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Abstract

In 2020, a total of 3.9 million hectares were burned in the Pantanal biome, which represents approximately 30% of its
total area. Of the three existing biomes in the state of Mato Grosso, the Pantanal was the most impacted and, among
all the municipalities in Mato Grosso, Poconé had the largest burned area. We aimed to characterize the areas affected
by fires in the municipality of Poconé in 2020 to support prevention and adaptation actions in future scenarios. For
this, we used the mapping of areas affected by fires made from the detections of active fire collected by the Visible
Infrared Imaging Radiometer Suite (VIIRS) sensor and available by the Global Fire Emissions Database (GFED). The
results showed that a total of 869,170 hectares were burned in Poconé in 2020. Of this total, 97.3% were in natural
areas, viz. forest formations (37%), savanna (2.8%), grassland formations (23.4%), wetlands (29.7%), and vegetation
in dried-up rivers and lakes (4.4%). Concerning land categories, almost half of the fires occurred in private rural
properties registered in the Rural Environmental Registry (CAR). In this scenario, we highlighted the importance of
monitoring fires and holding those responsible for them accountable. It is also important to implement preventive
actions in synergy with managers and local communities as a way of adapting to the climate crisis, intense drought,
and less water surface available in the region, which increases the risk and damage of fires.

Keywords: Burned areas; Fire damage; Land use and cover; Climate crisis; Adaptation.

Resumo

Em 2020, um total de 3,9 milhGes de hectares foram atingidos por incéndios no bioma Pantanal, o que representa
aproximadamente 30% de sua &rea total. Dos trés biomas existentes no estado de Mato Grosso, o Pantanal foi o mais
afetado e entre todos 0s municipios mato-grossenses, Poconé foi 0 que teve maior area queimada. NGs buscamos
caracterizar as areas atingidas pelos incéndios no municipio de Poconé no ano de 2020, para subsidiar a¢Bes de
prevencdo e adaptacdo em cenarios futuros. Para isso utilizamos o mapeamento das areas atingidas por incéndios
elaborado a partir das detec¢des de focos de calor do sensor Visible Infrared Imaging Radiometer Suite (VIIRS) e
disponibilizado pelo Global Fire Emissions Database (GFED). Os resultados mostraram que um total de 869.170
hectares foram atingidos por incéndios em Poconé em 2020. Desse total queimado, 97,3% foram &reas de formacao
natural, sendo elas formagdes florestais (37%), savanicas (2,8%), campestres (23,4%), campos alagados e areas
pantanosas (29,7%) e de vegetacdo em cursos d’agua e lagos que secaram (4,4%). Em relagéo as categorias fundiarias,
quase metade dos incéndios ocorreu em imaoveis rurais privados inscritos no Cadastro Ambiental Rural (CAR). Diante
desse cenario, destacamos as necessidades de fiscalizar e responsabilizar os causadores dos incéndios. Assim como
implementar acBes preventivas em total sinergia com os gestores e comunidades locais, como forma de adaptagéo
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frente a crise climatica, secas intensas e menor superficie de agua disponivel na regido, que aumentam o risco e dano
dos incéndios.
Palavras-chave: Areas queimadas; Danos do fogo; Uso e cobertura da terra; Crise climatica; Adaptacéo.

Resumen

En 2020, un total de 3,9 millones de hectareas se vieron afectadas por incendios en el bioma del Pantanal, lo que
representa aproximadamente 30% de su superficie total. De los tres biomas existentes en el estado de Mato Grosso, el
Pantanal fue el mas afectado y entre todos los municipios de Mato Grosso, Poconé tuvo la mayor superficie quemada.
Buscamos caracterizar las areas afectadas por incendios en el municipio de Poconé en 2020, para apoyar acciones de
prevencion y adaptacion en escenarios futuros. Para ello, utilizamos el mapeo de areas afectadas por incendios
elaborado a partir de la deteccion de puntos calientes por el sensor Visible Infrared Imaging Radiometer Suite (VIIRS)
y disponible por Global Fire Emissitions Database (GFED). Los resultados arrojaron que un total de 869.170
hectéreas fueron afectadas por incendios en Poconé en 2020. De este total quemado, 97.3% fueron areas de formacién
natural, siendo formaciones forestales (37%), sabanas (2.8%), campos (23.4%), campos inundados y zonas pantanosas
(29.7%) y vegetacién en cursos de agua y lagos que se secaron (4.4%). En relacion a las categorias de tierra, casi la
mitad de los incendios ocurrieron en propiedades rurales privadas inscritas en el Registro Ambiental Rural (CAR).
Ante este escenario, destacamos la necesidad de monitorear y responsabilizar a los causantes de los incendios, asi
como realizar acciones preventivas a nivel local, encaminadas a adaptarse a la crisis climética, las sequias intensas y
la menor disponibilidad de agua superficial en la regién, que aumentan el riesgo y dafio de incendios.

