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Abstract
Since discovered and inhabited, the Brazilian Amazon has been explored and impacted
negatively by human activities. The conversion of forest to pastureland and farmland, as well as
mining activities, road opening, wood and ore extraction and fire are historically the main causes
of environmental damages and forest loss in the region. This project overviewed the latest
changes in environmental policy and practices towards environmental protection conducted by
the Brazilian president Jair Bolsonaro, since he took office in 2019, and analyzed the progress of
deforestation in the recent years under the new federal administration. Geographic Information
System analysis were used to access fire activity and total of burned area in the region from 2016
to 2019. According to the results of this project, 2019 had a total of 45415 Km2 of burned area,
which was more than twice the amount of area burned in the previous year, 2018, with 19218
Km2 of area lost with the fires. The highest loss was observed in 2017 with total of 59688 Km2 in
burned area. Government measures may have been the major cause of the spike in deforestation
observed in the recent years.
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1. Introduction
Deforestation of the Brazilian Amazon is driven mostly by land use and land cover
changes (LUCC) to transform forest covered areas into agricultural and pasture fields. The
incentives to explore the rainforest economically has led to intense modification of the territory,
including road construction and paving, logging, and fire use to promote profitable activities,
especially cattle grazing and soybean cultivation in the country (Gomes das Neves et al., 2014).
It is widely known that fires are largely used as a tool for land clearing, managing and
preparation, as well as to maintain previously deforested areas (Lima et al., 2012). Fires in the
Brazilian Amazon not only contribute to deforestation of the area, but they also serve as the
primary source of carbon emissions in the whole rainforest. If the fires were controlled, it could
be an important step to mitigate global warming (Fearnside et al. 2009). Yet, the relationship
between fire and forest loss is still dependent on the space where it occurs, the type of
deforestation process and the climate of the region (Fanin & van der Werf, 2015). Fire activity in
the Brazilian Amazon occurs during the dry season months, which is generally from June to
November (Alencar et al., 2015). However, the fire ignition is mainly caused by humans for
deforestation purposes since lightning is usually associated with rainfall which reduces the fire
risk and therefore fires are rarely started naturally by lightning in the area (Balch et al., 2015)
(Barbosa & Fearnside, 2005).
The intensity and frequency of fire use for deforestation depends on the goals for each
property. Generally there are three main subdivisions for fire occurrence: First, land clearing,
where fire will be used repeatedly until all biomass is burned and the land is completely covered
in ashes and ready for planting (Fanin & van der Werf, 2015); Second is logging, where fire
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probability is increased due to non-harvested timber left behind by bulldozers combined with a
partially open canopy. These conditions decrease the moisture of the area, increasing fire risk
(Uhl et al., 1996). Third is land maintenance, when fire is used multiple times in agricultural and
pasture lands to suppress tree growth and to renew nutrient availability (Balch et al., 2015).
In addition to the anthropogenic causes for the fire incidence in the Brazilian Amazon,
climate change also plays an important role in increasing fire risk and the effects of deforestation
of the Brazilian Amazon. Although the Brazilian rainforest is sensitive to climate change and
consequent extreme droughts, the fire risk is significantly higher with an increase in ignition
sources, which brings attention to the urgent necessity of strong and efficient fire and
deforestation control policies to reduce the forest degradation (Alencar et al., 2015).
The increased rate of forest loss in the Brazilian Amazon gained international attention in
the middle of 2019 when alarming new reports were published by Brazil’s National Institute of
Space Research (INPE) regarding the large increase in deforestation of the tropical forest.
According to data released by INPE, deforestation in May 2019 increased by 34% compared to
the same month in 2018 and an even higher increase of 88% was observed for June of 2019
compared to 2018. By August of 2019, a total of 41,858 fires in the Amazon had been detected
and resulted in the largest fire occurrence since 2010 and therefore a significant driver of
deforestation in the region (Klingler & Mack, 2020). The current federal administration of Brazil
has been identified as being responsible for the spike in deforestation since 2019 and as a threat
to the conservation of the Amazon forest by decreasing the power of environmental agencies and
modifying legislation (De Sales et al., 2020).
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The purpose of this research is to examine the relationship between the increase in
deforestation of the Brazilian Amazon Forest with the changes in environmental policies enacted
by the most recent federal administration, which is led by Jair Bolsonaro, the current President of
the country. The second goal is to document changes in fire extent and size over the past four
years to quantify the impact of these policy changes. Jair Bolsonaro took office in January of
2019 after running a campaign in which he proposed to develop the Amazon forest by creating
opportunities for mining, agriculture, and other extractive activities. The presidential campaign
to invest in rural development, as well as the speeches associated with anti-environmentalism
raised a global concern for the future of this globally respected forest (Klingler & Mack, 2020).
The main question for this project is how the changes in environmental policy by the
current Brazilian Federal Administration have impacted deforestation in the Amazon. Ultimately,
this research aims to analyze data to identify the relationship between the government actions
and subsequent impacts on deforestation of the Brazilian Amazon. To answer this question, I will
examine the changes in environmental legislation and environmental law enforcement in Brazil
since January 2019 when the new federal administration came into power. Next, I will employ a
Geographic Information System (GIS) to analyze data that monitors the amount of burned area in
the Amazon, as well as correlating that with the size of fires and the extent of area deforested
each year. This research will quantify the changes in the Brazilian Amazon region over a fiveyear period, three years prior to the day the administration of Bolsonaro came into office, and
from January 2019 to the present.
This project begins with a literature review that includes background on the Amazon
Forest, specifically the Brazilian portion of the Amazon Basin, including its importance,
biodiversity and impacts of deforestation to the ecosystem and local communities. Next, the
3

