EVALUATION OF FOREST FIRES IN PARANA IN 2018 AND 2019
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Resumo

Avaliacdo dos incéndios florestais ocorridos no Parané nos anos de 2018 e 2019.0s incéndios florestais
representam importantes prejuizos ambientais, econdmicos e sociais em muitos paises. O conhecimento
histérico sobre as caracteristicas dos incéndios ocorridos em certa regido auxilia na tomada de deciséo visando
a prevencao e combate dos mesmos. O objetivo desta pesquisa foi avaliar os incéndios florestais ocorridos no
estado do Parana nos anos de 2018 e 2019, levantando as seguintes informag8es: municipio, regido, més e dia
da semana da ocorréncia e tipo de vegetacdo atingida. Para tanto, dados obtidos junto ao Corpo de Bombeiros
do Parana por meio da plataforma SysBMNew-CCB foram analisados, sendo verificada a densidade de
incéndios por regido e a andlise comparativa entre conglomerados. Observou-se em 2019 um aumento de
42,25% no namero de ocorréncia de incéndios florestais em relagdo ao ano anterior. Para ambos 0s anos
analisados, a regido onde ocorreram mais incéndios florestais foi a Norte-central, seguida da regido
Metropolitana de Curitiba. O municipio que registrou maior nimero de ocorréncias foi Curitiba, em ambos os
anos. De acordo com a classificagdo do Corpo de Bombeiros, o tipo de vegetacdo mais atingido pelos incéndios,
nos dois anos estudados, foi “terrenos baldios”. A partir dos dados obtidos, verifica-se a necessidade de medidas
de educacio ambiental para a prevencdo dos incéndios em terrenos baldios. E recomendado a continuidade
deste estudo para que possa ser tragado um perfil dos incéndios florestais no estado, embasando medidas de
prevencdo e controle.

Palavras-chave: Caracterizagdo; densidade de incéndios; fogo; interface urbano-rural; incéndios em vegetac&o.

Abstract

Forest fires represent significant environmental, economic, and social damage in many countries. Historical
knowledge of their characteristics aids in making preventive decisions, as well as fighting forest fires. However,
the general data of fires in Parana are outdated. The objective of this study was to evaluate the forest fires in
the state of Parand in 2018 and 2019, surveying the following information: municipality and region affected;
month and day of occurrence; and vegetation type. To this end, data obtained from the Parana Fire Department
through the SysBMNew-CCB platform were analyzed. The fire density by region was verified and compared
through cluster analysis. Compared to the previous year, 2019 showed a 42.25% increase in the number of fires.
In both years, most forest fires occurred in the North-central region, followed by the Metropolitan Region of
Curitiba. The municipality of Curitiba recorded the highest number of fires in both years. According to the Fire
Department classification, the vegetation type most affected by the fires was vacant lots. From the data
obtained, we verified the need for environmental education measures aimed at the prevention of fires in vacant
lots. Further research is recommended so that a profile of forest fires can be traced in the state and thus base
prevention and control measures.

Keywords: Characterization; fire density; fire; wildland-urban interface, vegetation fires.

INTRODUCTION

Forest fires represent a major concern for many ecosystems (KUCUK et al., 2018), since they can cause
imbalance and damage of economic, social, and environmental nature (BOWMAN et al., 2011). According to
Rodriguez et al. (2013), the frequency of fires has increased in recent years on a global level, despite the available
technologies and effort of governments and international organizations to fight them.

In view of this scenario, investing in actions to prevent and fight forest fires has become increasingly
necessary. According to Torres et al. (2010), knowledge of the characteristics of fires is needed to enact policies
on fire control, prevention, and management. For that end, statistics on the occurrence of fires in vegetation are
the main tools, since the frequency of fires is a primary indicator to determine their characteristics (CHANG et al.,
2015).

Time, place of occurrence, and quantitative distribution of fires throughout the year are variables that
assist prevention planning, since they allow us to identify periods with higher risk of forest fires (RODRIGUEZ
et al., 2013). Assessment of which vegetation types are most susceptible to fire is also relevant, as ground for
adopting specific management actions that may reduce the occurrence and effects of fires (SAMARA et al. 2018;
TIAN et al. 2013). Particularly in the case of fires in urban areas and their interfaces, these data may lead to the
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formulation of guidelines toward more appropriate decision-making and planning. For Chas-Amil et al. (2013),
anthropic activities occurring at urban-rural interfaces increase the likelihood of forest fires. In these interfaces,
fires can have serious consequences for property and land use, in addition to posing a serious threat to life.

