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MONITORING THE REGENERATION OF NATIVE FOREST
FRAGMENTS IMPACTED BY FIRE

SUMMARY

Forest fires have increased a lot in Brazil in recent years, causing air
pollution, increased soil erosion processes with production of sediments, emission
of greenhouse gases and overloading public health services, with severe
environmental and socioeconomic losses. Therefore, the development of new
analysis and mapping technologies for areas affected by fires is necessary and
essential in this context of accentuated expansion of forest fires. Research
monitoring flights were performed with an unmanned aerial vehicle to obtain
RGB aerial images of a fragment of native forest affected by fire in July 2019.
Thus, subareas were defined to define mapping patterns that can serve as
algorithms for remote detection of areas affected by fires. Afterwards, land use
were generated to monitor the evolution of the natural process of regeneration of
the forest fragment. The studies identified that 0.77 ha was affected by the fire
and that from August to November of the same year, the area was completely
regenerated, and all remnants of the forest fire were eliminated. Thus, the work
explains a strategic alternative for reducing, combating, and monitoring forest
fires. Furthermore, it also contributes as a tool for the preparation of recovery
plans for areas impacted by forest fires.
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INTRODUCTION
Global warming has increasingly raised the concerns of both state
administrations and the scientific community in recent decades (Stefanidis &
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Alexandridis, 2021). Climate change and global warming are expected to affect
natural hazards like soil erosion, increased sedimentation and depositions in water
reservoirs, flooding, and wildfires worldwide (Hysa et al., 2021; Spalevic et al,
2020; Hysa et al., 2020; Chalise et al, 2019; Spalevic et al, 2013). Forest fire is
understood as any uncontrolled fire that affects vegetated areas, because of
natural or anthropogenic influences, which negatively impacts animal and plant
species and human lives. When criminal or without proper management, it causes
negative socioeconomic and environmental effects (Biazatti et al., 2020).

Increased air pollution, reduced soil fertility, increased rates of soil erosion
and runoff are among the harmful effects of forest fires. In Brazil, fires are the
main threats to environmental preservation areas and are most often premeditated
by economic interests and, to a lesser extent, caused by acts of vandalism,
recreational activities and the negligence of public control and inspection
agencies (Tebaldo et al., 2013).

Fire risk varies with environmental conditions and characteristics of
vegetation types. In other words, monitoring fires in a continental country like
Brazil represents an arduous and extremely complex task, due to the logistical
difficulties of the territorial extension and the diversity of forest formations.
According to Bizatti et al. (2020), most forest fires are caused by human activity.
These activities can be related to criminal acts or not. However, the impacts
triggered by fires cause damage to the landscape and its elements (Eugenio et al.,
2016).

Recently, in Brazil, wave of fires was recorded that endangered the
Brazilian biomes in a generalized way, especially at the Cerrado (Savanna), the
Pantanal and the Amazon. Such events are increasing more and more in the
Brazilian territory, not only promoting environmental devastation at different
scales, but also accelerating and accentuating climate change, negatively affecting
the soil water regime and causing water scarcity, which generates insecurity and
socioeconomic and environmental uncertainties (Sarra and Miilfarth, 2021).

The widespread use of geographic information systems and geoprocessing
and remote sensing techniques allowed advances in methods, like images from
unmanned aerial vehicles - UAV (Sestras et al, 2021; Felix et al., 2021; Sestras et
al, 2020), for mapping natural phenomena (Kalehhouei et al., 2021; Sestras et al,
2019; Stefanidis et al, 2021). Thus, these technologies are fundamental tools for
the development of socioeconomic and environmental management plans, and
even for the prevention and combat of forest fires and promoting the economic
and environmental sustainability of populations dependent on forest resources.
Thus, in countries with continental dimensions, such as Brazil, promoting the use
of geotechnologies is essential for the successful mapping, prevention and
monitoring of natural phenomena and disasters (Girona-Garcia et al., 2021).

The objective of this work was to present, in the degradation scenario of
the main Brazilian biomes, the patterns for detecting forest fires in images
obtained by the UAV and to monitor the regeneration of native forest in an
environmental preservation area affected by fires.
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MATERIAL AND METHODS
The study was carried out in a permanent preservation area of 2.81 ha in
the Santa Clara Unit of the Campus Headquarters of the Federal University of
Alfenas. The area belongs to the Cérrego do Cemitério hydrographic sub basin, a
tributary of the Furnas Hydroelectric Power Plant reservoir (Figure 1). The sub
basin is located at the urban perimeter of the Alfenas Municipality, southern
Minas Gerais State, South-eastern Brazil.
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Figure 1. Location of the study area: A- Brazil and Minas Gerais;
B- Minas Gerais and Alfenas; C- RGB Image of the study area.

