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Abstract: Over the last few decades, the occupation of the Amazon and the expansion of
large-scale economic activities have exerted a significant negative impact on the
Amazonian environment and on the health of the Amazon’s inhabitants. These processes
have altered the context of the manifestation of health problems in time and space and
changed the characteristics of the spatial diffusion of health problems in the region.
This study analyzed the relationships between the various economic processes of territorial
occupation in the Amazon and the spatial diffusion of homicidal violence through the
configuration of networks of production, as well as the movements of population and
merchandise. Statistical data on violence, deforestation, the production of agricultural items,
and socio-economic variables, georeferenced and available for the 771 municipalities of the
Legal Amazon were used in this study. The results suggest that the diffusion of violence
closely follows the economic expansion front, which is related to deforestation and
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livestock production but has little relation to grain production, demonstrating steps and
typologies of recent occupation in the Amazon that promote violence. These spatial patterns
reveal environmental and socio-economic macro-determinants that materialize in geographic
space through the construction of highways and the formation of city networks.
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1. Introduction

In the last few decades, an increasing number of homicides have been recorded in the Legal
Amazon. Until the 1980s, the increase in homicides was centered in capital cities and major
metropolitan areas, but after 2000, a diffusion of violence toward the peripheries and the interior of the
states was observed. According to Waiselfisz [1], this change created two concurrent processes:
the interiorization of homicides, which resulted in the diffusion of violence from large urban centers
toward medium and small cities, and the migration of dynamic centers of violence from a limited number
of metropolitan regions, which improved the efficiency of their safety apparatuses, to less-protected areas.
The power and effective presence of the state in these areas was non-existent.

From a geographical perspective, an increase was observed in the number of violent deaths in
smaller municipalities, particularly in regions where emergent forms of domination and control
competed with the state for legitimacy in the use of violence to maintain power and authority over
particular area [2]. In the Amazon, this conflictual framework largely occurs in disputes arising from
political and economic actions and interests that hover around large agricultural enterprises in the
consolidated pioneer area, the intermediary pioneer area (the deforestation arc), and the expanding
pioneer area [3,4].

Conflicts over land possession, the predatory use of natural resources, slave labor, and urban
segregation came to represent a distinctive characteristic of violence in the region in the mid-1990s.
In this context, indigenous peoples, traditional populations, and small farmers have been the major
victims of violence [5]. Such changes have a spatial logic because they occupy land and thus have
different consequences on the spatial distribution of violence in the rural and urban Amazon,
affecting certain areas and social groups at various intensities.

In the Brazilian Amazon, the phenomenon of homicidal violence arouses great concern because
there is a high frequency of violent conflicts associated with land occupation where the agricultural
frontier advances into the forest [6], affecting rural space and both large and small cities. The spatial
diffusion of homicides is the result of a complex process that involves: (i) the spread of violence
promoted by rivalries between rural workers and farming groups or firms disputing the ownership of
land and natural resources; (ii) the concentration of vigilante groups and gunmen in small and medium
cities in the region near the areas of agricultural expansion, ready to attack the political leadership of
rural workers’ unions, and (iii) the expansion of the illegal drug trade in some areas within the pioneer
front that, encouraged by the precarious actions of the state, rising unemployment, and the
fragmentation of the socio-spatial urban fabric, lead to violence in the region [7].
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Studies that treat the diffusion of homicides occasioned by economic processes in land occupation
fronts are scarce. However, some researchers have investigated violence stemming from determinants
exogenous to the conflict process and considered the relationship between violent homicides and
socio-economic factors. Bursik and Grasmick [8] and Morenoff et al. [9] revealed that structural
indicators—low socio-economic status, residential mobility, and a population’s ethnic characteristics—are
significant determinants of crime or the victimization of individuals in space. Kawachi et al. [10] highlight
social inequality as an important explanatory component of violence, regarding violence in the Amazon the
same explanatory components are observed Heébette [11], Costa [12], Martins [13], Mello [14],
Hebette [15], Loureiro [2], Castro [16] and Sant’Anna ef al. [17] .Ye et al. [18] analyzed the relationship
between homicide rates and socio-economic factors between 1960 and 1995 in urban space. The spread of
homicides in Brazil is associated with migration, the rupture of family and social structures, the absence of
state institutions, and impoverishment [19-20] are factors that can affect the local social dynamic
and introduce violent acts into metropolitan and rural regions, such as in the expanding areas of the
economic frontier.

However, unlike infectious diseases, the diffusion of homicides is different and peculiar. The spread
of infectious diseases is not defined by a single individual; acts of violence can be committed by political
groups and organizational interests [18]. In addition to the actions of individuals and social groups,
the geographical context has a pertinent role in the diffusion of violence. The dissemination of
homicides is defined by the economic structure, the mobility of the population, and the presence of
existing public policies in the space. Socio-economic difficulties impede social organization and favor
the expansion of homicidal violence. Low-income communities are often marked by a weak organizational
base that lacks the financial and human capital resources to identify and protect their interests.
These factors affect the population in different ways and intensities in accordance with the
vulnerability of the social groups, which is associated with their inclusion in place and in society.

Homicide arises as a striking contradiction that characterizes and aggravates the inherent instability of
pioneer front areas. Homicides occur parallel to the reproduction of the same economic and socially unjust
structure that still organizes the Brazilian territory [21]. These are old conflicts, and the public is no longer
surprised by the sequence of notorious events, such as the death of Chico Mendes in Acre (1988),
the massacres of rural workers in Corumbiara, Rondonia (1995), and Eldorado dos Carajés, Para (1996)
and most recently, the assassination of Dorothy Stang in Pard (2005) [6]. The deaths arising from
conflicts in the countryside and in the city throughout the country demonstrate a temporal and spatial
continuity of the processes of violence, particularly in the metropolitan regions and expansion areas of
the economic frontier [22].

This work investigates the diffusion of cases of homicidal violence in the Amazon in the last few years
(1991-2010) based on population mobility, the expansion of agro-mineral activities in the region,
and the routes of occupation. By explaining the diffusion and spatial patterns of homicidal violence,
the study reveals the expansion of vulnerable areas, which can provide guidance for targeting preventive
actions at the regional level.
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2. Methodology

Homicide data were obtained from the Mortality Information System (Sistema de Informagdo sobre
Mortalidade—SIM) managed by the Department of Information of the Unified Health System
(Departamento de Informatica do Sistema Unico de Saade—DATASUS, Brasilia, Distrito Federal, Brasil).
The database contains information obtained through the classification criteria of the basic cause of
death present in the International Classification of Diseases, Ninth Revision (ICD-9) (E960 and E969;
E985 and E986), for the most recent years and for the pre-1996 records that used the ICD-10 (X85 and
Y09; Y22 and Y24, and Y28), with four different homicide categories—deaths resulting from legal
interventions or military operations; deaths by homicide; injuries by firearms with unknown intention,
and injuries by punctures-cuts with unknown intention. Homicide rates were calculated by the ratio
between the numbers of deaths in the population per 100 thousand inhabitants.

To give greater stability to the indicators and minimize the effects of fluctuations, the homicide rates
were calculated by means of the arithmetic mean of different periods (1991 to 1995, 1996 to 2000,
2001 to 2005, and 2006 to 2010) using as a denominator the estimated population in the central year of
each period. The periods were organized in a geo-referenced database according to municipality of
residence. An indicator of the temporality of the homicides was also created by calculating for each
municipality the first year in which the number of homicides exceeded ten records. The inclusion of
this indicator in the map allows for visualizing the dynamics of the spatial diffusion process [23].

