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SPATIOTEMPORAL PATTERNS OF
DEFORESTATION IN RESPONSE TO THE BUILDING
OF THE BELO MONTE HYDROELECTRIC

PLANT IN THE AMAZON BASIN

ORLENO MARQUES DA SILVA JUNIOR, MARCO AURELIO DOS
SANTOS and LEONARDO SOUSA DOS SANTOS

SUMMARY

The environmental impacts caused by the construction of
hydroelectric projects are repeated throughout the literature.
When poorly planned, these projects can stimulate activities
that degrade the environment and can cause or stimulate de-
forestation around reservoirs. This paper analyzes deforesta-
tion around the Belo Monte hydroelectric plant, in the state
of Pard, Brazil. The patterns found show that deforestation

had a sudden increase in the year of construction of the
plant (2011), presenting an increasing pattern between 2012
to 2015. It was observed that deforestation was concentrated
near roads and outside areas of restricted use. The increase
in deforestation demonstrates the need to adopt instruments
to minimize this impact, with the creation of areas with legal
protection among them.

ne of the most contro-

versial infrastructure pro-

jects in the history of
the Brazilian Amazon is the Belo Monte
Hydroelectric Complex. The process for
implanting the Belo Monte Hydroelectric
(HPP) started in the 1970s and after some
adjustments and corrections in the viabili-
ty studies, the Environmental Impact
Statement and its respective report (EIS/
RIMA), it was presented to the Brazilian
Environmental Agency, IBAMA, in July
2009, and in February 2010 the project
received its Preliminary License (n.
342/2010) (Fleury and Almeida, 2012;
Fainguelernt, 2016).

In April 2010, the public
tender occurred and was won by the con-
sortium formed of various companies
with the majority participation of Ele-
trobras (Brazilian Electric Power Plants)
and its subsidiaries, which subsequently
created Norte Energia, a special purpose
entity.

Construction began in
July 2011, when the installation permit
was obtained. Flooding of the reservoir
began in February 2016 and the first tur-
bine went into operation in April of the
same year.

The construction of in-
frastructure works of hydroelectric plants

cause a series of environmental impacts.
There is a large amount of literature
demonstrating that activities that cause
deforestation are stimulated in areas with
hydroelectric dams (Fearnside, 1985; Le-
dec and Quintero, 2003; Havel et al,
2005; Chakravarty et al., 2012; Stickler
et al., 2013; Athayde, 2014; Chen et al.
2015; Garcia et al., 2015).

The core issue, however,
lies in the difficulty in separating the
portion of this deforestation that indirect-
ly derives from the project and that
which has other explanations. In this
case, it is important to work with quanti-
fications of deforestation levels before
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and after the beginning of the project, in
order to try to verify how much this fac-
tor may have influenced the increase in
deforestation indices.

The aim of this article
is to analyze the spatiotemporal patterns
of deforestation around the Belo Monte
HPP between 2005 and 2015, and thus
verify how deforestation occurs in the
area around the HPP, located in the
Brazilian Amazon, in the state of Para.

Methodology
Study area

In order to estimate the
extension of the region neighboring the
reservoir, a radius of analysis was used
as defined by Barreto et al. (2011), who
estimated in the case of the Tucurui hy-
droelectric dam that the influence of the
project’s construction occurs more in-
tensely within a radius of 150km from
the HPP (Figure 1).

In this area the popula-
tion increase was 50% greater than in
the rest of the state of Pard between 1950
and 2000, the period before and eight
years after the conclusion of the first
stage of the project, in December 1992.
Belo Monte presents similarities to
Tucurui, such as proximity to major
highways and it being a region with ex-
panding occupation.

Systematizations of georeferenced data

The treatment and anal-
ysis of the set of data and georeferenced

information on the study area were con-
ducted using the Geographic Information
System QGIS Desktop 2.8.1 and digital
databases of the Project for Satellite
Monitoring of Deforestation in the
Amazon, PRODES, available from the
National Institute for Space Research
(INPE, 2015), and cartographic databases
of the Brazilian Institute of Geography
and Statistics (IBGE, 2015).