literature review outlines the history of deforestation in the Brazilian Amazon, including time
periods with spikes in deforestation in the past and federal administration measures that were
taken to protect the forest. Lastly, this project will trace the changes in environmental policy
enacted by the current federal administration that may have resulted in actions that weaken
protections for the rainforest. Following the literature review, I will describe the methodology
used to complete this analysis, which includes a GIS component and policy analysis. To
conclude, a results and discussion section will outline the findings of the analyses followed by
the conclusions and recommendations.

2. Literature Review
2.1 Amazon Background
The Amazon Basin covers eight different countries, including Brazil, Bolivia, Peru,
Ecuador, Colombia, Venezuela, Guyana, and Suriname, as well as French Guiana which is
considered a department of France. The sum of their territories results in what it is the largest
tropical forest on Earth, with approximately 7 million Km2 of area (IBGE, 2020). Brazil plays an
important role when it comes to the preservation of the forest, since the country accommodates
approximately 60% of the total area of the rainforest (Coca-Castro et al., 2013). Figure 1 shows
the Brazilian Amazon boundary, also referred as Brazilian Legal Amazon, which occupies
approximately 61% of the total land in the country (IBGE, 2020). The image also provides a
sense of its extensive territory when compared to the entire South America area.

4

Figure 1. Map of South America with boundary of the Brazilian Amazon in red.
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According to the Brazilian Institute of Geography and Statistics (IBGE), the Brazilian
Legal Amazon is formed by 9 states in Brazil, including Acre, Amapá, Amazonas, Pará,
Rondônia, Roraima, Tocantins, Mato Grosso, and municipalities of the state of Maranhão
(IBGE, 2020). Figure 2 shows the Brazilian Amazon, including the boundary of the nine states
where the forest is in the country.

Figure 2. The green area in the map comprises the States in which the Brazilian Legal Amazon is located.
Source: IBGE

The Amazon forest not only hosts a distinguished variety of plants and animals, as it is
also home for amazing and undiscovered human tribal groups. According to Brazil’s National
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Indigenous Foundation (FUNAI), there are at least 90 completely uncontacted tribes in the
Amazon rainforests (Pavelka, 2014).
The significance of the Amazon goes beyond its territorial area, since the tropical forest
influences precipitation rates and carbon life cycles on a local and global scale (Olivares et al.,
2015). The rainforest stores more than 100 billion tons of carbon in the form of biomass that if
disturbed, can cause significant impacts in the global carbon and hydrologic cycles (Feldpausch
et al., 2016).