To build the maps, the municipal grid of the Legal Amazon and the coordinates of the municipal
capitals in 2010, which were provided by the Brazilian Institute of Geography and Statistics
(Instituto Brasileiro de Geografia e Estatistica-IBGE, Rio de Janeiro, Brazil) and mapped using the
program MaplInfo 9, were used. For the analysis of spatial patterns, the inverse squared distance
weighted (IDW) interpolation method was employed [24] using the Vertical Mapper tool. In this type
of interpolation, the intermediate values of the data are preserved and the final result is a continuous
surface of smoothed indicators, minimizing the contrasts between the municipality polygons [25].

The application of the IDW method adopts a moving circle to identify each node of a grid created
along the distribution of points, and weights are assigned to points located at a pre-defined distance.
The interpolated values represent the weighted mean of values surrounding each grid cell. The weights
attributed to the points were based on the distance from the cell. The IDW method is most commonly
applied to data that can be highly variable over short distances [26]. The parameters required for the
use of the IDW technique include the search radius, the grid display radius, and the cell size and the
exponent of the interpolation equation. In the present study, parameters that covered the entire
analyzed region were adopted while considering the mean distance between municipal capitals,
equivalent to 216 km.

Maps with interpolated homicide rates were generated for the three analyzed periods (1991-1995,
2001-2005 and 2006-2010), allowing for the visual examination of changes in the spatial distribution
of homicide rates on a regional scale.

This methodology was applied with the objective of seeking evidence of the spatial diffusion of
homicides on the agricultural frontier, which encompasses risk areas related to migration and the
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recent occupation of economic activities in pioneer areas. However, these social and political
processes are difficult to understand through secondary data. Nonetheless, the expansion of the
economic front caused great social inequalities that largely support explanations of homicidal violence
in Brazil. Additional social determinants have contributed to the increase in homicides,
such as impunity and obsolescence, the devaluing and corruption of public safety institutions,
the loss of ethical values, drug trafficking, debt collections, and corrupt organizations, such as those
employing hired killers [27,20]. In the Legal Amazon, some of these socio-economic and
environmental indicators were used to analyze the problem of violence as a socio-spatial phenomenon.

Environmental and socio-economic information was used as spatial data layers to aid in the
interpretation of the data. This information was obtained from different sources, such as mining areas
Geological Service of Brazil (Servigo Geologico do Brasil) [28], indigenous reserves (National Indian
Foundation (Fundacio Nacional do indio—FUNALI, Brasilia, Brazil) [29], the Ministry of the Environment
(Ministério do Meio Ambiente—MMA, Brasilia, Brazil), and Legal Amazon logging centers [30].
Each of these layers was obtained in the shapefile format. The following data were used for the land use
analysis: production of plant extraction and silviculture; number of trees felled and the volume of wood in
logs used [31] (Agricultural Census 1991 to 2010, Brazilian Institute of Geography and Statistics
(Instituto Brasileiro de Geografia e Estatistica-IBGE, Rio de Janeiro, Brazil); cattle herd (Agricultural
Census 1991 to 2010, Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e
Estatistica-IBGE, Rio de Janeiro, Brazil) [31], and soy production areas in the Legal Amazon
(Agricultural Census 2006, Brazilian Institute of Geography and Statistics (Instituto Brasileiro de
Geografia e Estatistica-IBGE, Rio de Janeiro, Brazil) [32] . Using the absolute values of the variables
(soy production per hectare, silviculture production per hectare, and number of cattle slaughtered per
hectare), interpolations were calculated using the program Maplnfo, generating different smoothed layers
in MIF format.

One of the factors that contributed most to the economic and environmental changes in the region is the
construction of a set of highways that, next to the Amazon River waterway, constitute axes of regional
occupation. Therefore, layers corresponding to the primary highways of the region were obtained from
the following highways: Brasilia Distrito Federal to Belém-Pard (BR-153/010), constructed in 1960;
the Trans-Amazonian Highway from Cabedelo-Paraiba to Labrea-Amazonas (BR-230), which began
construction in 1972; Cuiaba-Porto Velho-Rio Branco (BR-364), 1983; Porto Velho-Manaus-Boa Vista
(BR-319/174), 1968/1976, and Cuiaba-Santarém (BR-163), 1972. This information was obtained from
the National Department of Transportation Infrastructure (Departamento Nacional de Infraestrutura de
Transporte—DNIT, Brasilia, Brazil) [33]. The paths of these roads were used to plot longitudinal profiles
of homicide rates with the aid of the cross section tool of the vertical mapper application in MaplInfo.

The correlation between population mobility and murder has been observed in the study of
Barcellos et al. [34] on the occurrence of homicides along the BR-163 path, between 1980 and 2005,
which revealed the existence of an axis between the municipalities of Mato Grosso to the state of Para,
where he was constant the occurrence of homicide cases over the study period. Nevertheless,
the region is a stage of a considerable pendulum moviment, the mobility of people in search of land
and jobs, that is, in Pard stretch of the land market has not yet been stabilized and, still, there are areas

available for expansion of economic activities related to the deployment lumber exploration, mining,
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livestock and soy, which, according to the authors would increase the distribution of homicide cases
among the municipalities that are tangential to the highway, where the pioneer front is expanding.
The homicide violence in the state of Mato Grosso, is on the mobility of people who are in search of
land and work stations, since they were expelled from their territories due to deployment of public and
private colonization projects without opportunities people moving from the countryside to the urban
periphery of cities, an unemployed citizen living in a degraded environment in a state of poverty
and misery, feels no identity, pressed and aggressive, this may lead you to commit crimes against other
people, and even against his own life, which according to the authors would increase the occurrence of
violence in cities located along the highways.

The agro minerals projects in the Amazon usually cross the forests and involve deforestation and
displacement or relocation of residents, as well as the flow of migrant workers to new expansion areas
and urban centers [21,35]. To support the development of economic corridors, road terrestrial networks
were created in front pioneer, which catalyzed migration on a large scale to scale regions of
implementation of agri-livestock projects. These areas pose a challenge not only for the
implementation of economic activities and for migrant fixation, because existing socioeconomic
difficulties in occupancy runners prevent the social organization of workers and encourage the spread
of deadly violence. In occupancy axes, violence in rural areas is associated with the land market
speculation and the confrontation by the acquisition of areas endowed with natural resources.
On the outside the fences of the countryside, cities are home precariously temporary workers on
the outskirts, in a degraded environment in a state of poverty and misery, which could expose
the unemployed citizen to aggressive and violent behavior, in order to survive that it is denied in society.
The displacement along the roads, in search of land and labor, can put the most vulnerable, i.e., less
conflictive areas in a high risk environment for conflict and divergences.

3. Results and Discussion
3.1. Spatial Diffusion of Homicidal Violence in the Amazonian Pioneer Front

Depending on the degree of development of the land occupation fronts, the interaction of the old
occupation fronts with other recently occupied areas explained the inverse spatial pattern over time of
the spatial distribution of homicides. The spatial patterns of death by homicide in the Amazon are
shown in Figure 1.

Almost all of the states in the Legal Amazon exhibited an increase in the homicide rate in every period.
The inverse spatial pattern of the spatial distribution of the cases over time was explained by the
degree of development of the land occupation fronts and by the interaction of the old occupation fronts
with recently occupied areas, with the exception of the municipalities in the state of Rondodnia,
which exhibited a decline beginning in the second period (2001-2005). The states of Mato Grosso,
Rondonia, the south of Acre, the southeast of Pard, Roraima, and Amapé exhibited the greatest increase
in incidence rates.
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The expansion of homicides followed the areas of establishment of productive activities (such as wood,
livestock, and soy extraction). The region containing the arc of deforestation recorded the greatest
increase in homicide rates in the second period, and the areas with the greatest number of deaths by
homicide in the entire period were the states of Mato Grosso, Rondonia, the south of Acre,
and the south and southeast of Para. At the time, the spatial diffusion of homicides continued to follow
the expansion of the wood, livestock, and soy extraction activities. In the final period, after the intense
and progressive pace of closure of the pioneering agricultural frontiers, the spatial spread of homicides
in southern Mato Grosso exhibited an inverse pattern in space and time, and the states of Acre and
Tocantins exhibited an expansion due to the extension of economic activities.