Palabras clave: Areas quemadas; Dafio por fuego; Uso y cobertura de la tierra; Crisis climética; Adaptacion.

1. Introduction

Brazil harbors six biomes, among which Pantanal is highlighted because it is considered a national heritage by the
Constitution of 1988 and world heritage and biosphere reserve by UNESCO, with four Ramsar sites. Pantanal is spread across
Paraguay, Bolivia, and Brazil, in the states of Mato Grosso and Mato Grosso do Sul. The state of Mato Grosso includes three
biomes: Amazonia (57%), Cerrado (37%) and Pantanal (6%) (IBGE, 2019). In 2020, the whole state was strongly affected by
fires. In the whole Pantanal biome, a total of 3.9 million hectares were burned (Tomas et al., 2021), which represents almost
30% of its total area. According to ICV (2020), in Mato Grosso, proportionally, the Pantanal was the most impacted biome
and, among all municipalities of Mato Grosso, Poconé was the most affected.

The main causes of the large fires are climate change, changes in land use, and bad environmental governance
(Libonati et al., 2021; Silva et al., 2021). The extended drought in 2019 and 2020 is one of the factors that increased, even
more, the risk and damage of forest fires (Pivello et al., 2021). As argued by Pletsch et al. (2021), the weakening of the
monitoring organs and environmental supervision, which happened through funding cut or reduction, also contributed to this
scenario, as this certainly compromised the capacity of fighting and preventing fires in this region.

The consequences of fires are immeasurable and go from impacts on the biota to economic loss on husbandry, fishing,
and biodiversity-supported ecotourism. Tomas et al. (2021) calculated that 17 million vertebrates died as a direct consequence
of the fires in the whole Pantanal biome in 2020. In that same year, the Encontro das Aguas State Park, which is considered the
largest jaguar refuge in the world (Tortato et al., 2017), had more than 90% of its area affected by fire (ICV, 2020).

The use of fire in burnings is a technique for agricultural management due to its high efficacy in removing competing
plants, pests, and residues of the conversion of land cover, together with a considerable fertilizing power of the ashes (Fonseca-
Morello et al., 2017; Burin & Fuentes, 2015). According to the Brazilian Forest Code, controlled burnings for agricultural use
are allowed through a permit of the environmental agency and, in other forms, as practices for preventing and combating fires,
as well as in subsistence agriculture practiced by traditional and indigenous populations (BRASIL, 2012). Wildfires can be
considered externalities of burnings (Fonseca-Morello et al., 2017) and occur when a fire is unplanned or becomes
uncontrolled, reaching any large-sized vegetation (Tedim & Leone, 2020; Aragéo et al., 2018).

In Pantanal, the distribution and diversity of native plant species vary within and between the different habitats

arranged along the flooding gradient, which includes non-floodable, seasonally flooded, and permanently flooded areas

2


http://dx.doi.org/10.33448/rsd-v10i15.22619

Research, Society and Development, v. 10, n. 15, 08101522619, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i15.22619

(Rebellato & Nunes da Cunha, 2005). Due to this richness of different vegetation types, we adopted the term wildfire in this
work to describe any unplanned and uncontrolled fire that starts in the native vegetation. According to Tedim and Leone
(2020), this term predominates in North America and is being increasingly used everywhere. In Europe and Australia, the
terms bushfire and forest fire are used, respectively. However, the phenomenon of fire as combustion of vegetation in an open
environment follows the same physical and chemical laws everywhere (Tedim & Leone, 2020).

The fire detections spots obtained through different sensors are the most common data and with the longest historical
series to represent burnings and active wildfires. However, the active fire detection by the Visible Infrared Imaging Radiometer
Suite (VIIRS) sensor has been highlighted to map the area burned in almost real time (Santos et al., 2021; Oliva & Schroeder,
2015).