The development and implementation of effective prevention and control plans can only be achieved
through analysis of accurate data on the characteristics of forest fires (VOSGERAU et al., 2006). Studies on the
occurrence of fires need to be carried out continuously in order to create a consistent database that allows the
prediction of fire hazard seasons. However, the latest data in published studies on fires in the State of Parand is
from 2011.

Within this context, the objective of this study was to characterize the forest fires that occurred in the state
of Parand in 2018 and 2019, in terms of region, time of occurrence, and vegetation types, in order to provide
updated data for the fight and prevention of fires.

MATERIAL AND METHODS

Characterization of the study area

The state of Paran4, located in the southern region of Brazil, has a land area of 199,879.5032 km2, which
corresponds to 2.5% of Brazil (ITCG, 2019).

According to the database provided by Alvares et al. (2013) and to the Kdppen classification, the
predominant climates in the state are Cfa (humid subtropical) and Cfb (temperate oceanic), with the presence of
Af (tropical rainforest), Am (tropical monsoon), and Aw (tropical savannah) in the northwest of the state (Figure
1A). The highest averages of annual rainfall in the state are concentrated in the East and Southwest regions (Figure
1B), whereas the highest averages of annual temperature are in the East and Northwest regions (Figure 1C).
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Figure 1. Climatic characterization of Parana. A- Koppen classification, B- average annual precipitation, C-
average annual temperature.
Figura 1. Caracterizagdo climatica do Parana. A - Tipos de climas que ocorrem no estado do Parana segundo a
classificacdo de Koppen, B - PrecipitacGes pluviométricas médias anuais, C - Temperaturas médias
anuais.

FLORESTA, Curitiba, PR, v. 51, n. 4, p. 971-979, out/dez 2021.
Zamproni, K. et.al.

ISSN eletrdnico 1982-4688

DOI: 10.5380/rf.v51 i4. 74820

972



Regarding vegetation, the state consists of different phytogeographic units: to the East, from the coastal
plain to part of the Ribeira Valley, it is a dense Ombrophilous Forest; to the west of the Serra do Mar it is a mixed
Ombrophilous Forest; in the North and West regions, it is a Semidecidual seasonal Forest. There are also remnants
of steppe, interspersed with capons and gallery forests, usually located in the higher portions of the three plateaus
of Parana, and isolated areas of Savanna (Cerrado), located in the North and Northeast regions (RODERJAN et
al., 2002).

Database

For the analysis of the forest fires that occurred during 2018-2019 in Parand, the new database of the Fire
Department of the Military Police of Parana (SysBMNew-CCB) was used. The data analyzed from the records of
the institution were:

- Municipality of occurrence;

- Month of occurrence;

- Day of the week of occurrence;

- Type of vegetation affected.

Only data from 2018 and 2019 were used due to the fact that, until 2017, the Fire Department adopted the
category of “environmental fires” in its records, which covered both waste fires and forest fires. With the
implementation of SysBMNew in 2017, the nature of the fire was added, in a division of “vegetation” and “others”,
which provides higher reliability in analyses of forest fire data.

A screening of the fire records was carried out in order to eliminate data that could represent dubious
interpretations, such as the registration of the vegetation type as “garbage”.

The municipalities were then grouped into geographical regions, according to The Division of Parand’s
Institute of Economic and Social Development-IPARDES (IPARDES, 2012): Metropolitan area of Curitiba; East-
central; West-central; South-central; Southeast; Southwest; West; Northwest; North-central; North-pioneer; with
the addition of the Coastal region (Figure 2).
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Source: IPARDES (2012), adapted by the authors.

Figure 2. Geographical regions of Parana.
Figura 2. RegiBes geograficas do Parana.

