Proceedings XXIII GEOINFO, November 28 to 30, 2022, Sao José dos Campos, SP, Brazil.

Deforestation Increases Within Full Protected Areas of the
Brazilian Amazon

Guilherme Mataveli!, Alber Sanchez!, Michel Chaves!, Jodo Guerrero?

Divisdo de Observagio da Terra e Geoinformatica — Instituto Nacional de Pesquisas
Espaciais (INPE)
Avenida dos Astronautas, 1758, Jardim da Granja — 12227-010 — Sao José dos Campos
— SP — Brasil

2Centro Nacional de Pesquisa em Pesca, Aquicultura e Sistemas Agricolas — Empresa
Brasileira de Pesquisa Agropecuaria (EMBRAPA)
Avenida NS10, Loteamento Agua Fria — 77008-900 — Palmas, TO, Brasil

{guilherme.mataveli, alber.ipia, michel.chaves}@inpe.br,
jvguerrero2@gmail.com

Abstract. Since 2012, deforestation rates have been increasing within the
Brazilian Amazon. This situation undermines the mitigation efforts against
global climate change and stresses our need for both accurate identification of
deforestation hotspots and promotion of law enforcement. It also implies a
permanent need to explore the deforestation data, looking for patterns that
enable the public, the academia, and authorities to anticipate and prepare for
deforestation outburst. For this reason, we analyzed data of the Brazilian
deforestation monitoring program (PRODES) to find deforestation patterns
within Full Protected Areas of the Brazilian Amazon. Our aim is to identify
and quantify deforestation from 2008 to 2021. We applied a trend analysis to
find FPAs with significant increments and we found that approximately 15%
of FPAs have statistically significant deforestation growth according to the
Mann-Kendall test at 5% significance. Furthermore, we found that only four
FPAs accounted for 67.6% of the deforestation increments during 2021,
making them good candidates for closer monitoring and law enforcement.
Besides, our results also show the role of FPAs as forest safeguards, although
deforestation within them is increasing.

1. Introduction

Deforestation is a major global anthropogenic disturbance [Seymour and Harris 2019;
Wade et al 2020], even when intact forests offer important ecosystem services [Watson
et al. 2018] such as climate regulation. Therefore, the preservation of natural
undisturbed forests is of utmost importance for human well-being. The declaration of
Protected Areas (PAs) is the most effective tool for reducing deforestation since
deforestation rates are lower within PAs than in neighbor unprotected areas [Johnson et
al. 2017; Fuller et al. 2020]. However, even while PAs are crucial for protecting
standing forests, many of them remain vulnerable to illegal activities, such as
deforestation and mining, due to their dependency on government and law enforcement
[Nolte et al. 2013].
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The Brazilian Amazon (BA) is an example of this situation. The BA has been
facing a deforestation resurgence since 2019, mostly associated with the weakening of
environmental laws occurring in Brazil. Deforestation rates over the last three years
have surpassed 10,000 km? in the BA [INPE, 2022]. After a historical deforestation
reduction of 84% in 2012 compared to 2004, the deforestation rate in 2021 has reached
the highest value during the last 15 years [INPE, 2022]. Unfortunately, this recent
deforestation increase is not restrained to unprotected areas but is also occurring within
PAs: (i) the annual average deforestation rate within Indigenous Lands (ILs) of the BA
in 2021 was 52% above the average annual rate from 2008 to 2021, and (ii) the
deforestation rate within Conservation Units (CoUs) of the BA in 2021 was the highest
since 2008 [INPE 2022].

When referring to CoUs, they are classified as Environmental Protection Areas
(EPAs), where occupation is allowed with settlers having to follow specific regulations,
or Full Protection Areas (FPAs), where human occupation is banned. The increase in
deforestation within FPAs is the most concerning threat to the preservation of BA
standing forests. Due to the extension of the FPAs within the BA (more than 430
thousand km?), orbital remote sensing is the most cost-effective way to monitor
deforestation within them all. In this study, we have used the openly available PRODES
dataset [INPE 2022], the Brazilian official deforestation monitoring data, to identify and
quantify, temporally and spatially, the increase in deforestation within FPAs of the BA
from 2008 to 2021. Moreover, we have also identified the FPAs where deforestation is
concentrated in the current period (the year of 2021), which are the ones where legal
authorities must focus on the counteraction measurements to curb deforestation. A trend
analysis was also performed to identify in which FPAs of the BA the increase in
deforestation was statistically significant during the 2008-2021 time series.

2. Materials and Methods

2.1. Full Protection Areas

FPAs are the most protected type of CoUs in Brazil. They act as a barrier against human
disturbances to the standing forests. The constant undermining of the Brazilian
environmental policy has been linked to the increasing deforestation within FPAs
because it encourages and legalizes illegal activities, reduces environmental fines, and
decreases law enforcement actions [Artaxo 2019; Conceicao et al. 2021].

The BA includes 95 FPAs, accounting for approximately 10% of its total area
(431,448 km?). FPAs are classified into 5 subcategories: ecological station, park, natural
monument, biological reserve, and wildlife refuge. Parks are the predominant FPAs in
the BA. Although the increasing anthropogenic pressure over FPAs, they are primarily
covered by forest formations [MapBiomas 2022].

