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Abstract

The presence of roads is the strongest predictor of deforestation, and the pavement of the
Manaus-Porto Velho highway (BR-319) is expected to facilitate migration from the arc of defor-
estation to new frontiers farther north, causing a drastic change in the land cover of the region.
However, there is not much information available about the process shaping frontier develop-
ment in the region, and this thesis attempted to fill this gap. Case study was the methodology
selected, and the specific purpose was to describe the actor groups shaping frontier develop-
ment on the BR-319 road, as well as exploring the variables affecting colonists’ land-use deci-
sions with consequent impact on deforestation. Additionally, the thesis proposes to investigate
the institutional and political environments, thus broadening the understanding of the chal-
lenges facing sustainable development in the region. At the local level, data were collected
through survey questionnaires with 48 households and, at the regional level, data were based
on 29 key-informant interviews with civil-society institutions and with the public and private
sectors.

Comparing the findings of this research with previous studies the colonists on the BR-319 show
resemblance with other frontier areas: there is a tendency for the consolidation of young fami-
lies, with high numbers of men, low levels of education and of previous background experi-
ence. Additionally, the average household size is analogous to that in other frontier areas, as
are the periods of residence in other areas away from their birthplaces previous to the final
migration. The existence of a network that transmits information about available land, thus
attracting people and stimulating migration, has also been observed in other regions. Having
government transfers and off-farm employment as primary sources of income are also compa-
rable to other areas. The diversification of income to many off-farm activities appears to be a
tendency in frontier regions. Also typical are low dependency on farm revenue, low percentage
of households receiving technical assistance and the tendency for land accumulation. Like oth-
er frontier regions, there is evidence of a speculative nature of land acquisition and deforesta-
tion driven by pasture establishment. Also in common with other areas, shifting cultivation is
the principal land-use system transforming the landscape in the case of traditional communi-
ties. Additionally, the weak governance and the chaos in land regularization seen in the institu-
tional context is a common feature of Amazon frontiers.

Nevertheless, the origins of colonists, as well as the initial settlement and tenure regimes, have
dissimilarities with older frontier regions, but they resemble the results from the region of
Apui, in the southern part of Amazonas state. There is an indication that, in this new frontier
zone, colonists are no longer arriving from the Northeast region, but rather from internal fluxes
within the North region. Nevertheless, the flow of migrants from the South region remains.
These findings are corroborated by the findings on their migration trajectories, which show a
characteristic pattern of migration to the north from prior expansion frontiers. Some results
could not be compared: the lack of access to credit is unique to the region; similarly, access to
infrastructure and the sizes of properties were inconclusive. Lastly, the positive relationship
between deforestation and welfare is analogous to other frontier regions, but, when the focus
is placed exclusively on the participation of off-farm income the results of this thesis could not
be generalized.
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1 Introduction and Statement of the Problem

The current thesis investigates the colonists of the Manaus-Porto Velho road on the
Brazilian Amazon frontier and how their agricultural strategies affect deforestation.
Deforestation in the Amazon is not just a local problem' and today, it is estimated
that one-fifth of the biome has already been cleared with evidence that we may be
reaching an ecological tipping point (Lovejoy & Nobre 2018). Roughly, 80% of all
forest loss is located in the so-called “arc of deforestation”, a crescent-shaped strip
along the southern and eastern edges of the forest, representing the expanding ag-
ricultural frontier (Figure 1) (Fearnside 2017).

Figure 1 - Deforestation in the Brazilian Amazon. The "arc of deforestation and the BR-
319 (deforestation is shown in red). Source: Fearnside, 2017

The presence of roads is the strongest predictor of deforestation (Kirby at al. 2006),
up to 95% of all deforestation in the Brazilian Amazon occurs within a distance of 50
km from official roads (Nepstad et al. 2002, Laurance & Balmford 2013, Barber et al.
2014). Roads intensify migration, considerably increase land values and the profitabil-
ity of agriculture and ranching (Fearnside 2017) thus driving agricultural colonization.

! Amazonia functions as an important center for redistribution of water vapor entering the continent from the Atlantic Ocean,
thus partly regulating the annual distribution of rains in the central and southern regions of Brazil and of South America
(Luizio et al. 2008), and even of the western United States (Medvigy et al. 2013).
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Paved roads, specifically, have even a much farther-reaching effects on the land-
scapes (Kirby at al. 2006; Laurance et al. 2002).

The Manaus-Porto Velho highway, better known by its federal numeric designation,
BR-319, is an emblematic case. Built in the 1970s by the military regime (Neto &
Nogueira 2016), it runs 877 km north-south from Manaus to Porto Velho. Abandoned
for almost two decades, it has been reestablished and paved in the last years and its
reconstruction is expected to facilitate migration from the southern part of the Ama-
zon to new frontiers farther north (Fearnside & Graca 2006) causing a drastic change
in the land-cover of the region (Santos et al. 2015, 2018; Barni 2009). However, there
is not much information available about the population of colonists living along the
BR-319.

For this reason, this study seeks to contribute to the understanding of the actor
groups shaping frontier development on the Manaus — Porto Velho highway. The
research method selected is case study research, a method that excels at providing
an understanding of complex issues, such as Amazonian frontier development. The
current study relies on multiple sources of evidence, both quantitative and qualita-
tive, and it benefits from the prior development of theoretical propositions. The spe-
cific goal is (1) to describe the colonists shaping frontier development on the Manaus
— Porto Velho road: what are their socioeconomic characteristics, where they come
from, when they arrive, what are their main sources of income or their production
systems, what type of land they occupy. The specific variables and indicators consid-
ered for analysis are presented in more detail in the next chapter. The second specif-
ic goal is (2) to explore which variables predominant affect colonists' land-use deci-
sions with consequence towards deforestation. The third goal is (3) to investigate the
institutional and political environment where colonists are surrounded and with this
provide insights about potential challenges for the sustainable development in the
region. At the local level, data were collected through survey questionnaires with 48
colonists presenting different migration behaviors, production systems, socio-
economic characteristic, and deforestation patterns. At the regional level, data were
based on 29 key-informant interviews with civil-society institutions, the public and
private sectors and other individuals relevant to decision-making on land-use plan-
ning.

In frontier regions, a number of studies have already revealed that colonists usually
have many similarities and are influenced by a variety of factors that shape their agri-
cultural strategies and deforestation patterns (Moran 1977, 1981; Fearnside 1982;
Goza 1994; Pichdén 1996, 1997; McCracken et al. 2002; Brondizio et al. 2002, Dead-
man et al. 2004; Godar et al. 2012a, 2012b; Lambin 1994, 1997; Geist & Lambin
2002; Kaimowitz & Angelsen 1998). One of the tasks of this thesis is to compare the
BR-319 with the findings of previous studies.
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The thesis has been divided into six parts. Following this introduction, the second
chapter deals with the theoretical propositions, and it is a crucial segment of the re-
search; it grounds the case study and provides the framework and indicators of anal-
ysis. The third chapter describes the research design and methodology, as well as
the study area. The fourth and fifth chapters are devoted to the empirical results,
followed by the discussion in the sixth chapter and conclusions and recommenda-
tions in the last chapter.
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2 Land allocation decision in the Brazilian Amazon: a two-level diagnosis

2.1 Theoretical propositions: a framework for analysis

In this section, the objective is to provide the theoretical foundation for the case
study. The literature review, which at first sight may be seen as excessively long, was
fundamental in pointing the appropriate indicators for data collection in the field.
Frontier development is a complex process, and previously studies serve as a tem-
plate to identify common variables to use as indicators of analysis. The theoretical
references gathered, which will be presented in item 2.2, enabled the development
of the following theoretical framework (Figure 2). This thesis is organized around this
framework; it is the core of the current study, and it serves as a compass from here
on.

Regional-scale

- Family composition: size, age, sex ratio - Land accumulation: n° properties/ household

- Origin of the family: region/ State, previous migration, reason migration | - Lot establishment: year

- Initial settlement: year - Land tenure: open-access, communal, private

- Education: levels / years - Lot size: small, medium, large landholders

- Background experiences: with agriculture/ ranching/ forestry/ fishery - Production system: livestock, crops, tree-farming, NTFP, fishery
- Income: sources, importance for livelihood

Land Allocation Strategy

Annual and Semi-annual

Food Crops Pasture

Forest Perennial Tree Crops Agroforestry

Institutional Environment
- Access to infrastructure: distance to the main road
- Access to services: access to technical assistance, agricultural extension, credits, subsidies
- Citizen participation: existence and reach of public hearings, consultations, participatory mechanisms
- Institutional context: roles, vision, challenges
Local-scale
Demographic and Socioeconomic Characteristics Land Characteristics

Figure 2 - Theoretical framework Source: author, 2018

The framework presents a summary of the main findings of previous studies about
frontier development and land-use change. Recent developments in land-use studies
have heightened the comprehension that both local and regional aspects interact
synergistically affecting the agricultural strategies that individual families pursue,
which in turn result in a range of land uses with direct long-term consequences for
the landscapes. In Figure 2, the regional aspects comprise the institutional environ-
ment that colonists face, while the local aspects involve the household demographic
and socioeconomic characteristics and the land features.
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The regional-scale factors consist of the infrastructure conditions (and here namely
access to the road) and government policies (i.e., access to credits and technical as-
sistance). The current thesis additionally included for investigation citizen participa-
tion and the institutional context. Although these topics do not directly interfere in
the land-use choices, and are normally not investigated by land-use studies, they
help to get a better understanding of the political and institutional settings by which
colonists are surrounded. The reconstruction of the Manaus-Porto Velho highway has
been carried amidst an institutional conflict among different levels and sectors of the
government and society, with spasms of governmental actions followed by judicial
blockages, as will be described in section 3.5. The challenging institutional environ-
ment of the reestablishment led to a sense of lack of rule of law with impacts on
governance in the territory. In such a manner, the institutional background (or so to
say, the roles played by many institutions and the challenges and expectations they
see in the future development of the territory), and the opportunities for citizen par-
ticipation (i.e., public hearings, consultations, participatory mechanisms) were con-
sidered a significant topic to be addressed.

The local-scale factors, as shown in Figure 2, involve the household demographic and
socioeconomic characteristics - such as the origin and composition of the family (i.e.,
size, age, sex ratio), origin of the family and history of migration, time of settlement,
education levels, background experiences and sources of income; and the land char-
acteristics - like time of plot establishment, land tenure and size and productions sys-
tems. The process of land accumulation, initially not forecasted for analysis, emerged
as a typical behavior during the fiel[dwork and hence was included. Both levels (re-
gional and local) affect the land-allocation strategies that families pursue, presented
in the last rectangle in green. In general, the allocation options vary between
croplands, pasture or forest and are the dependent variables included in this study.
The proposition stated is that colonists have usually some similarities and are influ-
enced by different set of variables, both exogenous and endogenous, which affect
their land-use strategy.

From the grounding theories and conceptualizations were selected the most relevant
variables which allowed the development of the framework aforementioned; a sum-
mary of them is presented in Table 1 below. At the left are presented the authors,
and at the right, the most common local and regional variables found to affect colo-
nists’ land-use decisions.

Table 1 - Relevant variables from grounding theories

LOCAL SCALE REGIONAL SCALE
MORAN Initial capital Environmental factors: access to
1975 Origin of the family water, distribution of soils
1977 Experience with agriculture Distance to markets/ access to
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1981

FEARNSIDE
1982

FEARNSIDE
1986
2001A
GOZA
1994

PICHON
1996
1997

MCCRACKEN ET AL.

2002

BRONDIZIO ET AL.
2002

DEADMAN ET AL.
2004

CARR
2004
WALKER & HOMMA
1996
SIMMONS ET AL.
2016
BARBIERI ET AL.
2005
BRONDIZIO ET AL.
2009
PAN & CARR
2010

GODAR ET AL
2009, 2012A, 2012B
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Experience with the region
Education
Colonist background
Colonist origin
Colonist and neighbor experiences
Availability of capital

Financial indebtedness

Factors of production: land, labor,
capital, technology

Household consumption demands

Initial settlement
Cohort
Labor/ family composition

Time of settlement
Cohort
Origin

Family composition

Expectations

Household composition and avail-
able labor

Household endowment levels:
available capital

Family composition

Income

Length of residence

Kinship colonization

Initial settlement
Family composition

Family composition

Cattle ranching

roads

Financing opportunities

Availability of transportation - ac-
cess to roads

Conflicts for control of land
Access to roads and infrastructure
Environmental conditions
Market opportunities

Government policies: subsidies,
credit, different taxation

Environmental factors: access to
water, soil quality

Economic trends

Government policies: access to
credits

Access to credit
Inflation
Environmental factors
Market

Infrastructural conditions

Environmental factors: soil quality.

Land concentration

Social power by privileged groups

Availability of terra devoluta

Road access

Land tenure

Soil fertility
Proximity to roads

Institutional context (agriculture
support, pro-smallholder policies)



Overall, the current thesis has as background an investigation about the political
ecology of the road. This academic discipline focus on the study of the relationships
between political, economic and social aspects with environmental issues; thus, offer-
ing a more holistic understating of the social and environmental problems (Robbins
2012; Walker 2002). One of the main topics addressed by the discipline is environ-
mental degradation, conservation and control, environmental conflict and environ-
mental identity (Robbins 2012); and the uttermost goal of the political ecology is to
engage and collaborate with the public debate (Robbins 2012). The current thesis is
a problem-oriented research focusing in the challenges of frontier development; it
has at the background the idea that ecological and economic variables are mostly
interdependent and should thus be investigated in a holistic approach. The main fo-
cus is on the decisions that colonists make about the natural environment in the con-
text of their political environment and socioeconomic pressures.

With this previous context delineated, further attention can be given to the literature
itself. A detailed discussion of the contribution of many researchers to knowledge of
land use and frontier development is presented in item 2.2 below.

2.2 Revision of grounding theories

Many authors have been interested in understanding how a frontier region develops,
the interactions that happen, the underlying factors and variables associated with
land use change and deforestation. The goal of this section is to summarize the main
theories, frameworks and heuristics/conceptualizations about land cover change and
frontier development.

A good starting point is to outline the reasons for deforestation. Geist & Lambin
(2002) analyzed 95 articles of net losses of tropical forest cover, from 1880 to 1996,
to investigate common patterns of deforestation. From the comparison, they were
able to define two principal levels of reasons for tropical deforestation: the proxi-
mate causes and the underlying driving forces. The first refers to human activities
and immediate actions at the local level, which have a direct impact on forest cover;
while the second relate to fundamental social processes or policies that reinforce the
proximate causes and either operate at the local level or have an indirect impact
from the national or global level. According to these two researchers, tropical defor-
estation is then mainly driven by “regional patterns of causal factor synergies” (p.
143) of which the most obvious are, at the proximate level, agricultural expansion,
wood extraction, and infrastructure extension; and at the underlying driving forces,
economic factors, institutions, national policies and remote influences.

Agricultural expansion, specifically, have been recognized as an important cause for
global forest loss, with special attention to the tropics; and today it has become clear
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that the individual farming households are the essential local-scale actors that con-
tribute meaningfully to the land-use change occurring on the ground (Deadman et al.
2004). Therefore, and particularly for the Amazon, studies on farm-level land use
processes (reference in Table 1) have arisen as an essential component to under-
stand deforestation dynamics, and they will be a cornerstone for the theoretical con-
siderations here presented.

Fundamentally, colonization of remote areas is common to many countries; yet, fron-
tiers are unique and of such complexity that it is unrealistic to try simple generaliza-
tions (Katzman 1977). Changes in land cover are caused by different options of land
use, which are directed by human driving forces; this is what Turner (1994) acknowl-
edged as “the cause-to-cover relationship”. Turner argues that a better comprehen-
sion of this relationship is of fundamental importance to the study of global environ-
mental change, and the essential forms of human land use are cultivation, livestock
grazing, timber extraction, settlement, and construction, as well as protected areas.
The essence of his argument is that these activities have cumulatively changed land
cover at a global scale with meaningful consequences to climate and biodiversity.

Notwithstanding, Goza (1994) underlines that most theories of frontier development
were inappropriate to the Amazon case since they failed to emphasize the potential
for conflicts over land control, one of the primary topics on the Amazon frontier. Go-
za explains that the enormous size of the Amazon region and its relatively scattered
population can make it difficult to imagine violent disputes over land; but, as ex-
plained by Martins (1975), in these areas a "demographic frontier" occurs first - when
small farmers, minor commodity producers, and artisans originally occupy an unpop-
ulated area. With time, this area is transformed into an "economic frontier" - as capi-
talist enterprises move into this semi-populated frontier region. Inevitably, the two
frontiers collide as capitalist enterprises attempt to appropriate and control the
means of production.

Similar to Martins, Katzman (1977) differentiates between two stages of frontier de-
velopment which he named as "market" and "subsistence expansion”. The differ-
ence between the two concepts is mostly determined by the degree of participation
in the international market. Therefore, according to this framework, Amazon devel-
opment was mainly characterized by subsistence expansion - since it was too isolated
and inaccessible to any major markets, leading most producers to have their own
subsistence livelihood. Katzman (1977), however, suggests that with time, and with
the advent of roads and other infrastructure, the subsistence frontier gradually be-
comes incorporated into the market economy.

Foweraker's (1981) model adds to the previous theories presented and describes the
transformation process of the frontier in three stages: non-capitalist, pre-capitalist
and capitalist. Isolation from regional and national markets characterizes the first
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non-capitalist stage. Continuously increased immigration, the institutionalization of
private property and the buying and selling of land define the pre-capitalist phase.
Foweraker claims that at this point, small-scale capitalist enterprises start to appear,
and the first conflicts over land begin. During the capitalist stage, land ownership
becomes increasingly concentrated in the hands of national and multinational com-
panies, with the outcome that an initially natural environment is transformed into an
environment dominated by capitalist social relations.

Foweraker's (1981) model also relates to the concept of the “boom and bust cycles”,
which were typical of past Brazilian economic development. The booms are marked
by large, worldwide demand for a product or natural resource that stimulates mas-
sive immigration (Goza 1994). Over the course of time, the boom cycles gave way to
lower demand with resultant busts and emigration. This was, for example, the case
of the rubber extraction in the Amazon (Goza 1994).

Another theory of frontier development is the hollow frontier as presented by Pan &
Carr (2010) and it has been observed in humid tropical forests in Central and South
America. The idea is that as small farmers leave the initial frontier, an empty space or
“hollow” is left as people (and thus labor) become scarce the land shifts from annual
crops to pasture. Occasionally, out-migration is not to new frontiers anymore but
instead to cities, as is seen in the quickly urbanizing Brazilian Amazon (Browder and
Godfrey 1997).

As compared to studies of growth patterns, few studies have been dedicated to un-
derstanding the different characteristics and stages of peasant colonization in the
frontier settlement in the Amazon. Among them are Wolf (1955), Wagley (1968) and
Moran (1975).

Wagley (1968) developed a two-class division of Latin American peasants, the
“Modern Indian”, and the “Mestizo types”. Wolf (1955) made a parallel distinction
but label his categories as “Corporate” versus “"Open peasant types”. Modern Indian
or Corporate peasants are characterized by being distinct units, culturally and social-
ly. Both researchers corroborate that such groups look inward rather than outward
for their identity. Whereas, Mestizo or Open peasant communities identify with the
country, usually use the national language, and are closely tied to the modern eco-
nomic system. They also own land privately rather than corporately.

Moran (1975) nevertheless argues that the term "peasant" is not applicable to the
colonists in the Brazilian Amazon, which is particular as a consequence of govern-
mental initiatives of planned colonization and road building. Moran studied the case
of the Transamazon highway and claims that the colonists in the area are modern in
nearly every conceivable way. Instead of the traditional peasant model, Moran (1975)
defends the thesis that the Brazilian Amazon frontier colonists could be better divid-
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ed into two major groups: brokers and clients. Brokers are those who, through their
own managerial skills, generate their capital and reinvest a significant portion back
into their businesses. In Portuguese, this would be understood by the term "patrdo”.
The clients, by turn, are persons who depend on the brokers or on outside institu-
tions to provide a stable flow of cash in order to survive, and most of their capital
resources go for consumption items rather than for farm investment. As expected,
brokers tend to be more geographically stable than clients since they often own the
land or durable goods such as trucks or machinery. In contrast, clients are mostly a
labor force that follows the demand for hired labor. Their constant mobility, as ar-
gued by Moran is the crucial reason that kept them from acquiring the managerial
insight necessary to run their own commercial or agricultural enterprises. Ultimately,
the distinction proposed by Moran divides colonists between rural managers and
rural proletarians.

Another aspect studied by many scientists in order to understand land-use strategies
is family life cycle. According to the theory, age and sex composition of household
influence labor supply and, consequently, land use and forest conversion over time
(Carr 2004; Pan & Carr 2010; Moran et al. 2003; Perz et al. 2006). As discussed by
Pan & Carr (2010), as children enter working-age, food demands increase as well as
labor supply, so further land clearing can happen in order to expand cash crops,
which might partially replace subsistence crops. As children grow into adults, the
need of using the farm to produce food or income to sustain them may decrease if
they out-migrate (Pichén 1997; Pan & Carr 2010). However, this theory has some
shortcomings (Vanwey et al. 2007; Walker et al. 2002 in Pan & Carr 2010). Nowadays
there is a conventional compression that is much more useful and appropriate for
understanding land change over time as dominated by a lot's life cycle (period ef-
fects) rather than by a household life cycle. Nevertheless, a last important demo-
graphic variable is the presence of male adults. Land-use research has frequently
noted the importance of adult males as a critical factor for predicting deforestation
(Barbieri & Carr 2005; Pan et al. 2007; Caldas et al. 2007).

The World Bank provided another theory of evolution of the frontier (1992 in Pichdn
1997, p. 68): the peasant pioneer cycle. The framework assumes that colonists move
through a similar evolution of land-use patterns over time. The cycle typically begins
with road construction in previously remote forests areas, allowing the migration of
poor farmers in search of land (Pan & Carr 2010). Commonly, colonization of for-
estlands inevitably requires some initial deforestation to establish ownership and
produce food crops to achieve immediate diet needs. As colonists become settled
on their plots, they later clear distant lands for perennial crops. As soil nutrient levels
fall, farmers shift both perennial and annual crops to newly cleared lands, leaving the
initially deforested areas for pasture or fallow. Stirred by environmental constraints
and survival needs as well as the lack of affordable or available agricultural technolo-
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gy to sustain soil fertility, farmers have little alternative but to encroach more and
more forest areas. Alongside, rapid turnover and abandonment of degraded agricul-
tural lands continue to be observed along the frontier. In conclusion, and as empha-
sized by Pan & Carr (2010), over time land is concentrated in the hands of rural elites,
who raise cattle. Meanwhile, the poor move on to further extend the forest frontier,
where the deforestation cycle begins anew.

According to this theory, settlers are seen as highly mobile, speculative and uninter-
ested in long-term natural resource development; also, declining crop yields and in-
creasing poverty force settlers to abandon their farms and seek new lands. Pichon
(1996, 1997) also exposes the fact that, specifically in the Amazon, colonists usually
have some similarities such as a production system characterized by intensive use of
family labor and simple agricultural technologies, a strong drive for cattle ownership
and overexploitation of land by the continuous incorporation of new areas with little
concern for the long-term preservation of the natural resources. However, Pichon
does not limit his explanations on the peasant pioneer cycle, instead he argues that
government policies play a significant role in frontier development through subsi-
dized credit, fiscal incentives, differential taxation, and a sequence of other policies
that can encourage more or less efficient forms of land use and forest intervention
(Pichdén 1996, 1997).