2.2 History of Deforestation of the Brazilian Amazon
The Brazilian Amazon has been altered and explored for decades and fire use has been
increasing for the last 40 years as it is the main technique used for land clearing to create and
maintain pasture to enable cattle raising and land preparation for soybean cultivation (Fonseca et
at., 2019). Most of the deforestation occurs in what it is called the “arc of deforestation”, located
in the southern and eastern part of the Brazilian Amazon, extending from the state Acre on the
west to Pará and Maranhão on the east (Levy et al., 2018). The prediction is that deforestation
will continue to expand in the eastern area of the Brazilian Amazon, since access to the forest in
this area is facilitated by the high density of highways in the region (Soares-Filho et al., 2006)
Studies have been investigating how much deforestation and climate change the Amazon
Basin can tolerate before reaching the so called “tipping” point, which is defined as the extreme
moment when rainfall has been reduced so drastically because of forest conversion that the
rainforest is obligatorily converted to a savanna. So far, studies suggest that approximately 19%
of the Brazilian Amazon has been completely deforested (Nascimento et al., 2019). Analyses
have shown that the tipping point could be reached if the anthropogenic impacts to the
7

Amazonian Basin increase deforestation to a total of 40% of the rainforest (Nobre & Borma,
2009).
Figure 3 shows the historical time series of deforestation as created by the Amazon
Deforestation Calculation Program (PRODES), program which monitors the legal Amazon
deforestation, the spike of 34.4% in deforestation from 2018 to 2019 was the largest increase
registered since 2002-2003.

Figure 3. Annual deforestation of the Brazilian Amazon in kilometers squared.
Source: Adapted from INPE

As shown on Figure 3, there was a decrease in deforestation of the Legal Amazon was
from 1988 to 1991. During this time, the country was experiencing an economic recession,
which made it difficult for farmers to expand their deforested areas in addition to a limited
availability of resources from the government to construct highways and other infrastructure
(Fearnside, 2020). In 1991, it is possible to see a significant decrease in deforestation which
could be caused since the president in power at the time, Fernando Collor de Melo, confiscated
8

all bank accounts from the Brazilian population, refunding people with small parcels sent from
time to time in the near future (Fearnside, 2020). The big landowners in the Amazon are
significantly more sensitive to economic changes than small farmers in the region, due to the
dimension of their work and investment in territory, which explains why the economic crises of
the country affected this producers activities and consequently reduced deforestation .
Another important moment in the history of deforestation of the Brazilian Amazon was
the spike registered in 1995. This increase in deforestation was attributed to a reinstalment of the
Brazilian economy, as well as the increase in available capital due to the municipal election,
which resulted in an increase of agricultural credit. Following, a decrease in deforestation was
observed through 1996 and 1997, after the implementation of a plan called, Real Plan that
reduced by 50% the value of properties in the Legal Amazon, reducing the interest by
speculators to explore and take possession of land in the area (Fearnside, 2020). The
deforestation rates were mostly constant from 1998 to 2001, followed by a significant increase
between 2002 and 2004, when the international market for soy and cattle meat were on the rise
and Brazil was newly allowed to export meat (Kaimowitz et al., 2004).
The Brazilian Amazon had its major reduction in deforestation from 2004 to 2012, when
deforestation decreased in 84% because of a combination of policies implementation with a
reform in the economic value of commodities produced in the area, reducing profitability of
agricultural and cattle activities (Soares & Rajão, 2018). Additionally, there was an increase in
efforts and actions to monitor and protect the biome. Measures taken included the
implementation of the Action Plan to Prevent and Control Deforestation of the Legal Amazon
(PPCDAm), which was structured in three different sectors to guide the actions taken by the
government: i) Land and Property Management; ii) Environmental Monitoring and Control; and
9