2.2. Deforestation Data

The analysis of historical deforestation patterns was performed using the national
official deforestation monitoring dataset, the Brazilian Amazon Deforestation
Monitoring Program (PRODES). PRODES monitors clear-cut deforestation and
provides annual official deforestation rates since 1988 using medium spatial resolution
orbital images. The annual estimates of deforestation are based on visual interpretation
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of the satellite images. Therefore, it is a reliable dataset to monitor deforestation
increases in the BA [Almeida et al. 2016].

PRODES produces deforestation rates corresponding to the period from August
Ist to July 31st of the following year. For example, PRODES 2021 was estimated
considering deforestation from August 1st, 2020, to July 31st, 2021. An area mapped as
deforested by PRODES is not analyzed in the following years, hence the deforestation
rate is defined as increment in relation to previous years. The validation of PRODES
estimates reached an overall accuracy of 93% [Almeida et al. 2016].

We downloaded the PRODES annual deforestation increments for the 2008-
2021 period from the TerraBrasilis platform (http://terrabrasilis.dpi.inpe.br/downloads/)
and then clipped the deforestation polygons to the delimitation of the FPAs made
available by the Brazilian Ministry of Environment. At the end of this step, we had
annual shapefiles quantifying the annual deforestation within the 95 FPAs of the BA.

2.3. Detecting Trends in Deforestation Within Full Protection Areas

Following the 2008-2021 time series, we have identified trends in deforestation of the
FPAs within the BA. To this end, we have applied the non-parametric Mann-Kendall
trend test, which determines if a trend exists in a time series [Cavalcante et al. 2019;
Carvalho et al. 2020]. The Mann-Kendall test was applied to the 62 FPAs of the BA
where deforestation is present in at least one year of the time series. Our null hypothesis
is that there is no trend in the deforestation time series, while our alternative hypothesis
is that there is. If the p-value is lower than the significance level of 5% the null
hypothesis is rejected, proving that there is a statistically significant deforestation trend
in the time series.

3. Results and Discussions

Figure 1 shows the annual deforestation increments within FPAs of the BA from 2008
to 2021 estimated by PRODES. We observe a reduction in deforestation starting in
2008 and ending in 2014, when the lowest estimate was produced (16.6 km?). This
pattern follows the same one identified for the BA as a whole, explained by the Action
Plan for Prevention and Control of Deforestation (PPCDAm) which promoted a severe
conservation reform that decreased deforestation specially from 2007 to 2012 [West and
Fearnside 2021].

—
j=]
=3l

—
2
=}

105
90 A ]
75
60 -
45
30 A

Deforestation (km?)

15

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

Figure 1. Annual deforestation increments within Full Protection Areas of the
Brazilian Amazon during the 2008-2021 period.
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Starting in 2015, deforestation increments within FPAs of the BA increased
again and reached its highest value in the PRODES digital era in 2021 (121.9 km?,
634% higher than the lowest estimate found in 2014). The observed increase resulted of
several actions taken over the past years that indirectly incentivized land grabbing, such
as the possible decriminalization of illegal occupation on public lands and the
interruption of the PPCDAm. In 2021, FPAs accounted for 8.6% of the deforestation
increment in CoUs of the BA. Still, four FPAs accounted for 67.6% of the deforestation
increment in these protected areas in 2021 and therefore are the ones requiring closer
monitoring and law enforcement. These are the Terra do Meio Ecological Station (29.5
km?), the Guajara-Mirim State Park (28.9 km?), the Jamaxim National Park (13.4 km?),
and the Nascentes Serra do Cachimbo Biological Reserve (10.7 km?). Three of them are
inserted in the center of the “Arc of Deforestation” at the Para State, while the Guajara-
Mirim State Park is located in Rondonia State (Figure 2).
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Figure 2. Deforestation increments within Full Protection Areas of the Brazilian
Amazon in 2021.

An analysis of Figure 3 shows that 9 of the 62 FPAs of the BA where
deforestation was detected in at least one of 14 years analyzed (~15% of them) had a
statistically significant increasing trend according to the Mann-Kendall test at 5%.
These were located not only at the “Arc of Deforestation™, but also in other areas, such
as the State of Amapa, which may potentially constitute new deforestation hotspots.
Deforestation in these areas is critical and must be counteracted now.
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Figure 3. Mann—Kendall test applied to the deforestation time series of the Full
Protection Areas within the Brazilian Amazon during 2008-2021.

4. Conclusions

In this work, we have analyzed the increase of deforestation within FPAs of the BA
during the 2008-2021 period based on PRODES estimates. In this initial analysis, we
observed that despite the recent push to ease environmental regulations in Brazil, FPAs
are more effective at avoiding deforestation than unprotected areas. Therefore, law
enforcement in these areas is key for maintaining BA standing forests and to stop new
deforestation hotspots from appearing. However, we must emphasize that political
calculus or lack of a proper monitoring can cancel conservation efforts within FPAs.
Finally, PRODES is proven, once again, as a critical tool for legal authorities in curbing
deforestation.
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