Thematic mapping

The vector data (Poly-
gon/Area) from PRODES covering 2005
to 2015 were analyzed using spatial sta-
tistics and visual interpretation, consider-
ing the attribute values of all of the de-
forested areas and those presented by the
polygon features from PRODES. After
obtaining the digital data from PRODES
containing the information of interest, an
information blueprint corresponding to
the study area limit (mask) was outlined,
thus generating a new thematic vector
database.

Based on the vector
data on deforestation, the centroids of the
polygons from Prodes were generated,
creating a new point type vector data-
base, which inherited the attributes of the
polygons from 2005 to 2015. After ob-
taining the deforestation polygons, their
densities within the study area were esti-
mated by applying the Kernel density es-
timator present in Q.Gis 2.8. The Kernel
density estimator outlines the circular vi-
cinity around each sample point corre-
sponding to the sphere of influence, and
then a mathematic radius function is
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Figure 1. Study area.
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applied, from 1 at the position of the
point to 0 at the boundary of the vicini-
ty. The value for the cell is the sum of
the overlapping Kernel values, divided

by the area of each study radius
(Silverman, 1986).
Based on the Kernel

density, deforestation maps were created
classifying levels of density that vary ac-
cording to color and tonality.

Main Socioenvironmental Impacts and
Dynamics of Soil Use and Occupation

Altamira, the main pop-
ulation center affected by the project, is
a city that originated with the Jesuit mis-
sions in the XVII century and consisted
of a typical riverside city until the the
opening of major highways and coloniza-
tion projects encouraged by the Brazilian
government in the 1970s.

The opening of the
Transamazonian highway is a major icon
in the region’s occupation. In the wake of
the highway came colonization projects
such as the Integrated Colonization
Project (PIC), implemented by the
National Institute for Colonization and
Agricultural Reform in Brazil (INCRA;
Miranda, 1990).

Since the 1970s, the
area around the city of Altamira has
been the hotspot for the occupation of
this region in the state of Para.

The constuction of the
HPP was concentrated in two municipali-
ties, Altamira and Vitéria do Xingu,
where the hydroelectric dam’s main pow-
erhouse is located. Altamira is the big-
gest city in the region and in 2010 had a
population of 99,075 people. Vitéria do
Xingu had 13,431 inhabitants at the time
(IBGE, 2010).

At the advent of the
project it was estimated that the immi-
grant population could reach 96,000 peo-
ple (Norte Energia, 2011). In 2015 the
population estimates from IBGE indicat-
ed that Altamira had already reached
110,000 inhabitants, an increase of 15%
in only five years, which put pressure on
public services such as healthcare, led to
increased violence and caused other im-
pacts that are common with abrupt in-
creases of residents.

There are considerable
historic levels of deforestation around the
Belo Monte project, which very much
predate the project and are mainly linked
to agricultural activity and colonization
projects. The deforestation index in the
area analyzed in 2010, one year before
the start of the HPP’s construction, had
already reached 19%, according to data
from PRODES/INPE (2010).
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Deforestation around Belo Monte
between 2005 and 2015

By analyzing annual in-
creases in deforestation between 2005
and 2015, it can be verified that in the
period before the project (2005-2010)
there was a variable tendency in defor-
estation, which started at a value close to
915km? in 2005 and reached a value of
343km? in 2009.

In 2005, the greatest ar-
eas of deforestation occurred along the
Transamazonian highway between the cities
of Anapu and Pacaja. This pattern varies
between years but is always concentrated
along the highways (Figure 2).

The deforestation rates
rose again in 2010 (501km?) and reached
a value close to 790km? in 2011, when
construction of the HPP began. In this
year, there is a greater concentration of
points around the project, which spread
out between 2012 and 2013, concentrating
close to the HPP again in 2014 and 2015
(Figure 2).