Although the peasant pioneer cycle is relevant to understanding common features,
studies in the Brazilian Amazon have suggested that fast farm turnover and land
abandonment can be better explained by weak property rights and frequent land
speculation (Brondizio et al. 2009, Carrero & Fearnside 2011) or financial indebted-
ness (Fearnside 1986, 2001a), rather than by decline in the fertility of the land. Also,
some other researchers (Moran 1977; Pichén 1996, 1997) object the straightforward-
ness of this land-degradation framework and argue that the causes and underlying
drivers for this straitjacket are more complex and depend on a broad set of proxi-
mate causes and underlying factors.

Moran (1977) for example observed that neighboring farms on the Transamazon of-
ten had quite divergent patterns of land use. Access to water, distribution of soils,
and distance to markets are naturally common among neighbors and thus they pro-
vide less insight into the different patterns of land use at the local scale. Instead, the
differences could be better explained by variations in initial capital, the origin of the
family, and their experience with agriculture and with the region (Moran 1977, 1981),
that is to say, the different typology categories that he had highlighted in 1975.

Fearnside (1982) gave some insights into the behavior of the colonists in the coloni-
zation area on the Transamazon Highway. He argued that a combination of strate-
gies, rather than a pure "rational" decision, better explains land-allocation decisions.
This does not mean that colonists do not seek profit maximization, but rather that
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the method finally chosen depended on a more complex variety of elements. Fearn-
side (1982) demonstrated that the principal elements were the colonists' back-
ground, the experiences of colonists and their neighbors with different agricultural
crops in the area, financing opportunities, availability of transportation (or proximity
to roads) and availability of capital. In general, he stressed that the allocation deci-
sions in this colonization area could be divided into subsistence and cash crop alloca-
tions, and sometimes, a small amount of land was also allocated for experiments with
new crops. Fearnside argued that allocations for commercial cultivation were based
on four possible development strategies: annual commercial crops, perennial com-
mercial crops, livestock, additionally, off-farm jobs.

It is Important to note that the composition of the settler population was changing at
the beginning of 1980 when Fearnside conducted this study, and as stressed by him,
the first settlers sold or abandoned their plots and newcomers replaced them. New
colonists generally brought more capital with them and thus could install more pas-
ture and perennial commercial crops, as well as bigger farms, with 500 to 3000 hec-
tares (Fearnside 1982). This turnover could be associated with the theories of growth
patterns in the frontier area highlighted by Martins (1975), Forewaker (1981) and
Katzman (1977).

More recently, McCracken et al. (2002) also recognized the drastically different pat-
terns of land use among neighboring farms in the Transamazon highway region. He
suggests that at the local scale of analysis the period of initial settlement, cohort ef-
fect?, and labor composition throughout the domestic life were the most predomi-
nant factors. Simultaneously occurring at the regional scale were features such as
environmental factors (like for example access to water and soil quality), economic
trends, and government policies (like access to credits).

Pichon (1997) also argued that land-use strategies reflect colonists' management of
factors of production — namely land, labor, capital, and technology - based on
knowledge of environmental conditions, market opportunities, and household con-
sumption demands. Farm management can thus be seen as evolving adaptive strat-
egies, embracing a set of coping behaviors that attempt to improve the socioeco-
nomic situation of the household in the face of uncertain and often changing envi-
ronmental conditions. These strategies consequently impact these environmental
conditions - like vegetation cover, soil quality, erosion, the incidence of pests and
disease, and others - which in turn require further adjustments in adaptive strategies
(Pichdén 1996, 1997b). Land-use decisions would then involve the broad choice of
allocation between, for example, land for pasture, crops or forest; and, the particular

2 A cohort effect is one in which some event or process common to a group of household results in a distinctive pattern of
behavior. The timing of arrival on the frontier is a clear marker for defining cohorts. Individuals and households settling during
the same period experience many similar opportunities and constraints of the frontier that are markedly different for others
arriving later (for example, off-farm employment opportunities, road conditions, market possibilities (McCracken et al. 2002).
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choice of crops, the intensity of labor and other inputs and the allocation of land for
fallow (Pichon 1996, 1997b). Pan & Carr (2010) similarly consider five categories of
land use, which are the ones most likely affected by land management decisions:
forest, pasture, perennial crops, annual crops, and fallow.

Deadman et al. (2004) also observed that, particularly in areas of the Amazon where
settlement is characterized by agricultural colonization programs of INCRA (the Na-
tional Institute for Colonization and Agrarian Reform), patterns of deforestation were
affected by a variety of factors operating both at local and regional scales. Among
them were household composition and consequently available labor, household en-
dowment levels and resulting available capital and soil quality. Important to note that
the majority of the settlements in the Amazon are state-led. Brazil's Legal Amazon
region has over 3000 settlements (Yanai et al. 2017).

Brondizio et al. (2002) also emphasized that one of the most significant characteris-
tics of a frontier area is the level of variability in deforestation between farms. Bron-
dizio and coworkers viewed land-use intensification in the frontier as a "colonist
footprint”, which is characterized by the coexistence of intensification and extensifi-
cation of production strategies. These cycles, however, have high variation within
farm cohorts, resulting in different rates, extents, and directions of land-cover
change across farm lots. Consequently, the “deforestation trajectories” (or the colo-
nist footprints) are a consequence of a combination of variables related to time of
settlement, cohort and household dynamics (such as aging, household labor compo-
sition, experience, origin and expectations), and period effects (for example credit
and inflation), underlain by environmental, market, and infrastructural conditions.
Brondizio and coworkers also stressed that, in order to inform better land-use poli-
cies and to provide better support to the colonists, more attention should be paid
not only to regional dynamics but also to intraregional variability and differential
conditions among colonist cohorts and farms. In their vision, both local and regional
factors help to shape the agricultural strategies that individual families pursue, which
in turn result in a range of land use trajectories with direct long-term consequences
for frontier landscapes.

Godar et al. (2009, 2012a, 2012b) also researched colonists on the Transamazon
Highway region and demonstrated that small farmers could improve their land-use
productivity and reduce deforestation rates while creating a stable landscape cov-
ered by a mosaic of different land-use elements embedded in a forest matrix. They
emphasized, however, that this takes time and requires specific conditions such as
good soil fertility, proximity to the main road and a favorable institutional context
(such as adequate agricultural support). They defended the position that adequate
and location-specific pro-smallholder policies could help to lower deforestation.

25



A last but still important process that affects land-use change in the Amazon is spon-
taneous colonization, which has been identified by Simmons et al. (2010) as "direct
action land reform", or DALR. DALR is a social and political process involving mobili-
zation of the poor and the controversial occupation of public or private lands. This is
a relatively new phenomenon, and the settlement formation process in the DALR is
not well understood. Simmons et al. (2010), nevertheless, emphasized that land-
cover impacts are unavoidably linked to the decisions of smallholders, specifically
with three main factors: length of residence in the given area, the search for terra
devoluta® beyond the frontier, and kinship colonization. Terra devoluta is found in
the Amazon at significant distances from cities and has a low land value because of
the existence of primary forest and lack of infrastructure, and consequently less risk
of contentious occupation. However, is not easy to know the exact position of terra
devoluta, so Simmons and coworkers (2010) argued that an informal network that
transmits information outside the region exists, hence, attracting people and stimu-
lating migration. Also, knowledge about available land can be related to the length
of residence in the area. Finally, an endogenous process occurs in these settlements,
as grown children of early the pioneers search for land to begin their own farms.

Comparing the conceptualizations and theories presented above it is possible to ob-
serve that the variables that affect colonist land-use decisions are vast and interrelat-
ed. Overall, frontiers seem to follow a familiar process of development, from isola-
tion towards market incorporation. Additionally, colonists have usually some similari-
ties and are influenced by different set of variables. Socio-economic and demograph-
ic characteristics, environmental features and government policies have a prepon-
derant role, interacting synergistically and resulting in a range of land-use trajectories
that have direct and lasting consequences for frontier landscapes. As mentioned
above, the most pertinent variables and indicators for the case of the BR-319 road
were extracted from this review and are presented by the theoretical framework at
the beginning of this chapter in Figure 2. The theoretical framework comprises the
variables and indicators that guided the data collection and further analysis; it pro-
vided the framework for investigating who are the colonists of the BR-319 and if they
have similarities with actor groups shaping frontier development in other parts of the
Amazon. The next chapter is dedicated to the methodologies for data collection and
analysis, and also characterizes the study area.

3 Public lands that do not have any destination specified by the Government and have also never integrated the patrimony of an
individual.
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3 Methods for data acquisition and analysis

3.1 Case study research: a two-level diagnosis

A case study is a research strategy that investigates a contemporary phenomenon in
depth and within its real-life context. Cases are unique and at the same time related
to something general (Scholz & Tietje 2002). The focus of analysis is on the relation-
ship between the contextual factors and the entity or phenomenon being studied
(Mills et al 2010; Springer 1997). As a research method case studies are one ap-
proach that supports more in-depth and more detailed investigation, and they are
especially relevant to providing a richer understanding of complex issues (Springer
1997). Yin (2003) suggests that case study research is appropriate when researchers
expect to investigate research topics broadly and not narrowly, cover contextual or
complex conditions and not just isolated variables, and rely on multiple sources of
evidence.

For this reason, a case study seemed to be the most suitable framework for investi-
gating colonists and frontier development in the region of the BR-319 road. This
case study has the specific purpose of (1) describing the actor groups shaping fron-
tier development on the Manaus - Porto Velho road, as well as (2) exploring the vari-
ables affecting colonist’s land-use decision with consequent impact over deforesta-
tion. Additionally, (3) to investigate the institutional and political environment where
colonists are surrounded and with this provide insights about potential challenges for
the sustainable development in the region.

The guiding questions of analysis are:

i.  Who are the colonists of the BR-319?
ii.  What are the characteristics of the land they occupy?
iii.  Which factors predominantly influence colonists’ deforestation?
iv.  What are the potential challenges for the sustainable development of the ter-
ritory?

It is important to clarify that case studies are generalizable to theoretical proposi-
tions and not precisely to populations or universes. In this sense, the goal is to com-
pare the empirical results with previous theories and findings (analytical generaliza-
tions) rather than to quantify frequencies (statistical generalizations) (Yin 2009). That
is why so much attention was given to the literature review and the development of a
theoretical framework presented in chapter 2. The theoretical framework provided
the scope for the analysis and indicated the variables and indicators for data collec-
tion both at the local and regional scales, and thus serves as a qualified validation for
this thesis. As suggested by Scholz & Tietje (2002) the perceptual side is represented
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by the theories and propositions, while the observed data represent the analytical
side.

The study case was designed as a multiple case with embedded units of analysis. In
other words, multiple case because it considers three different contexts (traditional
communities, farms and rural settlement) and embedded because inside each case a
few subunits (the households) were chosen and explored individually. Survey re-
search was done inside each of the study cases and followed a simple random sam-
pling with an estimated sampling ratio of 10%. Additionally, the three contexts were
selected because they represent the most characteristic realities that co-exist along
the BR-319. They were identified first by the official reports (IBAMA 2009; UFAM
2009) that provided the initial data about the population in the region, and they
were reinforced later during the field research.

In Figure 3 below, the different cases/ contexts are represented by the three gray
squares in the middle of the diagram, while the subunits/ households are the smaller
white squares inside each case. All together they represent the analysis of the en-
dogenous factors affecting colonist decision, similar to the local level of analysis pre-
viously presented in the theoretical framework (Figure 2). Comparatively, the region-
al level of analysis presented by the theoretical framework is here defined as the ex-
ogenous factors, and these data were collected mainly through the key-informant
interviews. Survey research and participant observation provided additional data
about specific regional factors, such as distance to roads and access to credit.

Even though the research method selected is a case study, this thesis profited from
other methods of data collection such as interviews, surveys, and observations. Em-
bedded case studies rely on more holistic data collection strategies, but they can call
upon surveys or other quantitative techniques to collect data about the embedded
units of analysis. In this thesis, the quantitative survey of households does not neces-
sarily aim to provide statistically significant results to be extrapolated to a broader
population, but rather it allows an objective approach and a deeper understating of
actors been studied; whereas, qualitative interviews and participant observation
helped to uncover the context where these actors are surrounded. Whilst the goal is
not to understand all, the study case approach provides some indications and in-
sights, in an exploratory way, allowing further elaboration and hypothesis creation.
The proposition stated is that colonists have usually some similarities and are influ-
enced by different set of variables, both exogenous and endogenous, which affect
their land-use strategy.
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LAND-USE ALLOCATION IN THE MANAUS - PORTO VELHO ROAD (BR-319)

Exogenous factors - Institutional Environment

i Key [ Key |
i Informant i i Informant £

J—L Key

Endogenous factors - Household and Farm Characteristics

Study Case 1 _Study Case 2 Study Case 3
Traditional Communities Family Farm Enterprises Rural Settlement

Land Allocation Strategy

Figure 3 - Study Case design. Source: author, 2018.

Each of the different sources of information — survey and interviews - requires distinct
approaches to their interrogation and is expected to yield different kinds of insights.
Each source has its strengths and its weaknesses, and the richness of the case study
derives mainly from this multi-faceted perspective (Rowley 2002). In order to main-
tain a clear chain of evidence, the data collection was guided by a protocol of field
procedures, which are described later on in items 3.2 and 3.3; additionally, a case-
study database was developed containing all of the original data and analyses; this
database is presented in the Appendix (Case-study database).

3.2 Data acquisition at the regional scale

At the regional level, data were acquired via participant observation and key inform-
ant interviews. Participant observation included field visits with the staff of the State
Secretariat of Environment (SEMA) and the local non-governmental organization
(NGO) Institute of Sustainable Development of Amazonas (Idesam), additionally at-
tendance at public hearings and meetings. Data collection was complemented by
documentary material, including official government reports, existing statistics, news
stories, and academic publications.

Key-informant interviews were conducted with civil-society institutions, with institu-
tions in the public and private sectors, and with other individuals relevant to the de-
cision-making process of regional land-use planning. In total, 29 interviews were
conducted with 37 persons from 26 different institutions. The protocol for the key
informant interviews was to send formal invitations directly to the headquarters of
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each institution in Manaus, as well by e-mail. As many informants did not answer the
first written invitation, a follow-up by telephone also had to be done. The list of insti-
tutions was defined from an extensive analysis of documentary material, including
official government reports, news articles, and academic publications. After selecting
the institutions, the co-advisor, as well as Idesam and some selected key informants,
helped to identify the most suitable person to be interviewed in each institution.
Sometimes more than one person was interviewed at the same time, as the inter-
viewees invited other colleagues, which they considered important to provide useful
information for the research. In general, all of the key informants were extremely ac-
cessible, and only one institution denied being interviewed. Some critical ethical
practices were also implemented, such as: gaining informed consent from all persons
involved and protecting the privacy of the participants.

The interviews served multiple research objectives. First, they provided insight to the
institutional and political context in which colonists are enmeshed, the potential chal-
lenges to the future development of the territory and the overall citizen participation
in the decision-making process regarding territorial planning of the region in the BR-
319. Additionally, they provided the necessary details about the roles of many insti-
tutions.

The interviews were recorded and consisted of four open questions that attempted
to understand: (i) the professional role (or relation) of the institutions and informants
with the BR-319; (ii) their future vision for the territorial planning and development of
the region, (iii) the main challenges faced to achieve this vision; and finally (iv) their
opinion and practical experience about citizen participation in the land use planning
of the BR-319. On average each interview lasted 35 minutes. The answers about the
challenges end up assuming a broader perspective since many institutions do not
have a clearly established vision for the future, or a vision that they have is exactly
the one they intend to avoid rather to pursue. The original questions are available in
the Appendix, within the case study database, and more details about the interview-
ees can be found in Table 2 below. The names of the informants are not being pub-
lished as a matter of confidentiality and data protection. At the left side of the Table
the institution’s original name and acronym are displayed, and at the right the trans-
lation in English, as well as further explanations when needed.

Table 2 - List of key informants interviewed

Public Sector - Federal Level
1 Ministério Pablico Federal do Amazonas | Brazilian Federal Prosecutor
(MPF-AM)
2 Instituto Nacional de Colonizacdo e Re- | National Institute of Colonization and
forma Agraria (INCRA) Agrarian Reform
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10

11

12

13

14
15

Instituto Brasileiro do Meio Ambiente e
dos Recursos Naturais Renovaveis (IBA-
MA)

Departamento Nacional de Infraestrutu-
ra de Transportes (DNIT)

Fundacao Nacional do indio (FUNAI)

Instituto Chico Mendes de Conservagao
da Biodiversidade (ICMBio)

Terra Legal (TL)

Federal Governmental body responsible
for environmental licensing

National Department of Transport and
Infrastructure

Federal Governmental body responsible
for Indigenous

Federal Governmental body responsible

for Protected Areas

Federal Program of Land tenure regular-
ization in the Amazon

Public Sector - State Level

Instituto de Protecdo Ambiental do
Amazonas (IPAAM)

Secretaria Estadual de Meio Ambiente
(SEMA-AM)

Secretaria de Estado de Planejamento,

Desenvolvimento, Ciéncia, Tecnologia e
Inovacao (SEPLANCT)

Procuradoria Geral do Estado do Ama-
zonas (PGE-AM)

Deputado Luiz Castro

Deputado Platiny Soares

State Governmental body responsible
for environmental licensing

State Secretariat of Environment

State Secretary for Planning, Develop-
ment, Science, Technology and Innova-
tion

State Prosecutor

President of the State legislative assem-
bly commission on environmental affairs

President of the State legislative assem-
bly commission on municipal and territo-
rial affairs

NGOs, Academy, Donors, Cooperation Organizations, Grassroots organizations

Instituto de Conservacgao e Desenvolvi-
mento Sustentavel do Amazonas (lde-
sam)

Conservation International

Institute of Conservation and Sustainable
Development of Amazonas
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16 | Casa do Rio Local NGO

17 | Instituto Internacional de Educacao do International Institute of Education of
Brasil (IIEB) Brazil (IIEB)

18 | Universidade Federal do Amazonas Federal University of Amazonas
(UFAM)

19 | Instituto Nacional de Pesquisas da Ama- | National Institute of Amazonian Re-
z6nia (INPA) search

20 | Deutsche Gesellschaft fur Internationale | German Society for International Coop-
Zusammenarbeit (GlZ) eration (Gl2)

21 | Associacao dos Amigos e Defensores da | Association of Friends and defenders of
BR-319 BR-319

22 | - Gordon & Betty Moore Foundation

23 | Coletivo Tupiga Association of young leaders of the re-

gion
Private Sector

24 | Organizacao dos Advogados do Brasil Brazilian Lawyers' Association
(OAB-AM)

25 | Federagao das Industrias do Estado do Federation of Industries of the State of
Amazonas (Fieam) Amazonas

26 | Aruana Transportes Bus enterprise that operates along the

BR-319

3.3 Data acquisition at the local scale

At the local level, the focus was on the population living along the road, and the unit
of analysis was the individual colonist household. Three expeditions were conducted:
the first preliminary expedition was carried out with SEMA between 3 and 5" of
May when a pilot set of interviews was conducted to test the survey instrument. The
2" expedition, once again with SEMA, was conducted between 14* and 19* of May.
The last and longest expedition with Idesam took place between 29 * of June and 14
t of July.

Before the fieldwork, the most up-to-date information about the population living in
the study area was from a 2009 survey conducted for the Environmental Impact As-
sessment (EIA) (UFAM 2009) and from an official IBAMA report (n° 078/2009), which

estimated a total population of 161 households. In the first days in the field, it was
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clear that this information was out of date and a new estimation of the population
needed to be done. A detailed description about how this assessment was done is
presented in the Appendix, but, in general, a counting strategy was developed: first,
the study area was divided in three sections* and all dwellings found along each sec-
tor were marked, using GPS coordinates, and they simultaneously were classified
into three categories: farms, villages, and isolated non-farm dwellings. "Farms" were
characterized by raising cattle or by having pasture with cattle pens. "Villages" were
characterized by being an agglomeration of houses with common areas such as
football fields, churches or a community center. Non-farm isolated dwellings were
not part of a village and did not present evidence of cattle breeding or existence of
pasture. The number of houses in each village was then also estimated with the sup-
port of the village chief and additionally with the assistance of an unmanned aerial
vehicle (UAVs) and the Pix4D° software application for drone-based mapping. It is
noteworthy that the study area of this research comprises an area of approximatively
400 km along the BR-319 and to estimate the population living in the study area was
one of the biggest challenges faced at the fieldwork; it was very time and resource
consuming and it had an overall impact in the data-collection strategy. Realidade,
which is one of the villages embraced by the study area, is a hotspot of deforestation
and illegal logging in Amazonas state, and this village alone comprises 350 house-
holds; no updated information about this village was available officially. During the
fieldwork a map of the village was produced to allow the estimation of dwellings;
when employees of the municipality of Humaita, where Realidade is located, learned
that there was an up-to-date map of the village, they contacted the author of this
research requesting access to the map.

The final estimate of dwellings accounted for a total population of around 600
households, as displayed in Table 3 below. The maps with the distribution of all
dwellings in each section can be found in the Appendix, as well as the map of Reali-
dade.

Table 3 — Study area population

ISOLATED
FARMS VILLAGES DWELLINGS TOTAL
1 2 3 (45 HH) 20 67
2 14 0 61 75
3 24 5 (390 HH) 52 466
TOTAL 40 8 (435 HH) 133 608

Comparing the data from 2009 (IBAMA/ UFAM), there is an outstanding bigger
number of occupations, especially in the stretches of the highway were the Protect-

4 (1) the region in between protected areas, closer to Manaus; (2) the region that goes from the end of the protected areas until
the village of Realidade; and (3) the region from Realidade until the end of the study area.
5 A photogrammetry software that creates professional drone-based mapping from images.
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ed Areas (PAs) do not reach the margins of the road, with special remarks to section
3, the area closer to the village Realidade. As the total population in the study area
extrapolated almost four times the amount initially expected an important decision
had to be made. There was not enough time and resources available at the filed to
inquiry a reasonable sampling of the entire population. That said, a priority criterion®
was adopted, and the isolated dwellings were not considered as one of the embed-
ded study cases. Also, villages were additionally subdivided into two: traditional
communities and the village Realidade. Realidade has a dynamic that is different
from all the other villages in the region and it accounts for the majority of the house-
holds in the study area. Realidade was at the beginning, in the 1970s and 1980s, a
traditional community, but a state led colonization driven by the municipality of Hu-
maitd, alongside the establishment of an INCRA settlement in the surroundings,
turned Realidade into a small city and one of the most critical areas of deforestation
in the Amazonas state. In this order, to differentiate the context of Realidade from
the other tractional villages, Realidade was considered separately as a rural settle-
ment.

During the data acquisition, 48 households were interviewed according to the case-
study design presented above in this section, in Figure 3. Eight (8) households were
interviewed in case 1 (Traditional Communities), five (5) households were interviewed
in case 2 (Farms), and 35 households were interviewed in case 3 (the Rural settle-
ment Realidade). This quantity represents a sampling ratio of 10% of the population
of each case study and a random method’ of sampling was adopted. Initially, the
goal was to achieve a sampling ratio of 30%, with a bigger number of households
sampled, but as just explained the outstanding bigger number of households disal-
lowed a higher sampling to be achieved. This matter will be described in detailed in
the next section, and the map (Figure 4) below indicates the location of each farm,
community and the settlement interviewed.