In the period of 1990-1995, the conty with the highest murder rate in Mato Grosso was Juina,
in Rondonia the county of Machadinho D’Oeste, in South Acre the county of Rio Branco, in southeast
Paré the county of Xinguara, in Roraima the county of Boa Vista and Amapa the county of Macapa.
Between 19962000, the highest rates were presented in Mato Grosso was Cotriguacu, followed by
Rondodnia the county of Cujubim, in Acre the county of Rio Branco in eastern Pard the county of
Eldorado do Carajds, in Roraima the county of Mucajai and Amapéa the county of Calcoene.
In last period, the county with the highest murder rate in Mato Grosso was Aripuand, in Rondonia the
county of Alto Paraiso, in Acre the county of Brasiléia in west of Para the county of Altamira,
in Roraima the county of Caroebe and Amapa the county of Laranjal do Jari.

Given the above, the spatial patterns of deaths from aggression in the municipality of the region can
be seen in Figure 2. Note that, despite the color scale is the different shades, the occurrence of events
intensity intervals vary between maps, watching -If greater range of homicides in the areas of influence
of the roads.

From 1991 to 1995, the municipalities with the highest mortality rate by homicide in the state of
Amapa were Laranjal do Jari, Oiapoque, Macapa, and Roraima. In the state of Roraima,
the municipalities with the highest mortality right by homicide were Boa Vista and Sao Luiz.
On the BR-010 route, the municipalities with the highest homicide rates in the state of Tocantins were
Porto Nacional, Colinas do Tocantins, and Araguaina, as well as some other municipalities in the state
of Par4, such as Paragominas, Xinguard, Concei¢do do Araguaia, Dom Eliseu, Belém, and Anandieua,
and some other municipalities in western Maranhdo state, such as Imperatriz, and Acailandia.
In the municipalities situated along BR-163, the rapid increase in the homicide rates in municipalities
in the state of Mato Grosso (such as Cuiba, Guaratd do Norte, Matapt, and Peixoto de Azevedo) and
in the state of Parad (such as, Itaituba, Altamira, and Santarém) should be highlighted. The BR-230
highway experienced an increase in the homicide rate in the municipalities of Maraba, Sao Felix do Xingu,
and Altamira in Pard state and Presidente Dutra, Barra do Corda, Grajai, Arame, Agailandia,
and Imperatriz in Maranhdo state. The total number of deaths by homicide along a specific stretch of
BR-364 was the largest in the period, particularly in the municipalities of Cuiaba, Comodoro, Vilhena,
and Juina in Mato Grosso state, and Pimenta Bueno, Espigdo D’Oeste, Ji-Parana, Machadinho
D’Oeste, Porto Velho, and Nova Mamoré in Rondonia.
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Figure 2. Interpolated homicide rates along the primary highways of the Legal Amazon
(BR-010, BR-230, BR-163 and BR-364). Source: SIM/DATASUS (http://sim.saude.
gov.br/default.asp).

The highest mortality rate by homicide between 2001 and 2005 was reported along the
BR-364 highway (with more elevated rates in the municipalities of Cuiaba, Arenapolis, Tangara da
Serra, Comodoro, and Juina in Mato Grosso and Pimenta Bueno, Cacoal, Ji-Parana, Machadinho D’Oeste,
and Porto Velho in Rondénia), followed by the BR-230 highway running through the states of Maranhao,
Par4, and Amazonas (with higher homicide mortality rates in the municipalities of Tuntum, Barra do
Corda, Acailandia, Imperatriz, and Itinga do Maranhdo in Maranhdao and Maraba, Itupiranga,
Novo Repartimento, Pacaja, Jacunda, Nova Ipixuna, Sao Felix do Xingu, Altamira, and Medicilandia in
Pard). A high homicide mortality rate was also found along BR-163 but only on the stretch that
approaches Mato Grosso state (with high rates in the municipalities of Cuibd, Guaratd do Norte,
Matapu, Peixoto de Azevedo, Rosario Oeste, Nobres, Nova Mutum, Diamantino, Tapurah, Sorriso,
Sinop, and Itatba). Although the BR-010 highway has the smallest number of municipalities with high
homicide mortality rates, the Western Amazonian highway experienced the greatest increase in the
homicide mortality rate in the entire period. The municipalities with the highest homicide mortality
rates were Araguatins, S3o Bento do Tocantins, Xambioa, Araguana, Araguaina in Tocantins, Tucurui,
Rondon do Pard, Jacundd, Itupiranga, S3o Domingos do Araguaia, Eldorado dos Carajas,
Conceicdo do Araguaia, Dom Eliseu, and Ulianopolis in Par4 and Imperatriz, Agailandia, and Itinga do
Maranhao in Maranhao.
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There was a increase homicide mortality in recent years only on two highways in the region and
a decrease in the states of Mato Grosso, Pard, and Maranhdo. Thus, the mortality rate by homicide
increased along the BR-010 stretch that passes through the state of Tocantins but not the states of Para
and Maranhao (which showed a decline in the homicide mortality rate). The increase in Tocantins was
more pronounced in the municipalities of Rio da Concei¢do, Brejinho de Nazaré, Miranorte,
Divinopolis do Tocantins, Aparecida do Norte, Itaporoa do Tocantins, AraguainaSanta Fé do
Araguaia, and Wanderlandia. Meanwhile, along BR-364, municipalities in the states of Rondonia and
Acre demonstrated an important increase in mortality by homicide throughout the entire period,
particularly Porto Velho, Candeias do Jamari, Cujubim, Alto Paraiso, Machadinho D’Oeste,
Ariquemes, Ji-Parand, Buritis, Nova Mamoré¢, and Sao Francisco do Guaporé in Ronddnia, and Placido
de Castro, and Porto Acre and Rio Branco in Acre. Therefore, a decline in mortality by homicide was
observed for the region as a whole, although an increase occurred in certain areas (Figure 1).

To illustrate the spatial pattern of the distribution of the homicide incidence rate, cross sections were
created along the trajectory of the most important highways of the region (BR-010, BR-230, BR-163,
and BR-364) that link the capitals to smaller cities (Figure 2). The “z” value was obtained by interpolating
the homicide rates through the arithmetic mean of each period along these axes (the total distance for each
of the highways) for 1991-1995, 2001-2005, and 2005-2010. The roads were used to explore the
structure and spatial dependence of homicide incidence rates in the Legal Amazon.

Along each of the highways, the incidence rates were observed over all years. In all periods,
the incidence rates were recorded along the trajectory of each highway. The first wave (1991-1995)
of violence reached the cities near Porto Velho, Rondonia along BR-364 of Cuiaba, Alta Floresta,
Sinop, Sorris, and Ipiranga do Norte in Mato Grosso and the cities along BR-163 of Itaituba, Belterra,
and Santarém in Para. However, the intensity of the violence remained low along BR-010 and BR-230.
In 2001-2005, the waves of violence were more intense along BR-364 and BR-163, when the movement
of the waves was observed in the capital and its outskirts, respectively, along BR-364 (Cuiba,
Arenapolis, Tangard da Serra, Comodoro and Juina in Mato Grosso, Pimenta Bueno, Cacoal,
Ji-Parand, Machadinho D’Oeste, Candeias do Jamari, and Porto Velho in Rondo6nia) and along BR-163
(Cuiba, Guarata do Norte, Peixoto de Azevedo, Rosario Oeste, Nobres, Nova Mutum, Diamantino,
Lucas do Rio Verde, Sorriso, Sinop, and Itauba in Mato Grosso). However, in the final period, there was a
decrease in the intensity of the wave in the state of Mato Grosso. The waves moved toward urban areas,
amplifying in intensity along all trajectories.