Recently, Andela et al. (2019) developed the algorithm Global Fire Atlas, which can map areas affected by fires
individually on any day and in the whole region with available VIIRS data, where information about land cover in the burned
area is combined with characteristics of the fire event, which results in a unique signature for each type of wildfire. This
innovative mapping has been allowing new ways of representing the areas impacted by wildfires, as well as understanding the
dynamics and measuring the impacts of the fire. Its adoption has been showing huge potential of making the prevention and
combat of large wildfires more effective.

In the face of the current scenario, as recommended by the Sustainable Development Goals (SDG) of the United
Nations (UN) in Goal 13, regarding climate change, the planning, strategies, and adaptations are part of the concepts and
practices to be adopted. Therefore, we tried to characterize the areas affected by the wildfires in the municipality of Poconé in

2020 to support actions of planning, prevention, and adaptation in future scenarios.

2. Methodology
2.1 Study Area

The municipality of Poconé is located in the south of the state of Mato Grosso, in the Paraguay River basin, which
belongs to the large Platine basin (Figure 1). It has a total area of 1,731,507 hectares and 81% of its area is inserted in the
Pantanal biome, with the remaining 19% in the Cerrado biome (IBGE, 2019).
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Figure 1. Location of the study area in South America, Brazil, and the Pantanal biome.
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The municipality is known as the entrance gate for Mato Grosso’s Pantanal. The Transpantaneira road begins in its
urban area and connects the city of Poconé to Porto Jofre, by the Cuiab4 River. Likewise, the MT-370 road provides access to
Porto Cercado, by the Cuiaba River.

According to the Kdppen classification, the climate of Poconé is of the AW type, hot and humid, with mean annual
precipitation of 1,250 mm and mean annual temperature of 25.8 °C, with two well-defined seasons: dry, from May to
September, and rainy, from October to April (Rebellato & Nunes da Cunha, 2005).

Poconé’s hydrography consists of the Cuiaba, Sdo Lourengo, and Paraguay rivers, which are the largest rivers
bordering the municipality. The Paraguaizinho and Bento Gomes rivers are also important rivers of the local landscape, having
a rich network of drainage channels (corixos) and ponds during the flooded period. Poconé lies mostly on the Pantanal’s plains
and has a water regime associated with the seasonal flood pulse, which consists of four phases as characterized by Da Silva
and Esteves (1995): flooding, full flood, ebb, and drought.

According to the technical handbook of Brazilian vegetation (IBGE, 2012), the prevailing vegetation types in Poconé
consist of forested savannas (cerraddo), wooded savannas (cerrado) with or without gallery forests, grassy-woody savannas
(wet grasslands), and park savannas (earth-mound grasslands) with or without gallery forests. Additionally, there are grassy-
woody steppe-savannas without palms and without gallery forests, forested steppe-savannas, and alluvial and lowland semi-

decidual season forests with emerging canopy.
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2.2 Mapping the areas affected by wildfires

The data of the areas affected by wildfires used in this study refer to the year 2020 and were obtained through the
Global Fire Emissions Database (GFED). These data have been used to characterize the areas affected by fire (ICV, 2020;
MapBiomas, 2020) and here we adopt them to understand the dimensions of wildfires for the municipality of Poconé, as a case
study.

The possibility of developing the GFED platform started when a study by Oliva and Schroeder (2015) showed that the
active fire detections by the Visible Infrared Imaging Radiometer Suite (VIIRS) can be used to map the area affected by
wildfires in almost real time. The fire detections spots of the VIIRS sensor on the satellites Suomi-NPP and NOAA-20 have a
spatial resolution of 375 meters and allow daily estimations of burned area with a spatial resolution of about 550 meters.

With this, Andela et al. (2019) developed the Global Fire Atlas algorithm, which allows mapping the areas affected by
fire individually on any day and in the whole region with the available VIIRS data. In the mapping of each fire event,
information of land cover (tree cover, biomass, and deforestation history) in each burned area is combined with characteristics
of the wildfire (e.g., fire’s radiating power, persistence, progression, and size), which results in a unique signature for each type

of wildfire (Andela et al., 2019).

2.3 Data processing and analysis

Using the software ArcGIS (2020), we initially outlined the data for the municipality of Poconé. Later, we applied
tools for the geographic processing of the data to classify the areas affected by fire according to biome and according to
different land categories, viz., properties registered in the Rural Environmental Registry (Cadastro Ambiental Rural, CAR),
unregistered areas, rural settlements, indigenous lands, conservation units, and urban areas.