The criterion for the interview was adults aged 18 years or older, with a preference
for a joint couple interview (where the two spouses are interviewed together), and
secondarily for the interview of the head of the household. The survey questionnaire
was performed with the assistance of a tablet and the free and open source software
for humanitarian data collection Kobo Toolbox®. The questionnaire covered three
main sets of questions: general information about demographic characteristics (such
as family composition, origin, income and the others already presented in the theo-
retical framework), land features (such as size, tenure, etc.) and, lastly, information

6 Half of the occupations were brand new, which means that their land use allocation strategy, the focus of analysis of this
research, was not consolidated. Visibly many of the houses displayed comprised of simple structures to secure the ownership
of the land, in a probable speculative behavior. As in a frontier area with speculative land appropriation, to approach isolated
houses seemed too risky.

7 Each farm along the road was assigned by a number and then selected by lottery, and in the villages every 2nd or 3rd house
was selected. If the owner was not present, the next house was visited, and so on until a 10 percent sample of households was
reached. In Realidade, the interviews were conducted with people who could be found and were willing to talk.

8 More information available here: https://www.kobotoolbox.org/.
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about access to infrastructure, services and consultation. The full questionnaire is
presented in the Appendix, within the case-study database, but in summary, it com-
prises 37 initial questions that could unfold into 65 depending on the complexity of
the production system adopted. On average, each interview lasted 40 minutes.

Figure 4 — Location of each household interviewed. The star icon represents the Communities, the blue
circle the Farms and the X the settlement Realidade. Image granted by Idesam.

As suggested by Yin (2009), since the study focuses on a contemporary phenomenon
in its real-life context some critical ethical practices were implemented, such as: gain-
ing informed consent from all persons involved, protecting the privacy of the partici-
pants which requested confidentiality and taking special precautions to protect es-
pecially vulnerable actors, such as traditional populations. The protocol with them
was first to ask for the leader, representative or president of the community associa-
tion. Once with the chief, the author presented herself, the goal of the research and
asked for permission to conduct the study. A letter with contacts, a summary of re-
search goals and methodology was also delivered to the chief of each village.

3.4 Data analysis

The core process of data analysis in this thesis is analytical generalization. The differ-
ent sources of evidence were examined, categorized and tabulated to assess wheth-
er the evidence supports the initial propositions presented by the theoretical frame-
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work of the study described in Chapter 2 (remembering that the proposition is that
colonists have usually some similarities and are influenced by different set of varia-
bles, both exogenous and endogenous, which affect their land-use strategy).

For the survey, the data analysis was concentrated in cross-tabulations and descrip-
tive statistics using R Statistics software. A multiple regression analysis was also per-
formed to identify correlations among the data. Even though the analysis is not gen-
eralizable to the entire universe of colonists on the BR-319, this specific assessment
provides an indicator or a tendency among the sampled households. All of the R
scripts developed can be found in the Appendix, within the case study database.

For the key informants, the method adopted for the qualitative data analysis was the
deductive approach, which analyses data based on a predetermined structure, in the
case of this thesis, the theoretical framework and the research questions. All the in-
terviews were rerecorded and then transcribed using speechlogger software. The
data were then organized and summarized into tables, and common patterns were
identified, enabling the categorization of key concepts into codes. These codes were
computed and then grouped into sub-sets by similarity. Logical models were also
used to illustrate the patterns. The tables and diagrams developed for the qualitative
data analyses are also available in the section case study database, in the Appendix.
The original transcription of the interviews sums up for more than 300 pages, and
thus were not included in the database, but the author is willing to share them, nev-
ertheless, with the names and other critical information omitted, as matter of data
and informant protection.

Overall, all the original evidence collected — with the exceptions of the interviews —
can be found in the database.
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3.5 Study Area

Figure 5 — Aerial view of the Manaus Porto Velho. This photo was taken exactly at the center of the road, in
the surroundings of the village located by the river Novo. Photo: author.

The BR-319 is an interstate highway that connects Manaus, in the state of Amazonas,
to Porto Velho, in the state of Rondobnia; it is located along the central axis of the
interfleuve between the Madeira and Purus rivers. This interfleuve has approximately
270,000 km? and is home to vast biodiversity, associated with extraordinary hetero-
geneity of ecosystems (MMA 2007). The interfleuve is located in 2 morpho-structural
units, the Amazonian Plain and the Lower Amazonian Plateau, with an altitude rang-
ing between approximately 30 and 100 meters (UFAM 2009). In general, sedimen-
tary rocks of the Amazon Basin dominate the terrain. Soils are chiefly Red-Yellow
Oxisols, Yellow Latosols, Argisols, Spodosolsols or Quartz Neosols (UFAM 2009).

According to the Képpen and Geiger classification system, the interfleuve is located
in a transitional area between tropical wet climate (Am), tropical rainforest climate
(Af) and tropical savanna climate (As/Aw) (Kottek et al. 2006). In general, there is no-
ticeable seasonality, with a deficit of precipitation between June and September
(UFAM 2009). The vegetation is predominantly ombrophilous forest, being 57.8% of
the region occupied by dense ombrophilous forests and 28% of open ombrophilous
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forests with palm trees. The anthropized area comprises 9.5%, and the remaining
4.7% is distributed among other vegetation types, chiefly savannas (UFAM 2009).

Built during the military regime, the highway was idealized to promote the economic
and territorial development of the region (Nogueira & Neto 2016). Formally, con-
struction work on the BR-319 began on June 15%, 1968 (Neto 2015). The project re-
ceived numerous critics and was a target of divergences about its feasibility since the
early beginning. The apparent benefits of the asphalted BR-319 included economic
growth; the end of the isolation, which had (and still has) a significant appeal for the
local population; and the possibility to an alternative outflow of the industrial prod-
ucts from the Manaus Free Trade Zone. However, such arguments were confronted
by the fact of an already existent waterway on the Madeira River, the high mainte-
nance costs of the road and the potential of intensified migration, which would con-
sequently increase deforestation in the region (Fearnside & Graga 2009). Despite the
critics, the road was inaugurated in 1976.

Due to the precarious maintenance and the severe environmental conditions of the
area, the road became impassable already in 1988 (Fearnside & Graca 2005; Neto
2015). From the mid-1990s onwards, several attempts to reopen the road failed, but
in 2004 the recovery work was finally started amidst difficult and somewhat confus-
ing institutional conflicts. For a detailed timeline, please check the Appendix. The
most important fact to be aware of is that for the asphalting of the so-called "middle
stretch”, between kilometers 250 and 655, an environmental license’ is mandatory
(MMA 2013; MPF 2005). The environmental license has already been declined three
times by IBAMA (the entity which grants the license) due to non-compliance of the
Environmental Impact Assessment (EIA) performed by DNIT (the entity which de-
mands the license). The compliance to an EIA is also mandatory for the license. De-
spite this, a judicial maneuver resulted in a license to carry out "maintenance"” being
granted in 2016. Since then, maintenance works have been carried out, old bridges
have been replaced, which improved considerably road conditions. In meantime,
EIA’s complementary studies have been conducted in order achieve the final license
for pavement.

9 As the road was left without maintenance for almost 30 years it was considered that any tentative of recovery of the road
would result in an environmental impact as significant as a new road (Fearnside & Graga 2006; MPF 2005).
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Figure 6 — Maintenance work being executed in May 2018. Photo: author

To control the colonization of the territory with the establishment of the road, an
Area of Provisional Administrative Limitation (APAL) was declared in January 2006
(Ilbama 2009). APALs are instruments provided by Brazilian law (Brasil, 2000 - Law
9.985 / 2000) and are established when there is a risk of severe damage to natural
resources in a given territory due to infrastructure projects. The first time such an
instrument was created in Brazil was in 2005 with the paving of the BR-163, which
connects Cuiaba to Santarém (Fearnside 2007). The APAL aims to protect biodiversi-
ty and safeguard the access of local populations to natural resources. The area under
this limitation is thus provisionally obstructed for any activity involving environmental
degradation and is subject to studies, which aim to implement PAs.

The APAL of the BR-319 was established on a provisional basis lasting seven months
and, as a result, eleven (11) PAs were created (five under federal administration and
six under state administration) (WWF 2008; 2009; ICMBIO 2009). Together with the
existing PAs, they add up a total of 25 in the official area of influence of the BR-319
(note, the highway project affects a much larger area than the highway's official area
of influence). The APAL covers approximately 154,000 km?, and it is displayed in Fig-
ure 7 below by the polygon within the red lines. On the map, all PAs (in green), in-
digenous lands (in lilac), and settlements (in yellow) in the area of influence of BR-319
are displayed. Deforestation is indicated in orange, as well as, main roads and sub-
sidiary roads.
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Figure 7 - APAL of the BR-319 highway. The study area is highlighted in red. Image granted by Idesam.

The APAL is divided into two parts: (1) Area of Indirect Influence - All of the BR-319
and (2) Area of Direct Influence - ADI (UFAM 2009). The All embraces 14 municipali-
ties' and corresponds to a track containing 150 kilometers of each margin of the
axis of the road. It includes in the east-west direction the whole interfleuve between
the Madeira and Purus rivers; and to the north-south direction the area situated be-
tween the cities of Manaus and Porto Velho (UFAM 2009; lbama 2009). In other
words, the same boundaries of the APAL polygon presented in Figure 7.

By the year 2012, 4% (6233 km?) of the APAL had already been deforested (Santos et
al. 2015). A simulation of potential deforestation scenarios of the BR-319, predicted
by Santos et al. (2015), foresees a 6% higher deforestation rate by 2030 with the re-
covery of the road when compared to the scenario without reconstruction. However,
this simulation considered the implementation of several governance measures,
chiefly PAs. Figure 8 displays the simulation predicted by Santos et al. (2015).

Another simulation conducted by Santos et al. (2018, forthcoming) considered three
different deforestation scenarios for the area of influence of the BR-319: the "Histor-
ical baseline”, the "Existing roads" and the “Planned roads”. All scenarios consider
the reconstruction of BR-319 in 2020 and the construction of the AM-364, a state

10 Autazes, Tapaua, Canutama, Humaité, Iranduba, Labrea, Manicoré, Novo Aripuand, Careiro, Beruri, Borba, Manaquiri,
besides Manaus and Porto Velho
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road that connects the BR-319 with Purus river, in 2024. The first scenario considers
the historical deforestation rate along the road, while the second scenario considers
an increase in the deforestation rate triggered by the improvement of the road net-
work and the third and last scenario considers the same parameters as the second
one, but with the additional implementation of planned roads throughout the area.

Figure 8 - Deforestation scenarios (2030) in the area affected by the reconstruction of the BR-319. At the
left, the scenario without the road; and at the right with the road. Source: Santos et al. (2015).

In the “Historical Baseline” scenario, the potential increase in deforestation forecast-
ed is 277.2% (37,637 km?) for 2050 and 603.3% for 2100 (70,177 km?); in the “Exist-
ing roads” scenario is 528,1% (62.669 km?) in 2050 and 1.380,8% in 2100 (117.765
km?), while in the “Planned roads” scenario the deforestation increase projected is
662.8 % (76,112 km?) in 2050 and 1.291% in 2100 (138,778 km?). All these predic-
tions can be seen in Figure 9, Figure 10, and Figure 11. In summary, the study shows
that the BR-319 and its associated side roads, have a substantial impact on defor-
estation in the region, way beyond the highway route itself.

Additionally, a simulation conducted by Barni (2009) concluded that the reconstruc-
tion and asphalting of BR-319 would increase deforestation by the year 2030 in the
south of the State of Roraima between 18% (in a scenario “with governance
measures”) and 42% (in a scenario “business-as-usual”) compared to the scenario
without the reconstruction of the road. The study also demonstrated that the recon-
struction might have impacts on the environment well beyond the area of influence
of the road (Barni 2009; Barni et al. 2015).
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Figure 9 - “Historical Baseline” scenario Figure 10 — “Existing roads"” scenario

Figure 11 — "Planned roads"” scenario
Source: Santos et al. (2018, forthcoming).

Ultimately, the Area of Direct Influence (ADI) is a buffer that stretches five kilometers
to each margin of the axis of the road between kilometers 250 and 655, exactly the
stretch that lacks the final license for pavement. This segment is located in the center
of the road and was precisely the area that was inaccessible for decades, or with very
difficult access, due to the lack of maintenance; therefor only a small population is
found. The ADI was delineated as the focal area of the current study, and it is pre-
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sented in the map below (Figure 12) by the buffer around the road, highlighted in
red.

Figure 12 — Study Area (red buffer). Image granted by Idesam.

The ADI covers an area of approximately 4050 km?, and it intercepts five municipali-
ties: Borba, Beruri, Tapauda, Manicoré, and Humaita, with only the last displaying di-
rect access to the highway (UFAM 2009). Seven PAs and three rural settlements from
INCRA overlap the boundaries of the study area', Three PAs are under federal ad-
ministration and four PAs area under state administration. The settlement projects
are under the big umbrella of the “environmentally differentiated settlement pro-
jects”, which arose mainly due to the recognition of the deforestation rise driven by
the traditional settlement projects of INCRA. Additionally, they were an attempt to
recognize traditional forms of land use that are more compatible with the Amazon
(INCRA personal communication, key-informant interview). In theory, these settle-
ments allocate their land for collective use and are focused on agroextractivism and
the sustainable use of natural resources.

The five municipalities located within the study area account for a total of 160,768
inhabitants (IBGE 2010), which in average represents a demographic density of 0.842
inhabitants per km2. 52% of the population lives in the urban area (IBGE 2010) and

! They are identified in the map in Figure 11 by the numbers 1, 2, 3, 7, 8, 10, 11 and 25, 28 and 29.
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poor parameters for human development'?, basic sanitation, child mortality, poverty,
and inequality™ are found, as it is possible to see through the indicators presented in
Table 4.

Table 4 - Demographic Characteristics of the Population in the study area

w <
x < g 5 é < i
2 2 < O < 39
w Q < Z =) s =
@ = g 2 B uw
l—
TOTAL POP." | inh. 15.486 34961 19.077 47.017 44227  160.768
RURAL POP." | inh. 7708  20.527  8.459 26668 13726  77.088
URBAN POP." | inh. 7778 14434 10618  20.349 30501  83.680
DENZET'\\/'(; inh./km? 0,9 0,79 0,21 0,97 1,34 0,842
HDI' | - 0,506 0,56 0,502 0582 0,605 0,551
IDEB? | - 4.1 38 47 4,1 3,9 4,12
3 o,
SANITATION Ff’o:ta' 17% 17% 20% 16% 19% 18%
CHILD MORT
2l L0 10,35 16,93 5,22 10,44 10,33 10,654
live births
5 o,
POVERTY :Jo:tal 60% 61% 68% 51% 56% 59%
GINE | - 0,44 0,44 0,37 0,41 0,48 0,428
PIB / CAPITA® | (x 1.000) 17268 16574 27708 23232 2196 . .. o
EUR 1 7 1 2 0 R

Sources: (1) IBGE 2010, (2) INEP 2013, (3) DATASUS 2010, (4) IBGE 2014, (5) IBGE 2003, (6) IBGE 2015.

Comparing the data from the last demographic Census (2010) with the estimated
population for the year 2018, shows a population growth of 19% in the municipalities
inside the ADI (IBGE 2018). Prior the fieldwork, the available information about the
population living in the study area described a total population of 161 households
(IBAMA 2009; UFAM 2009). As already mentioned in section 3.3, during the field
research a new estimate of the population was done, and around 600 households
were identified in 2018 in the ADI of the BR-319 and thus in the study area. Consid-
ering the average Brazilian family size of 3.3 persons per family (IBGE 2010) the esti-
mated population of the study area is 1980 persons.

12 IDEB is an official Brazilian indicator for the quality of basic education, which ranges from zero to ten, with ten being the
best result, while HDI, the Human Development Index, is a summary measure of average achievement in key dimensions of
human development, which ranges from zero to one, with one being the best score.

13 The Gini coefficient is a measurement of inequality, which ranges from zero to one, with zero expressing perfect equality,
and one maximum inequality.
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This chapter delimited the study area and methodology of the current study, the
next two chapters will continue dedicated to the analysis of main results and find-
ings.
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4 Results at regional scale: institutional and policy factors

Recalling the goal, this study sets out to (1) describe the actor groups shaping fron-
tier development on the Manaus — Porto Velho highway, as well as to (2) explore the
variables affecting colonist’s land-use decision with consequent impact over defor-
estation. The study also (3) investigates the relationship between these actor groups
and the institutional and political environment where they are surrounded.

The current chapter presents the analysis of the empirical data collected at the re-
gional scale. The theoretical framework presented in chapter 2 serves as a reference
all over the chapter. As seen in Figure 13 the regional scale of analysis represents the
institutional environment, or in other words, the access to infrastructure, services and
the opportunities for citizen participation and the institutional context that the colo-
nists face. As already mentioned in item 2.1, the last two topics were included to get
a better understanding of the political and institutional settings by which colonists
are surrounded. Additionally, they help to get an insight over the potential challeng-
es to the future of the territory. Each of the topics is presented below.

Institutional Environment

- Access to infrastructure: distance to the main road

- Access to services: access to technical assistance, agricultural extension, credits, subsidies

- Citizen participation: existence and reach of public hearings, consultations, participatory mechanisms
- Institutional context: roles, vision, challenges

Figure 13 — Regional scale factors. Source: author, 2018

4.1 Access to infrastructure and services

Access to BR-319

Starting with the infrastructure conditions, distance to roads is an essential factor in
determining the outflow of the production. The trafficability of the BR-319 is still
conditioned to the dry season, and the on-going maintenance in some parts of the
road does not guarantee its trafficability during the whole year, particularly to areas
located in the center of the highway route and along subsidiary roads. The evidence

shows that the outflow of agricultural products is highly dependent on the BR-319
since all households use the BR-319 to send agricultural production to the markets.

Additionally, 58% (28 households) had the property at the edge of the highway, an-
other 19% (9 households) in a maximum distance of 5 km. The remaining, 6% (3
households) are at a distance of 10 km and 8% (17 households) in a maximum dis-
tance of 20 km. On average, lots are located at 3.64 km of distance from the BR-319.
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Access to technical assistance
Only 21% (10 households) received any agricultural extension; 1 household in the
Communities, 9 households in the settlement and none at the farms receive rural

technical assistance. The public service for providing technical assistance in Brazil is
focused on priority groups, such as settlers benefited by the INCRA Agrarian Reform
policy, indigenous people, descendants of Afro-Brazilian slaves (quilombolas)', other
traditional populations and, lastly, small family farms (Brazil 2010, Law n°
12.188/2010). In this case, farmers on the BR-319 are, in general, not priority groups.

Nonetheless, all households that reported receiving public technical assistance (in
the communities or in the settlement) complained about the services offered. Colo-
nists often reported that the service was incomplete, being only composed of meet-
ings and no practical field assistance, and that they were extremely irregular.

Access to credit and subsidies
None of the interviewed families received credit or subsidies in the year 2018.

Citizen Participation

When asked if they were consulted about the plans to reconstruct the road, the ma-
jority of the households did not have any chance of sharing their opinion or requests.
Specifically, 5 households in the communities, 2 households in the Farms and 25
households in the Settlement. For the general territorial development plans of the
region, the majority of the households were not consulted. Six households in the
communities, all the five farms and 24 households in the settlement. Likewise, 6 fami-
lies in the communities, 4 families in the farms and 22 families in the settlement were

not aware of the governmental plans for their region.

Citizen participation was also a topic addressed in the key-informant interviews.
Many informants interviewed have a crucial role in the decision-making process con-
cerning the territory of the BR-319; others act as watchdogs in monitoring public pol-
icies. Key informants were therefore able to provide an overview of the citizen partic-
ipation since the beginning of the reconstruction of the road in 2005.

Similar to the answers from the survey, informants indicated that no consultation was
done to understand whether the recovery of the road was needed in the first place.
This is not to say that the local population does not want the road, but rather that
they just did not have the opportunity to say so. In addition, there was no consulta-
tion about land-use planning.

At the other hand, there were indeed some opportunities for the participation of civil
society, such as the consultation for the establishment of the Economic-Ecological
Zoning (EEZ) of the region of the Madeira river, the consultation for the establish-

14 Not present in the study area
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ment of PAs resulting from the APAL, as well as for establishment of the manage-
ment plans of these PAs; other tools for participatory co-management of PAs were
also mentioned, such as the co-management council’. Moreover, citizen participa-
tion also occurs in the ongoing consultation with indigenous people, which is a for-
mal requirement of the licensing process for repaving the road, and in the “BR-319
Forum”. Social networks, such as Facebook and WhatsApp, and the “caravans” that
many politicians have undertaken when they drive the road and talk with people
were also mentioned as an informal method of citizen engagement. Lastly, the initia-
tive of two local NGOs (ldesam and Casa do Rio) were mentioned. |[desam's initiative
called “Observatory of the BR-319"” seeks to provide authentic and accurate infor-
mation about the BR-319 to all those who reside on the highway and in nearby mu-
nicipalities, as well as other interested parties (Idesam 2018). Moreover, Casa do Rio
with the mission of mobilization of local groups and associations.

A schematic diagram is presented in Figure 14 below; it summarizes the spaces for
participation mentioned above, as well as some concerns stressed by key informants.

Ecological Economic Zoning of Madeira ]

4{ Establishment of PAs
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Establishment of Management Plans of PAs

Participation of

Regional territorial planning civil society

[ Recovery of the highway }7

Tools of participatory co-management of PAs:

management council, participatory biodiversity
monitoring, AAV, etc.
V 4{ Consultation with Indigenous People (on going) ]

Focus on Manaus and less on the smaller cities

Focus on institutions and less on local people ! : )
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Public hearing foreseen by the environmental
legislation is popular participation?

Figure 14 — Citizen participation, mechanisms and limitations

Evaluating the consultations that took place, three main problems were criticized by
the informants. First, most of the consultations were held in Manaus and not in the

15 Co-management councils are mandatory instruments of co-management of protected areas that gather the many stakeholders
of public, civil and private sectors with interests or concerns about a given protected area.
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smaller cities in the area of "direct influence" of the road; second, higher importance
was given to institutions (such as NGOs and public entities) than to local people; and
third, there is an overall criticism about the validity of public hearings as an effective
process of citizen participation. Some quotes are displayed below in order to exem-
plify the issues accurately; the first quote mentions the EEZ, the second and third the
PAs and the last one is about the validity of the public hearings:

“The zoning was very participative. There was a state commission, de-
bates, and local workshops. For example, to create the mosaic of that region
of Apui, there were at least four workshops in Apui, and one of them had at
least 300 people participating. Now in the BR-319, there was only one work-
shop in Humaita, very controversial, by the way, because at the time there
were a number of actors interested in creating chaos to not let things happen,
to not create the protected areas. They gathered a group of people to protest.
So, it was very difficult to participate”.

“For example, the public hearing for the creation of the Igapé-acu RDS
was held in (the city of) Castanho in a period when they (the residents of the
RDS) could not get there. No one from Igapd was present at this hearing. For
the public hearing on the management plan, they were; but for the establish-
ment of the protected area no, no one was consulted. The teams did the data
collection, but they (the residents of the RDS) did not understand that it was
for the establishment of the reserve, because within the territory of Igapd-acu
there are research areas of PPBio'¢, of INPA, every 40 or 50 km. So, they (the
residents of the RDS) had always interacted with researchers. So, they thought
that on that occasion that the state was collecting the data for creation of the
reserve, they thought it was something else of INPA. So, they were not con-
sulted”.

“We were there at the public hearings in Humaita, in Matupi, in Manaus
and no, under no circumstances were the considerations made by the commu-
nity taken into account for the definition of the perimeters of the protected ar-
eas. The perimeters were set in the office and were imposed”.