The geological framework is constituted by garnet-biotite-gneisses and
biotite gneisses with quaternary soil covers, with fluvial deposits of gravel, sand,
and clay (Pinto et al., 2020). The soils are mainly composed of Latosols and
Indiscriminate Floodplain Soils (Marangon et al., 2017). The climate, according
to Koppen's classification, is Tropical Mesothermal (Cwb) (Sparovek et al.,
2007), with two well-defined seasons: hot and humid summer and dry and cold
winter.

The dominant riparian vegetation in the permanent preservation area
belongs to the Atlantic Forest biome, which has a history of intense devastation
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since the beginning of the occupation of Brazilian territory, in the 16™ century
(Carvalho et al., 2007). Specifically, the area comprises the presence of at least
three mapped springs, with three 1% and one 2™ order channels (Marangon et al.,
2017).

To obtain the images of the study area by the fires, Drone Phantom 4 with
an RGB sensor, a Sony EXMOR camera, which captures images in real colours,
was used. The flights were carried out in early August, September, and November
2019 at 100 m altitude and with 40% frontal and lateral image overlap.

The flights were planned and executed in Pix4DCapture software. The
images obtained were processed using Structure-from-Motion (SfM) software
Agisoft Photoscan Professional® v.1.2.7. A reconstructed mesh surface was
derived from the point cloud using the automatic point classification procedure
based on maximum angle, maximum distance, and pixel size. Then the image was
orthorectified and georeferenced (Panagiotidis et al., 2017).

Then, maps of land use and occupation inside the preservation area were
made using ArcGIS 10.5 software. Manual classifications were carried out for the
months of August, September, and November 2019. Then, area calculations were
made for the respective classifications. Finally, the variation of land use and
occupation in the period was evaluated, to verify the evolution of the regeneration
of the area affected by the fire (Parsipour et al., 2019).

Three sites in the impacted area were selected as fire mapping standards.
These sites also served as control points for diagnosing the evolution of
vegetation regeneration. Such places were grouped in a figure and evaluated
according to the scientific literature on the subject (Cesljar et al., 2021; Ganaie et
al., 2021).

Finally, the environmental and socioeconomic impacts of forest fires were
evaluated, with emphasis on the adoption of strategies to combat and control
clandestine and/or criminal fires in Brazil.

RESULTS AND DISCUSSION

This research produced the land use and occupation map in the area
affected by the fire for the months of August, September and November 2019, the
dimensions of land uses for the months studied, the rates of variation of land uses
in the period, and fire mapping patterns.

Figure 2 illustrates three areas that, due to their unique characteristics, can
contribute to remote detection methods for areas affected by fires. The figures
were grouped and organized into three classes, A, B and C, to facilitate the
interpretation of the obtained features.
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Figure 2. Areas impacted by fires. Al: Countryside area affected by fire in August 2019;
AZ2: Countryside area affected by fire in September 2019; A3: Countryside area affected
by fire in November 2019; B1: Floodplain area affected by fire in August 2019; B2:
Floodplain area affected by fire in September 2019; B3: Floodplain area affected by fire
in November 2019; C1: Forest fragment edge area affected by fire in August 2019; C2:
Forest fragment edge area affected by fire in September 2019; C3: Forest fragment edge
area affected by fire in November 2019.
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In Figure 2 (A1, A2 and A3 and C1, C2 and C3) the area had a very rapid
regeneration process and that was recorded for the period of just three months, no
fire scars were identified. The full recovery of the landscape after just three
months could indicate the possibility of using controlled forest fires for landscape
management. Even in absolutely controlled conditions, it is necessary to follow
safety procedures, such as specialized technical monitoring, prior study of the
species exposed to the procedure and the presence of fire brigades with training
and equipment to avoid extreme events of loss of fire from control conditions.

The areas B1, B2 and B3 (Figure 2) illustrate the floodplain impacted by
fire. Visual analysis of the images allows the identification of wetlands in B1 and
B2 in brown and orange tones, indicating that the fire contributed to promote
erosive processes and sediment transport from springs and drainage channels.
Thus, as vegetation regeneration evolves, the water regains its colourless visual
appearance.

Forest fires cause loss of soil and water quality, in addition to reducing the
quantity and diversity of microorganisms, reducing macro fauna, and also causing
direct effects in the increase in sediment production, as pointed out by Girona-
Garcia et al. (2021).