For the analysis of land use and cover in the areas affected by fire, we evaluated both information in the data of the
burned areas themselves and data from Collection 5 of MapBiomas from 2019, based on the methodology of Souza Jr. et al.
(2020). In this classification of MapBiomas (2019), the following classes of land use and cover are listed for Poconé: natural
formations (forests, savannas, grasslands, wetlands, rivers and lakes and other non-vegetated areas) and human formations
(pasture, sugar cane, soybean, other temporary crops, planted forest, mining, and urban infrastructure).

The results were organized into tables, and, with the software ArcGIS, we produced maps to show the occurrence of

the 2020 wildfires in the land categories and the different classes of land use and cover of the municipality of Poconé.

3. Results
3.1 Biomes
In 2020, 869,170 hectares in the municipality of Poconé were affected by wildfires, of which 854,686 hectares

(98.3%) were in areas of Pantanal and 14,484 hectares (1.7%) were in areas of Cerrado.

3.2 Land use and cover
Data from mapping the areas affected by fire of the Global Fire Emissions Database pointed out that 76.6% of the
burned areas were characterized as forest or understory. Other 6.5% of the burned areas had been recently deforested.

Savannas and pastures made up 16.1% and 0.8% of small plantations and agriculture (Table 1).
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Table 1. Data of use and cover of the land affected by the wildfires in Poconé in 2020.

Type of area affected by fire Area (hectares) %
Savanna and pasture 139,905 16.1
Small clearing and agriculture 7,232 0.8
Forest or understory 665,837 76.6
Recent deforestation 56,196 6.5
Total 869,170 100.00

Source: Own work (2021).

When analyzing the data of MapBiomas to characterize the types of land use and cover in the areas affected by fire in
Poconé, 97.3% of the burned area were natural areas, including forests (37%), savannas (2,8%), grasslands (23,4%), wetlands

(29,7%) and vegetation in dried-out water bodies (4.4%). The other 2.7% affected were pasture areas (Table 2 and Figure 2).

Table 2. Data of land use and cover affected by the wildfires in Poconé in 2020.

Class of land use and cover Area (hectares) %

Not observed 140 0.0

Forest 321,503 37.0

Savanna 24,360 2.8

Planted forest 0 0.0

Flooded grassland and swamp area 258,210 29.7

Grassland 203,062 234

Pasture 23,464 2.7

Sugar cane 7 0.0

Urban infrastructure 81 0.0

Other non-vegetated areas 32 0.0

Mining 26 0.0

Rivers and lakes 38,154 4.4

Soybean 31 0.0

Other temporary crops 100 0.0
Total 869,170 100.00

Source: Own work (2021).
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Figure 2. Map of land use and cover affected by the wildfires in Poconé in 2020.
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3.3 Land categories

Of the analyzed land categories, the private rural properties registered in the Rural Environmental Registry (CAR) had
the highest wildfire incidence, corresponding to almost half of the mapped wildfires, 49.20% (427,642 hectares), followed by
areas of unregistered private rural properties, with 28% (242,390 hectares) (Table 3).

Table 3. Data of the land categories affected by wildfires in Poconé in 2020.

Land category Area (hectares) %
Rural properties in CAR 427,642 16.1
Rural Settlements 1,198 0.8
Conservation units 196,749 76.6
Indigenous lands 142 6.5
Urban area 49
Unregistered area 243,390
Total 869,170 100.00

Source: Own work (2021).

The conservation units (CU) were the third-most impacted category, with 22.63% of the burned area, and had 196,749

hectares affected by fire. In 2020, all conservation units that are entirely or partially in the municipality of Poconé were
7
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impacted by the fire: Pantanal Mato-Grossense National Park (112,393 hectares), Encontro das Aguas State Park (50,971
hectares), Doroché Private Reserve (RPPN) (22,864 hectares), Transpantaneira Park Road (4,841 hectares), Taiaméa Ecological
Station (4,361 hectares), MT-370 Park Road (1,214 hectares), SESC Pantanal RPPN (60 hectares) and Jubran RPPN (45
hectares) (Figure 3).

Figure 3. Map of the land categories affected by the wildfires in Poconé in 2020.
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4. Discussion

By mapping the areas affected by the fire, it was possible to measure accurately the extensive proportions of the
Pantanal biome that were burned in Poconé and show that natural formations were the most impacted by the wildfires.
Moreover, almost half of the occurrences were identified in rural properties that are registered in CAR.