“So, the process of consultation respected the legislation, the public
hearings were held, but what was not done at all was to take into account what
people said. Do they (public hearings) comply with the law? Yes, they do, but
they did not care to what people said”.

Additionally, one key informant who accompanied the environmental-licensing pro-
cess since the beginning stressed that the consultation did not consider all levels of

16 Biodiversity Research Program (PPBio)
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the government, with the majority of the decisions being made by the federal gov-
ernment with little consideration to municipalities.

Two other initiatives are also important to mention. The first one was started by
Amazonas State, to develop an integrated plan for participatory management of the
BR-319 area. This process started in 2016 with the support of the international NGO
Conservation International, and initial diagnostics and technical meetings were held.
However, the process was suddenly interrupted with the revocation of the gover-
nor's mandate in 2017 due to corruption scandals. A new governor was elected, but
held office for only 15 months, and he put the topic of the BR-319 on hold. As a con-
sequence, no citizen involvement has occurred so far regarding participatory man-
agement of the BR-319, as expressed by the quote below:

“We came to a first diagnosis, identified the institutions, where they are
and what they are doing in order to establish a concept, and to give a reply to
the government. Then we made an initial proposal of what we thought was
important for these discussions with the institutions, with the managers of the
protected areas and, of course, with some state-government secretaries. From
this we were able to format the first version of the Plan, which was exactly in
this process of political transition, of change of government strategy,... So, we
are still trying to find the best opportunity to resubmit the proposal, trying to
understand if the arguments we established with the previous governor are still
valid because we still do not have a definition. So, this moment (of consultation
with civil society) has not really arrived. But this is already included in the
schedule of proposed activities. (...). Now if the question is whether the public
was included or not, they were not, because that is not how public policies are
designed, with the populations -- they are drawn up in the offices. And this is
not necessarily an arrangement of the state government, this is how it works in
Brazil: public policies are built for these populations and not necessarily with
these people. The most interested people for whom the policies could be des-
tined never participate”.

The second initiative is the “BR-319 Forum”. The Forum was a breakthrough in the
process for citizen involvement, and the striking majority of key informants men-
tioned it as the most important mechanism of citizen consultation, as well as a crucial
mechanism to facilitate inter-institutional dialogue. The Forum was created by the
MPF, the Brazilian prosecutor, to monitor the environmental-licensing process, but it
has emerged as the principal space of inter-institutional dialogue and civil participa-
tion. The quote below, displayed with the agreement of the MPF, explains how the
Forum was created and the role it plays nowadays:
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“Because there were no legal tools left for the public prosecutor to
act'’, the permanent forum for monitoring the works and licensing of BR-319
was created, to monitor the licensing process. So, | decided to get everyone
together, and when | say "everyone"”, | mean everyone, public entities, and civ-
il society. The Forum has no institutional status (legal or formal establishment).
It does not have a coordinator, | act more as a moderator, as an organizer di-
recting everyone who has expressed interest in participation or all those who
have been suggested to participate. Discussions take place in an organized
way. In the first meeting, we tried to establish a premise that all of those who
are in the forum want the recovery of the road. We work in favor of the pave-
ment because the Federal Prosecutor does not have a position against the
paving, our position is for the compliance with the law, which unfortunately is
not possible anymore (...) but we are not against paving so long as it at least
occurs with sustainability and responsibility. All we want is that these mitigation
measures and compensation of environmental impacts are being evaluated so
that there is a strict environmental mandate. So, the forum works precisely for
that. This was the idea that inspired their creation, and everyone agreed on
this premise of paving and sustainability, everyone also agreed that it would
be an important agenda and they would have to have monthly meetings. Also,
then some parallel concerns arose. And as a moderator of the forum, | also do
not restrain these discussions; | just try to discuss issues that resonate with
these environmental sustainability issues. We have already had six meetings.
The last one was now in DNIT (...) And we also want to hold public hearings
now, to also dialogue with the residents on the highway. We held the first pub-
lic hearing in November 2017 in Manicoré, and the next one will be in Cas-
tanho, so we can expand this discussion and allow active participation of socie-
ty. The meetings that took place in Manaus were also open to civil society. So,
now we are bringing this discussion to the municipalities to address these local
issues, to discuss these issues more comprehensively”.

The quote above exemplifies the political and institutional context of the reconstruc-
tion and repavement of the BR-319. Further attention is given to this topic in the
next section.

4.2 Institutional context

The institutional context is the political and institutional background in which colo-
nist’s families are located. The key-informant interviews were the tool for data collec-
tion, and in this section two key topics are presented: first, the vision that each insti-

17 The process of environmental licensing of the BR-319 overturns the jurisdiction rules established by law. This is possible
due to a precedent of the Brazilian legal system that provides preference to the maintaining of the economic and public order
over environmental regulations (personal communication, key-informant interview, 2018). As, the reconstruction of the Ma-
naus-Porto Velho is considered of “public interest”, and the rules can be “flexibilized” .
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tution sees for the future of the territory (or, when it made sense, the personal vi-
sion®) and second, the main challenges posed to the development of the region.

In total, 29 interviews were conducted with 37 persons from 26 different institutions.
One person represented two institutions at the same time, six interviews were con-
ducted with more than one person and five interviews were conducted with different
departments of SEMA. The answers were analyzed and computed for the total num-
ber of interviews (29).

Vision

The interviews with the key informants were analyzed and their perspectives on the
future categorized into 63 key statements (later called codes). By comparing the
codes of the different interviews, the key-informant statements could be grouped
into three distinct visions. In the first, informants and the road as bringing economic
development and connectivity to Amazons State and improving the quality of life of
local populations; this is supported by the establishment of a sound participatory
territorial governance in a mosaic of different land-uses operating in harmony. Seven
of 29 informants support this vision.

At the other side, the second scenario asserted that the actions implemented by the
government will not be enough to cope with the environmental impacts and that
deforestation will increase, a boom of migration and land grabbing will happen, and
conflicts over land and pressure on natural resources can be expected; this is sup-
ported by the existence of weak institutions, with lack of resources and staff and,
consequently, lack of law enforcement. Nine informants supported this vision.

The third scenario, shared by 12 of 29 informants, is midway between the previous
two scenarios, where regional development and improvement of the quality of life
occurs, but alongside deforestation, pressure on protected areas and conflicts over
land.

Despite the different perspectives, one thing the majority of them (22 of 29 inform-
ants) share in common: a future where the BR-319 road is restored and paved. Addi-
tionally, six informants affirmed that the institution does not have a formal vision es-
tablished and their answers represented a personal point of view. Only one institu-
tion did not answer this question. Lastly, Table 5 below presents the ten most-voted
codes:

18 As in the case of the members of the Legislature or researchers.
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Table 5 - Vision of the future, top ten codes

COUNT OF
VISION OF FUTURE - TOP 10 CODES ANSWER
1 | Recovery of the BR-319 22
2 | Economic development 12
3 | Pressure on natural resources 12
4 | Improvement of the quality of life of local populations 9
5 | Migratory boom 9
6 | Increase of deforestation 9
7 | Establishment of participatory governance 8
8 | Mosaic of different land uses operating in harmony 6
9 | Institution does not have an established vision 6
10 | Environmental impact 5

Potential Challenges
The answers about the potential challenges that the region might face in the future

were similarly categorized into 68 codes and subsequently grouped into 5 sub-sets
of challenges: political/institutional (shared by 25 of 29 informants), environmental

(shared by 22 informants), of territorial governance (shared by 14 informants), socio-
economic (shared by 11 informants) and a last set related to citizen participation
(shared by 8 informants). Nevertheless, different from the vision case, the grouping
of answers by challenges is not exclusive; in other words, the answers of the inform-
ants point out challenges in different subgroups.

The majority of the institutions (25) believe that the core challenge is political and
institutional. Common answers mentioned lack of law enforcement, institutional
weakness and political instability, governmental discontinuity, bureaucracy, high cen-
tralization/federalization of governmental decisions, deficient dialogue among dif-
ferent government levels and agencies, lack of transparency and corruption, political
instability, low capacity of local governments and poor performance of the state
government in municipalities away from Manaus.

The second set is related to the specific institutional weakness of environmental
agencies with consequent impact on the environment. Twenty-two informants re-
ported concerns of this type. The environmental agencies responsible for the surveil-
lance, licensing and management of PAs and for other functions (such as Ibama and
ICMBio at the federal level, and SEMA, at the state level) have been facing a gradual
decrease of budgets and staff in the last years. Informants affirm that this scenario of
weak environmental institutions leads to a lack of environmental law enforcement
and surveillance, which, in turn, could contribute to high pressure on natural re-
sources and PAs, uncontrolled expansion of colonist settlements and cattle ranching
and illegal activities, such as illegal logging and gold mining. Violence against the
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staff of environmental agencies was also mentioned, since the region of the BR-319,
and particularly the southern part of the region, it is known for confrontations be-
tween the economic sector and the environmental sector’. One interviewee also
stressed that at the root of the environmental challenges is the dominant vision of
development - espoused mutually by governments, the private sector and some lo-
cal populations - that sees the Amazon as a source of resources to be extracted and
that does not place value on the standing forest.

The third set emphasizes the challenges faced by territorial governance: this was an
issue stressed by 14 informants, who doubt the capability of the government to es-
tablish participatory governance over the territory. Specific remarks were made
about the governance of areas allocated by INCRA, the lack of integration among
the many institutions that deal with territorial planning, and a particular item of con-
cern was the "Terra Legal" (TL) policy of land distribution.

The fourth set, shared by 11 informants, stressed apprehension over social and eco-
nomic issues, such as lack of options for the youth, the arrival of Venezuelan refu-
gees, increase of violence and the expanding presence of drug gangs in the region.
Moreover, these informants stressed the need to foster economic alternatives and
counter the lack of public incentive for the rational use of the forest. Additionally,
concerns about the social invisibility of traditional and indigenous population and
increased social interaction between indigenous and non-indigenous people were
mentioned. One informant expressed his concern with Amazonas state's competitive
disadvantage as compared to the agricultural sector of Ronddnia, once the road is
repaved. The financial sustainability of the highway was also mentioned, as the
maintenance cost is expected to be high, some informants showed concerns about
the guarantee of accessibility of the road in the long term.

The fifth and last set, shared by eight informants, considered that bringing a diverse
group of stakeholders together around a common vision that includes safeguarding
environmental resources and including local people demands for decision-making is
also a key challenge.

19 In October last year, a crowd led by garimpeiros (gold miners) set fire to offices, vehicles and boats from Ibama, and IC-
MBio located in the city of Humaita. The attacks were a retaliation for a joint surveillance operation conducted by the federal
environmental agencies that destroyed mining barges that were illegally mining inside a protected area, the Humait4 National
Forest. Besides the destruction of Ibama and ICMBio offices, employee’s houses were also stoned, and Ipaam, which operates
in the same building as INCRA, was also attacked. There is evidence the local politicians, such the mayor of the city and other
counsellors, were involved (G1 Amazonas 2017; G1 Jornal Nacional, 2017; A Critica 2017, O Eco 2017)).
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Table 6 below presents the ten most-voted codes regarding the challenges:

Table 6 —Challenges, top ten codes

CHALLENGES - TOP 10 CODES COUNT OF

ANSWERS
1 | Lack of surveillance 13
2 | Migration boom 10
3 | Lack of staff for environmental agencies 10
4 | Will the Government take responsibility? 10
5 | Lack of rule of law 10
6 | Establishment of participatory governance 10
7 | Maintenance of protected areas 9
8 | Institutional weakness 9
9 | Toinclude local people demands in decision making 7
10 | Lack of resources for environmental agencies 7

The complete tables where the answers were summarized and then categorized into
codes, computed and aggregated are presented in the Appendix (case-study data-
base).
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5 Local scale: colonists’ characteristics and land-use strategies

At the local level, the focus was given to the population living along the middle
stretch of the highway , and the unit of analysis was the 48 individual households in-
terviewed. The results are present per each study case: Communities (which com-
prised 8 households), Farms (5 households) and Settlement (35 households). Using
the theoretical framework presented in chapter 2 as orientation (Figure 15), the local
scale of analysis comprises both sets of indicators: demographic and socioeconomic
characteristics of households and land characteristics.

Demographic and Socioeconomic Characteristics Land Characteristics
- Family composition: size, age, sex ratio - Land accumulation: n° properties/ household
- Origin of the family: regior/ State, previous migration, reason migration | - Lot establishment: year
- Initial settlement: year - Land tenure: open-access, communal, private
- Education: levels / years - Lot size: small, medium, large landholders
- Background experiences: with agriculture/ ranching/ forestry/ fishery - Production system: livestock, crops, tree-farming, NTFP, fishery
- Income: sources, importance for livelihood

Figure 15 — Local scale factors. Source: author, 2018

5.1 Demographic and socioeconomic characteristics

The demographic and socioeconomic characteristics consider the family composition
(size, age of household head and the number of men), the origin of the family (place
of birth and migration history), initial settlement, education levels, background expe-
rience, and income composition. Also considered is the hiring of extra labor force
and use of modern inputs such as agricultural machinery and implements.

Family composition

Starting with the demographic and socioeconomic characteristics, the average
household size was 4.14 persons, with a sex ratio of 1.07 (men per woman); addi-
tionally, the average age of the household head was 48.04 years and there was a
majority of young families with the average age of the remaining members of the
family being 19.78 years.

As the absolute numbers of households interviewed in the case of farms and com-
munities are very small (only 5 and 8, respectively), it makes no sense to discuss them
as percentages. Nevertheless, Table 7 below presents a summary of the main find-
ings on family composition for each of the three cases. The average numbers serve
here as a reference, and the important evidence to note is that families in communi-
ties have older household heads and family members, with more men, lower levels of
education and larger family size. Farms have the smallest families and have the low-
est number of men per family. The rural settlement had the youngest household
heads and other family members, as well as the highest levels of education.
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The letter “C"” in the left column represents communities, “F"” farms, and “S" the

settlement.
Table 7 - Summary of indicators of family composition
Age of house-  Age of family Fainlly size Men per Education
hold head members (n° of per- family
R (years)
(years) (years) sons) (n° of persons)
AVG_C 54,75 24,45 6,13 3,25 3,00
Min_C 30,00 2 4,00 2,00 0,00
Max_C 84,00 85 14,00 9,00 8,00
AVG_F 53,60 22,6 2,80 1,06 7,20
Min_F 34,00 2 2,00 1,00 0,00
Max_F 72,00 51 4,00 3,00 13,00
AVG_S 45,71 18 3,89 1,94 7,37
Min_S 19,00 0,3 1,00 1,00 0,00
Max_S 87,00 50 10,00 5,00 15,00
1 AVG = average, Min = minimum, Max = maximum
Origin of the family

Of the interviewed families, most of the household heads were born in the North
region of Brazil (25 persons or 52%), followed by 23% (11 persons) in the South, 15%
(7 persons) in the Southeast, 6% (3 persons) in the Northeast and 4% (2 persons) in
the Center-west. However, this result varies significantly among the three cases, as
illustrated by the graphs below (Figure 16 and Figure 17). The red bars represent the
communities, the green represent the farms, and the blue ones the settlement. The
same color scheme was applied throughout the thesis.
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Figure 16 — Colonist’s birth regions Figure 17 — Colonist’s birth State
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In Figure 16 it is apparent that all interviewed colonists living in communities (8)
come from the North region of the country and, as seen in Figure 17, more specifi-
cally from Amazonas State. All of them have a traditional background, meaning that
they have an indigenous-northeastern heritage such as riverside caboclos (mestizos);
and they came mainly from the riversides of the main rivers Purus and Madeira.

Farmers, in turn, were born in the South (3), Southeast (1) and Northeast (1) regions
of Brazil.

Colonists populating the settlement have much more variable origins, but neverthe-
less have the majority coming originally from the North (48.5% or 17 persons), mainly
Amazonas (25% or 9 persons) and Rondonia (17% or 6 persons) and from the South
(23% or 8 persons) and Southeast region (17% or 6 persons), especially he state of
Parana (17% or 6 persons). The remaining colonists were born in the Northeast (6%
or 2 persons) and Center-west regions (6% or 2 persons).

Some of the settlers (17% or 6 persons) resembled the colonists of communities,
sharing their indigenous-northeastern heritage. This is explained by the fact that Re-
alidade was, in the beginning, a traditional riverside community. Some of the oldest
families in the village state that Realidade began during the 1970s at the time of the
construction on the road. Before moving to Realidade, these families lived on the
banks of Madeira and Purus rivers, and they were familiar with the Realidade area
through their Brazil-nut collection and hunting. With the arrival of machinery and
workers, they soon realized that a road was going to be constructed, which attracted
families to establish themselves in the region, seeking new opportunities. It is not
clear when, but between the 1970s and the 1990s, the properties where the village is
located today belonged to two owners: Joao and Fritz. Jodao owned the lot on the
east side of the road while Fritz owned the lot on the west side. The lots had approx-
imately 300 meters at the front boundary and extended approximately 600 meters
back from the road. Jodo donated his property while Fritz sold his lot, both to the
municipality of Humaita (although it is unclear if Fritz actually received any money for
the transaction). In 2003, both properties were divided into smaller lots, of 15 by 25
meters (called "datas"), and then distributed, with the assistance of the association
of residents, to new families arriving in the region. The news of lots being distributed
for free were a great attraction for migrants coming to the region of Realidade, and
since 2003 the population more than doubled. Currently, the area of the village ex-
tends beyond the original properties of Joao and Fritz, without any control of the
municipal government.

The colonists' origins, however, do not tell the whole history, since 65% (31 persons)
had previously migrated to other regions before moving to the BR-319. Only one
farmer and nine settlers migrated directly from their region of origin to the edges of
the BR-319, against seven colonists in the communities. The majority of households
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migrated first to the North region (75% or 36 persons), mainly to Amazonas (37% or
18 persons) and Rondénia (33% or 16 persons) and then to the BR-319.

The history of migration of colonists deserves more attention, as it is possible to see
in

Table 8 below, which illustrates the migration flow of BR-319 colonists. In the column
at the left side are the regions where colonists were born, followed by the states of
origin, in the second column at the left. The regions and states are organized from
the North (at the top of the table) to the South (at the bottom at the table). In the
subsequent columns at the right, the migration States and regions are similarly pre-
sented. In the rightmost columns, the total number of household heads born in each
state and region are displayed; similarly, the bottom row displays the total number of
household heads from each previous migration state and region

Table 8 - Migration flow of BR-319 colonist

Migration N CW SE S
Birth AM AC RO PA|MT | MG SP|PR SC| Total/s Total/R
AM 14 - 3 - 17
N AC 1 - 1 - 2 24
RO 2 - 2 - 1 5
NE AL - - 1 1 3
BA - 2 - 2
Cw MS - - 1 1 1
MG - 2 - 1 1 4
SE ES -2 1 3 8
SP - - 1 1
S PR 1 1 3 - 1 2 8 9
SC - - 1 1
Total/S 18 1 15 1 4 3 1 1 1
45
Total/R 35 4 4 2

Table 8 shows two main findings: first, there are predominant internal influxes of mi-
gration in the North region; second, there is a pattern of migration to the north from
older expansion frontiers in the Center-west region or southern areas of the North
region. The dominant source of migration is movement of families of southern and
southeastern heritage who have lived previously on older expansion frontiers. The
same findings are displayed visually in Figure 18 below. The thickness of the lines is
proportional to the number of colonists migrating. Additionally, the blue color repre-
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sents the initial migration (from the birthplace) while the green color represents the
last migration (to the BR-319). Lastly, the BR-319 road is represented in red.

Figure 18- Migration flow of BR-319 colonist (map)

Reasons for Migration

Many reasons attracted the colonists to this frontier area, and one of the questions
of the survey was to evaluate the chief motivation. The results are summarized in Ta-
ble 9 below.

Table 9 — Reasons for migration

F
Cheap free land - 3 | 20

Abundance of resources 1
Good land quality 2

To have one's own land -
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To not be an employee anymore -
Rubber bust 2 -
Job opportunity - NTFP 2

Job opportunity - Timber

Job opportunity - Agriculture
Job opportunity - Other sector
Business

Road construction
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Return to family’s land

Health service
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Communities are presented in the second column, and they were attracted by the
advantages of a new interstate highway, such as better health and school services or
easier production flow. The bust of the rubber economy was also an essential factor,
since the decline of the primary income source of the families stimulated them to
seek land with better opportunities for NTFP collection and agricultural production.
The presence of other family members previously in the region was also a key reason
for the communities.

For the farmers, the main reasons were different as the primary goal was to acquire
their own good-quality land or to change from a hired employee to an independent
farmer with his or her own land. Also relevant was the network information, since
before arriving they heard from friends or family members that there was cheap (or
even "free”) land available in the region.

With the settlers, the scenario is more diverse, but the basic motivation was also to
acquire their own land, and the prospect of available cheap land was predominant.
Similarly, to the communities, the rubber bust and the previous presence of family
members were significant to some of the settlers.

Initial settlement

Six percent (3 persons) arrived in the 1960s, 17% (8 persons) arrived during the
1970s, another 6% (3 persons) arrived during the 1980s, 10% (5 persons) during the
1990s, 8% (4 persons) in the 2000s and the majority of 52% (25) after 2010.

It was observed that in the communities three colonists arrived during the 1960s and
another two during the 1970s with the announcement and later construction of the
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road, another colonist arrived during the 1980s and the last two arrived after in the
1990s.

Two farmers came with the construction of the road during the 1980s, one farmer
arrived during the 1990s, and the last two others arrived more recently after 2010,
boosted by the promises of the reestablishment of the highway.

Lastly, in the rural settlement analyzed, six early settlers arrived during the 1970s
(17%) essentially those coming from traditional communities in the region, but the
great majority of people arrived after 2010 (66% or 23 persons). The graph below
(Figure 19) illustrates these findings:

% - N° Families

80s 00s
Time of arrival

Figure 19 — The Initial time of settlement

Education

Much lower levels of education are visible in the case of Communities, with the ma-
jority of the population (3 persons) having basically no education (illiterate) or only
primary level of education (4 persons). This more specific finding can be seen in the
graph displayed in Figure 20.

For Farms, higher levels of education can be seen, since one household reached the
upper secondary education level and another one the tertiary level. Even though
these were not the majority. In the settlement, the majority of the households were
either at the primary (32% or 11 persons) or lower secondary (32% or 3 persons) lev-
els, but, at the same time, there was a single case where three persons (9%) with a
bachelor’'s degree were found. Education levels were classified according to the In-
ternational Standard Classification of Education, provided by UNESCO (2011).
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UNESCO)

Figure 20 — Education levels per study case

Background experiences
All of the colonists had previous experience with agriculture, forestry, ranching or
fishery but with some differences. Residents of communities did not have previous

experience with animal husbandry, but all with agriculture and forestry and six with
fishery. Farmers had much lower familiarity with forestry (only 1) and none with fish-
ery, but they have agriculture (4 persons) and ranching (3 persons) experience in-
stead. Settlers, in turn, had prior experience with agriculture (74% or 26 persons),
ranching (43% or 15 persons), forestry (26% or 9 persons) and fishery (17% or 6 per-
sons, and here again the ones with caboclo/ mestizo heritage). It is important to clari-
fy that Forestry here means both timber and non-timber forest products (NTFP) ex-
traction.

Income
The average overall monthly household income was R$9083.25 (EUR 2179.98), while

settlers have an average income of R$13,357.90 (EUR 3250.90), farmers R$8514.00
(EUR 2043.36) and residents of communities R$5376.86 (EUR 1290.45). Given the
household size of 4.14 persons, the average per-capita income was R$2194.02 (EUR
526.57), which is similar with the national per-capita average income of R$2169.00
(EUR 520.56) and higher than the per-capita average income for the North region of
R$1665 (EUR 399.60) (IBGE 2018a, 2018b).