Figure 3 shows the spatial diffusion of homicidal violence in the Legal Amazon. The map color
gradation is the time variation of the occurrence of cases of murder. The lighter colors refer to the
earlier years and dark colors are related to recent years. According to the map, the homicide outbreaks
expanded their area of occurrence through phases of occupation of the pioneer fronts, signaling the
expansion of outbreaks along the consolidated pioneer area and the area of the arc of deforestation.
Some of the diffusion axes depicted in the figure correspond to major roads linking major cities to
areas of logging and mineral exploration. The widespread diffusion occurred before 2000 and between
2000 and 2010. The concentration of outbreaks corresponded to an increase in violence in the areas
where specific economic projects were established and in the region’s medium and large cities.
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Expansion of Homicide Occurence Area in Legal Amazon, 1980-2010.
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Figure 3. Hotspot maps of homicide and socio-environmental determinants in the Legal Amazon, 1980-2010. Source: SIM/DATASUS
((http://sim.saude.gov.br/default.asp).
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The outbreaks observed in 1980-1985 were concentrated in the northeast of Mato Grosso, in the south
and northwest of Pard, in the south of Amazonas and in Acre, the pioneer area of the region at the time.
Between 1985 and 1990, the outbreaks moved to the north of Para (Itaituba and Santarém), northern Mato
Grosso, and Rondonia, municipalities located in the exploration areas of gold and timber. In recent years,
the most vulnerable areas were clustered in the deforestation arc in northern Rondonia, Roraima, Amapa,
and northern Amazonas. Some of these areas currently correspond to the expanding pioneer area.

4. Discussion

The study of the spatial diffusion of homicidal violence in the Legal Amazon demonstrated that the
propagation of waves of violence followed the sequence of occupation of pioneer areas, but there was
an expansion to urban areas after the exhaustion of the pioneer fronts in the countryside.

The beginning of the 1990s witnessed the spread of deadly violence along BR-010, toward the
southeast of Para and west of Maranhdo, reaching the oldest and most densely populated areas,
such as the region of Bico do Papagaio and some medium-sized cities. Due to the selective migratory
fluctuations of northeasterners and the implementation of extensive cattle ranching and accelerated
deforestation, the occupation was marked by the growth of conflicts due to the struggle for land, rural
murders, and instances of slave-like labor conditions that occurred in the region [2,3].

From 1991 to 1995, there was a marked increase in the incidence of homicides along BR-163,
specifically in the north of Mato Grosso and in the southwest of Para, which surpassed the rates along
BR-364, with the state of Mato Grosso being the area with greater homicide incidence rates until 2005.
The BR-163 route experienced an increase that can be explained, in the state of Mato Grosso,
by process deforestation and conflicts caused by the dispute and possession of land. Meanwhile,
in southwestern Pard’-Itaituba and Santarém, homicides occurred due to gold extraction in the mining
areas [35]. Similarly, in the municipalities crossed by BR-364, the expansion of homicidal violence
resulted from the existence of gold alluvial deposits in the Upper Madeira River.

With regard to the state of Mato Grosso, it was observed that during the construction of highways
BR-163 and BR-364, private colonization projects were executed by public and private firms [36].
Some studies note that this factor stimulated changes in the reduction, expansion, and maintenance of
agricultural frontier areas, leading to the enclosure of fields and redirecting the distribution of
population flow to other regions of the Amazon, a result that contributed to the shift of violence from
the areas of conflict and disputes over land ownership in rural pioneer areas to specific areas
in medium and large cities in the state. There was a trend of escalation of conflicts involving migrants,
which was accentuated due to the reduced potential for demographic absorption of most of the conflicts
because of the expansion of urban social segregation and the risk of exposure to violence [37].

Thus, the dubious and contradictory character of government actions, which encouraged the
expansion of agribusiness selectively protecting areas in the region, is evident. These political actions
brought together and incited social groups with conflicting interests that resulted in the repetition of
criminal practices characteristic of regional occupation and marked by the often-illegal appropriation
of land for the purposes of land speculation and, strategically, for obtaining credit or for illegal
logging [38,39].
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Some studies have pointed to spatial changes in the shift in homicide rates. After 2005, new areas of
environmental protection were created to manage the use of public forests and “strengthen civil society
and local social movements” along the region’s highways [40]. There was a trend toward the
stabilization of incidence rates in these areas, but the downturn in deadly violence was not
homogeneous. In fact, homicides expanded to other areas because protected areas prevented the
establishment of other economic activities there [41]. These conservation areas, despite playing an
important role in forest maintenance, indirectly stimulated migration and the intensification of
competition for natural resources and land in other locations of the pioneer area.

The results point to an increase in the incidence of homicides in the areas in which the state
provided for the expansion of agribusiness through the implementation of programs such as the Plan
for the Development of the Center-West (Plano de Desenvolvimento do Centro-Oeste, 2007-2020) and
the Growth Acceleration Program (Programa de Aceleragao do Crescimento —PAC, 2007-2010).
Rondoénia, Mato Grosso, and stretches of BR-163 showed an increase in homicides in the areas in
which government intervention for infrastructure development is occurring. Although there was a
decline in homicide rates in private colonization areas, new homicides increased in the municipalities
for which developmental actions in the agribusiness chain were provided to improve the road network
and increase production flow. Thus, paving the road to lower the cost of production encouraged
migration and competition for land and natural resources along the highway.

Studies show a constant increase in the incidence of homicides along BR-364 and BR-230 since 1980.
The increase in homicides resulted from the demarcation of lands on the borders of these highways
that were shared according to social categories (large, medium, and small producers). At the time,
the distinction between the type and nature of the lots supplied to settlers and business owners meant
that small farmers had great difficulty in settling on the land, leading to the abandonment of the land
and the search for new places to develop small-scale production. For this reason, the region was
occupied by extensive cattle ranching, which appropriated larger properties and better infrastructure
(with roads and electricity). This inequality in the distribution and quality of the lots intensified and
even today explains the current conflicts over land ownership and the vulnerability in the occurrence
of homicides on and around the two highways [15].

The Amazonian population occupation occurred at a faster rate than the country as a whole.
It was marked by a high degree of urbanization. Just check out that in 1970 the population of the
Amazon was composed of 63% of rural population and only 37% urban. In 1991 this ratio is reversed,
and the population now lives in cities predominantly (56%) and, already in 2000, 69% live in areas
defined as urban and 31% in rural areas [42,43,44]. Thus, the population growth in the region
concentrated along the urban centers, with this rapid urbanization has caused problems of urban
growth, disorganized, with slums, violence and lack of services and facilities to serve the population.

In recent periods migration is directed to specific projects linked to Avanga Brazil, Brazil in Action
and the Growth Acceleration Program, this project stimulate intraregional migration and reduce
interregional migration, since then adopt another policy territorial occupation that interferes with the
logic of populacional flows. In the period 2000-2010, data from the population census showed that
interstate migration in the country has changed. In this time interval, 10.2 million people changed their
residence state, and close to 1.6 million had as destiny the Brazilian Amazon, and of these,
795,000 were Federative Units exchanges in the Amazon itself. [45].
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According to data from the population census, in the 2000s the Amazon Federation Unit (FU) the ones
that received most migrants were Parda (392.000), Mato Grosso (343.000) and Maranhao (230.000).
However, the states of Mato Grosso, Maranhao, Tocantins and Ronddnia received many migrants from
other Fus outside the Amazon. In the 2010 census, Para and Amazonas were the states that received
intra-regional migrants. Despite the Pard stand out as the main FU receiver of migrants, interregional
terms, Para was already losing population to FUs in the Amazon, especially Maranhdao, Amapa and
Amazonas [45]. Still, Para is considered one of the states with the highest rates of violence in the
region in the last three decades, jointly with Mato Grosso, Ronddnia, Roraima and recently Tocantins.