iii) Promotion of Sustainable Productive Activities (Trancoso, 2013). The sector of
Environmental Monitoring and Control had the most significant impact in the sharp decrease in
deforestation from 2004 to 2012, mostly due to the development of plans of inspections and the
Real-Time Deforestation Detection System (DETER), created by INPE to monitor and rapidly
issue alerts when land cover alterations are identified. DETER operates based on the MODIS
sensor aboard the satellite TERRA.
Despite the great improvement on decreasing deforestation from 2004 to 2012, according
to INPE (2019) data, Figure 3, the rates of deforestation began to climb again since 2013. The
increase is a consequence of lack in policy enforcement and budget cuts to environmental
protection agencies. Although the rise in deforestation is occurring since 2013, a dramatic
increase has been happening since begging of 2019, when the new Brazilian Federal
Administration took office (Human Rights Watch, 2020).

2.3 Impacts of Current Brazilian Federal Administration in Environmental
Policies
President Jair Bolsonaro took office on January 1, 2019 after running a campaign that
consistently emphasized the administration plans to facilitate environmental licensing processes
to large extractive industries, as well as supporting strategies to implement large-scale projects
and measures that threaten to weaken environmental laws and the protection of the Brazilian
Amazon. The day after Bolsonaro took office, the new President promptly started signing
provisional measures to restructure the federal administration.
The Ministry of the Environment was almost eliminated by the President, who rescinded
the measure after facing intense critics regarding the large environmental and commercial
10

impacts this action could cause. Although the President changed his mind, the Ministry of the
Environment had most of its competences limited or transferred to different sectors, weaking the
power and ability of the department to act in protection of the environment.
One of the most significant changes was the reallocation of the Brazilian Forestry Service
into the Ministry of Agriculture (MAPA). The Brazilian Forestry Service is responsible for the
Cadastro Ambiental Rural (CAR), which is an electronic national public system to register rural
properties in order to integrate environmental information associated with the properties related
to Areas of Permanent Protection (APP), native forests/vegetation and Legal Reserves. The CAR
establishes a bank of data that can be used to monitor, control and limit deforestation. The
Ministry of Agriculture also became responsible for identifying, delimitating and registering
indigenous and quilombolas (Afro-Brazilian residents) territories, a role that was before
attributed to the National Indigenous Foundation (FUNAI) and the National Institute of
Colonization and Agrarian Reform (INCRA). Fishing licensing processes were also transferred
from the Ministry of the Environment to the Ministry of Agriculture. The Ministry of Agriculture
has been historically known to threaten the interests of the indigenous people, whose lands cover
27% of the Brazilian Amazon. Therefore, transferring the authority to demarcate these lands to
the agricultural sector can negatively impact the rights of these groups and the conservation of
the Amazon.
The Brazilian Institute of Environment and Renewable Natural Resources (IBAMA) is an
environmental enforcement agency that has been recognized internationally for the major efforts
to prevent deforestation and fire occurrence in the Brazilian Amazon (Jordan & Clarke, 2019).
Since the early 2000s, IBAMA has been responsible for reducing deforestation and fighting fires
in the Brazilian Amazon by enforcing environmental laws, inspecting the area, and applying
11