An adaptation of the fire density (FD) index was used for the comparison between geographical regions:
the number of records was divided per thousand hectares of total area of each geographical region, instead of per
thousand hectares of vegetation cover of each geographical region. This adaptation was carried out because there
are failures in the estimates of vegetated areas in urban centers, which result in an underestimation of park areas
and vacant lots.
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The geographical regions were grouped with respect to FD by applying a cluster analysis following the
Ward Method and the Euclidean squared distance.

The software used to run the maps was Arcgis Desktop (version 10.5). Excel (version 2016) and
Statgraphics Centurion XVI (version 16.1.03) were used for the data analysis.

RESULTS

The amount of forest fires recorded in 2018 and 2019 in Parand is shown in Figure 3. In 2018, 7,611 fires
were recorded, distributed among 209 municipalities of 11 geographic regions. The North-central region presented
the highest number of occurrences, with 1,962 forest fires (25.78%). Regarding municipalities, Curitiba had the
highest number of occurrences, 476 (6.25%), followed by Maringa with 292 (3.84%), and Ponta Grossa with 240
(3.15%).

In 2019, there were 10,827 forest fires in 258 municipalities, a 42.25% increase in the number of fires
over the previous year. The North-central region had once again the highest number of fires, 2,438 occurrences
(22.52%). Curitiba also had once more the highest number of fires among cities, 501 (4.63%), followed by
Cascavel with 427 (3.94%), and Ponta Grossa with 301 (2.78%).
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Figure 3. Number of forest fires in 2018-2019 by region in Parana
Figura 3. Namero de ocorréncia de incéndios florestais nos anos de 2018 e 2019 por regifes no Parana.

Comparing the two years, the Southwest had the largest increase in the number of fires among regions,
with a 143.7% increase in 2019, followed by the West, which showed an 80.4% increase.

Figure 4 shows the density of fires by region in the years analyzed and the cluster analysis among the
geographic regions. Regions were grouped according to similarity, using fire density data. North-central showed
the highest FD of all regions, with 0.8 (2018) and 1.0 (2019) fires for every thousand hectares of area, followed
by the Metropolitan region of Curitiba, which had a FD of 0.7 and 1.0, respectively.
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Figure 4. Fire density by geographic region in 2018-2019 and cluster analysis.
Figura 4. Densidade de incéndios por regido geografica nos anos de 2018 e 2019 e analise de conglomerados.

The cluster analysis revealed three distinct groups of geographic regions in the state, by means of a fusion
coefficient of 1.5. The North-central and Metropolitan regions presented the highest FD and were included in
group 1. The Southwest, West, North-pioneer, Northwest, and East-central regions showed intermediate values
and were included in group 2. Finally, the Coastal, Southeast, South-central, and East-central regions, which
presented the lowest FD, were included in group 3.

Tables 1 and 2 show the monthly distribution of forest fires in 2018 and 2019 by geographic region. In
2018, July was the month with the highest concentration of fires.

Table 1. Fires by month and region in 2018.
Tabela 1. Ocorréncias de incéndios ao longo dos meses no ano de 2018 nas diferentes regifes do Parana.

2018

Region JAN FEB MAR APR MAY JUN  JUL AUG SEP OCT NOV DEC

North-central 20 103 54 335 404 100 474 99 109 23 75 166
Metropolitan 5 48 13 122 158 41 310 283 67 11 37 154

West 19 76 35 111 140 21 109 90 55 24 36 121
Southwest 9 49 33 148 154 35 182 60 38 9 26 68
Northwest 11 31 18 79 147 67 215 33 52 10 35 53
North-pioneer 4 11 9 90 82 14 139 91 67 9 36 75
East-central 11 36 6 41 62 10 63 64 43 6 33 60
South-central 5 8 8 44 32 9 103 54 37 4 29 48
Southeast 5 16 0 28 25 1 38 46 17 0 16 76
West-central 3 16 9 33 43 7 45 20 5 6 8 17
Coastal 3 5 3 3 2 4 7 18 11 2 5 15
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In 2019, August showed the highest number of fires in most regions. Both in 2018 and 2019, the months
with the highest number of fires (July and August) corresponded to winter, a season with historically lower rainfall
levels and lower relative humidity in the state.