It can be said that the actions filed by the state, roughly, in both peroxides contributed to the
intensification of land conflicts, to promote, above all, business groups and large landowners.
Thus, the conflict has been interpreted by the state technocracy as factors inherent in the modernization
of agriculture, where land concentration would be the natural way of the land ownership at the border.
So it can be concluded that violence in rural and urban areas in the Amazon are the result of a
common matrix, which is the exclusion of access of land and social imbalances caused by it [45].

Thus, the process of inserting the Amazon in national and global structure was consolidated
unevenly in spatial terms, enhancing the spatial differentiation and social exclusion, creating new
forms of appropriation of natural resources - or repurposing the old—for new features and at the same time,
marginalizing other.

The present study also revealed the occurrence of other patterns of conflict and violence that occur
in the mining regions and in the cities connected to the drug-trafficking route. In these areas,
the incidence of homicides is likely related to drug trafficking, illegal gun running, crime,
and even violent means for solving personal disagreements [46].

The disparities in homicide incidence in the Legal Amazon can be understood in light of the
dynamics of the extractive exploitation of timber. At the beginning of the extractive activity,
loggers purchase exploitation rights from settlers in return for access to the land or improvements
located along the highways and back roads. This exchange relationship can directly affect workers’
exposure to risk. When small producers do not meet the agreements made with loggers, conflicts and
violence of every type can occur in the intermediary process of wood extraction in the region [47,17].

Additionally, many municipalities with high homicide rates are located in Indigenous Lands (IL)
near the primary federal highways. The establishment of ILs can lead to various changes,
such as hampering access to land and natural resources, causing exhaustion of pioneer areas,
and disputes in certain areas. An example of these changes can be seen in the conflict that occurred
in the ILs of the Cinta Larga tribe, located near BR-364. The first conflicts in this area involved the
rubber tappers and, later, the illegal extraction of diamonds by miners. In 2004, the dispute over the
clandestine extraction of diamonds resulted in the massacre of 29 miners. The deaths of the miners
provoked a strong reaction from the local population against the Cinta Larga tribe, and some tribe
members were killed in revenge [48].

The incidence of homicide was high, particularly in the eastern portion of highway BR-230,
in the state of Para, between the cities of Maraba, Altamira, and Itaituba, places in which the
transformation of the social and economic structure have been more dynamic, in contrast to the state of
Amazonas, where long stretches of the highway showed little change in the homicide rate. That area
has socio-economic characteristics that reduce its vulnerability compared to the remainder of the region.
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Access difficulties and low density of economic activities have relatively preserved the western portion of
the highway [49,50]. In this case, the isolation population groups and low economic attractiveness can,
ironically, act as a protective factor for local populations against homicidal violence [34].

Figure 3 indicates that the first wave of diffusion of violent outbreaks is related to land disputes,
timber exploration, mining and, afterward, soy. The social disorganization and reorganization caused
by these activities, associated with the absence of the state, are factors that explain, in part,
the occurrence of deaths by homicide. Additionally, the second phase of the spread of the outbreaks
occurred in the more urbanized regions of the frontier, where in recent year’s homicide outbreaks
appeared and were concentrated in the cities, thus depicting the transfer of violence from the rural
areas to the urban areas of the Legal Amazon.

This process occurs when, for example, a heterogeneous population migrates to cities and settles in
slums and temporary camps outside city fences. The decline of extraction cycles, the decadence of the
boom towns [51], and the idleness of the agricultural sector bring to large and medium cities large
numbers of new inhabitants who are vulnerable to violence [52].

The homicidal violence in the regional urban space can occur when the spatial dispersion of drug
trafficking operations promotes a shift of violence to cities and the localities tied to the drug route and
narcotics economy [53].

The permanent areas of violence (Figure 3) coincide with the circuits of timber extraction, primarily
in Altamira and Sao Félix do Xingu, where the “Kings of Mahogany” and of other noble wood species
operates within the indigenous reserves. The other fronts of expansion of legal or illegal timber
businesses occur in Terra do Meio- Para, Novo Progresso- Para, and Rondonia [54].

According to the mapping of the municipalities that used interactive operations between different
layers with the layers of homicide occurrence, areas of recent expansion of violence are found,
in general, within the so-called arc of deforestation, in mining areas, and near the timber exploration
centers. The areas of homicide concentration coincide with the occurrence of slave labor in the north
of Amapd, Maranhdo, Mato Grosso, Pard, Rondonia, and Roraima and occur in the extractive mining
regions in indigenous areas, such as southern Pard, which may involve any number of conflicts and the
absence of citizenship rights [2,3].

However, the areas of soy cultivation exhibited a reduction in homicides in recent years in the state
of Mato Grosso, following land revaluation [39,55]. There was a lower concentration of homicides in
areas where new municipalities were established between 1997 and 2001, with a strong concentration
in the north of Mato Grosso, Rondonia, Roraima, the southeast of Para, and the south of Maranhao,
which indicates the intensification of political movements and the autonomy of the districts in relation
to the distant capitals of the pioneer municipalities.

The creation of municipalities was partly fueled by rising incomes, populations, and the formation
of city networks that came with the creation of new urban centers connected by roads. In this sense,
the consolidation of local economic activities can help reduce violence by settling migrants and
establishing institutions that overcome the historic lack of state actions in the region. The explosive
character of these changes, with rapid growth followed by the decline of economic activity,
has hindered sustainable development and aggravated the vulnerability of the region’s traditional
populations [46,51].
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The most recent data indicated a constant decrease in the incidence of homicides; the reduction
in the homicide rate in Amapd, Amazonas, Mato Grosso, and southwestern Para was accompanied
by an increase in other areas. However, Roraima, Southeast Pard, and Southern Acre demonstrated
an increase in the homicide rate between 2006 and 2010, although the increase was less pronounced
for Ronddénia compared to other years.

It should be noted that one indicator alone cannot explain a social problem as complex as homicidal
violence; confounding variables must be considered. For example, studies indicate that initially,
soy production zones and zones where timber is illegally extracted are prone to violence that can
trigger the occurrence of homicides [6,57]. However, after the initial phase of implementation of these
economic activities and, consequently, the regularization of the land market, the incidence of
homicides in these areas stabilizes.

The studies examining the correlation between homicide risk and independent variables should be
oriented toward a combination of factors that are necessary to understand the increase of risk of
conflict and violence in pioneer areas. Social, economic, and environmental determinants operate by
means of processes closer in order and distance, following a sequence until reaching their biological
outcome: death by homicidal violence. For deaths by aggression to occur, a series of environmental
processes and factors that affect the frequency and distribution of homicides are necessary,
such as social inequality, population structure, population density, economic occupation, use and
ownership of land, deforestation and unemployment. A change in any one of these environmental
factors can affect the incidence of homicidal violence.

Figure 4 shows the levels of proximate determinants in the framework of the determinants of
violence in the regional space, which link the social and economic system, at left, with the ecological
system, at right. The quantification of the effects of proximate determinants on vulnerable populations
and their outcomes (i.e., mortality) provide important information for the implementation of policies
for health promotion and the prevention of homicidal violence.

In proposing this structure of determinants of violence, the study identified interactive processes
that can aggravate or mitigate the manifestation of violence on a regional scale.

5. Conclusions

The distribution of homicides closely follows the penetration axes and economic expansion fronts
in the region. However, the causes of violence are related to specific contexts in each area.
The peculiarities and characteristics of each portion of the space should be studied to understand the
possible socio-environmental determinants of each of these events.