fines against illegal loggers and people practicing illegal land appropriation (Rocha, 2020).
Bolsonaro reduced the power of IBAMA by cutting the funding of the agency for fire prevention
and control by approximately 25% compared to 2018 (Spring & Eisenhammer, 2019). Moreover,
IBAMA new leadership restricted the ability of field agents to destroy heavy equipment used by
illegal loggers and land grabbers, which was a long dated and successful strategy used by
IBAMA to reduce deforestation (Spring & Eisenhammer, 2019). In 2019, IBAMA had a
reduction of 29% of fines issued for environmental crimes, registering the lowest number of
fines issued in the past 24 years by the agency (Human Rights Watch, 2020).
Another environmental agency seriously affected by the administration of Bolsonaro was
the Chico Mendes Institute for Biodiversity Conservation (ICMBio), which also had 24% of its
annual budget reduced in 2019 (Thomaz et al., 2020). The decrease in financial support to
environmental agencies is also connected with an interruption since 2019 of investments from
the Amazon Fund, which is a billionaire program that financed more than a hundred projects to
protect the Amazon (Fearnside, 2016). The fund was suspended by donor sources from Norway
and Germany due to the increase in deforestation and the extinction of Councils that managed
resources (Thomaz et al., 2020).
The creation of the Conciliation Center is another measure taken by the current Brazilian
Administration that raises concern about the power of environmental agencies to protect the
Brazilian Amazon. The Conciliation Center promotes flexibility and reduction of fines for
environmental crimes, by reducing the value of previously issued fine or even their annulment
(Human Rights Watch, 2020).
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There are many other actions taken by the current Brazilian Administration that facilitate
access and control of territories by land grabbers in the Amazon, and changes in policies that
weaken the ability of environmental agencies to act in protection of the forest. The main actions
found in literature were highlighted in this section, but many others remain to be confirmed and
evaluated.

3. Quantification of Deforestation
Fire CCI51 burned area for 2016 - 2019
This dataset was sourced from the European Space Agency (ESA) Climate Change
Initiative (CCI), which is a project that produces maps of global burned area derived from
satellite images. This dataset is a monthly global product at approximately 250m2 spatial
resolution that contains information about burned area and other ancillary data. The dataset is
based on surface reflectance in the Near Infrared (NIR) band from the MODIS instrument
onboard the Terra satellite and fire information from the Terra satellite as well as and the Aqua
satellite in the Earth Observing System (EOS) fleet. This data was used to examine the changes
in burned area in the Brazilian Amazon between 2016 and 2019. This information allowed for
the identification of which land use types are using fire to develop their activities and are
therefore contributing the most to deforestation of the Amazon.
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Table 1. Characteristics of Datasets used to conduct spatial analysis of burned area in the Legal Amazon.
Dataset name

Projection

Scale/Resolution

Year

Source

FireCCI51 Burned Area

≈ 250m spatial
resolution

Pixel (0.002246° - ≈
250m)

2016

European Space Agency:
https://www.esa-firecci.org/node/340

FireCCI51 Burned Area

≈ 250m spatial
resolution

Pixel (0.002246° - ≈
250m)

2017

European Space Agency:
https://www.esa-firecci.org/node/340

FireCCI51 Burned Area

≈ 250m spatial
resolution

Pixel (0.002246° - ≈
250m)

2018

European Space Agency:
https://www.esa-firecci.org/node/340

FireCCI51 Burned Area

≈ 250m spatial
resolution

Pixel (0.002246° - ≈
250m)

2019

European Space Agency:
https://www.esa-firecci.org/node/340

4. Methods
4.1 Total Burned Area for the years from 2016 to 2019
This project analyzed deforestation progress in the Brazilian Amazon for the period of
2016 to 2019 with data sourced from the European Space Agency (ESA) Climate Change
Initiative (Fire_cci): MODIS Fire_cci Burned Area Grid product, version 5.1 (Chuvieco et al.,
2019). The MODIS Fire_cci produces maps of global burned area data derived from the MODIS
instrument on the TERRA satellite at 250m resolution, Table 1. This dataset contained burned
area information at a monthly temporal resolution and displays the information into a regular
grid covering the Earth at 0.25 x 0.25 degrees resolution (Chuvieco et al., 2019). The MODIS
Fire_cci v5.1 product is a multidimensional raster that includes a variety of information on
global burned area, including fraction of observed area, sum of burned area, fraction of burnable
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area, number of patches and burned area for 18 land cover classes and standard error. For this
project, only the sum of burned area raster was used for the period of 2016 to 2019.
Once the MODIS Fire_cci dataset of burned area for 2016 to 2019 was downloaded, the
layers for each month were clipped to the Brazilian Amazon boundary polygon, retrieved from
‘TerraBrasilis’ website created by IBGE (2018). Once the monthly burned area layers were
clipped to the Amazon boundary, the raster calculator tool was used to sum all the months and
estimate the total of burned area for each year from 2016 to 2019. The burned area dataset
displays the extent of burned area in meters squared for each pixel of the raster. The Zonal
Statistics as a Table tool in ArcGIS Pro was used to identify the total area in meters squared
burned in the Brazilian Amazon for each year of interest. This analysis produced fours maps of
the Brazilian Amazon, with the values of burned area stretched along a color ramp, enabling a
visualization and comparison of the changes in fire activity and damage throughout the years
starting in 2016 and ending in 2019. Figure 4 summarizes the analysis in a flowchart of steps
taken in the ArcGIS Pro.