When it comes to the different sources of income, colonists presented a very diversi-

fied portfolio. Ten different sources of income were identified, as is presented by
Table 10 below:
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Table 10 - Different sources of income

1 Farm income, and here considering agriculture, ranching and forest utilization, both timber
logging and NTFP collection. Forest utilization was considered part of the farm income as
long as it was carried out inside the lot boundaries

2 Fishery

3 Collection of NTFP, and here uniquely when realized outside the boundaries of the lot

4 Job in the agricultural/ forest sector

5 Job in other sectors

6 Retirement

7 Government support, such as pensions or compensation for fishers for closed seasons for
fishing (in Portuguese seguro-defeso)

8 Bolsa familia?°, a particular government support that is part of the income composition of
the majority sampled households, as much that it was considered apart from the others

9 Business, such as restaurants, grocery store, hotels and so on

10 | Other sources, such as remittances

Two principal analyses were conducted about the income. The first considers the
number of families engaged in the ten different activities mentioned above (Figure
21). The second concerns the share of each activity in the total income composition
(Figure 22).

In the communities, all of the interviewed families count on Bolsa familia and named
as the main sources of income the "farm" (7 families), "collection of NTFPs" (4 fami-
lies), "retirement" (4 families) and "fishery" (3 families) Fewer families also gained
incomes from the categories job in other sectors (2 families) and government support
(2 families) as well as Business (1 family) and Job in the agricultural sector (1 family).

Similarly, farmers dependent less on Government support compared to the Commu-
nities and most of the families have the Farm (4 families) and Retirement (4 families)
as the primary sources of income. However, Collection of NTFPs, Job in other sec-
tors, Job in the agricultural sector, Bolsa familia and Business are each a source of
income for, respectively, one family of the households interviewed.

In the settlement, Bolsa familia (51% / 18 families), Job in other sectors (46% / 16
families) and the Farm (34% / 12 families) are the most frequent sources of income.
Followed by Retirement (23% / 8 families), Business (23% / 8 families), Collection of
NTFP (17% / 6 families), Job in the agricultural sector (14% / 5 families), Others (11%
/ 4) and lastly Government support (6% / 2 families) and Fishery (6% / 2 families).

20 Bolsa familia is a government direct cash transfer program designed to reduce poverty. The monthly payment is tied to child
vaccinations and school attendance and it changes according per-person income, number of children and adolescents up to 17
years old, and number of pregnant and lactating women in the family (Caixa 2018; NASDAQ 2018). In the sample, the amount
varied from 120.00 to 427.00 reais.
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Figure 21 - Percentage of families per source of income

It is important to note that numbers such 34% of the families that live in settlements
are involved with agriculture do not mean that 66% do not perform agriculture at all,
but rather that only 34% of the families have agriculture as a source of income. Sub-
sistence agriculture was not computed here.

The share of each activity in the total amount of income of the families is shown in
Figure 22 below. While all of the families living in communities had Bolsa familia as a
source of income, this government support represented only 4% of the total income.
Other minor contributions came from Business (2%), Job in the agricultural sector
(3%), Farm revenue (5%) and other Government supports for (7%), while the major
contributions came from Collection of NTFP (12%), Fishery (13%), Job in other sec-
tors (23%), and the most significant share, Retirement (30%).

With farmers, the major contributions came from Job in other sectors with 44%, Re-
tirement with 14% and Farm income with 18%. In other words, even though Farm
income is one of the main contributors it is still not the chief source of income for
farmers. Job in the agricultural sector accounts for 9% of the total income, Collection
of NTFPs for 8%, Business for 5% and Bolsa familia for 2%.

The findings are presented in Figure 22:

65



20
) ..
. [ | | --—

) I .
0 -. I

% — Amount of income per total

) I.I I

<
vew ‘&v \@‘0\ o@e o O\\\z
N

&
e 9’2‘ R
® a()‘ 0 52
X

Sources of income

Figure 22 — Percentage share of each source of income per total amount

In the settlement, Bolsa familia also had a small share of the total income of the fami-
lies, representing only 2%. Government support and Other sources also represented
only a small participation with 1% and 2% respectively. In contrast, Business (23%),
Job in the agricultural sector (20%), Retirement (17%) and Job in other sectors (11%)
were the most important contributors. Lastly, the income coming from the Farm rep-
resented 7% of the total and Collection of NTFP and Fishery 8% each.

A summary of the absolute values is displayed in Table 11 below. Again, the average
amounts for the families and communities serve here merely as a reference, and the
important evidence to note are the most-important sources of income, which are
highlighted in red.

Table 11 — Summary of different sources of income (BRL)

o

P (o) . g
o o = B
> [ G A o o S z
= & o O | w i 2 < s
= I = 7 v < T 2 w i
X » = s o @ = > < 3
- o o w > o) 3 b =
I m = [m
2 [ O o [

o [a1]

AVG 9057 ‘ 711,00 ‘ 647,00 ‘ 167,00 | 1.260,00 | 110,00 0,00 397,50 201,29 | 1.592,50

o | MN " 400,00 40000 200,00 167,00 920,00 110,00 0,00 397,50 120,00 954,00
MAX'" 916,00 900,00 1.27500 167,00  1.600,00 110,00 0,00 397,50 391,00  1.908,00
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AVG 0,00 708,00 800,00 400,00 0,00 0,00 163,00
MIN " 425,00 0,00 708,00 800,00  3.750,00 400,00 0,00 0,00 163,00 930,00
MAX " 3.260,00 0,00 708,00 800,00  3.750,00 400,00 0,00 0,00 163,00  1.908,00
AVG 100025 1.062,50 ‘ 1.112,50 ‘ 2.725,20 ‘ 1.452,19 225,00 175,00 241,39
MIN 90,00 125,00 45,00 50,00 35,00 200,00 100,00 150,00 120,00 954,00
4.780,00 2.000,00 5.600,00 8.150,00  6.000,00 10'0000'0 300,00 200,00 427,00  6.700,00

' AVG = average, Min = minimum, Max = maximum

Overall, income sources can be grouped into four sets: Farm income, Extractivism
(which considers NTFPs and Fishery), Government support (with Bolsa familia, Re-
tirement and other Government supports), Off-farm income (with Job in the agricul-
tural sector, Job in other sectors, Business and Others), as displayed in Table 12 be-
low. The table shows the average income provided by the four sets, as well the share
they represent in the total income. In this manner, the primary source of income for
the colonists who live in communities is Government Support (with 41% of the total),
for the farmers is Off-farm income (with 58%) and for the settlers is, again, Off-farm
income (56%).

Table 12 — Four main sets of income sources

FARM OFF-FARM GOv.
INCOME EXTRACTIVISM INCOME SUPPORT

c 290,57 1.358,00 1.537,00 2.191,29
5% 25% 29% 41%

F 1.507,50 708,00 4.950,00 1.349,50
18% 8% 58% 16%

S 1.000,25 2.175,00 7.444,01 2.738,64
7% 16% 56% 21%

In overall, Government Support is a relevant source of income for all, income from
Extractivism represents a significant source of income both for Communities and the
Settlement. Moreover, Farm income has minor importance for the composition of
colonist's income, even though it is more significant in the case of farmers. When the
income from the farming activity is disaggregated, five sub-sources could be identi-
fied: temporary agriculture, perennial agriculture, forest utilization and animal hus-
bandry (which was divided into small animals and cattle). Hence, it is possible to
make the same comparison as made before (the total number of families and share
of income) for these five sub-sources, as is displayed in Figure 23 and Figure 24 be-
low. Worthy to mention: the following analysis only considered the households that
have farming activities as a source of income (23).
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As seen in the Figures above, farmers were mostly involved with Cattle ranching (4).
They are also involved with Forest utilization (2), Perennial agriculture (1) and Hus-
bandry of small animals such as pigs and chickens (1). It important to clarify that the
participation of farmers in forest utilization is mainly related to the collection of
NTPF, since none of the farmers reported log extraction; nevertheless, farmers do
not to collect NTFP but instead they allow others to collect inside their lot and re-
ceive a share of the revenue, alternatively the act as middleman transporting the
production to the city. Interesting to mention is that none of the interviewed farmers
were engaged in the plantation of Temporary crops for economic reasons. One
farmer was not considered in this analysis since this household did not report Farm
activities as a source of income. Similarly, the same happens for the communities and
the settlement.

Communities, quite the reverse, do not raise Cattle, and they were mostly engaged
with Forest utilization (6 families), Temporary agriculture (5 families), Perennial agri-
culture (4 families) and Husbandry of small animals (141 family).

In the settlement, families were mostly involved with Perennial agriculture (75% / 9
families), Forest utilization (58% / 7 families), Temporary agriculture (42%/ 5 families)
and Husbandry of small animals (17%/ 2 families). None of the settlers interviewed
were raising cattle for economic purposes.

About the share of each farming activity in the total farm income, the most signifi-
cant share for communities came from Perennial Crops (51%), followed by Forest uti-
lization (24%), Temporary crops (20%) and Small animals (5%). While for farmers, Cat-
tle ranching accounted for 61% of the income followed by Perennial crops with 29%,
Forest utilization with 4% and Husbandry of small animals with 6%.
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Lastly, in the settlement, the most meaningful share came from Perennial crops
(43%), accompanied by Forest management (30%), Temporary crops (24%) and Hus-
bandry of small animals (2%).

Livestock
The average herd size averaged 46 head for cattle owner, but only four households

(all of them farmers) reported having cattle. The maximum number of animals was
110, and the minimum was 6.

Principal non-animal farm products

Table 13 —Temporary crops, perennial crops and forests products

Temporary crops Perennial crops Forest products

- Cassava - Banana - Logs

- Pineapple - Acai - Acai

- Yam (Euterpe oleracea) - Brazil-nut

- Potato - Cocoa - Copaiba oil

- Pepper - Coffee (genus Copaifera)

- Ginger - Cupuagu - Andiroba oil
(Theobroma grandiflorum) (Carapa guianensis)

- Pupunha

(Bactris gasipaes)

For all the families sampled, the Temporary crops, Perennial crops, and Forest prod-
ucts associated with income generation were those displayed in Table 13 above. Two
remarks can be made: first, communities had the most diverse production of Tempo-
rary crops; second, most of the production of Perennials was in agroforestry systems,
with the exception of banana that is largely produced in monocultures.

The Forest products presented above considered both when the collection was done
inside public forests or in the family's own lot. In all the three cases, colonists were
engaged in the collection of NTFPs, especially acai and Brazil-nuts, which are two
very popular products in the region and an indispensable source of income during
the rainy season. Nonetheless, communities were most engaged in pure extractivism
in primary forests on public land, chiefly in Protected Areas, namely FLONA Balata
Tufari and RDS Igapo-acu. In the settlement, 4 colonists (11%) equally engage in ex-
tractivism in the FLONA Balata Tufari. Log extraction was reported only by one
household in the settlement.

Off- farm income
The off-farm income was divided into Jobs in the agricultural and forest sectors, Jobs

in other sectors and Business, as presented in Table 14 below. Special attention must
be given to the logging sector that includes 4 sawmills in Realidade and employs
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tree fellers, sawyers, and cabinet-makers, as well as businesses such as log freight.
The owner of one of the sawmills was interviewed. Moreover, the demand for labor
in the agricultural sector is mostly generated on larger farms in the region.

Table 14 — Main off-farm job and business

Jobs in Agriculture and Forest sectors
Jobs in the Agricul- Jobs in the Forest Jobs in other sectors Business
ture sector sector
Cleaning pasture Tree fellers Health agent Restaurants
Delimiting lot Sawyers Driver Hotels and bed
boundaries Cabinet-maker Nurse and breakfast
Forest felling Diagnosis of Public agent Grocery store
Building fences timber potential Teacher Bakery
Harvesting Nanny Variety shop
Farm manage- Butcher House rental
ment and House cleaner Auto repair
Planting pasture Maintainer of Log freight
the cable lines Sawmill
for telephone
company
- Middleman
- Tourism (sport-
fishing)

Plans for future investments

One of the questions of the survey was related to the plans for the future, and some
of the answers given were related to future investments. They are presented in Table
15 below:

Table 15 — Plans for the future (investments)

(o S F
Fish-farming 1 2 -
Tourism 2 1 -
Increase livestock/ Start to raise cattle - 12 2
Agriculture modernization - 3 -
Expand business - 5 -

As presented in the Table above, colonists in communities planned on investing in
fish-farming and tourism. Farmers planned to increase livestock. Settlers presented a
more diverse portfolio, considering investments in fish-farming and tourism, and to
modernize agriculture with the use of machinery or to expand businesses. It is im-
portant to note that in the year 2018 none of the households interviewed in the set-
tlement had livestock, but 16% of them planned to start raising cattle in the future.
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Modern Inputs
Communities had no access to machinery, pesticides or fertilizers and did not hire

extra labor. On the contrary, 3 families of farmers used agricultural machinery, 4
used pesticides for cleaning pasture and another 3 families hired extra labor for help-
ing with daily farm activities; 39% (5 families) of the settlers used agricultural machin-
ery, 39% (5 families) used fertilizers, and another 69% (9 families) used pesticides,
but only 6% (1 family) hired extra labor.

5.2 Land characteristics

The set of land characteristics comprises the process of land accumulation, time of
lot establishment, land tenure, lot size and production system.

Process of land accumulation
During the survey, interviewed households were asked to talk about the land alloca-

tion inside their lot, and it was soon realized that many of the families were describ-
ing a lot which was neither where they were living nor the lot where the question-
naires were being conducted; it was therefore necessary to investigate the process
of land accumulation.

A total of 75% (36 families) had more than one property in the region. Particularly in
the communities, 3 families had more than one property. They were precisely the
ones living in the Communities of Sao Sebastido do Igapé-acu and Nova Geragao,
close to Manaus. These families had lots inside the settlement projects of INCRA,
PAE Igapd-acu 1 and 2, or inside the RDS Igapd-agu. They used the second lots for
agricultural production but were living in another lot next to the road, where the
Communities are located.

In the settlement, 83% (29 families) also had more than one property. In general,
families were living in Realidade, with better access to services, in an urban context
and had their agricultural production further away in INCRA settlements or in spon-
taneously occupied areas. Of the farmers 4 families have more than one lot in the
region, to guarantee land for their children when they grow up and, to expand pas-
ture areas or to serve as environmental compensation for already deforested areas,
or, as reported by one farmer, for “safety reasons”.

The following topics address the characteristics of the main lot reported by the inter-
viewed colonists. The researcher did not interfere in the decision to define which lot
was the most important one for the households.
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Initial lot establishment

Seventy percent of the lots were established after 2000, 17% (8 lots) during the
2000s and 54% (26 lots) after 2010. Additionally, other 15% (7 lots) were established
in the 1990s.

It was observed that in the communities one lot was established during the 1970s,
one during the 1980s, two lots during the 1990s, three lots in the 2000s and the last
one after 2010. In the farms, one lot was established during the 80s two lots were
established during the 1990s, one lot during the 2000s and another one after 2010.
With the settlers, one (3%) lot was established in the 60s, one (3%) in the 1970s, 3
(9%) lots were established during the 90s (17%), four (12%) during the 00s and the
majority of lots were established after 2010 (69% or 26 lots). One settler also report-
ed having a lot that was established during the 1940s, which is hardly possible, and
another one did not remember the date of initial establishment. The graph below
(Figure 25) illustrates these findings:

70 a0s 905
Property - Time of establishment

Figure 25 - Initial time of lot establishment

Land tenure

Concerning land ownership, three regimes of property rights were reported by colo-
nists: open access, common property, and private property. Land and resources sub-
ject to open-access have no exclusive and transferable rights, they can be claimed
and utilized by anyone (Bromley 1991); this is the case of non-designated public
lands, or terra devoluta as already mentioned before in section 2.2.

Properties that are under common property are jointly owned by a limited group of
individuals, who are entitled to exclude others. Usually, there are rules, such as stat-
utes, which may guide the use of resources and bestow power to a majority to make
binding decisions (Stevenson 1991). In the study area, common properties such
these exist inside PAs with sustainable use of natural resources (IUCN category VI,
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Dudley 2008) here specifically the RDS Igapé-acu, and the special INCRA settlement
projects, such as PDS Realidade and PAE Igapd-agu 1 and 2. Both the PAs and in the
settlement projects foresee collective use of natural resources with common owner-
ship. Additionally, both are subject of some kind of collective rules established for
the shared management of natural resources. In the RDS these rules are outlined by
the management plan and in the settlements by the utilization plan. However, it is
necessary to elucidate that hardly any utilization plan is established by INCRA with
the colonists and, in practice, the settlements are colonized with an individualistic
approach without taking into account any collective goal (INCRA, personal commu-
nication, key informant interview).

Lastly, private properties are those assigned exclusively to individual persons (Ekback
2009).

In general, 52% (25 families) reported having lots under an open-access regime, 29%
(14 families) under common property and 19% (9 families) under private property. In
the communities 2 families were occupying properties in an open access regime
while the remaining 6 families were under common property. In the farms, 4 families
claimed to have private properties, and only one family alleged to have bought the
property from previous owners 38 years ago, but only possessed the buy-and-sell
receipt, and thus was considered to be under the open-access regime. In the settle-
ment, 20% (7 families) were under common property, while 66% (23 families) were in
areas under open access. The remaining 14% (5 families) claimed to have private
properties.

Property size
The size of the properties is another point to note: they varied between small land-

holders with properties up to 100 hectares, to medium landholders with properties
of 100 to 600 hectares and large holders who own properties with 600 hectares or
more. The evidence shows that in the BR-319, in general, there was no predomi-
nance of large holders. Sixty-five percent (31 households) were small landholders,
27% (4 households) owned medium properties, and only 10% (4 households) owned
properties with 600 hectares or more. The average lot size was 202.24 ha, ranging
between 0.02 ha and 3000 ha. The four large holders owned only 10% of all proper-
ties but occupied more than 55% of the surveyed area. The biggest large holder was
a resident of a community, with the tenure regime under common property. Figure
26 below displays the results for each case.

73



w
:
—
|
60
:
|

60
0
?0 -
o ——
-~ K By
)
Land

Figure 26 - Lot sizes

% - N° Families

As seen in the graph above, in the communities, four households were small land-
holders, three households were medium landholders and one household was a large
landholder. Residents of communities had the largest areas, averaging 501.37 ha. Of
the farms, two households owned small properties, one household owned a medium
property, and two households owned large properties. The average lot size was 428
ha. In the settlement the majority (71%, or 25 households) were small landholders,
26% were medium landholders (9 households), and large landholders represented
only 3% (1 household). The average lot size was 101.61 ha.

Land-use allocation and production systems

Moving to the land-use allocation types, six categories are discriminated: pasture,
temporary crops, perennial crops, agroforestry, secondary forest young (fallow), sec-
ondary forest old?' and primary forest. For all families, independently where they live,
there is a fair distribution of different land-use types. All families have land distribut-
ed among the above-mentioned land uses, with the exception of pasture, which
communities did not acknowledge.

Figure 27 and Figure 28 below present the percentage of each land use in the total
amount. To facilitate the visualization, in the second figure at the right, Primary For-
est was excluded.

21 Until 5 years: young secondary forest or fallow. After 5 years: old secondary forest.
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Colonists who live in communities had only a small fraction of their land allocation
altered to other land use types such as temporary crops, perennial crops, or agrofor-
estry; and none was assigned to pasture. The highest amount was allocated to Agro-
forestry and Secondary forest and they also have the biggest areas of crops, both
temporary and perennial, which besides being an important source of income, also
provides agricultural products for family consumption. This is easily illustrated in Ta-
ble 16 below, which shows the average amount of land allocated to each category.
The distribution of land in the settlement and farms are also presented in Table 16.

Farmers had a much higher concentration of land in pasture, but also had land in dis-
turbed secondary forests, and smaller proportions were allocated to agroforestry
and agricultural crops, both temporary and perennial.

Settlers had a significant fraction of their land altered from original forests, namely to
pasture, secondary forests and agroforestry. Nevertheless, the area of croplands was
small, and no cattle were reported in the pasture for economic purposes.
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Table 16 - Summary of land use indicators

PASTURE  TEMP. PEREN. AGROF. 2ARY 2ARY 1ARY
(HA) CROPS CROPS (HA) FOR.Y. FOR.O. FOREST
(HA) (HA) (HA) (HA (HA)
AVG 0,00 1,50 1,63 2,38 2,69 4,06 590,13
O | Min 0,00 0,00 0,00 0,50 0,50 0,00 47,00
Max 0,00 3,00 13,00 5,00 10,50 15,00 2992,00
AVG 45,20 0,90 1,00 3,00 9,65 17,20 229,40
w | Min 6,00 1,78 0,00 1,00 0,00 0,00 0,00
Max 100,00 3,50 3,00 7,00 40,00 60,00 697,00
AVG 9,01 0,79 0,30 1,71 0,48 4,84 64,26
v | Min 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Max 95,00 6,25 7,00 97,50 12,50 37,50 394,00

' AVG = average, Min = minimum, Max = maximum

Future land allocation plans
Concerning future land-allocation plans, as shown in Table 17 below, residents of
communities planned to expand their area of temporary and perennial crops. Farm-

ers and settlers intended to expand their areas of pasture and agriculture, but Farms
focused on pasture, while the Settlement focused on agriculture.

Table 17 - Plans for the future (land allocation)

cC F S
Expand pasture - 6
Expand temporary crops 3 3 16
Expand perennial crops 4 1 8
Sell and move - - 3
Sell and stay 2 7
Share land among children 1 2 6
Acquire more land - - 2

Additionally, residents in the communities planned to share their properties with
their children or to sell their properties (but to continue in the region). For this, they
counted on other properties they had accumulated. They also imagined selling a
share of their properties, thus reducing their land holdings. Farmers alleged to only
plan to share their properties with their children while the settlers recognized that
they planned to acquire more cheap or even free land and sell it afterward.
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5.3 Common indicators of deforestation

Six categories of land use are discriminated in the topic 4.1.2 (land-use allocation):
temporary crops, perennial crops, agroforestry, young secondary forest (fallow), old
secondary forest and primary forest. The goal in this section is to examine how the
choice of land-use relates to deforestation. Deforestation here is considered to be
the sum of pasture, crops, agroforestry and fallow.

To start, a comparison between the land allocation and deforestation was made. In
Table 17 below the average land use in each case is presented on the left side, and
the total sum of deforestation (considering all households in each case) and the aver-
age deforestation are presented on the right side:

Table 18 — Amount of deforestation in each study case

LAND USE DEFORESTATION
Tem. Per. Sec- Sec-
Pasture crops  crops Agrof. ondary ondary | SUM AVG
(Y) (O)
0,00 1,50 1,63 2,38 2,69 4,06 44,00 5,50
F | 45,20 0,90 1,00 3,00 9,65 17,20 | 250,50 50,10
S| 9,01 0,79 0,30 1,71 0,48 4,84 297,50 11,80

Once again, the average numbers serve here as an objective reference, and the im-
portant evidence is that the highest average rate of deforestation is observed in
farms, driven by the establishment of pasture; however, as seen in Table 18 above,
the total sum of deforestation achieved by the 35 settlers (297.5 ha) is even higher
than the total deforestation accumulated by the five farmers (250.50 ha). It is im-
portant to remember that the sample followed an equal ratio of 10% for the three
study cases. Nevertheless, independent of being farmers or settlers, what both have
in common is the drive for pasture, which is undoubtedly the principal cause of de-
forestation among the sampled population. As already mentioned, none of the set-
tlers reported raising cattle for economic purposes and the income arriving from cat-
tle ranching represented a minuscule part of total income of farmers.