Regarding the data of wildfire occurrence in 2020 (Tomas et al., 2021; ICV, 2020), the burned areas in the Pantanal of
the municipality of Poconé make up 22% of the total area affected by fire in the whole biome and 40% of what was burned in
the portion of the Pantanal that lies in the state of Mato Grosso. This extension of the wildfires in Poconé highlights the
dimension of the impacts of fires on the whole biome, regardless of the macrohabitat characteristics, which explains the high
mortality of fauna estimated by Tomas et al. (2021). Most of these animals did not have the opportunity to escape from their
original macrohabitats or reach or move to other habitats, causing this collapse in the Pantanal’s biodiversity.

In the past decades, global changes have resulted in a wide reduction of biodiversity (McCallum, 2007), which
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directly influences the sustainability of human life on Earth and, consequently, increases the demand for its conservation
(Board, 2005). These uncontrolled wildfires threaten Brazil’s biodiversity asset, which is protected by the Convention on
Biological Diversity and national environmental laws, as well as the long-term commitment to fighting the emission of
greenhouse gases within the scope of the Nationally Determined Contribution (NDC), which negatively affects the National
Policy of Climate Change (Pletsch et al., 2021).

The natural formations of land cover and use were the most affected by fires in Poconé in 2020. From the data on the
type of area that was burned from the mapping available through GFED, when added to the forest and understory areas and
recently deforested areas, we have 83.1% of the affected areas. Considering that among the 16.1% of savanna and pasture areas
there is a portion of savanna, i.e., a natural formation, the percentage of burned natural areas reaches 90% in Poconé. This
result corroborates the area that is found when one analyzes land use and cover from the data of MapBiomas (2020), which
showed that, among the burned areas in this municipality, 97.3% correspond to natural formations, distributed into forests,
savannas, grasslands, wetlands, and vegetation in dried-out water bodies.

In a very expressive way, wetlands, i.e., flooded grasslands and swamp areas, were the second-most affected class of
native vegetation cover. Naturally, as their name indicates, these areas are characterized by having high humidity during most
of the year. However, Marques et al. (2021) observed a decreasing tendency in the soil humidity in general across the whole
Pantanal biome in 2020. The comparison between the mean of the historical series and 2020 showed that the variables
precipitation, temperature, soil humidity, and evapotranspiration had an atypical behavior. The temporal displacement of
precipitation, starting later and ending earlier, with some places indicating a reduction in rainfall, was observed from the south
of the Amazon Forest to the Pantanal (Debortoli et al., 2012). Likewise, a reduction in the water mass in the Pantanal was also
recorded (Lazaro et al. 2020; MapBiomas, 2021). A study of MapBiomas (2021) indicated that, from 1985 to 2020, the
Pantanal had a 68% reduction of its water surface, and that Poconé was the fourth municipality in Brazil in the proportion of
lost water surface in the past 30 years. The study identified a reduction of 183,717 hectares of water surface between 1990 and
2020 in the municipality. These conditions allowed a large biomass input in these dried-out areas, mainly aquatic macrophytes
produced in the environments of bays and floodable areas, which ended up serving as fuel and promoted the 2020 wildfires in
the region.

The Pantanal, the largest continuous wetland in the world, has its hydrological cycles connected to the rains that form
in the Amazon Forest. Moreover, its geomorphological placement and hydrological characteristics allow the Pantanal to have a
regulatory function on the water regime by delaying water drainage (Da Silva et al., 2015; Nunes et al., 2020). The dynamics
of flooding, as well as lake depth, time of isolation between ponds, and the distance from the main channel, allow the
maintenance of the landscape’s complexity and biodiversity (SUarez, Petrere-Junior & Catella, 2004; Souza & Cunha, 2004).
Therefore, measurements to reduce the environmental impacts in this region must be encouraged and conducted with the
proposal of conserving the changes in water volume and the biodiversity of this dynamic environment (Nunes, Da Silva &
Ferraz, 2017), thus reducing the potential risk of fires.

By analyzing the occurrence of wildfires in the land categories, we observed that rural properties with CAR had
almost half of the wildfires (49.2%), which indicates a great possibility of accountability. The CAR is an obligatory electronic
registry for rural properties in the whole country, as stated in the Forest Code. The CAR includes information related to the
owner and the rural property, as well as data on the property’s hydrography and land use and cover (BRASIL, 2012). The
registry is, therefore, an important monitoring tool since, with it, the environmental agencies have access to all necessary data
to hold someone accountable for environmental crimes, such as the unauthorized use of fire.