Figure 4. Flowchart of the steps taken in the ArcGIS Pro to process the datasets of global burned area.

4.2 Burned Area by Fire Size
In a second analysis, Figure 5, the total burned area per year was evaluated based on the
size of the area burned. The maps of burned area for each year were reclassified by extent of
15

burned area in each pixel. The Reclassify tool in ArcGIS Pro was used to stratify the data into
four different classes: No burned area; 0.1 to 50 Km2 of burned area; 50 to 150 Km2; and 150 to
622 Km2. The objective in reclassifying the data is to identify areas where severe fires are more
evident and relate this information with the policy changes for the region.

Figure 5. Flowchart illustration the steps taken while using the Reclassify tool on ArcGIS Pro to divide
the burned area data by size of fire.

5. Results and discussion
The results for the analysis of burned area per year in the Brazilian Amazon are shown on
the Figures 6 and 7. Figure 6 shows the distribution of burned area values from 2016 to 2019, as
well as a summary of the total burned area in kilometers squared per year. In the map, the green
areas represent the healthy vegetation with small or no burned area. As the color changes to
yellow, the amount of burned area increases with the highest values displayed in orange.
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Figure 6. Comparison of total burned area in the Brazilian Amazon from 2016 to 2019. Color scale
corresponds to increasing number in meters squared of burned area. Green indicates little to no burned
area while red indicates higher values. Range is from 0 to 6.22 x 108 meters squared.
17

As expected, the higher amounts of burned area in every year are predominantly located
in the “arc of deforestation” area. Wildfires are occurring primarily in the same areas for all the
years studied. This indicates the repetitive use of fire, a common practice in the processes of
clearing land and with attempts to renew the nutrients associated with agricultural fields.
Although the color pattern depicted in the maps appears to be very similar for all years, the
actual number show an expressive amount of variation in the total burned area throughout the
years.

Figure 7. Annual burned area in kilometers squared in the Brazilian Amazon from 2016 to 2019

As shown on Figure 7, the highest amount of burned area was observed in 2017 with a
total of 59688 Km2 of area burned. The second highest total was observed in 2019, with a 45415
Km2 of burned area. The remaining two years, 2016 and 2018 had 33048 Km2 and 19218 Km2,
respectively. Despite the irregularity of the total burned area between the years investigated, it is
18