The opening of the large highways, such as Belém-Brasilia, the Trans-Amazonian Highway,
Cuiabé-Porto Velho, and Cuiaba-Santarém allowed family farms, large-scale farmers, and businesses
in search of land to penetrate remote areas, exposing forested areas to the action of these actors.
The regional space was divided into large tracts and small plots along the highways, and the landscape
underwent rapid and intense modifications. Consequently, the areas along the great penetrating axes
(highways) became the settings of disputes over land ownership between indigenous people,
traditional populations, small farmers, migrants, business owners, and the state [S8-59].



Int. J. Environ. Res. Public Health 2015, 12

Underlying
Determinants

Context
Deforestation (initial
stage)
Municipality creation
Extensive cattle
ranching
Roadway
construction
Land federalization
Ruralization of
municipalities
llegal production
activity

Precautions
Services
Development of risk
buffer (areas with
young populations)
Safety
Public policies

Protective Factors™ |

—  Proximate Determinants

Social inequality
Unemployment
llegal production activities
—> Absence of the State
Intolerance
Low level of education
Low-income population
Land concentration
Poverty
Spatial segregation
Peripheralization of cities
Slum expansion
Housing shortages

Combat slave labor
Combat physical viclence
Expansion of police presence
—_» Effectivenessin rural spaces
Control of illegal production
Activities
Combat the actions of gunmen
and private militias

Behavioral
Determinants

Groups and Social Agents:
Landowners, Ranchers and
Farmers
Violence, force, and land
grabbing
Municipal consortiums
Employer organizations
Peasants
Occupation of rural, public or
private properties
Road blockages
Marches
State
Lawful evictions
Massacres sponsored by the
military
Complying with eviction orders
and repossession mandates
Criminal impunity
Criminalization of peasant

Types of Homicidal Violence
Slave Labor
Debt servitude
Retention of documents
Subhuman life conditions
Threatening behavior of
employers
Physicalviolence
Deaths
Homicide
Death threats
Attempted murders
Injury toworkers and rural leaders
Land evictions
Contracted kilings
Murders
Violence againstindividuals
Eviction and expulsion of families
Expulsions from the land from
areas in the city center
Material destrucution (houses,

movements fields, etc.)
Criminals Intimidations
Thet Expulsi Tp reatti land b
- S xpulsion from the land by
Hobheny W::gfz‘g;:al packerce gunmen hire.d by ranchers and
businessmen
Rape Deadly robberies
Drug Traffickers Theft in urban areas
Control of areas in fragmented Robbery followed by violence
cities Rape
Narcotics and arms trafficking Physical aggression with white
weapons
Age Group |

18 to 35 years

Young adults

Intermediate Dimension

Qutcome

Violence

Spatial Patterns of the Diffusion
of Homicidal Violence

l

Cattle ranching or soy monocultural regions
Slave labor areas
Mining areas
Indigenous lands
Drug trafficking areas
Timber exploitation areas
Areas of greater territorial fragmentation
City peripheries

—

—  Homicide —  Mortality

[ outome |

Figure 4. Proximate-determinants conceptual framework for factors affecting the risk of violence in the regional space.

5878



Int. J. Environ. Res. Public Health 2015, 12 5879

The intermediate pioneer area (deforestation arc), which represents the first stages of economic
expansion, altered values and promoted violence in the countryside because the occupation processes
were affected by the definition of property rights, the structural characteristics of land concentration,
and the set of public policies for the Amazon [6].

The analysis of the spatial distribution of deaths by homicide is consistent with the literature on the
political, social, and economic determinants of the region’s expansion fronts [22,15,60—14].
Since the 1970s, there has been a shift of the main locations of violence from rural areas in the
Northeast to the Amazon. Deaths across Brazil due to conflicts in the field indicate a temporal and
spatial continuity of the aforementioned processes. In the Amazon, the critical zone extends to
southeast Para, northern Mato Grosso, eastern Roraima, and central Rondonia.

The study identified that the highest values of average homicide rate in the Amazon are in the arc of
deforestation. This was initially occupied for the logging. Then the pasture with the implementation of
livestock and finally, in areas with affinity and greater economic dynamism, were introduced mechanized
cultivation of soybeans, corn, cotton and rice. In this uninterrupted cycle of land appropriation, control and
ownership of the economic frontier were marked by grabbing of public lands and their private and illegal
appropriation generating violence on the border. Outside this area are located in the municipalities of
Amapd, by the occurrence of exploitation of mining, and and also the municipalities of Roraima,
which occurs the introduction of rice cultivation and extraction of precious stones (diamond) and gold.

The study pointed out different levels of distribution of violence with a very unique cases density,
which includes municipalities in the three areas of occupation pioneer Amazon front: the arc of
deforestation consolidated populated areas and the expansion of settlement sites. In each of these parts
of the economic front, over the years, it was noticed the increase in rates in the three areas, with greater
intensity in the arc of deforestation, as the most dynamic area of the border and where the main
economic enterprises are situated. In this area, currently, the violence is concentrated in medium and
large cities, but previously was concentrated in rural areas. This confirms the pattern of spatial
distribution of homicide cases, marked initially by their spread in the areas of expansion of the
population, predominantly rural violence and then shifts to a stage of stability, in which the dispersion
of cases moves the countryside, through population dynamics, that by failing to settle in the territory,
where the labor market and land became scarce, moves to areas of medium-sized cities and urban
neighborhoods of large cities, probably contributing to expansion conflicts related to personal
disagreements or crime.

Starting in the 1970s, new cities emerged, mostly within the spheres of influence of the three major
highways built by the federal government after 1960, in the areas of dry land between the main rivers of the
Amazon region: the Belém-Brasilia, the Trans-Amazonian, and the Cuiabd-Porto Velho highways.
The occupation of areas along the highways established precedents for a speculative process,
often illegal and violent, of land delimitation and occupation. A legacy of land disputes, fraudulent titles,
and rural violence still plagues these areas [49]. Some of the main determinants of the spatial diffusion
of homicides in the region can be summarized, allowing the geographical dimension of violence to be
understood [60]:
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(a) The growing land dispute triggered by companies and land grabbers who formed private
militias. Private “surveillance” or “security” appeared in the region to protect large tracts of
land acquired by large-scale farmers. However, this land is kept idle or unproductive and is
protected against squatters [2].

(b) The restriction of the freedom of rural migrant workers in search of land and jobs,
who cannot pay off their unmanageable debts to large-scale farmers. This situation has kept
these workers under the control of armed employees who use force, intimidation,
and murder to control enslaved laborers [3].

(c) The presence of illegal production activities, such as logging, charcoal production,
and gold exploration can result in the formation of illegal labor relationships without formal
work contracts, which leads many workers to become victims of violence and slavery [3].

(d) The fragmentation or amalgamation of municipalities promoted the reformulation of the
territorial fabric. The creation of new municipalities resulted not only in the economic
growth of the regions on the pioneer front, but in the political movement of some of the
inhabitants. The pioneering spirit, the independence of will, the courage to confront
difficult situations took part in the same social, political, and economic arena, whose dark
side is the permanent presence of political crime in the region [3].

(e) The expansion of the coca and cocaine economy that reached cities and some areas of the
Amazon, such as protected areas and indigenous lands, which were integrated into the
trafficking route. The state’s repressive actions, promoted through attacks on laboratory
areas where narcotics are sold and circulated, as well as the activities of traffickers who in
the distribution scheme enter into conflict for the definitive control of certain areas to
sell drugs [53].

(f) The processes of social segregation in urban spaces generated by the formation of cities in
public or private colonization projects. In the cities of the colonization projects, the urban
space is divided and controlled by business people from the planning sector who,
when planning the occupation of empty spaces, use violence to reserve the central areas of
the cities for companies [37].