Subsequently, a marked
fall in deforestation is verified, but one
which may not necessarily reflect reality,
since according to the data from
PRODES/INPE, in the period from 2012
to 2014 it was very difficult for the satel-
lite images to detect deforestation in the
Belo Monte region due to the considera-
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Figure 2. Spatial distribution of deforestation around the Belo Monte HPP (2005-2015).
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ble cloud cover that the satellites detected
in this period.

In 2015, when the cloud
cover was less intense, a 402km? increase
in deforestation was detected. It is im-
portant to note that despite the intense
cloud cover, the trend of deforestation
around the HPP followed the pattern de-
tected by INPE throughout the Brazilian
Amazon, observing a growth in rates
starting in 2012. These data are presented
in Figure 3.

In 2010, the accumulated
deforestation was 17,198.11km?, with an
increase of 1,771.55km? between 2011 and
2015, and total deforestation reaching al-
most 19,000km?2. Between 2011 and 2015
the increase in deforestation was a little
greater than 10%, which results in an av-
erage increase of 2% a year.

Legal Instruments to Minimize
Deforestation

One of the biggest con-
cerns during the Belo Monte licensing
process was the risk of deforestation,
which could be exacerbated. Thus, in or-
der to make viable the actions of the
Basic Environmental Plan for the HPP, in
2010 Norte Energia commissioned a re-
port, prepared by a team from the
Institute for Man and Environment in the
Amazon (Imazon), which aimed to meet
the demands from IBAMA (the federal
environmental licensing body) regarding
the estimates of deforestation risks asso-
ciated with the implantation of Belo
Monte. One of the study’s most urgent
findings was the need to establish pro-
tected areas around the power station.

The creation of protect-
ed areas (PA) is an extremely positive
measure, because they ensure, among
other benefits, maintenance of germplasm
and of water flow for human consump-
tion (Medeiros et al., 2011), as well as
natural resource conservation in general.
In addition, the areas have been one of
the pillars for deforestation reduction pol-
icy in the Amazon region (Ferreira et al.,
2005; MMA, 2011; Verissimo et al., 2011;
Tabarelli et al., 2012; Nolte et al., 2013;
Stickler et al., 2013; Cohn, 2014; Aratjo
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Figure 3. Evolution of annual deforestation
around the Belo Monte HPP (km?).
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and Barreto, 2015; Branddo Jr et al.,
2015).

In 2010, the intense oc-
cupation of the region in which the hy-
droelectric plant was to be be construct-
ed, and the absence of protected areas
around it, were important factors consid-
ered in the licensing process. The lack of
PAs around the plant aggravated the indi-
rect deforestation caused by the project.

Thus, aware of the im-
portance of protected areas in inhibiting
deforestation, the Environmental Impact
Statement of Belo Monte envisaged the
implantation of PAs in two areas situated
on the left bank of the Xingu river, en-
abling the formation of a continuous
block of forests, with an area of
~1.6x10%ha, close to the indigenous lands.

However, despite ap-
pearing in the Environmental Impact
Statement and in the Basic Environmental
Plan, up until the time the HPP came
into operation in April 2016, none of the
above mentioned PAs had yet been
created.

There are around ten in-
digenous lands around the Xingu River,
seven of which are affected in some way
by the construction of the hydroelectric
plant. According to the EIS/RIMA
(IBAMA, 2016), the Paquigcamba and
Arara da Volta Grande do Xingu indige-
nous lands are located in the area of di-
rect influence and are affected by the re-
duction in the flow of the Xingu river.

The study by Instituto
Socioambiental (ISA, 2015) shows the
pressure exerted on indigenous land (IL)
in the Xingu region. From 2011 to 2015,
more than 633km of roads were built in
order to illegally extract timber from the
IL bordering Arara. The analysis showed
that the roads are less than 20km from
the Arara people’s village.