possible to observe an increase of more than 100% from 2018 to 2019. The variation in fire
occurrence through the years may be explained by a variety of factors, but the leading causes of
fire can be attributed to weather conditions due to climate change, land use management and lack
in policy severity and enforcement in the Brazilian Amazon (Fonseca et al,. 2019). It is important
to now examine these results in relation to all the factors to try and understand which factor
might be the primary driver influencing this increase from 2018 to 2019.
Betts et al. (2015) created the model HadGEM2-ES that simulates the impacts of climate
change on water resources and ecosystems for a few different scenarios. The scenario with the
lowest global warming statistics was responsible for the highest decline in tropical forest cover
due to intense development of agriculture. Betts et al. (2015) research concluded that although
climate change and global warming are proven to increase the probability of fire in tropical and
sub-tropical areas, the fire occurrence is strongly associated with the vulnerability of each
individual type of landscape to the human intervention and whether this activity initiates a fire or
successfully prevents it.
According to a study by Fonseca et al. (2019), even in the most pessimist scenario of
climate change, with effective environmental law enforcement, aligned with control of the
extension and level of conservation of protected areas, road paving and deforestation would
cause a significant reduction in the impacts of climate change in fire probability. Nascimento et
al. (2019), created a Bayesian Network model to investigate the process of land use/cover change
(LUCC) in a region of the Brazilian Amazon. The model integrates surveys from farm
households with remote sensing analysis and decision-making processes to evaluate how
environmental policy affects deforestation in the region. The model of their research indicated
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that 6400Km2 of forest cover in their study area would be preserved between 2014 and 2030 with
an increase in law enforcement over agricultural activities (Nascimento et al., 2019).
This project contributes to this discussion by showing the results obtained with the
MODIS Fire_cci dataset of burned area analysis when an increase in burned area occurred from
2018 to 2019. According to Alberto Setzer, senior researcher at INPE, the climate and rainfall
during 2019 in the Brazilian Amazon was not unusual, being just slightly below the average for
the region and therefore it is inaccurate to justify the increase in wildfires on a dryer season
(Paraguassu, 2019). The analysis for burned area then suggests that the change in policies made
by the current Brazilian federal administration could in fact, be one of the major drivers for the
increase in forest cover loss during 2019.
It is important to acknowledge the limitations of the approach employed in this research.
The MODIS Fire_cci dataset covers the area analyzed on a 0.25 x 0.25 degrees resolution, which
is at a significantly lower resolution when compared to the datasets used by INPE to track burned
area evolution. For instance, INPE uses images obtained from the MODIS collection 6 of
satellites AQUA and TERRA, where the lowest resolution goes from 0.3 to 1 kilometer. They
also use data from Landsat 8/OLI, CBERS-4/MUX and Resourcesat/LISS to generate products
with medium resolution of 10 to 50 meters. Their datasets are at a much higher spatial resolution,
even compared to their lowest resolution datasets of 1-kilometer pixel size. Figure 8 shows a
comparison of the results obtained in this project with the results obtained by INPE, with the
MODIS 6 dataset. As shown in Figure 8, both analyses have the same trend in the amount of
burned area in the Brazilian Amazon from 2016 to 2019. However, the amount of burned area
register by INPE is anywhere from 53 to 127% higher, as shown on Table 2. The difference in
values obtained by INPE can be explained by the difference in the spatial resolution of the data
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used in their study. That does not invalidate the results obtained in this project, but instead
supports the discussion and affirms that the amount of burned area per year in the Brazilian
Amazon is probable even higher than the estimated in this project.

Figure 8. Comparison of the results of this project with results for burned area obtained by INPE.
Data Source: This project and data from INPE

Table 2. Comparison of values of burned area obtained in this project with values published by INPE.
Year

Original Analysis

INPE

2016
2017
2018
2019

33048
59688
19218
45415

65139
91240
43171
72501

Difference
in %
97%
53%
127%
60%
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Another limitation of this project analysis is that data for burned area in 2020 is not
available yet for the MODIS Fire cci dataset. In response to that, data collected by INPE for
2020 was analyzed instead. Figure 9 shows results for annual burned area created by INPE for
the Brazilian Amazon since 2010. The value for 2020 includes totals observed until October of
2020. As observed in the Figure 9, the burned area recorded until October 2020 is already greater
than the total amount recorded for 2019.

Figure 9. Annual burned area using data from INPE.
Data Source: INPE

As discussed previously, fires are used repeatedly to completely clear lands and to
maintain deforested area, therefore the area of burned area alone does not represent the actual
deforested area, which will be smaller than the total of burned area per year. Moreover,
deforestation also includes areas affected by selective logging, which is executed by large
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machines. In addition to the data obtained for burned area, it is crucial to look at the progress of
total area deforested throughout the years.
Although burned area has been fluctuating, when looking at the data for deforested area
collected by INPE on Figure 10, it is possible to see that even though 2017 had a higher value of
burned area, the total in deforested area was even smaller than the observed for 2016. These
values suggest that there was a high number of fires and burned area in 2017 most likely due to
fires used to reburn areas previously deforested. Moreover, 2016 proved to be a drier and warmer
year due to the ENSO occurrence, which could also have influenced the susceptibility of the
forest to burning in the consecutive years. On the other hand, 2019 had an elevated value of
burned area, followed by a large increase in deforested area as well, which suggests that the fires
and logging activities expanded to areas that were previously untouched.