When only the top 5 colonists with most area deforested are analyzed, as presented
in Table 19 below, it is possible to see that farmers and settlers were the dominant
factors for the overall deforestation. In Table 19 average lot size, deforestation, and
the six categories of land use are presented in hectares. The Table does not include
the area allocated to houses, infrastructure or the area occupied by waterbodies. The
five colonists presented below were responsible for 56% of all deforestation cap-
tured by the survey.
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Table 19 - Top 5 colonist that most deforest
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Many variables may interfere in the outcome of deforestation. From the literature,
there is plenty of evidence indicating that many variables have a prevailing impact on
deforestation, and from the theoretical framework, a selected number of variables
were preferred for comparison. However, is there indication of a tendency between
any variable and deforestation in the case of the BR-319?

In order to investigate this question further, a multiple regression analysis was per-
formed to determine whether there are statistically significant relationships between
the independent variables and deforestation. Six variables were preferred for analy-
sis: in the household demographic and socioeconomic factors the variables com-
pared were the number of men, education levels and income; in the land characteris-
tics, the selected factors were lot size, length of residence on the property and dis-
tance to the BR-319. There are indications from the literature that these selected
variables generally have positive impacts on deforestation.

The regression assesses if there is a relationship between the continuous dependent
variable (deforestation) and the independent variables listed above. The results
(summarized in the codes below) show that there is an overall low significance be-
tween the variables. However, at least one predictor is significantly associated with
the outcome (deforestation). This is indicated by the t-statistic and the associated p-
value highlighted in red, as well as the significance level indicated by the star symbol.
The high t-statistic and low p-values, as well as the level of significance, indicate a
statistically significant relationship between income and deforestation among the
sampled households.

##

## Call:

## Im(formula = as.formula("Deforestation ~."), data = data2)
H##

## Residuals:

78



## Min 1Q Median 3Q Max
## -30.205 -9.985 -3.893 2.937 80.271

##
## Coefficients:
H#it Estimate Std. Error  tvalue Pr(>[t|)

## (Intercept) 6.692374 11.046641 0.606 0.5482

## Lot_size 0.006382 0.007912 0.807 0.4249

## Man -1.736782 2.491107 -0.697 0.4899

## Education  0.059857 0.970337 0.062 0.9511

## Distance -0.225691 0.639506 -0.353 0.7261

## Lot_year -0.138829 0.251688 -0.552 0.5845
##Income  0.003966 0.001671 2.373 0.0228 *

## Signif. codes: 0 ***' 0.001 "**' 0.01 *' 0.05"." 0.1 " " 1
#i

## Residual standard error: 23.91 on 38 degrees of freedom
## Multiple R-squared: 0.1792, Adjusted R-squared: 0.04963
## F-statistic: 1.383 on 6 and 38 DF, p-value: 0.2465

A simple regression analysis considering only the variables deforestation and income
was also performed. The graph (Figure 29) below displays a visualization of the anal-
ysis and suggests a linearly increasing relationship between both variables; this is
also corroborated by the correlation coefficient, which measures the level of the as-
sociation between the two variables and is presented by the R-value at the top of the
graph (R= 0.379296), and by the p-value (p = 0.01).

Figure 29 — Linear regression analysis (Deforestation vs Income)

Nevertheless, seeing the graph above and analyzing the Residual Standard Error
(RSE), the R? value and the F-statistic of the multiple regression (presented in the
Codes above) there is an indication that, in overall, the regression model does not
properly fit the data. The high RSE (representing the average variation of the obser-
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vations points around the fitted regression line) indicates that the observed defor-
estation values deviate from the true regression line by approximately 23.91 units on
average (or a percentage error of 181%). Additionally, the low adjusted R-squared of
0.04963 suggests that the regression model did not explain much of the variability in
the outcome. The low F-statistic of 1.383 and the p-value 0.2465 indicate an overall
low significance of the model. Nevertheless, this was an expected result, since only a
small sample of 48 households, or 10% of the population, was interviewed. The esti-
mation of relationships among variables was done here more as an indicator of the
dynamics of land-use allocation rather than to prove any linear causation.
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6 Discussion

The goal of this section is to describe and interpret the implications of the findings
presented in the last chapter, in light of previous studies on frontier development.
Remembering that this case study has a descriptive and exploratory purpose, the
goal is (1) to describe the colonists shaping frontier development on the Manaus -
Porto Velho road, as well as (2) to explore which variables predominant affect colo-
nist’s land-use decision with consequence towards deforestation. Additionally, (3) to
investigate the institutional and political environment and the potential challenges
for the sustainable development of the region.

The guiding questions of analysis are:

i.  Who are the colonists on the BR-319?
ii.  What are the characteristics of the land they occupy?
iii.  Which factors predominantly influence colonists’ deforestation?
iv.  What are the potential challenges for the sustainable development of the ter-
ritory?

It is important to recall once again that case studies are generalizable to theoretical
propositions and not to populations or universes. In this sense, the purpose of a case
study is to compare empirical evidence with previous theories and findings (analytical
generalizations), rather than to compute frequencies (statistical generalizations) (Yin
2009). The different sources of evidence were analyzed to assess whether the evi-
dence supports the initial propositions presented by the theoretical framework of
the study described in chapter 2, which states that colonists usually have some simi-
larities and are influenced by different sets of variables, both exogenous and endog-
enous, which affect their land-use strategies. While this case study does not aim to
explain the proposition completely, it gives some indications and helps to narrow
down a very broad context and to delineate further research needs and hypotheses.

A key statement should be made first: even though this case study never aimed to
produce statistical generalizations, the initial goal was to achieve a bigger sampling
ratio (of at least 30%). However, as already mentioned, before the fieldwork the only
available information about the population living in the study area was completely
out-of-date, and once in the field a new estimation had to be done, which was very
time-consuming, especially for the village Realidade. Accessing the middle stretch of
the BR-319 is not an ordinary task, and a complex expedition with a rented 4 by 4 car
and a team of 5 persons was carried out together with Idesam (two additional short-
er and less comprehensive expeditions were also done with SEMA). To achieve a
sampling ratio of at least 30%, at least double the available time and resources
would be needed in the field, which was not possible for this master's thesis to
achieve. Additionally, 2018 had a significantly long rainy reason, which put the field
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expedition on hold while waiting longer than expected for the rains to lessen. In the
end, the biggest limitation of this research was underestimating the growth pattern
of the frontier. However, the new estimate of the population is already a novelty. The
choice of the case study approach as the research strategy allowed benefiting from
previous studies for the development of a theoretical framework that contributes to
analytical generalizations and serves as a qualified explanation of the low statistical
significance obtained from the current sample.

6.1 The colonists shaping frontier development on the Manaus — Porto Velho road

6.1.1 Profile and background

On the BR-319 colonists had an average household size of 4.14 persons with a sex
ratio of 1.07 (men per woman), the average age of the household head was 48.04
years, and the average age of the members of the family was 19.78 years. There was
a preponderance of young families, especially in the settlement. Families in commu-
nities had the oldest household heads, more men and larger family size, while the
farms had the smallest families and the lowest number of men per family.

Comparing these empirical results with other frontier areas (Moran 1971; McCracken
et al. 2002), there was a similar tendency for consolidation of young families, with a
high numbers of men (Carrero and Fearnside 2011; Pichén 1997). The average
household size is similar to the average four people found by Simmons et al. (2016)
in Southeastern Pard and the 3.6 persons found by Carrero & Fearnside (2011) in
Apui, Amazonas; but lower when compared to 6,6 persons per household found by
Marquette (1998) and Pichén (1997) in the Ecuadorian Amazon and 7.3 by Perz et al.
(2006) in Uruara in Para.

In the BR-319 case, most of colonists were born in the North (52%), South (23%),
Southeast (15%), Northeast (6%) and Centre-west (4%) regions. However, this result
varied significantly among the three cases. The findings about the birthplace of fami-
lies showed a somewhat different outcome from other frontier areas. Moran (1975)
found that in the Transamazon region close to Altamira, Pard, settlers came mainly
from the South (38%), Northeast (32%), North (14%) and Center-west (14%), while
Fearnside (2001a) found that in southern Pard migrants came predominantly from
the Northeast region, specifically from the state of Maranhdo. Goza (1994) found
that in Rondonia the vast majority of settlers arrived from the states of Parana, Mato
Grosso and Mato Grosso do Sul.

When looking only at the results of the Settlement (where 48.5% originally came
from the North region, 23% from the South and 17% from Southeast), the findings of
this research indicate a slightly different pattern of migrants arriving in the region of
the BR-319, when compared to the findings of Carrero & Fearnside (2011). These
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authors investigated a similar scenario in the region of Apui, in the Juma Settlement
Project, which is also in the influence area of the BR-319, but there approximately
77% of the households were from the South and Southeast regions of Brazil (43.9%
and 32.9%, respectively), while only 8.5% were from the North region.

There is an indication that in this new frontier of the BR-319, colonists, in general, are
no longer arriving from the Northeast as had been the pattern on older frontiers, but
rather from internal fluxes in the North region. Nevertheless, the flow of migrants
from the South remains. These findings are also corroborated by the findings about
their migration trajectories.

The majority of the colonists (62%), and remarkably farmers and settlers, had migrat-
ed previously to other regions before arriving on the BR-319. A common generaliza-
tion could be made that there is an indication of a characteristic pattern of migration
to the north from older expansion frontiers in the Center-west or North regions, spe-
cifically to southern Amazonas and Rondoénia, followed by the final migration to the
BR-319 region. The pattern of migration stemming from internal fluxes of settlers
inside the Amazon region has already been noted by Becker (2001).

The migration trajectory is likewise similar to the findings of Carreiro & Fearnside
(2011) where only 27.8% of the households migrated directly to Apui from their re-
gion of origin, 24.4% first moved to the Center-west region and then to Apui, while
41.1% of the households resided first in Rondénia and 6.7% in Paraguay. Pichon
(1996) also found that in the Ecuadorian Amazon over half of the households had
periods of residence in other areas away from their places of birth previous the final
migration to the frontier he investigated.

As a new frontier, the majority of colonists (60%) arrived at the BR-319 after 2000.
Additionally, another 17% (8 persons) arrived in the 1970s. Comparing these findings
to previous studies, in the Transamazon Moran (1975) and Fearnside (1985) found
the majority of migrants arriving during the 1970s. In Ecuador Pichdén (1997) indicates
that the vast majority of settlers arrived in the 1970s and 1980s. In Rondénia, Goza
(1994) found that migrants arrived during the 1970s and 1980s as well, while Carrero
& Fearnside (2011) found an average residence in Apui of 16 years.

Farmers came mostly with the construction of the road during the 1980s (40%), but
also more recently after 2010 (40%). Settlers often arrived after 2010 (66%), never-
theless, some of them (17%), born in traditional communities of the region, also ar-
rived during the 70s. A network that transmits information about available land to
outside the region attracting people and stimulating migration has a preponderant
role. This evidence is visible when considered that farmers and settlers claim to arrive
at the BR-319 mainly attracted by the offer of cheap or “free” land and the goal to
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have its own property. The importance of this information network is also corrobo-
rated by the findings of Simmons et al. (2016) on the Transamazon highway, in Para.

Communities arrived from riverside region of Purus and Madeira, during the 1960s,
1970s and 1990s and were mainly attracted by the announcement and later con-
struction of the road, and the offer of better health and school services and liveli-
hood opportunities with the decline of the rubber economy. For the residents of
communities, which moved from a riverine environment to the road, a similar pattern
was also found by Moran (1975), with caboclos from Para arriving on the Transama-
zon highway.

Low levels of education are seen all over the population, and the majority (75%) of all
colonists reached a maximum of only four years of school. In the communities, the
education average levels achieved are even lower; while in the settlement and in the
farms are found the individuals with the highest education, both around seven years
of school. Similar findings were indicated by Moran (1975) in the Transamazon where
Northerners (41%) and Northeasterners (28%) also accounted for a significant por-
tion of the illiterate population. In the Ecuadorian Amazon, Pichdn (1997) also found
low levels of Education, where only 10% had formal education beyond primary
school. In Southeast Para, Simmons et al. (2016) found 23% of the interviewed illit-
erate, with the majority of the households in the first level of education.

Concerning their background, all the colonists had previous experience with agricul-
ture, forestry, and ranching. However, residents of communities did not have previ-
ous experience with animal husbandry while farmers have a much lower familiarity
with forestry. About their background, Fearnside (1982) and Moran et al. (2002)
found similar results for the Altamira region, where only 29% of the settlers (accord-
ing to Fearnside) and 30% (according to Moran) did not have previous experience
with Agriculture.

A limitation of this research is the extremely diverse behavior of settlers. It is not
clear if this is a consequence of a more diverse population, as authors frequently as-
sert based on their experience at the field, or of a higher absolute number of house-
holds sampled. Another limitation of the research, as already mentioned more than
once, is the small number of households sampled (10%), especially in the case of the
Farms, where only five households were interviewed. An additional limitation was not
considering the isolated dwellings as another case to be studied.

6.1.2 Production systems and income

The average overall monthly household income was R$9083.25 (EUR 2179.98) and
the average per-capita income was R$2169.00 (EUR 520.56), which is similar to the
national and North region per capita average income (IBGE 2018a, 2018b). The most
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important sources of income were off-farm income and government support; addi-
tionally, extractivism (collection of NTFPs and fishery) had an essential significance
for the communities and the settlement, while cattle ranching was significant for the
farmers. None of the families reported having access to agricultural credit or subsi-
dies.

Comparing the empirical results on production systems and income with previous
findings it is possible to see common generalizations. Simmons et al. (2016) found
that by far the most important income source was government transfers, represent-
ing 28% of the average annual income. Brondizio (2009) similarly realized that even
in areas of active economy involving smallholder farmers - such as the acai economy
in the Amazon estuary - rural landowners relied heavily on retirement income and
government aid, such as the Bolsa familia program.

Off-farm income represented a substantial share for all households in the BR-319.
Pichén (1997) also found similar results in a forest frontier area in the Ecuadorian
Amazon where more educated households earned more off-farm income. Off-farm
employment also provided the highest income in southern Para, as reported by
Simmons et al. (2016). Diversification of income to many off-farm activists in fact ap-
pears to be a tendency in frontier regions. Pichon (1997) also attests that in Ecuador
households often sought to diversify income sources in the face of uncertainty and
fragile resources. This is a way to spread risks, guarantee food security and provide
resources for financing new investments.

Nevertheless, the BR-319 differs in an essential point from the findings of other stud-
ies. In Ecuador, 18% of the sampled farmers - mainly the better-educated house-
holds - had received credit, mostly for cattle and pasture expansion (Pichén 1996,
1997). On the Transamazon 56% of the families interviewed received credit at least
once in their lives, while t less than 10% received credit each year (Brondizio et al.
2009). On the Manaus-Porto Velho road, agricultural credit was not mentioned at all.

Fearnside (1982) also stressed how financing had an important influence on land-use
decisions and choices of seed varieties and crops in the region of the Transamazon.
However, a survey of riverine producers in the Amazon estuary showed that more
than 90% of the producers never received credit for land-use activities, although
these producers represented the most critical production sector for agai in the re-
gion (Brondizio 2009). Simmons et al. (2016) affirmed that, in Para, 31% of the sam-
pled households reported receiving credit for non-cattle activities, while 75% of the
smallholders reported that they received government credit exclusively for invest-
ment in cattle. The lack of credit in the BR-319 region may be related with the fact
that the Amazonas state was until recently closed to the internal beef-market, as dis-
cussed below.
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Considering only the households that engaged in farming activities (23), communities
were mostly engaged in forest utilization, temporary agriculture and perennial agri-
culture, which provided 24%, 20% and 51% of the total farm income, respectively.
Communities had a more diverse production of temporary and perennial crops which
are produced mainly in agroforestry systems. Also, all households were engaged in
the collection of NTFPs, especially acai and Brazil nuts. Nonetheless, Communities
were more engaged in pure extractivism in primary public areas, chiefly within Pro-
tected Areas, and especially within the boundaries of FLONA Balata Tufari and RDS
Igapo-acu. Communities also planned to engage in tourism activities in the future.

Whereas, in the settlement, families were mostly involved with perennial agriculture,
forest utilization and temporary agriculture, which provided, respectively, 43%, 30%
and 24% of the farm income. Farmers, in turn, were frequently involved with cattle
ranching, forest utilization and perennial agriculture, which provided, respectively,
61%, 4% and 29% of the farm income. Concerning forest utilization, the participation
of farmers was mainly related to NTPFs; nevertheless, it is important to note that
their role was not exactly to collect the products in the forest but instead allowing
others to collect in their property and receiving a share of the revenue, or acting as
the middleman who receives and transports the product to the city. This pattern has
resemblances to the relationship of brokers and clients depicted by Moran (1975).

All in all, farm income had low importance for the composition of colonists' income:
only 18% for farmers, 7% for settlers and only 5% for residents of communities. Nei-
ther families living in communities nor in the settlement were raising cattle for eco-
nomic purposes, even though 16% of the settlers intended to start this activity. Of
the farms analyzed, the average number of livestock was 46, but only 4 of the five
farms reported having cattle. Pichon (1997) found an average herd size of 12 animals
in the Ecuadorian Amazon, while Carrero & Fearnside (2011) reported tremendous
variation in herd size in Apui, with the existence of some big herds of up to 1000 an-
imals.

A low dependency on farm revenue also has resemblances with other frontier re-
gions; and on the BR-319 this is possibly related to the difficulties of transporting
production to market, since road conditions are still very harsh during the rainy sea-
son, making it unmanageable to bring perishable products to the city in time to get a
good return. This reality is significantly harder for the colonists not living by the main
road. In southeastern Para, Simmons et al. (2016) similarly founded that agricultural
production ranked only fourth as a source of income, providing less than 10% of the
annual average income; however, this did not consider cattle ranching.

With respect to cattle ranching, Carrero & Fearnside (2011) provided an insight into
the region of Apui. They similarly found that, even though the majority of settlers
had livestock, this did not represent a significant source of income for the families. In
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Apui 30,6% of the households that had livestock as their primary activity did not ob-
tain any income from it. Carrero & Fearnside (2011) argue that this lack of profitabil-
ity of livestock suggests a cycle of land speculation where the influx of capital for
land purchases fuels the rise in land prices, creating a positive feedback between
land speculation and deforestation, which drives the expansion of pasture. They em-
phasized that this speculative cycle justified what otherwise would be unjustifiable:
the expansion of pasture despite poor returns.

Similarly, from Carrero & Fearnside (2011) there is evidence of scarce income been
obtained from livestock. On the BR-319, income from cattle represented only 11% of
the total income of the four families that alleged to be raising cattle for economic
purposes (all of which were farmers). Moreover, 35% (17) of all households had pas-
ture but only 8% (4) of them actually had livestock on it. Additionally, 28% of the
households planned to expand the areas of pasture in the future and 36% planned to
start raising cattle. There is evidence indicating a speculative nature of land acquisi-
tion and deforestation in the BR-319 as well.

It seems logical for smallholders in the Amazon to engage in cattle ranching since it
is an activity that requires less labor when compared with temporary or even peren-
nial crops, has a stable market, and often benefits from government subsidies. Herds
are less vulnerable to annual variation in weather than are crops, and cattle are a
highly liquid investment that allows sales to be delayed without incurring major loss-
es. Herds also move by themselves regardless of the season, reducing transportation
costs. Furthermore, they provide the added benefit of skin, manure and milk produc-
tion for family consumption and, lastly, cattle ranching has traditionally been regard-
ed as a prestigious activity in Brazilian society (Simmons et al. 2016; Kirby at al. 2006;
Mertens et al. 2002; Andersen et al. 2002; Fearnside 1990).

However, the enthusiasm for pasture and cattle expansion could alternatively be a
miscalculation of capacities. Fearnside (1982) found this risk-prone behavior among
settlers in the region of the Transamazon highway, where many had chosen a land-
use allocation that required much more capital than they had available. Many had
planted pastures without having money for fences or animals, for example. Addition-
ally, the meat processing capacity in the region of the BR-319 is small when com-
pared to the southern regions of the Amazon; moreover, e access to credit and sub-
sidies is not consolidated in the region.

Nonetheless, this scenario may well change, as was emphasized by Pereira and
coworkers (2016), the market for meat has high potential for expansion in the Ama-
zon region as a whole. The Brazilian company JBS, for example, which is currently
the world’s largest meat-processing corporation, is rapidly expanded its processing
capacity in the Amazon. The beef and leather markets in Brazil are mainly dependent
on exportation (Fearnside 2017), and the increase of beef exports has attractive pro-
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spects for producers. Furthermore, Amazonas state was barred from international
meat markets for many years due to the presence of the foot-and-mouth disease.
This could explain the lack of financing and credit available for colonists in the re-
gion, which may also change with the opening of a new market. In 2017, this state
was recognized as a disease-free zone, provided the cattle are vaccinated. The per-
spective is that by the year 2023 Amazonas will able to export its beef all over the
world with no restrictions (MAPA 2017).

A limitation of this research is the inability to estimate the contribution of the timber
sector for the overall economy of the region. The only contribution reported was
through the income arriving from jobs such as lumberjack and wood sawyer or busi-
nesses as the sawmill, but only one household reported timber extraction inside its
own lot, even though trucks transporting logs was a common scene in the region,
especially close to Realidade, which had four sawmills operating in 2018.

With regard to access to technical assistance, only 21% (10) of the sampled house-
holds received any agricultural extension, but none of the farmers did. This is similar
to the situation in Ecuador, where slightly less than one-third of sampled households
had received agricultural assistance from the government, religious, or other organi-
zations (Pichdn 1996, 1997). Guanziroli et al. (2001 in Brondizio et al. 2009) showed
that small producers, especially in the Brazilian Amazon, have minimal access to ex-
tension services and technology (only 5.7%). Brondizio et al. (2009) also blamed the
lack of assistance and support to small producers to the depletion of the Technical
Assistance and Rural Extension Company (EMATER) in Brazil after 1990.

6.1.3 Ownership, property size, lot accumulation and access

Seventy percent of the lots were established after 2000, 17% (8 lots) during the
2000s and 54% (26 lots) after 2010. Additionally, another 15% (7 lots) were estab-
lished in the 1990s. On the Transamazon, Moran (1975) and Fearnside (1985) found
the majority of lots established during the 1970s, while Carrero & Fearnside (2011)
found an average residence in Apui of 16 years.

Paralleling the empirical results of this research with previous findings, Fearnside
(1982) also identified a tendency of the settlers to possess various lots on the
Transamazon, and Carrero & Fearnside (2011) likewise in the region of Apui, alt-
hough with a much higher number of properties per household (varying mostly from
2 to 10 properties). Carrero & Fearnside indicated that this growing consolidation of
land in larger and more capital-intensive properties suggested the potential dis-
placement of small farmers to other frontiers and the continuation of deforestation in
these areas. In Ecuador, the trend is different, since only about 16% of the sampled
colonists had managed to claim or purchase additional plots (Pichon 1996).
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The land ownership is composed of 18.75% (9) of the lots under private property,
29.17% (14) under common property and 52.08% (25) under an open-access regime.
Nonetheless, four of five farmers claimed to have private properties. The findings on
the land tenure are similar to those of Carrero & Fearnside (2011). In the Juma set-
tlement only 17.6% of the landholders reported having a definitive land title, while
the remaining landholders were under unclear tenure, most likely under an open-
access regime. Carrero & Fearnside (2011) suggested that many properties in Apui
were untitled due to INCRA's limited capacity for regional oversight in inspecting
and issuing land titles. They pointed out that Ludewigs et al. (2009) found 93.6% of
settlement properties titled in Porto Acre (Acre), 53.2% in Santarém (Pard), and
69.9% in Altamira (Para). In Ecuador, only over 92% of sampled households had ac-
quired at least a provisional title and nearly half had a full legal claim to their land
(Pichdén 1996). Reasons for the low percentage of land titles on the BR-319 could also
be related to the limited capacity for regional oversight of INCRA, as well as the lim-
ited capacities of the other environmental agencies such as lbama, ICMBio and SE-
MA, to control uncontrolled migration. These institutions have been facing a gradual
depletion of budgets and capability in the last years, as already emphasize in the Re-
sults (item 4.2). Moreover, the initiative of land distribution implemented by the Ter-
ra Legal program is very attractive to smallholders.