Instead of protection
and regularization, the data gathered by
ISA indicate that the deforestation in the
region is directly linked to the increase
in immigration and illegal activities
stimulated by the advent of the Belo
Monte HPP.

The creation of restrict-
ed-use areas, such as IL and PA, is im-
portant as an aid to combat deforestation.
However, in addition to the creation of
these areas, it is important to give sup-
port to the already created areas that
have resources for them to take care of
their effective protection function.

Final Remarks and Recommendations
Evaluations must be

made comparing activities carried out at
the Belo Monte Hydroelectric Complex
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and the history of occupation around
large hydroelectric dams constructed in
the Amazon in the 1970s and 1980s.

The deforestation related
to the Belo Monte HPP includes the
opening of areas for the construction of
the infrastructure of the project (roads,
construction site, encampments, area for
soil stocks, etc) and for the reservoir.
Another fact directly linked with defor-
estation is the increase of immigrants,
which causes a rise in the demand for ag-
ricultural production and consequently
stimulates the deforestation of new areas
for food production.

For Belo Monte, it was
shown that deforestation took place
around the construction site, especially in
areas without restricted use, and that this
was facilitated by the absence of the state
and lack of inspections.

The increase in defor-
estation in 2011 may be directly related
to the start of construction of the hydro-
electric plant, which shows the need for
adopting instruments to minimize this
impact.

The establishment of ar-
eas of restricted use, such as protected
areas and indigenous lands, and/or in-
spection and monitoring in those already
existing, are essential prerogatives for
maintaining wild areas and restraining il-
licit and harmful activities.

Conservation and in-
spection work should be developed based
on interaction between the company and
IBAMA and the Institute for the
Conservation of Biodiversity, ICMBio,
improving discussions aimed at defining
the priorities of actions both for selecting
the space for Protected Areas to be creat-
ed and implanted, and actions supporting
and implanting existing PAs, which
should receive investment in the form of
environmental compensation.

Of the resources corre-
sponding to environmental compensation
for the project, in 2016 more than US$39
million was paid by Norte Energia,
which should be invested primarily in
PAs in the area of influence of the hy-
droelectric plant, both for implementa-
tion and for studies regarding the cre-
ation of new PAs.

REFERENCES

Aratjo E, Barreto P (2015) Estratégias e Fontes
de Recursos para Proteger as Unidades de
Conservagdo da Amazonia. 42 pp. http:/
imazon.org.br/estrategias-e-fontes-de-recur-
sos-para-proteger-as-unidades-de-conserva-
cao-da-amazonia/ (Cons. 03/ 2016).

Athayde S (2014) Introduction: Indigenous peo-

ples, dams and resistance. J. Soc. Anthropol
Lowland South Am. 12(2): 80-92.

Barreto P, Branddo Jr A, Martins H, Silva D,
Souza Jr C, Sales M, Feitosa T (2011) Risco
de Desmatamento Associado a Hidrelétrica
de Belo Monte. Instituto do Homem ¢ Meio
Ambiente da Amazoénia. Belém, Brazil.
100 pp.

Branddo Jr A, Barreto P, Souza Jr C, Brito B
(2015) Evolugao das Emissoes de Gases de
Efeito Estufa no Brasil (1990-2013) Setor de
Mudanga de Uso da Terra. Observatorio do
Clima. Instituto do Homem e Meio Ambiente
da Amazonia. Belém, Brazil. 29 pp.

Chakravarty S, Ghosh S, Suresh C, Dey A, Gopal
Shukla G (2012) Deforestation: Causes,
Effects and Control Strategies. www.intecho-
pen.com/books/globalperspectives-on-sustai-
nable-forest-management/deforestation-causes-
effects-and-control-strategies (Cons. 03/2015).

Chen G, Powers R, Carvalho L, Mora B (2015)
Spatiotemporal patterns of tropical deforesta-
tion and forest degradation in response to the
operation of the Tucurui hydroelectric dam in
the Amazon basin. Appl. Geogr. 63: 1-8.