(g) Agrarian conflicts in the areas that received many fiscal incentives from the federal
government. In these areas, a large portion of homicides occur in areas of allocation and
distribution of federally funded resources, where activities linked to agricultural projects
and forest management occurred [12].

(h) The penetration of important migratory fronts in the region. In the Amazon, migration to
the frontier is a continuous process that, even today, advances into the Amazon’s interior,
leading old and new migrants in search of land. In such cases, the migrant’s establishment
is hindered by various obstacles that lead to a multifaceted (spatial, professional, and social)
migrant mobility: (1) the competition between the strong and the weak for land ownership,
which results in bloody conflicts that are not limited to the first occupation;
(2) the ecological constraints and lack of financial and technical resources necessary to
adjust local environmental and economic conditions, and (3) the harshness of life in the
countryside, isolation, hard work, disease, and poverty. From those conditions stem the
migrant’s aforementioned multifaceted mobility [62].
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(i) The increase in deforestation, which results in an increase in conflict. Through deforestation,
it is possible to obtain property rights with the expectation of sale later to other economic
agents. As property rights are defined, the inhabitants that previously occupied the land are
expelled through the use of violence [6].

This study suggests that high homicide rates in the Amazon are correlated specifically with the
opening of the roads where the main factors responsible for expansion occurred with land speculation,
competition for natural resources, urban bloat, and the absence of the state in economic frontier areas.

According to the research, the highest homicide rates are located in the counties cut the roads,
specifically, those cut by paved federal and state roads. This was due to groups with interest in mining,
mineral and forestry, livestock or migrates to the region targeted by the opening of roads built to the
new areas access route, arriving at these sites the conflict and the dispute over the ownership of land in
the expansion fronts. Recently, this occupation logic remains, and the highways are used to move the
labor market and land in the region, a fact explained by the depletion of old areas with soil degradation
and the valuation of the land, which stimulate the migration of the population to neighboring areas to
the extent that these counties are incorporated into the dynamics of more consolidated frontier by the
intensification of land use for purposes mainly agricultural. This is the great advantage of these areas
in relation to others, whose municipalities have little accessibility are directly dependent on river
transport, being less affected by the expansion of economic activities and conflicts associated with
them.

Acknowledgments

This article is a contribution of studies scholarship from CNPq (National Council for Scientific and
Technological Development) of the Ministry of Science and Technology of Brazil funded by CNPq
Grant Number 246183/2012-8 and this research was supported by the National Research Council
(CNPg—vproject 402867/05-0) and Brazilian Ministry of Health (DECIT).

Author Contributions

Study conception and design: Patricia Souza, Christovam Barcellos, Diego Xavier and Stephane Rican.
Acquisition of data: Patricia Souza, Vanderlei Pascoal de Matos, Christovam Barcellos and Diego Xavier.
Analysis and interpretation of data: Patricia Souza, Christovam Barcellos, Diego Xavier and
Stephane Rican. Drafting of manuscript: Patricia Feitosa, Christovam Barcellos and Diego Xavier.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Waiselfisz, J.J. Map of Violence; General Secretariat of the Presidency (Secretaria-Geral da
Presidéncia da Republica), National Youth Secretariat (Secretaria Nacional de Juventude),
Secretariat for the Promotion of Racial Equality (Secretaria de Politicas de Promog¢ao da
Igualdade Racial): Rio de Janeiro, Brazil , 2014.



Int. J. Environ. Res. Public Health 2015, 12 5882

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Loureiro, V.; Pinto, J.N.A. The land issue in the Amazon. Estud. Avancados 2005, 19, 77-98.
Théry, H.; Thery, N.M.; Girardi, E.; Hato, J. Geographies of contemporary slave labor in Brazil.
Revista Nera 2010, 13, 7-28.

Machado, L.O. Financial Flows and Drug Trafficking in the Amazon Basin; Management of
Social Transformations: Paris, France, 1998; Volume 1; pp. 1-18.

Celentano, D.; Verissimo, A. The Frontier Advance in the Amazon: From Boom to Collapse;
Instituto do Homem e Meio Ambiente da Amazonia-Imazon: Belem, Brazil, 2007.

Sant’Anna, A.A.; Young, C.E.F. Property rights, deforestation and rural conflicts in the Amazon.
Econ. Aplicada 2010, 14, 381-393.

Machado, L.O. Institutional measures for the control of drug trafficking and money laundering and its
geostrategic effects in the Brazilian Amazon region. Cadernos IPPUR/UFRJ 2008, 21, 9-31.

Bursik, R.J.; Grasmick, H.G. Neighborhoods and Crime: The Dimensions of Effective Community
Control; Lexington Books: New York, NY, USA, 1993.

Morenoff, J.D.; Sampson, R.J.; Raudenbush, S.W. Neighborhood inequality, collective efficacy,
and spatial dynamics of urban violence. Criminology 2001, 39, 517-559.

Kawachi, I.; Kennedy, B.P.; Lochner, K.; Prothrow-Stith, D. Social capital, income inequality,
and mortality. Amer. J. Public Health 1997, 87, 1491-1498.

Hebette, J. O Cerco Esta se Fechando; Vozes: Rio de Janeiro, Brazil, 1991.

Costa, F.A. Land structure, modes of production and the environment in the Amazon.
In Comunidades Rurais, Conflitos Agrarios e Pobreza, 1st ed.; Oliveira, N.P., Ed.; Editora da UFPA:
Belém, Brazil, 1992; pp. 1-22.

Martins, J.D.S. Fronteira—A degrada¢@o do Outro nos confins do humano, Hucitec, Sdo Paulo, Brazil
1997.

Mello, N.A. Territorial Public Policy in the Brazilian Amazon: Conflict between Conservation and
Development 1970-2000. Doctoral Dissertation, Universidade Sao Paulo, Sao Paulo, Brazil, 2002.
Hebette, J. The Crossing the Border: 30 Years of Peasantry Studies in Amazon; EDUFPA: Belém,
Brazil, 2004.

Comissdo Editorial Sociologias; de M¢élo, G.L.B. The border of Desencontros-Border:
The degradation of the Other in the Human Confins; Martins, J., de Souza, F., Eds.; Hucitec: Sao
Paulo, Brazil, 1997.

Sant’Anna, A.A.; Young, C.E.F. Direitos de propriedade, desmatamento e conflitos rurais
na Amazonia. Economia Aplicada. 2010, 14, 381-393. (In Portuguese)

Ye, X.; Wu, L. Analyzing the dynamics of homicide patterns in Chicago: ESDA and spatial panel
approaches. Appl. Geogr. 2011, 31, 800-807.

Santos, S.M.; Barcellos, C.; Carvalho, M.; Flores, R. Detection of spatial clusters of violent deaths
in Porto Alegre, Rio Grande do Sul, Brasil, 1996. Cad. Salud. Publica. 2001, 17, 1141-1151.
Zaluar, A.; Barcellos, C. Premature deaths and armed conflict for dominance of the favelas in Rio
de Janeiro. Rev. Bras. Ciénc. Soc. 2013, 28, 17-31.

Machado, L.O. The agricultural frontier in the Brazilian Amazon. Rev. Bras. de Geografia. 1994,
54, 27-55.

Oliveira, A.U. The long march of the Brazilian peasantry: social movements, conflicts and
Agrarian Reform. Est. Avang¢ados 2001, 15, 185-206.



Int. J. Environ. Res. Public Health 2015, 12 5883

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cliff, A.; Haggett, P. Modeling diffusion processes. In Encyclopedia of Social Measurement;
Kempf-Leonard, K., Ed.; Elsevier: Amsterdam, the Netherlands, 2005; pp. 709-724.