A remark needs to be made here; historically, INCRA was responsible for three cen-
tral tasks: (i) land-tenure planning, (ii) agrarian reform and colonization policies and
(iii) land regularization. However, in 2009 law n°® 11.952 (Brasil 2009) took the alloca-
tion of public land and land regularization in public areas out of the control of IN-
CRA, passing this function to the Terra Legal (TL) program (INCRA, personal com-
munication, key-informant interview). Implemented by the Ministry of Agrarian De-
velopment (MDA) with the support of INCRA, the TL program was initially created to
resolve land-tenure issues for small and medium landholders (~1500 ha). Supposed-
ly, the beneficiaries would mainly be indigenous and traditional populations (MDA
2018; GIZ 2018; McIndewar 2016).The criterion of the program is to grant land to
landholders who have peacefully occupied land before 2008, who claim areas smaller
than 2500 hectares, do not own other lot properties, have effective agricultural crops
and maintain compliance with the Forest Code, which requires in the Amazon biome
80% of the property to be in forest cover (Brasil 2009, law n°® 11.952/2009).

The program emerged from the urgency of dealing with “land chaos” and the many
demands for land regularization in the Amazon, but despite this intent, the program
has been criticized for being dishonestly used to gain legal rights to public land, and
for encouraging land grabbing (Brito & Barreto 2009a, 2009b). As the program is still
recent (since 2009), assessment of its impact on long-term deforestation is limited;
however, the Union Court of Accounts of Amazonas conducted an audit of TL in
2015 and found that 9% of the titles were granted to beneficiaries who did not meet
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the requirements of the program, and another 39% showed signs of non-compliance
with the requirements. Furthermore, there was evidence of non-compliance with the
general established objectives, such as avoiding risks of land accumulation, land
speculation and disorderly opening of the agricultural frontier. Additionally, the val-
ues of lots sold by the government are below market values, which encourages land
speculation and further forest conversion (Brito & Barreto 2009a, 2009b). Lastly, in
remote areas, laws such as the Forest Code are rarely enforced.

A limitation of thesis was not investigating the change of ownership of the properties
over time, and the average turnover since first occupation.

In general, there is still no predominance of large holders (lots above 600 hectares)
on the BR-319, where they represent only 10% of all households and the average lot
size is 202.24 ha. However, communities have bigger lots (average 501.37 ha) fol-
lowed by farmers (average 428 ha), while settlers have the smallest lots (average
101.67 ha). The size of properties in the BR-319 are bigger than those found by
Pichén (1997) in the Ecuadorian Amazon, most of which were smaller than 60 ha
(90%), but similar to the properties in Apui, where the average total area possessed
by the households was 345.5 ha, ranging between 25 and 4831 ha, considering the
whole amount of properties owned by families (Carrero & Fearnside 2011). In south-
eastern Para Simmons et al. (2016) found a property size ranging from 8 to 50 hec-
tares, with a mean of 33 hectares. In general, the average area of family farms in the
Amazon is 57 ha, while the average area of large farms is 1009 hectares (Guanziroli
et al. 2001 in Brondizio et al. 2009). Moreover, Godar et al. (2012a, 2012b) found
that in the region of the Transamazon highway largeholders owned around 3% of all
properties but occupied more than one-third of the colonized area (2012). This is
similar to the BR-319 where largeholders owned only 10% of all properties but occu-
pied more than 55% of the surveyed area.

Fifty-eight percent of the settlers had their property at the edge of the highway. On
average, lots were located 3.64 km from the BR-319. Transport of products to mar-
ket is highly dependent on the BR-319, since all households use this highway to send
agricultural production to the markets. In Ecuador, half of the sampled households
lacked immediate access to the road (Pichén 1996). One limitation of this study was
not to investigate the distance from sampled farms to the nearest market town.

6.1.4 Land use allocation and production systems

Colonists who live in communities had only a small fraction of their land allocated to
other land-use types, with the highest amount allocated to secondary forest and ag-
roforestry. Communities also had the largest areas of crops and no land assigned to
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pasture. There is evidence that shifting cultivation??, which alternates phases of crop
production (swidden) and secondary forest regrowth (fallow), is the principal land-use
system transforming the landscapes of the communities.

Shifting cultivation is the agricultural system usually seen in riverine areas of the Am-
azon, but, in general, this system has raised little concern regarding the land-use
changes it triggers especially when compared to more drastic on-going processes
such as the expansion of pasture or of agricultural production of commodities. Nev-
ertheless, Jakovac et al. (2017) indicated that shifting cultivation in riverine Amazonia
has gone through a process of agricultural intensification over the past three dec-
ades, resulting in a landscape predominantly covered by young secondary forests (up
to 12 years old), with 20% of this area having gone through intensive use. In the long
term, forest fragmentation triggered by the advent of the BR-319 road could maxim-
ize the impact of the agricultural intensification on forests.

Slash-and-burn is the most common practice in shifting cultivation in the Amazon. It
is the first step (felling and burning the forest), but it is not necessarily followed by
the traditionally sustainable cycle of fallowing and re-clearing that can provide a sus-
tainable production system. Due to high costs of fertilizers, the shortage of labor,
and the abundance of inexpensive forestland, several studies have argued that in the
Amazon slash-and-burn is the most reasonable economical way for farmers to im-
prove the fertility of the soils (Fearnside 1990; Nepstad 1999). Nevertheless, Fearn-
side 1990) emphasized that the fallow periods are hardly long enough to allow soils
to recover fully, and the system is therefore not sustainable (e.g., da Silva-Forsberg &
Fearnside 1997). Additionally, old fields are very often converted to pasture instead
of been left for fallow, especially in settlement areas (e.g., Fearnside 1986). This can
have a significant impact on deforestation (Kirby et al. 2006).

The impact of shifting cultivation on forest degradation and fragmentation in the re-
gion of the BR-319 was not addressed in this research. As of now it does not seem to
be an emergent threat, but further studies to understand the dynamics of this system
are recommended.

Settlers had the most significant fraction of their land altered from original forests,
namely conversions to pasture and agroforestry. However, in the settlement the
main production system was not so clear, since the area of cropland was small and
no cattle had been raised in the pasture for economic purposes. This could be an
indication of speculation as a driver of land acquisition and deforestation. This is cor-
roborated by the fact that 4% of the settlers recognized a speculative intention in

22 Shifting cultivation is characterized by a mosaic of swiddens (temporary cropping fields) and fallows (temporary secondary
forests) that are dynamic through space and time and are mainly managed by slash and burn practices and specially focused on
the production of flour (or Farinha, in Portuguese), the staple food in the Brazilian Amazonia (Jakovac et al. 2017).
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their plans to acquire more land and sell it afterward. Furthermore, a process of land
accumulation is apparent.

Establishing pastureland is a well-known strategy to secure land holdings in the Am-
azon (Fearnside 1990). As stressed by Fearnside (2017), both large and small actors
invade land plots, clear the forest to assert the productive use of land and may ulti-
mately gain official recognition of ownership with formal property titles. In the region
of the BR-319 there is evidence that this process has been occurring, and special at-
tention must be given to settlers and to the Terra Legal program.

In the farms, colonists had a much higher concentration of land in pastures than did
the other groups. There was also more land in disturbed secondary forests in the
farms. A smaller proportion was allocated to agroforestry. Farmers also intended to
expand their areas of pasture. Many authors have noted a pervasive shift to cattle
ranching in the Amazon. Simmons et al. (2016), Walker et al. (1998), Poccard-Chapuis
et al. (2001), Pan & Carr (2010) and Vosti et al. (2003) credited this gradual transfor-
mation of crops and forestlands into planted pasture in small-scale farms to a wide-
spread process of “pecuarizagdo”, or expansion of the cattle-ranching economy to-
ward the Amazon’s geographical limits. In the state of Amazonas this process is also
known as “Rondonizacdo”, as a reference to the process already underway in the
state of Rondodnia. This process is one of the greatest menaces threating the forest in
the region, as was stressed by many key informants.

Lastly, residents in the Communities planned to share their properties among kin or
to sell their properties, but continue living in the region. Farmers planned to share
their properties with their children. Pan & Car (2010) also recognized lot subdivision
among kin or friends as a significant predictor of land-use change in Ecuador. Bron-
dizio et al. (2009) similarly recognized a “secondary wave of deforestation” (p. 14)
that occurred in the Ecuadorian Amazon during the 1990s to be associated with the
subdivision of properties among family members.

6.2 Variables affecting colonist’s land-use decision with consequent impact over deforestation

In the study area of this thesis two principal actors were responsible for the frontier
expansion and deforestation: middle and large-scale cattle ranchers and small land-
holders living in Realidade. The highest average rate of deforestation was observed
in farms, driven by land cover change towards pasture; however, it cannot be con-
cluded that farmers were the only actors responsible for the deforestation in the BR-
319. As seen in item 4.3, the total sum of deforestation by settlers, and again driven
by the change towards pasture, is even higher than the total deforestation accumu-
lated by farmers.
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As discussed previously in items 5.1.1 and 6.1.4, there is evidence that the low return
of cattle operations, in the case of farmers, and the lack of a clearly establish produc-
tion system, in the case of settlers, could be related to the intention of asserting the
productive use of land to qualify for official recognition of ownership. It seems that
some colonists are less interested in raising cattle than in securing their land title.

This evidence reinforces the conclusion of many studies that have been dedicated to
understanding the impacts of the shift from forests to pasture in the Amazon region.
Particularly in the Brazilian Amazon, large-scale cattle ranching is considered to be
the main proximate cause of deforestation (Fearnside 1993; Margulis 2003; Kirby at
al. 2006), and all indications suggest that the cattle economy will continue its expan-
sion and consequent encroachment on forests (Walker at al. 2009).

Many authors have indicated a strong correlation between commodity markets (in
particular beef and soybeans), and deforestation (Fearnside 2001b; e.g., Morton et
al. 2006; Barona et al. 2010; Laurance et al. 2001). Under Brazilian legislation, clear-
ing land for pasture is considered an “effective use” of land and is a first step to-
wards securing land ownership. Cleared land is also 5-10 times more valuable than
forested land, and the cheapest and most efficient way of maintaining cleared land is
by cattle grazing (Veiga at al. 2002; Fearnside 1990, 2007; Mertens et al. 2002; Ver-
bug at al. 2014). Many authors have emphasized that the ubiquity of cattle opera-
tions with very low stocking densities in the Amazon suggests that maintaining land
cleared is indeed a prime motivation for much of the cattle ranching that is underway
in the region (Kirby at al. 2006; Carrero & Fearnside 2011). On the BR-319, as in oth-
er frontier regions, the process of pasture expansion poses one of the greatest men-
aces to forests.

Regression analysis indicated an overall statistically significant relationship between
income and deforestation. However, farming activities were not the primary source
of income for colonists on the BR-319; off-farm income is more important, mainly
from jobs in the agricultural and forests sectors, jobs in other sectors, and business;
government payments are also important(mainly retirement pensions).

A rise in income can have contradictory effects on deforestation. Increased wealth
may reduce capital constraints, raising the capacity to clear the forest. Alternatively,
rising wages and decreasing poverty may discourage forest clearing because clear-
ing is a labor-intensive activity (Pfaff et al. 2007). Such theoretical ambiguity makes
clear the value of empirical data. On the BR-319, the evidence suggests that colo-
nists were receiving money mainly from retirement or from off-farm activities, and
investing it in forest clearing. The income from jobs in the agricultural and forest sec-
tors were especially significant for the settlers, and the demand for labor was gener-
ated chiefly by larger farms in the region and by the sawmills. Businesses in the vil-
lage were also a significant contribution to income, as were retirement and collection
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of NTPFs, remarkably Brazil nut, which provided a substantial complement to house-
hold income. For farmers, income arrived mainly from retirement, jobs in other sec-
tors, and cattle ranching.

In Ecuador, Pichdn (1997) identified a positive relationship between income level and
percentage of the plot in pasture. A similar study of settler income and welfare
(Murphy et al. 1997) has also demonstrated that lots with areas in pasture were sig-
nificantly associated with higher-income colonists. Nevertheless, when the focus is
exclusively on off-farm income, the results of Pichon (1997) showed that increases in
off-farm employment tended to reduce the inclination to deforest. McCracken at al.
(2002) also indicated a negative association between deforestation and having other
off-farm activities, while Browder (2002) asserted that off-farm income had no effect
on deforestation.

A limitation of this research is its inability to estimate the contribution of the timber
sector to deforestation; as well as to provide more significant links between the in-
dependent variables and deforestation due to an overall low significance of the re-
gression model tested, which serves more as an indicator of the dynamics of land-
use allocation among the sampled households rather than as a proof of linear causa-
tion.

6.3 Institutional and political environment: challenges for the sustainable development of the
region

The deforestation scenarios forecast for the area of the BR-319 highway send a clear
message: the improvement of the road network will cause a drastic change in the
land-cover of the region, considerably increasing deforestation (Santos et al. 2015,
2018; Barni 2009). Similarly, the majority of the key informants interviewed forecast a
scenario where actions implemented by the Government will not be enough to cope
with deforestation and other environmental impacts .

The opportunity to have in-depth expert-based assessments from institutions and
people who have first-hand knowledge was crucial in providing insight into perspec-
tives and challenges for the territory. The challenges informed by the key informants
could be presented in five main sub-sets: political/institutional, territorial govern-
ance, environmental, socioeconomic and citizen participation. Combining these sets
with the most-cited challenges (or codes), the evidence shows that the majority of
the informants believed that the core challenge will be political and institutional and
that an environment of lack of rule-of-law and with weak governance will be estab-
lished. The informants remarked on citizen participation and on the institutional fra-
gility of environmental agencies responsible for surveillance and management of the

94



Protected Areas (PAs). Each of these main challenges will be addressed in this sec-
tion.

Governance and lack of rule-of-law

Governance is considered an essential tool for avoiding deforestation and for ensur-
ing conservation (Soares-Filho et al. 2005; Umemiya et al. 2010; Verburg et al. 2012;
Nepstad et al. 2002). However, Sundstrom (2006) stressed that the governance of
tropical forests are still weak all over the world; and in Brazil, and specific in the Am-
azon, Kirby et al. (2006) argue that institutional mechanisms are not yet strong
enough to counteract the drivers of deforestation. Additionally, many studies have
indicated the positive relationship between corruption and deforestation (Wright et
al. 2007; Koyuncu & Yilmaz 2009; Burgess et al. 2012; Ferreira 2004; Mendes & Porto
Jr. 2012; Sundstrom 2006).

Governance could be basically understood as a government’s ability to make and
enforce rules and to deliver services (Fukuyama 2013). The concept of governance is
commonly embedded in the assumption that the state should not be the single actor
defining rules, and that dialogue among public entities, economic agents, and stake-
holders is essential for the welfare of society as a whole (Dias et al. 2015).

Environmental governance, in turn, can be understood as the institutional framework
of rules, institutions, processes, and behaviors that affect the way in which powers
are exercised in the sphere of political relations related to the safeguarding natural
resources (Gomides & Silva 2015). On the ground, environmental governance has
been regarded as the presence or absence of institutions and mechanisms such as
environmental councils, funds for the environment, availability of resources for the
environmental sector, environmental licensing regulations, river-basin committees
and other factors (Dias et al. 2015). In the Amazon region, recent analyses have
shown that government regulatory policies can significantly contribute to the reduc-
tion of deforestation. The most important among them are the increase in command-
and-control activities, embargoes and commitments to moratoria on commodity
markets (such as soy and beef), enforcement of the Forest Code (the core legislation
regulating land use and management on private properties), and the expansion and
strengthening of PA networks (Fearnside 2017; Nolte et al. 2013, Assuncao et al.
2012; Soares-Filho et al. 2010; Verburg et al 2012).

The demand for governance was an issue raised during several key-informant inter-
views, and it was also a recurrent topic in meetings and public consultations ob-
served by the author. The stakeholders are simultaneously skeptical and aware that
there are no successful examples of good environmental governance established
along roads in the Brazilian Amazon.
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The BR-364 in Rondodnia is one of the examples of lack of governance. The road was
paved in 1982 with financing from the World Bank (Fearnside 2007). The embarrass-
ing consequence on the huge increase in deforestation led to the immediate crea-
tion of the Environment Department within the World Bank in 1987 (Holden 1987 in
Fearnside 2007). A more recent example is the BR-163 highway, which connects Cu-
iaba to Santarém. Similar to the Manaus — Porto Velho road, the BR-163 was first
built in the 1970s, but poor conditions impeded its trafficability until 2009, when the
government started to pave and improve access (Fearnside & Graga 2006). Today
almost the full length of the road is paved (DNIT 2017), and it is considered to be a
vital export corridor for soybeans, connecting the high-productivity agricultural land-
scapes in Mato Grosso to the exporting harbors with access to the Amazon River
(MAPA 2017; Hissa et al. 2018). The restoration of the BR-163 was accompanied by
establishment of an APAL (Fearnside 2007) and a Sustainable Regional Development
Plan for the highway's official area of influence (MMA 2018), however, these initia-
tives were not enough to counteract the environmental impacts and the increase of
deforestation (Azevedo et al. 2017; Hissa et al. 2016), which accelerated expansion
of the agricultural frontier from the state of Mato Grosso to Pard (Verburg et al.
2012).

It is difficult to believe that the BR-319 is going to be different from the others since
these projects typify the current top-down planning process in the Amazon in which
megaprojects are approved long before the environmental costs and risks are as-
sessed (Laurance et al. 2001). Nevertheless, there were indeed remarkable initiatives
on course along the BR-319, among them: the Ecological and Economic Zoning of
the Madeira river (which provided the background and guidelines for establishment
of the PAs created by the APAL), the APAL itself and the crucial PAs that were creat-
ed in it; the initiative for drafting a Regional Sustainable Development Plan for the
highway's official area of influence (unfortunately interrupted), and the “BR-319 Fo-
rum” (which aims to promote voice and accountability to the licensing process and
to the overall scenario of the road reconstruction).

The EEZ of the Madeira river was conducted as part of the Pilot Program to Con-
serve the Brazilian Rainforests (also known as the "PPG7"). The program was
launched in 1992 with financial support from the Governments of Germany, France,
Japan, the United Kingdom, the United States and the European Commission, as
well as from the Brazilian Government. It was the most significant multilateral initia-
tive aiming to promote the conservation of Brazil’s rainforests and, after almost two
decades of work and 428 million dollars, it left a legacy of 45,4 million hectares of
indigenous lands demarcated, 2,1 million hectares of PAs established, and a signifi-
cant increase of certified forest management across the legal Amazon (World Bank
2005; MMA 2009; Laurance et al. 2001). The PPG7 additionally focused on three cru-
cial topics for safeguarding the long-term strategy of the Program: fostering the im-
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plementation of a participatory approach to biodiversity conservation, strengthening
the capacity of public institutions for environmental management and enhancing the
participation of civil society organizations in policy dialogue (World Bank 2005). With
the PPG7 the process of creation and consolidation of most of the PAs began in the
southern portion of Amazonas state, which has been a barrier to deforestation in the
region (personal communication, key-informant interview).

Furthermore, there was a promising initiative led by Amazonas State (with the sup-
port of the NGO Conservation International), to develop an integrated plan for the
participatory management of the territory of the BR-319. This process started but
was suddenly interrupted with the revocation of the governor's mandate in 2017.
The following governor elected decided not to resume the initiative during his short
mandate of only 15 months. A newly elected governor will take office in January
2019 and it is not clear how he intends to approach this topic; in his electoral pro-
posal the only comment on the BR-319 was to “Cooperate with the Federal Govern-
ment for the complete recovery of BR-319, assisting in prevention measures in envi-
ronment and land regularization matters, as well as the implementation of an inte-
grated control and monitoring system" (TSE 2018, p. 12).

The BR-319 Forum is, additionally, an emblematical example of enhancing the partic-
ipation in policy dialogue. Initially established to monitor the licensing process, it
ended up filling the gap created by the demand for participation of both civil society
and governmental entities. The Forum has as a crucial role in overcoming impedi-
ments to communication among government bodies and, therefore, in helping the
government to be more effective. The Forum is equally important in making the li-
censing process more transparent and accountable, in including the local level of
administration in the discussion (in other words, the mayors and councilors who are
repeatedly excluded from political decisions at the regional level), in providing a
space for citizen participation, in pressuring the government to fulfill its responsibility
for enforcing rules, and to deliver services. However, the BR-319 Forum initiative is
not enough: it is temporary and will probably end soon after the licensing process
(and the paving) is finished, as well it was not triggered by the central government.
So to say, it is not part of the official government strategy for the development of
the region; on the contrary, the Forum was established as a way for the Federal Pub-
lic Prosecutor (MPF) to oversee the governance of the BR-319. But can it really
oblige the government to assume the governance over this territory?

Maintenance of Protected areas

As just mentioned, the expansion and strengthening of the PA network is a govern-
ment strategy that can significantly contribute to reducing deforestation. In fact, es-
tablishment of PAs has been one of the most effective strategies against deforesta-
tion in the Amazon (Verissimo et al. 2012; Arima et al. 2007; Soares-Filho et al. 2010;
Nolte et al. 2013). Specifically, PAs near roads have been shown to have approxi-
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mately 11% lower deforestation rates than unprotected areas near roads (Barber et
al. 2014).

This is precisely the reason why the federal and the state governments joined efforts
for the establishment of the APAL BR-319 in January 2006, which resulted in the cre-
ation of eleven (11) PAs (WWF 2008; 2009; ICMBIO 2009). Together with the already
existing PAs now there is a total 25 PAs in the BR-319 area, and these PAs represent
the most relevant strategy adopted by the government to counteract the negative
impacts of the reconstruction of the highway.

The impact of PAs was particularly visible during the estimation of the number of
dwellings in the study area, which was already mentioned in chapter 3 and is ex-
plained in detail in the Appendix. The number of dwellings on the edges of the road
was obviously much greater in the stretches of the road passing through unprotect-
ed land adjacent to the protected areas. There is no doubt about the importance of
this mechanism for halting deforestation; nevertheless, many informants expressed
their concerns about the pressures and challenges menacing the consolidation and
adequate protection of the PAs on the BR-319.

Carlos & Meirelles conducted a study in 2018 analyzing the status of implementation
of the PAs in the vicinity of the BR-319. They compared their results with a previous
study conducted in 2013 by the Union Court of Accounts of Amazonas. They evalu-
ated 14 indicators in 11 protected areas, both under State and Federal administra-
tion. The indicators assessed the existence of management plans and co-
management councils, staff, financial resources, structure, surveillance capacity, de-
velopment of research, biodiversity monitoring, public use, existence of a forest con-
cession, territorial consolidation and others. The study concluded that there was a
50% increment in the performance of the PAs indicating a considerable advance in
the management practices in the last five years. However, Carlos & Meirelles (2018)
emphasized that the PAs have performance levels that are still only half the level of
the best evaluation possible, and some of them scored poorly in 2012. It is important
to highlight that four of the PAs evaluated were created in 2009, shortly before the
first evaluation in 2012, which may justify their low initial scores.