Cohn A, Mosnier A, Havlik P, Valin H, Herrero
M, Schmid E, O’Hare M, Obersteiner M
(2014) Cattle ranching intensification in
Brazil can reduce global greenhouse gas
emission by sparing land from defloretation.
Proc. Nat. Acad. Sci. USA 111: 7236-7241.

Fainguelernt M (2016) A trajetéria histérica do
processo de licenciamento ambiental da usi-
na hidrelétrica de Belo Monte. 4mb. Soc.
19(2): 247-266.

Fearnside PM (1985) Brazil’s forest and the global
carbon problem. Interciencia 10: 179-186.

Ferreira L, Venticinque E, Almeida S (2005) O
desmatamento na Amazonia e a importan-
cia das dareas protegidas. Estud. Avang.
19(53): 157-166.

Fleury L, Almeida J (2013) A construgdo da usi-
na hidrelétrica de Belo Monte: conflito am-

biental ¢ o dilema do desenvolvimento.
Amb. Soc. 16(4): 141-158.

Garcia P, Vianna R, Nascimento J (2015) A con-
tribuicdo de comunidades indigenas Kayapo
para a conservagdo de recursos naturais na
bacia do rio Xingu. XVI Congresso Brasileiro
de Energia. Rio de Janeiro, Brazil.

Havel J, Lee C, Zanden J (2005) Do reservoirs fa-
cilitate invasions into landscape. BioScience
55: 518-525.

IBAMA (2016) Hidroeletricas / Belo Monte. Ins-
tituto Brasileiro do Meio Ambiente e dos
Recursos Naturais Renovaveis. http:/licen-
ciamento.ibama.gov.br/Hidreletricas/Belo%20
Monte/EIA/ (Cons.06/2016).

IBGE (2010) Censo Instituto Brasileiro de Geo-
grafia e Estadistica. https://cens02010.ibge.
gov.br/resultados.html (Cons. 06/2015).

IBGE (2015) Base de Dados Cartograficas. Ins-
tituto Brasileiro de Geografia e Estatistica.
www.ibge.gov.br/geociencias-novoportal/or-
ganizacao-do-territorio/estrutura-territorial
/15819-amazonia-legal.html?&t=acesso-ao-
produto (Cons. 03/2016).

INPE (2015) Projeto de Monitoramento Florestal
da Amazonia por Satélite - Prodes. Instituto
Nacional de Pesquisas Espaciais. Brazil.
www.obt.inpe.br/ prodes/ (Cons. 03/2016).

ISA (2015) Dossié Belo Monte: Ndo ha Condigoes
para a Licenga de Operagdo. Instituto
Socioambiental. Sdo Paulo, Brazil. 205 pp.

83



Ledec G, Quintero J (2003) Good Dams and Bad
Dams: Environmental Criteria for Site Se-
lection of Hydroelectric Projects. World
Bank. Washington, DC, EUA. 30 pp.

Medeiros R, Young C, Pavese H, Aragjo F (2011)
Contribui¢ao das Unidades de Conservagdo
Brasileiras para a Economia Nacional:

MMA (2011) Andlise do Desmatamento nas Uni-
dades de Conservagdo Federais Localiza-
das na Amazénia. Ministério do Meio Am-
biente. Brazil. www.mma.gov.br/estruturas/
182/ _arquivos/icmbio_ucs_182.pdf (Cons. 12/2015).

Nolte C, Agrawal A, Silvius K, Soares-Filho B
(2013) Governance regime and location in-
fluence avoided deforestation sucess of pro-

com.br/site/2012/05/16/projeto-basico-ambien-
tal-da-uhe-belo-monte/ (Cons. 08/2016).

PRODES/INPE (2010) Projeto de Monitoramento
Florestal da Amazonia por Satélite. Prodes.
Instituto Nacional de Pesquisas Espaciais. Bra-
zil. www.obt.inpe.br/prodes/ (Cons. 03/2016).