Table 2. Fires by month and region in 2019.
Tabela 2. Ocorréncias de incéndios ao longo dos meses no ano de 2019 nas diferentes regides do Parana.

2019

Region JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

North-central 101 194 76 211 90 194 317 616 296 246 77 20
Metropolitan 64 37 34 73 13 76 452 461 164 103 42 104

West 47 62 78 43 17 90 265 415 282 136 56 19
Southwest 35 29 56 30 6 41 178 286 217 129 22 31
Northwest 47 63 51 116 37 78 109 254 135 90 53 12
North-pioneer 44 50 50 69 45 68 114 224 119 127 40 23
East-central 29 21 32 37 10 42 244 251 67 61 39 19
South-central 10 4 34 9 3 17 190 132 82 31 11 6
Southeast 16 8 9 11 0 8 79 118 44 41 16 10
West-central 23 20 18 29 7 15 46 99 54 26 8 2
Coastal 12 6 1 8 0 7 7 6 2 16 4 21

Relative fire frequencies by day of the week are shown in Table 3. The results varied among regions, but
there was a slight concentration in the number of fires on Friday and Saturday.

Table 3. Distribution of the relative frequency of fires by day of the week and region in 2018 and 2019.
Tabela 3. Distribuicdo da frequéncia relativa de ocorréncias de incéndios ao longo dos dias da semana para 0s
anos de 2018 e 2019 por regido no Parana.

DAY OF THE WEEK (%)
SUN | MON | TUE | WeD | THU | FRI | sAT
2018 | 152 127 143 134 157 143 144
2019 | 177 135 126 126 129 128 18.0
2018 16.5 13.4 13.3 8.9 139 169 17.1
2019 | 169 142 125 118 147 142 157
2018 | 134 135 154 142 154 131 14.9
2019 | 164 166 158 111 119 135 147
2018 | 144 132 169 142 152 133 12.8
2019 | 153 125 144 129 133 144 172
2018 | 165 166 136 9.6 13.6 134 16.6
2019 | 160 122 138 137 135 140 16.9
2018 | 136 140 145 131 128 161 15.9
2019 | 156 149 123 121 137 135 17.8
2018 | 124 124 170 168 163 131 120
2019 | 158 178 129 137 131 111 156
2018 | 123 134 136 129 144 171 16.3
2019 | 191 159 112 140 138 117 144
2018 | 146 172 116 101 131 201 134
2019 | 153 111 142 128 178 147 142
2018 | 137 127 170 118 127 179 14.2
2019 | 168 168 113 150 11.0 12.8 16.2
2018 | 167 205 128 103 115 115 16.7
2019 | 67 189 100 144 156 133 21.1

Region YEAR

North-central

Metropolitan

West

Northwest

North-pioneer

East-central

Southwest

South-central

Southeast

West-central

Coastal
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Table 4 shows affected vegetation types by region in 2018 and 2019.

Table 4. Affected vegetation types by region in 2018 and 2019, according to the Fire Department classification.
Tabela 4. Tipo de vegetacdo atingida pelos incéndios nos anos de 2018 e 2019 por regido no Parana, de acordo
com a classifica¢do adotada pelo Corpo de Bombeiros.

2018
Vegetation/ REGION | Nc [MC | w | N [ NP | EC [sw [ sc | sE [wc | C
Grassland (native) ~ 80 161 20 19 39 99 23 28 16 11 6
Secondary vegetation 264 280 336 74 115 156 174 115 73 31 12

Agriculture 58 8 40 15 41 18 21 13 8 13 0
Mangrove 3 3 3 1 0 0 0 1 0 0 0
Forest 82 72 25 16 30 12 15 14 20 14 9
Pasture 329 59 77 280 134 31 35 5 8 57 0
Forestation 32 52 22 10 19 40 26 34 63 3 2
Restinga 0 2 0 0 1 0 0 0 0 0 18
Vacant lot 1114 612 314 39% 372 271 141 171 80 83 31
2019

Vegetation/REGION [ NC [ MC | w | N [ NP | EC | sw [ sc | SE [wc | C
Grassland (native) 114 248 76 30 39 159 39 30 22 22 13
Secondary vegetation 311 423 584 100 145 228 436 168 110 77 11

