
46 -44 42 -40 -38
1 1 | 1 1
=4 =
8 i
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Wildland Fire Incidence
© - Extreme 9
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Figure 3 — Hot spot frequency of incidence in the municipalities of the state of Bahia (Brazil), based on the mean
annual number of hot spots from 2003 to 2019 detected by the AQUA satellite. The categorization is based on the
originally proposed White and White (2016) classification, updated with the inclusion of the class “Extreme”.
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4, Discussion

Even though 229,554 hot spots were detected
in the state of Bahia during the period analyzed, it is
important to state that this number only represents a
small part of the real number of wildland fires that
actually occurred. The MODIS sensor used by the
AQUA satellite is relatively outdated. It is capable of
detecting only fires with a front line width greater
than 30 meters, inferior to recent launched satellites
equipped with VIIRS sensor that can detect wildland
fires with smaller front line (NASA, 2020b).
Additionally, satellite based fire detection may also
be restricted by the presence of clouds, by the canopy
of the forest when the fire is consuming only the
understory, when fires started and ended during the
interval between the satellite passage, or when the
fire occurs in a mountainside opposite to the satellite
observation path (INPE, 2020). Nevertheless, since
the AQUA satellite has been in operation for several
years, its data is important to compose comparable
time series.

The downtrend recorded in the number of hot
spots in the state of Bahia is also verified when
analyzing the data from the whole country.
According INPE (2020), 2007 was the year with the
highest number of hot spots detected by the AQUA
satellite in Brazil, with a relative decrease in the
following years. The same was registered in this
study. The possible explanation to the reduction in
the numbers from the country, as a whole, can be the
decrease in the deforestation (White, 2018b, 2019;
INPE, 2020). Unfortunately, data of deforestation
from Bahia are unavailable for the years 2018 and
2019. However, data from 2003 to 2017 indicates a
significant decline in such period (MapBiomas,
2020). Other factors such as the EI Nifio and La Nina
can also have influence the data in this study, since
recent studies proved the relation between EI Nifio—
Southern Oscillation and interannual fire activity
(Jiménez-Mufioz et al., 2016, White, 2018b, 2019).
Despite the downtrend contradicts recent studies that
indicate global warming is increasing wildfire
occurrence in the last years (Moritz, 2012), it is
important to mention that the 17 year period analyzed
in this study is too short to identify patterns related to
climate change.

The predominant climate in Bahia is tropical
with dry winter and rainy summer, in most of the
municipalities the dry season lasts for at least 5
months (Mendonca and Danni-oliveira, 2007). At the
end of this period and the beginning of the rainy
season (September and October for most of the state)
the wildland fires are more frequent. In a smaller
region denominated zona da mata, a 300 km
extension across all the Bahia coastal zone, the
summer is dry and the winter rainy (White and

Ribeiro, 2011). Therefore, in this region, the wildland
fires are more frequent between December and
March. The highest number of hot spots in the
months of September and October found in this study
is related to the predominant climate in the state that
follows the pattern observed in most of South
America countries. All South American countries
below the equator, with the exception of Chile,
present higher fire activity from August to November
(White, 2019). In Brazil, the fire season lasts from
July to December, with the peak in the months of
August and September (Soares and Batista, 2007).

Through the analysis of the correlation
matrix it was possible to conclude that the
municipality with lower mean annual temperature
and lower mean annual rainfall presented higher hot
spot density. The correlation with the rainfall was
expected, since vegetation moisture content increases
with rainfall, making it more difficult to burn (Soares
and Batista 2007; White and Ribeiro 2011; White,
2018a). The temperature also influences the moisture
of the vegetation and, consequently, the facility
which it burns. Despite higher temperatures favor the
drying of the vegetation (Soares and Batista 2007;
White, 2018b), in tropical regions, higher
temperature is associated with higher rainfall amount.
This occurs in the Bahia municipalities, since the
correlation between both variables was positive and
significant.  Therefore, even though higher
temperatures can contribute with a higher wildland
fire occurrence, its effect was possibly suppressed by
the rainfall.

Although meteorological parameters play a
key role in the wildland fire occurrence, it is essential
to analyze human activities in order to understand
better fire occurrence since, in Brazil, 99% of the
ignitions sources are associated with human activities
and only 1% are originated from a natural source,
that is lightning (Soares and Batista, 2007). A good
way to understand the main factors associated with
the wildland fire occurrence is analyzing the land use
variable (White et al., 2016; White, 2018b). In this
study, the municipalities with a greater percentage of
its total area covered by savanna formations
presented a greater hot spot density. Also, the
municipalities with higher percentage of its total area
covered by forests presented lower hot spot density.
Those results are in accordance with the literature,
since tropical forests, including the Atlantic Forest
biome, has a low wildfire risk of occurrence (Ajin et
al., 2016; Suryabhagavan et al., 2016; White, 2018a),
while savanna formations have a high wildfire risk of
occurrence (Nolasco and Sanhueza, 2011; White,
2019). Also, the percentage of land covered by
pastures and agricultural fields presented a negative
significant correlation with the hot spot density. Such
correlation was unexpected, since fire is a commonly
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used tool for clearing areas in farming activities and
has already been shown by several authors as
presenting a positive significative correlation with
wildland fire occurrence (Ajin et al., 2016;
Suryabhagavan et al., 2016; White et al., 2016;
White, 2018b). A possible explanation for such
finding could be that, as presented in Table 3, the
municipalities with a greater percentage of land use
covered by savanna formations presented less
percentage of land used to farming activities.
Therefore, if the savanna formations burn more
frequent than pastures and agricultural fields, could
end up mistakenly reflecting in the statistical analysis
that farming activities diminish wildland fire activity.

The demographic density also presented a
negative significant correlation with the hot spot
density. Some authors affirm that more densely
populated regions would be more prone to burn, since
most of the wildland fires are initiated by humans
(Soares and Batista, 2007). Nevertheless, larger
populations are usually concentrated in urbanized
areas, with lower vegetated formations and
consequently with lower wildland fire occurrence.

The map indicating the wildland fire
incidence in the municipalities of the state of Bahia is
an important visual tool to assess the future risk of
wildland fire occurrence, since data from past fires is
an important variable used to predict areas with
higher risk of future fires (White et al., 2016).

4. Conclusions

During the period analyzed, the number of
hot spots in Bahia presented a significative
downtrend over the years. The months of September
and October were the ones with higher fire
occurrence. The percentage of land covered by
savanna formations was the variable that had the
greatest influence on the municipal hot spot density.
The others variables that also had significative
influence in the hot spot density were, in decreasing
order of significance: percentage of land covered by
agriculture and pasture fields; percentage of land
covered by forests; mean annual temperature; mean
annual rainfall; and demographic density.

Almost 75% of the state area was classified
with “High”, “Very High” or “Extreme” frequency of
incidence of hot spots. The municipalities with the
highest hot spot incidence were located in the
Southcenter and in the Northwest regions, while the
ones with the lowest hot spot incidence were in the
Northeast and East Central regions.

The data obtained thought this study can and
should be used in the development of public policies
focused in the reduction of environmental harmful
wildland fire events, as well as, to subsidize

programs of  Dbiodiversity management and
conservation.
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