Silverman B (1986) Density Estimation for Sta-

Sumario Executivo. UNEP-WCMC. Brasilia,
Brazil. 44 pp.

Miranda M (1990) Colonizagdo oficial na
Amazonia: o caso de Altamira. In Becker B,
Machado L, Miranda M (Eds.) Fronteira
Amazonica: Questoes sobre a Gestio do
Territorio. Universidade Federal de Rio de
Janeiro. Brazil. 279 pp.

tected areas in the Brazilian Amazon. Proc.
Nat. Acad. Sci. USA 110: 4956-4961.

Norte Energia (2009) Estudo de Impacto Ambiental
do Aproveitamento Energético de Belo Monte.
http://norteenergiasa.com.br/site/wp-content/
uploads/2011/04/NE.Rima_.pdf (Cons. 07/2016).

Norte Energia (2011) Plano Basico Ambiental da
UHE de Belo Monte. http://norteenergiasa.

tistics and Data Analysis. Chapman & Hall.
Londres, RU. 176 pp.

Stickler C, Coe M, Costa M, Nepstad D,
Mcgrath D, Dias L, Rodrigues H, Soares
Filho B (2013) Dependende of hydropower
energy generation of forest in the Amazon
Basin at local and regional scales. Proc. Nat.
Acad. Sci. USA 110: 9601-9606.

PATRON ESPACIO-TEMPORAL DE DESFORESTACION EN RESPUESTA A LA CONSTRUCCION
DE LA PLANTA HIDROELECTRICA BELO MONTE EN LA CUENCA AMAZONICA

Orleno Marques da Silva Junior, Marco Aurélio dos Santos y Leonardo Sousa dos Santos

RESUMEN

Los impactos ambientales causados por la construccion de
proyectos hidroeléctricos son recurrentes en la literatura.
Estos proyectos, si estan mal disefiados pueden conducir a la
estimulacion de actividades que degradan el medio ambien-
te y pueden causar o fomentar la deforestacion alrededor
de los embalses. En este articulo se hace un andlisis de la
deforestacion que rodea la Planta Hidroeléctrica Belo Mon-
te, en el estado de Para, Brasil. Los patrones encontrados

muestran que la deforestacion tuvo un repentino aumento en
el anio de inicio de la construccion de la planta (2011), pre-
sentando un patron ascendente entre 2012 y 2015. Se observo
que la deforestacion se concentro cerca de las carreteras y
fuera de las zonas de uso restringido. El aumento de la de-
forestacion demuestra la necesidad de adoptar instrumentos
para minimizar este impacto, entre ellos la creacion de areas
con proteccion legal.

PADRAO ESPACO-TEMPORAL DE DESMATAMENTO EM RESPOSTA A CONSTRUCAO DA USINA
HIDROELECTRICA BELO MONTE NA BACIA AMAZONICA

Orleno Marques da Silva Junior, Marco Aurélio dos Santos ¢ Leonardo Sousa dos Santos

RESUMO

Os impactos ambientais provocados pela constru¢do de
empreendimentos hidroelétricos sdo recorrentes na literatu-
ra. Estes empreendimentos, quando mal projetados podem le-
var ao estimulo de atividades degradantes do meio ambiente
e podem provocar ou estimular o desmatamento no entorno
dos reservatorios. Este artigo fez uma andlise do desmata-
mento no entorno da Usina Hidroeléctrica de Belo Monte,
Estado do Para, Brasil. Os padroes encontrados mostram

que o desmatamento teve um aumento subito no ano de ini-
cio da construg¢do da hidrelétrica (2011), apresentando um
padrdao ascendente entre 2012 a 2015. Observou-se que o
desmatamento se concentrou proximos as rodovias e fora das
areas de uso restrito. O incremento no desmatamento mos-
tra a necessidade de adogdo de instrumentos para minimizar
esse impacto, entre eles estd criagdo de dreas com prote¢do
legal.

84

FEBRUARY 2018 » VOL. 43 N°2 J[WERDENLIA