The accountability for the illegal use of fire must occur, but it is also important to actively encourage the adoption of
practices that dispense the use of fire to allow a sustainable transition in the product management, as, for example, agroforestry

9
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and silvopastoral systems. Integrated fire management is also a possible construction, but it must be developed in association
with other policy fields, such as those related to the ownership and management of land and according to the climate change
agenda (Pivello et al., 2021). According to Garcia et al. (2021), the stakeholders should use the existing traditional, ecological,
and scientific knowledge to form a collective strategy with clear, reachable, and measurable goals considering the region’s
social and ecological context.

The protected areas in Poconé, mainly the conservation units, were also affected by the 2020 wildfires. The burned
area of the Pantanal Mato-Grossense National Park represented almost 13% of the total area impacted by the fire and
corresponded to 82% of the total area of this conservation unit, which is considered a Ramsar Site, core area of the Pantanal’s
Biosphere Reserve and World Heritage. The Encontro das Aguas State Park, which lies between the municipalities of Poconé
and Bardo de Melgaco, was also greatly impacted. Only in the portion located in Poconé, more than 50 mil hectares were
burned in this conservation unit, which had more than 90% of its area destroyed by fire (ICV, 2020).

These two protected areas are among the most important in Pantanal because they have a huge potential for the
conservation of biodiversity and water regime in the region (Polaz, Ferreira & Pretere Janior, 2017; Harris et al., 2005).
Additionally, these areas are the key for wildlife tourism in this biome, especially birdwatching and, with increasing strength in
the past years, observation of jaguars (Tortato & 1zzo, 2017). Wildfires hugely compromise the available habitat for these
animals and, consequently, the necessary equilibrium for wildlife tourism to consolidate in the Pantanal, affecting ecological
and economic sustainability.

Even though rural settlements, indigenous lands, and the urban area of Poconé had been affected in smaller
proportions (respectively 0.14%, 0.02%, and 0.01% in relation to the total burned in the municipality), the impacts on the
population that lives in the municipality were immense.

The extreme scenario caused by the strong drought and lack of water was worsened by the uncontrolled wildfires that
directly burned whole houses and plantations of riverside and indigenous families, such as the Guat6 and Bororo ethnic groups.

The socio-economic damage caused by the wildfires includes the loss of productive areas and infrastructures and,
directly related to human health, the consequences occur in several levels of severity and spatio-temporal scale that especially
affect local communities, firefighters, and more vulnerable groups such as the elderly, children and pregnant women (Fiocruz,
2020). The technical note prepared by Fiocruz (2020) observed that the particulate matter and toxic gases generated by
vegetation burn can reach long distances, with the capacity of reaching populations hundreds of kilometers from the wildfires.
Particulate matter has great inflammatory potential and is the entrance for respiratory infections as shown in another study by
Fiocruz (2019) in the areas that were the most affected by fire in the Amazon region in 2019. The results showed that, in these
regions, the number of children hospitalized with respiratory problems doubled, leading to a cost overrun of R$ 1.5 million to
the National Health Service (SUS).

5. Final Considerations

In the face of this scenario, we see an urgency for actions of prevention and mitigation of the occurrence of wildfires,
which should be combined and implemented in an integrated way by several actors. It is also very important to demand the
position of the federal and state governments, which are managers of the agencies that respond to the planning of wildfire
prevention and fight.

The actions include especially the need for supervising, investigating, and making accountable those that caused the
2020 wildfires, including educational ways by indicating zero tolerance for the use of unauthorized fire. For this purpose, we
suggest the combination of the use of CAR data with the mapping of the areas affected by fire, as conducted in this study, to

make those that caused the fire accountable, but also to build community agreements and action plans for wildfire prevention
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and fight.

It is also necessary to keep strengthening the firefighting teams to reduce the response time at the start of wildfires.
The faster the action, the smaller the damages that the fire will cause. The preventive actions have to be increasingly present in
the face of a scenario of climate crisis, intense drought, and reduced water surface in this region. We recommend adopting risk
maps, systems of wildfire alert, and a program of integrated fire management in total synergy with the managers and local
communities. In this respect, we also recommend the reduction of top-down decision-making through better structuring of the
environmental agencies in this region, thus strengthening the local mobilization and social participation. This can encourage
land users to adopt techniques that allow a transition toward more sustainable land uses that dispense the use of fire.

Finally, it is very important to develop other works like this one, for other municipalities and regions affected by fires,
in order to gather information that contributes to support, in an emergency, the population and impacted vulnerable social

groups, as well as to help recover the affected areas after the wildfires.
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