Agriculture 180 9 143 27 65 15 73 15 8 33
Mangrove 1 15 3 3 2 0 0 2 1 0 1
Forest 178 112 155 68 73 21 58 34 11 36 12
Unknown 0 0 0 0 0 0 0 0 1 0 0
Pasture 432 75 126 375 189 49 110 33 6 64 2
Forestation 58 52 65 31 18 57 83 48 65 21 0
Restinga 1 0 1 5 2 0 2 0 0 1 19
Vacant lot 1163 689 357 406 440 323 259 199 136 93 32

Legend: NC - North-central, MC - Metropolitan Curitiba, W - West, N - North, NP - North-pioneer, EC - East-central, SW - Southwest, SC -
South-central, SE - Southeast, WC - West-central, C - Coastal.

DISCUSSION

When analyzing forest fires in Parana from 1991 to 2011, Vosgerau et al. (2006) found that a region
comprising part of the North-central and the North-pioneer was the most affected by fires in that period, with
25.85% of the total of fire records. As for the municipalities, they found that Londrina had the highest number of
fires with 3,552 occurrences (22.35%), followed by Ponta Grossa with 2,339 (14.72%), and Curitiba with 2,201
records (13.85%).

In another study on forest fires in Parana between 2005 and 2010, Tetto et al. (2012) observed that the
Northwest region was more susceptible to fires, due to environmental factors such as climatic characteristics,
vegetation cover, and the use of fire in agricultural practices. In the same study, they also verified that the coastal
region was the least susceptible to fires, due to the region’s higher average rainfall levels and specific vegetation
type, which tends to inhibit fire initiation and spread. These findings corroborate the data found in our study.

Regarding months with a higher concentration of fires, our results are in line with what has been verified
by other studies carried out in the state. Vosgerau et al. (2006) defined June to August as the fire hazard season
since these months showed 53.18% of the fires in the analyzed period, especially August, with 24.47% of the
records.

In the same sense, Tetto et al. (2012) also used the records of the Parana Military Police’s Fire Department
and found that June to September was the fire hazard season, since this interval had 52.5% of the fires in the period
they examined. In a study on forest fires in the municipality of Ponta Grossa-PR, Kovalsyki et al. (2014) pointed
out that, from 2006 to 2013, July and August had the highest concentration of fires, with 36.3% of the total records.
Santos et al. (2019) also found that 47.52% of fires in the region of the city of Londrina happened from July to
September.
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No day of the week had a significantly higher concentration of fires in our study, which corroborates the
findings of VVosgerau et al. (2006) and Tetto et al. (2012).

The fact that most of the fires in this study occurred on vacant lots shows the importance of investing: in
environmental education, so that the population learns not to handle these places with fire; in actions for a better
use of these spaces; and also in inspection, in order to prevent fires and the damage they cause.

According to Ferreira et al. (2018), vegetation fires in urban areas and their interfaces are an
environmental, social, and economic problem since they damage flora and fauna, directly or indirectly affect the
population, and damage properties and other human resources. In addition, fires in urban areas may damage the
local microclimate, affect air quality and the landscape, and also pose risks to the visibility of drivers.

Torres et al. (2010), in a study on vegetation fires in the urban area of Juiz de Fora-MG, found that 43.94%
of occurrences happened in vacant lots throughout the city from 1995 to 2004. The authors state that the amount
of fires at these sites confirms their anthropic influence, since fire is used to clear these areas.

We recommend the continuation of this study for at least 3 more years, so that a profile of forest fires in
Parana can be traced with greater precision, and, thus, adequate prevention and control measures can be developed.

CONCLUSION

Based on our results, we concluded that:

e Vacant lots are the places most affected by forest fires in Parana. The large number of fires in vacant lots is
related to the common practice of clearing land with fire.

e To reduce the amount of fires in vacant lots, we recommend environmental education programs for the
population and the adoption of effective prevention and inspection measures.

e In 2018 and 2019, the North-central region had the highest number of forest fires.

e In both years, the municipality with the highest number of fires was Curitiba.

e There was a 42.25% increase in the number of fires from 2018 to 2019. Southwest and West regions had the
highest percentage increases.

e The data obtained in this study follow the trend of other studies carried out in the state.
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