Berveglieri, A.; Junior, M.M.; Piteri, M.A. Interpolating the application kriging in digital terrain
models, comparing the cases of isotropic and anisotropic. In Simpdsio Brasileiro de
Sensoriamento Remoto, 15 (SBSR); Simpodsio Brasileiro de Sensoriamento Remoto: Curitiba,
Parana, 2011; pp. 7222-7229.

Landim, P.M.B. Introduction to Analysis variogram With Variowin: Lab. Available online: http://
www.rc.unesp.br/igce/aplicada/DIDATICOS/LANDIM/Variowin.pdf (accessed on 16 September
2013).

Northwood Geoscience Ltd. Vertical Mapper, version 2.5. Northwood Geoscience Ltd.: Nepean,
Ontario, Canada, 1998.

Lima, M.L.; Ximenes, R.A.; Souza, E.R.; Luna, C.F.; Albuquerque, M.F.P.M. Spatial analysis of the
determinants of homicides in the state of Pernambuco. Rev. Salud. Publica. 2005, 39, 176—182.
Servico Geoldgico do Brasil. Available online: http:/ www.cprm.gov.br (accessed on 15
november 2012).

FUNALI Available online: http://www.funai.gov.br/ (accessed on 15 November 2012).

Ministério do Meio Ambiente. Available online: http://www.ministeriodomeioambiente.gov.br
(accessesed 15 november 2012).

Censo Agropecuario; Instituto Brasileiro de Geografia e Estatistica—IBGE Censo: Rio de Janeiro,
Brazil, 1991.

Censo Agropecuario; Instituto Brasileiro de Geografia e Estatistica—IBGE Censo: Rio de Janeiro,
Brazil, 2006.

DNIT. Available online: http://www.dnit.gov.br/ (accessesed 15 November 2012).

Barcellos, C.; Feitosa, P.; Damacena, G.; Andreazzi, M. Highways and outposts: Economic
development and health threats in the central Brazilian Amazon region. Int. J. Health Geogr.
2010, doi:10.1186/1476-072X-9-30

Coelho, M.C.N.; Monteiro, M.A.; Cota, R.G.; Barbosa, E.J.S. Gold companies and gold miners in
the Amazon: The emblematic case of Serra Pelada. Rev. Pos Ciénc. Soc. 2010, 7, 131-158.
Cunha, J.M.P. Migratory dynamics and the occupation process of the Brazilian Midwest:
The case of Mato Grosso. Rev. Bras. Estud. Popul. 2006, 23, 87-107.

Guimaraes Neto, R.B. Occupation, violence and towns in the Amazon, Brazil. Lusotopie 2003,
2003, 223-243.

Bourscheid, J.I.; Pedroso, G.F.; Cunha, F.R. Transamazo6nica: Formation of northern landowners
and the outbreak of agrarian conflict. Olhares Soc. 2013, 2, 96—120.

Castro, E.M.R. Society, Territory and Conflict: A Br 163 in Question, 1st ed.; Nucleo de Altos
Estudos Amazonicos-NAEA/UFPA: Belém, Brazil, 2008.

Brasil. Sustainable Regional Development Plan for the Area of Influence of BR-163. Decree
03/15/2005. Available online: http://www. mma.gov.br/port/sca/ppg7/doc/mi br163 03.pdf
(accessesed 10 march 2009).

Ferreira, L.V.; Venticinque, E.; Almeida, S. Deforestation in the Amazon and the importance of
protected areas. Estudos. Avangados 2005, 19, 157-166.



Int. J. Environ. Res. Public Health 2015, 12 5884

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

38.

59.

60.

Censo Demogrdfico; Instituto Brasileiro de Geografia e Estatistica—IBGE Censo: Rio de Janeiro,
Brazil, 1970.

Censo Demogrdfico; Instituto Brasileiro de Geografia e Estatistica—IBGE Censo: Rio de Janeiro,
Brazil, 1991

Censo Demogrdfico; Instituto Brasileiro de Geografia e Estatistica—IBGE Censo: Rio de Janeiro,
Brazil, 2000.

Jakob, A.A.E. Migration and spatial concentration of the population in post-2000 Brazilian
Amazon. In Migragdo Interna na Pan-Amazonia; Aragén, L.E., Ed.; Editora do Nucleo de Altos
Estudos Amazdnicos-NAEA: Belém, Brazil, 2013; pp.253.

Machado, L.O. The eastern Amazon Basin and the coca-cocaine complex. Int. Soc. Sci. J. 2001,
53,387-395.

Territorial Policies and Population Mobility in the Amazon: Contributions About Influence area
of the Madeira River Hydroelectric (Rondonia/Brazil). Available online: http://confins.revues.
org/6924 (accessed on 22 April 2015).

Silva, N.T.C.; Moura, R.A.; Ferreira Neto, J.A. The conflict of inter-ethnic representations in
diamond mining in the Brazilian Amazon. Ciénc. Rural 2013, 43, 1323-1329

Smith, N.J.H. Brazil’s transamazon highway settlement scheme: Agrovilas, agropoli and ruropoli.
Assoc. Amer. Geogr. Proc. 1976, 8, 129—132.

Smith, N.J.H. Rainforest Corridors: The Transamazon. Colonization Scheme; University of
California Press: Berkeley, CA, USA, 1982.

Godfrey, B. Boom towns of the Amazon. Geogr. Rev. 1990, 80, 103—117.

Couto, A.C.O. Criminal networks and local organization of drug trafficking on the outskirts of
Belém. Rev. Bras. Estud. Seguran¢a Publica 2013, 5, 2—13.

Machado, L.O. Financial Flows and Drug Trafficking in the Amazon Basin; Management of
Social Transformations: Paris, France, 1998.

Carriello, F. Deforestation analysis before and after the enactment of conservation units and
indigenous land-results preliminares. In Proceedings of Anais XIII Simpodsio Brasileiro de
Sensoriamento Remoto, Floriandpolis, Brasil, 21-26 April, 2007.

Bernardes, J.A. New capital frontiers in the Cerrado. Scripta. Nova. (Barcelona) 2012,
Available online: http://www.ub.edu/geocrit/sn/sn-507.pdf (accessed on 27 July 2013).

Bunker, S. Staples, links, and poles in the construction of regional development theories.
Soc. Forum 1989, 4, 589—609.

Bernardes, J.A. Frontiers of Modern Agriculture in the Cerrado North / Northeast: discontinuities
and Stays. In A Territorialidade do Capital, Bernardes, J.A., Filho, J.B.B., Eds.; Arquimedes
Edicde: Rio de Janeiro, Brazil, 2009; pp. 13—40.

Browder, J.O. Cities of the Forest: Urbanization, Development and Globalization in the Brazilian
Amazon; Editora da Universidade do Amazonas-Edua: Manaus, Brazil, 2006.

Schmink, M.; Wood, C. Contested frontiers in Amazonia. Columbia University Press: New York,
NY, USA, 1992.

Hebette, J. A The resistance of Squatters in the Great Carajds; Universidade Federal do
Para-UFPa/Nucleo de Altos Estudos Amazonicos-NAEA: Belém, Brazil, 1985.



Int. J. Environ. Res. Public Health 2015, 12 5885

61.

62.

Rojas, L.I.; Santos, S.M.; Barcellos, C. Spatial differentiation of violence in Latin America.
In Criticas e Atuantes: Ciéncias Sociais e Humanas em Saude na América Latina, 1st ed.;
Souza, M.C., Eds.; Fiocruz: Rio de Janeiro, Brazil, 2005; pp. 665—-686.

Hébette, J.; Acevedo, R. Colonization for Whom?; Universidade Federal do
Para-UFPa/Nucleo de Altos Estudos Amazonicos-NAEA: Belém, Brazil, 1979.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