The recent fires in the Amazon region are criminal and difficult to monitor
and control due to their extent and access difficulties. In this context, any combat
and inspection action is compromised when there is no interest of the different
levels of government in articulating actions to combat fires and their adverse
effects, contrary to world public opinion (Girona-Garcia et al., 2021). Thus, the
absence of public and inspection policies exposes the population to risks arising
from fires, such as poisoning, severe lung diseases, especially in children and the
elderly, and burns (Ignotti et al., 2007). In periods of recurrent fires, such as
recent ones in Brazil, hospital admission rates increase and burden the public
health system. In 2020, in particular, the COVID-19 pandemic began, which
further increased the pressure on the public health system (Henderson, 2020).
This theme of forest fires is recurrent and has been debated for many years
(Ignotti et al., 2007), with no prospects for improving this situation so far.
Historically, governments have not taken the necessary measures for economic
agents to comply with environmental legislation. The Amazon biome is
increasingly threatened by the absence of effective public policies, whose
consequences threaten life on the planet and the future of humankind.

The monitoring of land use and occupation in the period is illustrated in
Figure 3. It was possible to identify the areas impacted by fire within the
permanent preservation areas. Such information is essential for the preparation of
environmental recovery plans. As shown in Figures 3A, B and C, during the
period there was a gradual reduction in the areas affected by the fire.

In the short period covered, the formation of new forest fragments was not
identified. However, regeneration areas were identified, mainly in November
(Figure 3C), after a short period of rain between September and October.
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Figure 3. Land use and occupation maps in an permanent preservation area
affected by fire. A: August; B: September; C: November.

The distribution of the areas of the respective land uses show that the most
expressive land use is the Native Forest, which did not change over the period.
Then, the most expressive use identified were the areas burned, which were
reduced to zero between August and November 2019 as illustrated in Figure 2
and 3. In contrast to the reduction in areas burned, there was an increase of the
areas of regeneration. During the period covered, there was no change in the areas
classified as irregular, as they are occupied with infrastructure within the
permanent preservation area.

Over the years, forest fires have devastated Brazilian biomes. Effective
public policies to combat and prevent forest fires are practically non-existent and
the lack of inspection and punishment for legal infractions end up encouraging
clandestine forest fires. Management and inspection agencies are unable to
adequately fulfil their role due to lack of infrastructure, specialized technical staff
and investment in the development of firefighting policies (Sobrinho and Ramos
Janior, 2020).

In this context, about 90% of fires in Brazil are forest fires, mainly in the
management of pasture areas for agricultural production, with direct ecological
damage to Brazilian biomes (Sobrinho and Ramos Junior, 2020). Among those
most affected by forest fires, we can highlight the Cerrado (Savanna), Pantanal
and Amazon Biomes. Theses biomes are strategic for the maintenance of
biodiversity and good results in environmental quality indicators (Sobrinho and
Ramos Junior, 2020).
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This intense conversion of forest to pasture and agricultural areas has a
direct impact on the emission of greenhouse gases from the carbon state in the
region's biomass and soils. The Amazon region, as highlighted by Fearnside
(2018), has significant carbon stocks that can be released as greenhouse gases
when the native forest is converted for any other use. Despite uncertainties in
carbon stock estimates, it is necessary to expand research on the impacts of
converting native forest to other uses.

Fires larger than 50 ha grew from 32% in 2016 to 46% in 2019 in
southwestern Amazonia, suggesting the authorities' inefficiency or lack of interest
in enforcing environmental and forest fire fighting laws. Private properties
accounted for 1/5 of the burned areas (Silva et al., 2021).

According to Silva et al. (2021), to prevent deforestation and forest fires,
authorities should promote strategic actions and allocate human and material
resources for environmental surveillance and law enforcement. Thus, the
authorities should organize a forest fire management plan in vulnerable areas
aiming at environmental sustainability in the Cerrado (Savanna), Caatinga,
Amazon and Atlantic Forest biomes.

In addition, it is necessary to seek socioeconomic development that reflects
the advantages of maintaining and expanding the native forests of Brazilian
biomes, favoring a society based on the provision of environmental services and
abandoning the outdated vision of the colonizer, which is a predatory and
inconsistent vision with main challenges posed by climate change (Fearnside,
2018).

CONCLUSIONS

The equipment used fulfilled the objective of being useful for detection of
areas affected by fires, allowing the identification of mapping patterns that can be
used as a reference for automated mapping.

The visual analysis of the images allowed us to conclude that fires directly
impacted the quality of the water, erosion processes and sediment production.

The methodological procedure used made it possible to monitor the
evolution of land use in the area affected by fire and to monitor the development
of the initial process of regeneration of the burned area.

Strategic actions by the state administration are necessary and urgent to
fight clandestine forest fires and to monitor the application of Brazilian
environmental legislation.
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