Figure 10. Deforestation annual increments. Source: INPE
Source: INPE
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Although INPE’s data quality is constantly monitored and has a 95% accuracy index
(INPE, 2019), the President of Brazil and some officials from his administration questioned the
validity of INPE’s research. Jair Bolsonaro also stated that in the future, INPE should first
consult with government officials and obtain permission to publish information regarding the
deforestation of the Brazilian Amazon (Escobar, 2019). Despite this, the institution affirms to be
guided by principles of transparency and scientific honesty aiming for excellence in their
research and are committed to use all available resources to fight against deforestation of the
Amazon (INPE, 2019).
The occurrence of fires in previously deforested areas is very common, as small farms
and pastures rely on repetitive fire to completely burn the biomass removed from the area and to
maintain the land quality, by preventing trees from growing back in pastures or cleared
agricultural fields and to promote nutrient recycling. On Figure 11, the total of burned area per
year is displayed in sizes of burned area per pixel.
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Figure 11. Comparison of total burned area in the Brazilian Amazon classified by size from 2016 to 2019. The
green color corresponds to areas with zero burned area detected. The three other colors display the burned area
classified by size. The lighter color represents areas with 0.1 to 50 Km2 of burned area, the medium dark color
represents areas with 50 to 150 Km2 and lastly, the darkest color represents areas within 150 to 622 Km 2 of burned
area.
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As shown in Figure 12, the small fires are predominant in all the years and mostly occur
in the same areas for all the years.

Figure 12. Comparison of fire sizes in the Brazilian Amazon

Figure 12 shows a comparison between the fire sizes in the Brazilian Amazon. The small
fires are predominant regardless of the year. Both medium and large-scale fires had higher
occurrence in 2017 and 2019. This is indicative of the higher influence of large-scale farms over
the influence of small farms in the area in the amount of burned area per year.

6. Conclusions and Recommendations
The history of deforestation in the Brazilian Amazon suggests that the threats to the
rainforest are, unfortunately, increasing faster than the strengthening of environmental policies
and the ability of environmental agencies and institutions to control and prevent the illegal
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exploration of the rainforest. The current federal administration of Brazil seems to be prioritizing
the agricultures and rural landowners over the preservation of the Amazon. Changes in policy
that are facilitating environmental licensing processes, reducing surveillance in the field,
flexibilization and annulment of environmental fines issued in the past are some of the actions
that incentives the criminal action of illegal loggers and land-grabbers in the past two years.
There are many contributors to the increase in deforestation, including the raising of
global temperatures due to climate change, the increase in natural resources exploration to meet
the demands of an exponential growing population, logging activity, urban development in
preserved areas of the Brazilian amazon and the cattle raising that is still the main economic
activity in the forest. Although these drivers can be used to justify the increase in deforestation,
the reality is that none of them would be occurring without the human intervention. Therefore, to
control and mitigate their impacts it is essential that the Brazilian government take actions
through the tightening of environmental laws to significantly reduce the overall deforestation of
the Brazilian Amazon and eradicate completely the illegal practices.
Some of the recommendations of this project include further analysis and tracking of
deforestation during the next 2 years of the current federal administration. The government
should ensure that environmental enforcement agents have the autonomy, tools, and resources
needed to carry out their mission safely and effectively, in special investing on staff and funds
for the IBAMA. Improvement of practices to gain international support through the Amazon
Fund program. In resume, the main recommendation to control and mitigate the negative impacts
to the Brazilian Amazon it is that the Brazilian government take actions through the tightening of
environmental laws to significantly reduce the overall deforestation of the forest and eradicate
completely the illegal practices.
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