Furthermore, two of the indicators showed a general decline in all PAs: structure and
territorial consolidation. These two indicators are not trivial because the structure is
essential to uphold the surveillance activities, and territorial consolidation is crucial
for the long-term capacity of the PAs to cope with the pressure of frontier settle-
ment. Moreover, there were three indicators with very low average levels: public use,
forest concession, and financial resources. All of these are important for the long-
term financial sustainability of PAs.
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The Amazon Protected Areas Program (known as ARPA) has a fundamental role for
the long-term sustainability of the PA on the BR-319 region, as well in other areas of
the Amazon. The Program was initially structured with donations from external agen-
cies — namely the Global Environmental Facility (GEF), the German government and
WWEF (with a technical partnership with GIZ) - with the goal of protecting Amazon
biodiversity and, through the creation of a network of PAs, resisting the ever-
increasing deforestation threats (WWF & Funbio 2017). ARPA supports 41 PAs in
Amazonas state, both under state and federal administration (ARPA 2017), and on
the BR-319 ARPA supports 18 PAs, 13 at the state level and 6 at the federal level.
Four of the PAs under state administration and six at the federal level overlap the
study area of this thesis.

At the State level, ARPA is the primary source of financial support for the PAs, thus
enabling much of the biodiversity monitoring, structure expansion and maintenance,
acquisition of goods (such as vehicles and fuel), and all costs involving the decentral-
ized and participatory activities involving the local population. Without ARPA, Ama-
zonas state would hardly be able to ensure the financial viability of these PAs. ARPA
not only has impacts on financial aspects, it also influences deforestation rates. PAs
supported by the Program have deforestation rates about 2.3 times lower than simi-
lar PAs that are not part of the program; similarly, ARPA-supported PAs had a 17%
increase in management effectiveness as compared to those not supported by the
program (WWF & Funbio 2017).

Nevertheless, ARPA is in its third and last phase, with its end forecast for 2038. One
of its withdrawal strategies is a Transitional Fund (FT). In 2014, public and private
donors pledged financial resources of approximately 215 million dollars to ensure,
over the next 25 years, the permanent maintenance of PAs supported by ARPA. The
goal is that, over the next 25 years, the Brazilian government will steadily increase its
contributions until it is responsible for the full and permanent funding of the PAs
now sponsored by ARPA. This initiative is also called “ARPA for life”, and it pools the
efforts of WWF, the Linden Trust for Conservation, the Gordon and Betty Moore
Foundation, the Brazilian Ministry of Environment and ICMBio (WWF 2014).

The political scenario for PAs in Brazil is, nonetheless, unsure. Since 2009 Brazil has
seen an increase in PA downgrading, downsizing, and degazettement (PADDD)
(Bernard et al. 2014). The frequency and extension of PADDD events point to a shift
in the government's attitude, towards its national PAs system, especially the federal
administration. Bernard et al. (2014) stressed that not all of the PADDD events
tracked by the study were necessarily bad from a conservation perspective, but also
none of them were based on technical studies or involved any consultation with civil
society. On the contrary, legislative chambers have been sensitive to political lobby-
ing from the agribusiness, construction, and energy sectors.
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On the other side, the group of congressional representatives that embody the agri-
business lobby (known as “ruralists”) only reelected 51% of its candidates in the 2018
election (Bassi 2018). However, they lost importance to another voting block (known
as the “Bullet block”), which defends a more radical position towards public security
including broad access of the population to firearms. This group is represented by
the political party of the recently elected president Jair Bolsonaro. Bolsonaro pledg-
es unparalleled changes® in the legal framework for environmental protection in Bra-
zil. A recent economic modeling study (Soterroni et al. 2018) estimates that Brazilian
deforestation and carbon emissions under Bolsonaro’s policies would cause unprec-
edented Amazon forest loss. Soterroni and coworkers forecasted an increase of
268% in the average annual loss of primary forest in the Amazon by 2030 when com-
pared with the loss in 2017. This represents 25,600 km? per year, a figure similar to
the deforestation rates measured at the beginning of the 2000s when deforestation
in the Brazilian Amazon was at its peak. As stated, the political scenario for PAs in
Brazil is definitely unsure.

Institutional fragility of environmental agencies

Key informants stressed that the environmental agencies responsible for surveillance,
licensing, management of protected areas and other functions - such as Ibama and
ICMBio at the federal level and SEMA at the state level - have been suffering from
budgetary constraints in the last years.

This is especially true after 2010 and 2015. At the federal level, the establishment of
federal law n°® 140/2011 (Brazil 2011) had a significant impact on lbama. The objec-
tive of the law was to decentralize the licensing processes, sharing competence
among federal entities and establishing norms for cooperation between the union,
the states and the municipalities (counties), but the consequence was a restriction of
Ibama's power of surveillance without an adequate replacement of the agency's at-
tributions by states or municipalities, which have neither the capability nor the infra-
structure for this task (personal communication, key-informant interviews). Addition-
ally, both Ibama and ICMBio, as well as FUNAI and INCRA, suffer a shortage of staff
due to a lack of public tenders and, more importantly, a high rate of employee eva-
sion. One of the key informants argued that it is difficult to maintain staff in remote
areas in the Amazon and it is even more difficult without incentives - such as home
loans or additional money for living in remote or frontier zones. In 2011, field institu-
tions like those mentioned above saw a reduction by almost half of their budgets for
field activities, blocking concrete actions for surveillance or community engagement
(Brazil 2011, Decree n° 7.446/2011 later substituted by Decree n° 7.689/2012).

23 for example, to shut down Brazil's environmental ministry, open indigenous reserves to mining, ban interna-
tional environmental NGOs like Greenpeace and WWF from the country, relax environmental law enforcement
and licensing, and back out of the Paris climate agreement.
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At the State level, an administrative reform conducted in 2015 by the former gover-
nor who did not finish his mandate, abolished the Secretariat of Science and Tech-
nology and reduced the budgets and staff of the state environmental agencies (Fari-
as 2015). The reductions targeted mainly the Secretariat of Environment and Sus-
tainable Development of Amazonas, which was renamed as the Secretariat of Envi-
ronment (SEMA). The primary objective of the reform, as stated by the Government
at the time, was to rationalize expenditures and improve efficiency and effectiveness
of public management (Ficha Verde 2015). One of the examples representing the
setback of the reform for the state environmental sector is the lack of staff: of the six
state PAs created in the APAL in the official area of influence of the BR-319, only two
still have a designated manager in 2018.

The financial sustainability of PAs is a cornerstone of safeguarding natural resources
on the long term, and the scenario with weak environmental institutions leads to a
lack of environmental law enforcement and surveillance, which, in turn, contribute to
high pressure on natural resources, uncontrolled expansion of spontaneous settle-
ments and cattle ranching and other illegal activities, such as unauthorized logging
and gold mining.

Citizen participation

The last topic to be addressed is citizen participation. Citizen participation is com-
prehended as opportunities to redistribute power, enabling citizens to deliberately
decide their future (Arnstein 1969). Arnstein (1969) emphasized the critical difference
between going through an empty ritual of participation and having the real power

needed to affect the decisions.

Arnstein (1969) saw participation as a gradation of power distribution, which could
be understood as divided into eight levels, like the steps of a ladder. At the lowest
levels are (1) Manipulation and (2) Therapy; these two steps describe levels of "non-
participation" where the real objective is not to enable people to participate but ra-
ther to enable powerholders to "educate" or "inform" the participants. Steps (3) In-
forming and (4) Consultation progress in "symbolic" participation, allowing civil soci-
ety to hear and to have a voice, but not power to decide. In step (5) People are al-
lowed to advise, but the final verdict remains with the government. Further up the
ladder are levels of citizen power, with increasing degrees of decision-making: (6)
Partnership, (7) Delegated Power and (8) Citizen Control. In Partnership, there is ne-
gotiation with the traditional power holders, and on the topmost rungs, (7) Delegat-
ed Power and (8) Citizen Control, with citizens obtaining the majority of decision-
making seats or full managerial power.

In the case of the BR-319, the many public hearings conducted for the establishment
of the EEZ, or for the PAs created in the APAL, or for the establishment of the man-
agement plans of these PAs and even the “BR-319 Forum” could be classified as a
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type (4) Consultation. As emphasize by Arnstein (1969), informing can be a legiti-
mate step toward full participation, but if consulting is not combined with other
modes of participation that assure that citizen concerns and ideas will be taken into
account, the process turns into a solemn ritual. Many key informants criticized the
public hearings, affirming that they were rituals, even nice ones, but that he final
power to decide remained inside the government.

The other tools of participatory co-management of PAs mentioned, such as the co-
management council and the ongoing consultation with Indigenous People could
figure as a more advanced form of participation: (6) Partnership. In a Partnership,
power is redistributed through negotiation between citizens and powerholders who
agree to share planning and decision-making responsibilities. Nevertheless, Partner-
ship is still not the uppermost level of power delegation. In the case of indigenous
peoples, although consultation does not necessarily mean that the decision requires
their acceptance, the lack of consultation is in direct violation of the Indigenous and
Tribal Peoples Convention (ILO-Convention 169 of 1989), which Brazil ratified.

Kirby at al. (2006) emphasized that engagement of local peoples should be a priority
for conservation-oriented activities. This is particularly true for indigenous peoples,
whose lands cover 22.5% of the Amazonian biome (Verissimo et al. 2002; Ferreira
2001).

The other forms of civil involvement mentioned, such as the use social networks and
the "caravans" that many politicians had undertaken, fit into the lowest level of par-
ticipation: Manipulation, where citizen are educated, persuaded, and advised -- not
the reverse.

Participatory processes have been undertaken on the BR-319. Proof of this is the
holding of numerous public hearings and consultations. However, it is common for
these events to be limited to identifying the demands of certain groups that are rep-
resented in these spaces of dialogue, but without a proper follow-up of demands.
Participation without redistribution of power is an empty and frustrating process; it
allows the powerholders to claim that all sides were considered, but without really
delegating power (Arnstein 1969). To overcome this limitation, the establishment of
pacts for the common good are required. Also recognized is the need for strong in-
stitutions capable of reducing the uncertainties that permeate the interactions be-
tween the different actors. This is necessary in order to enforce the agreed rules in
each process.
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7 Conclusion

The majority of deforestation in the Brazilian Amazon occurs in the proximity of offi-
cial roads, and it is still mostly concentrated in the so-called “arc of deforestation”,
which is the expanding agricultural frontier from the center-west of the country to-
wards the fringes of the Amazon Biome. The recovery and paving of the BR-319 are
expected to facilitate migration from the southern parts of the Amazon to new fron-
tiers farther north, increasing deforestation and causing a drastic change in the land
cover of the region. Additionally, different from other roads, the Manaus — Porto
Velho road will give access to the central region of the Amazon, opening a large
block of forests that has remained almost entirely intact until now.

Many studies have been published about the colonization of the Brazilian Amazon
frontier, especially in Para in the area surrounding the Transamazon highway. How-
ever, as a new frontier, there is not much information available about the process
shaping frontier development in the BR-319 region. Before the fieldwork for this
study, almost no information was available about the population living along the
road, and even less about the fast-growing village Realidade, one of the most im-
portant hotspots of deforestation in Amazonas State. This thesis attempted to fill this
gap of lack of information about the colonists on the BR-319, and, since it would ex-
ceed the possibility of this master's study to interview a large sample of the popula-
tion, the strategy of using a case study was adopted. The prior development of a
theoretical framework - based on previously established theories and academic find-
ings - allowed the identification of variables and indicators for analysis and compari-
son, which, in turn, allowed analytical generalizations to be made that provide a
good representation of reality and to partially overcome the limitations imposed by a
small sampling survey.

In this manner, the current master's thesis relied on case study research to investi-
gate the actor groups shaping frontier development in the region. Additionally, it
examined the relationship between these actor groups and the institutional context
by which they are surrounded. The thesis contributes a descriptive characterization
of the actor groups (the colonists) and provides an exploratory insight into the actor-
specific deforestation outcomes and the institutional and policy challenges. The ex-
treme heterogeneity and complexity of the Amazon and the speed at which the re-
gion is being occupied demand fast and location-specific solutions. Understanding
the actor groups, their drivers and the institutional context is the first step to deline-
ating further research questions and investigations as more appropriate environmen-
tal policies.

Concerning the (1) first research objective, three contexts or cases were considered
in the study: communities, farms, and a settlement. An extensive overview about
them has been presented in the Discussion, but an overview of the final outcomes
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indicates that, comparing the three cases, communities have the smallest fraction of
their land cover altered; they also have the most significant areas of crops (both
temporary and perennial) of the three cases, and they have a more diverse and inter-
twined mosaic of forested landscapes. There is evidence that shifting cultivation is
the principal land-use system transforming landscapes in the communities. In the
case of farms, there is a more dual and homogeneous use of land, with the highest
concentration of land in pasture. Consequently, farmers have the highest average
rate of deforestation. In the case of the settlement, settlers also have a significant
fraction of the land altered from original forests. Nevertheless, the central land-use
system is not clear, since the areas of croplands are small and no cattle have been
raised in the pasture for economic purposes. Despite the average deforestation rates
of the settlers being smaller than those of the farmers, the total sum of deforestation
achieved by the settlers is even more significant.

A limitation of this research was the inability to estimate the exact contribution of the
timber sector for the overall economy of the region, as well for the deforestation dy-
namic. Another limitation is the always more diverse behavior of settlers; it is not
clear if this is a consequence of a truly more diverse population, as it seems, or of a
higher absolute number of households sampled. Additional limitations of the re-
search were not considering the isolated dwellings as another case to be studied,
and not investigating the changes of ownership of the properties since first occupa-
tion.

With regard to the (2) second research objective, about the factors predominantly
influencing colonists’ deforestation, an overview of the final outcomes indicates that
for all the three cases the drive for pasture is undoubtedly the principal proximate
cause of deforestation. The shift from forests to pasture in the Amazon region is a
phenomenon that has been widely identified, and pasture expansion on the BR-319
is the greatest menace to the forests. There is evidence that the low return of cattle
operations, in the case of farmers, and the lack of a clear establish production sys-
tem, in the case of settlers, could be related to their intention to assert that they are
making productive use of the land, thus facilitating official recognition of their own-
ership. Furthermore, investigation of the relationship among variables indicates a
significant correlation between deforestation and income, indicating that colonists
are receiving money, mainly from government payments and off-farm sources and
investing in deforestation. A limitation of this research is the inability to provide more
significant links between the independent variables and deforestation because of an
overall low significance of the regression model tested based on the small sample
size.

Many researchers have already identified the urgency of adequate legislation to con-
trol deforestation in a way that is appropriate to the Amazonian reality. This will re-
quire an end to considering clearing land to be an “effective use” and a prerequisite
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for land ownership. Recommendations about how to change this rush to convert for-
ests to agricultural and ranching uses are related to broader structural and policy
changes. Specifically in the BR-319 region, nine main recommendation can be delin-
eated:

1. The primary step would be for INCRA and Terra Legal, with the support of
ICMBio and SEMA, to develop and implement a plan for land management
and regularization. Terra Legal has a vital role in this process, but oversight
should be re-enforced to avoid non-compliance with the program's require-
ments.

2. Further investigation is needed to understand the impact of this program in
the region, even though the focus of this thesis was not to access Terra Legal,
it is clear that land grabbing is happening, as well as speculative land pur-
chases.

3. Undoubtedly, there is an urgent need for INCRA to improve governance in-
side the settlements. It can be seen that many of the rural settlement projects
created by INCRA have, over time, undergone a process of de-
characterization of the original proposal, usually leading to deforestation and
land-tenure concentration.

4. It was identified that, even though residents of communities are the ones who
have lived longest in the region, many of them do not have their land owner-
ship recognized. There is evidence that some of them have abandoned old
lots to occupying new areas without much control or oversight. Resolving
land-tenure issues, especially inside PAs, should be a priority for the govern-
ment.

5. Farmers have the majority of land under private property, which could mean
that they are more stable and interested in the long-term use of resources.
For them, information and enforcement of the Forest Code are mandatory. It
is urgent to continue with the process of implementing and enforcing this law
in the region. The Forest Code is an instrument that could allow the reconcilia-
tion between agricultural production and conservation, promoting progress
and competitiveness of Brazilian agribusiness as well as bringing legal security
for the rural producers and companies along the value chains. The CAR (Rural
Environmental Cadaster) is a prerequisite for implementation of the Forest
Code, and its implementation is the task of the day.

6. The process of opening the state of Amazonas for exporting beef should be
followed by strict control of deforestation, hand-in-hand with the implementa-
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7.

tion of the CAR and the Forest Code and with special attention to supply-
chain monitoring and industry agreements restricting purchases from proper-
ties with illegal deforestation (or from areas cleared after a specified dead-
line).

To avoid the shift of forests towards big-scale ranches is emergent to support
the livelihood of smallholders in family farming systems. Location-specific pro-
smallholder policies could help increase income while lowering deforestation,
and in the BR-319 area these policies should be focused on three priority is-
sues:

a. The collection of NTFPs in primary forests on public land, both by
communities and settlers, occurs without monitoring of where the col-
lection is done, how many families are involved, or how significant this
activity is to the families. The establishment of a participatory diagnos-
tic survey and planning process is recommended in order to promote
better management and use of the resources and avoid over-
exploitation while maximizing benefits. Some NTFPs, especially Brazil
nut, do play an important role in rural-livelihood strategies and can con-
tribute to the conservation of forests. Therefore, additional actions to
strengthen NFTP value chains would be beneficial. The village Reali-
dade, specifically, is one of the most important regions for Brazil nut
production in the southern portion of the state of Amazonas, and more
attention should be given to this value chain.

b. Residents of the communities Igapo-acu and Nova Geragdo have inter-
est in investing in tourism, but they are mostly unaware of the costs and
difficulties associated with the rapid development of tourism activities.
Focus on the establishment of community-based tourism is recom-
mended in order to deliver benefits for the families as well as fostering
community-based conservation initiatives.

c. Communities and settlers are engaged in agricultural production, and
they may benefit from the paving of the road and access to new con-
sumer markets, such as Manaus. However, to compete with the already
established agricultural sector of Rondonia, technical assistance and ex-
tension services targeting these populations are necessary.

d. Overall, the advance of agricultural and extractive activities in the cen-
tral region of the state will demand greater attention from the govern-
ment, both for technical assistance and for control and inspection.



8. Lastly, the impact of shifting cultivation on forest degradation and fragmenta-
tion was not addressed by this research, but further studies to understand
these dynamics in the region are recommended. Further investigation is also
needed to understand the differences in deforestation related to soil and to
general environmental conditions among the colonists.

Comparing the findings of this research with previous studies — and here using the
theoretical framework presented in chapter 2 as a reference — the colonists on the
BR-319 show resemblance with other frontier areas: there is a tendency for the con-
solidation of young families, with high numbers of men and low levels of education,
but with previous background experience with agriculture. Additionally, the average
household size is also similar to that reported in other frontier areas, as well as the
periods of residence in other areas away from their birthplaces previous the final mi-
gration. The existence of a network that transmits information about available land,
thus attracting people and stimulating migration, was also observed in other regions.
Having government transfers and off-farm income as primary sources of income is
also comparable to other frontiers. The diversification of income to many off-farm
activities appears to be a tendency in frontier regions. Also typical is a small de-
pendency on farm revenue, low percentage of households receiving technical assis-
tance or extension services and the tendency for land accumulation. A summary of
these findings is presented visually in Figure 30.

Regional-scale

Institutional Environment

- Access to infrastructure: distance to the main road 7

- Access to services: access to technical assistance, agricultural extension v/ , credits, subsidies X

- Citizen participation: existence and reach of public hearings, consultations, participatory mechanisms ?
- Institutional context: roles, vision, challenges v'

- Family composition: size, age, sex ratioV - Land accumulation: n° properties/ householdy/

- Origin of the family: region/ State, previous migration, reason migration | - Lot establishment: year

- Initial settlement: year - Land tenure: open-access, communal, private

- Education: levels / years - Lot size: small, medium, large landholders

- Background experiences: with agriculture/ ranching/ forestry/ fishery/ | - Production system: livestock, crops, tree-farming, NTFP, fishery«/
- Income: sources, importance for livelihood

Land Allocation Strategy v/

Annual and Semi-annual

Food Crops Pasture

Local-scale
Demographic and Socioeconomic Characteristics Land Characteristics

Forest Perennial Tree Crops Agroforestry

Figure 30 - Conclusion theoretical framework. The red X indicates no correlation between the empirical
findings of this research with variables identified by previous studies, while the green check mark indicates
similar results, the yellow dash indicates correlation specifically with the region of Apui and the orange
question mark indicates inconclusive assumptions. Source: author, 2018.
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Like other frontier regions, there is evidence indicating a speculative nature of land
acquisition and deforestation, driven by pasture establishment; also similar to other
areas, shifting cultivation is the principal land-use system transforming landscapes of
communities. Concerning land-use change, cattle ranching and small-scale farming
have historically played the most significant role in the clearing of Amazonian forest,
and this is also the case on the BR-319. Additionally, weak governance and the chaos
in land regularization seen in the institutional context are common features of Ama-
zon frontiers.

Lastly, the study confirms the proposition of other researchers that colonists usually
have some similarities and that they are influenced by different sets of variables,
both exogenous and endogenous, which affect their land-use strategies. Neverthe-
less, the origins of colonists, as well as the initial settlement and tenure regimes,
found in the present study have some dissimilarities with older frontier regions.
However, these features of the BR-319 resemble results from the region of Apui, in
the southern portion of Amazonas state. There is an indication that in the new fron-
tier zone on the BR-319 the colonists are no longer arriving from the Northeast re-
gion of Brazil, but rather from internal fluxes within the North region. Nevertheless,
the flow of migrants from the South continues. These findings are also corroborated
by the colonists' migration trajectories, which show a characteristic pattern of migra-
tion to the north from prior expansion frontiers. Some results could not be com-
pared: the lack of access to credit is unique to this region; comparisons of access to
infrastructure and the size of properties were also inconclusive. Lastly, the positive
relationship between deforestation and welfare is analogous to other frontier re-
gions. However when the focus is placed exclusively on the participation of off-farm
income, the results of this thesis could not be generalized.

A critical review of the case study method needs to be done. On one hand, experi-
ence has shown that case studies allow context-specific and holistic analyses; they
are flexible, thus allowing introduction of new and unexpected results; the multiple
sources of evidence contribute richness and a multi-faceted perspective. On the oth-
er hand, to collect and analyze different sources of evidence poses time and re-
source constraints, and these studies require an integration that is challenging, espe-
cially in a master's thesis; additionally, there is a lack of prescribed mechanisms for
performing the coding of qualitative data. This thesis had a problem-oriented focus
and aimed to provide knowledge and inputs to help counteract the challenges of
frontier development in the region of the BR-319. The final statement is that the
case-study method excels in providing complex and in-depth analysis but, in the end,
it may be too demanding to embrace such complex and wide-ranging topic for a
master's thesis. The final outcome is that the current thesis was not able to explain
completely all of the topics it embraced, but rather it gives an exploratory overview
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of a broad context, and it would be more significant if complemented by a more
thorough survey.

The last topic to be addressed comprises the last research objective, concerning (3)
the potential challenges for the sustainable development of the territory.

Weak Governance and lack of rule-of-law were identified as the primary challenges,
and thus represent underlying driving forces of deforestation in the region. The need
for governance is obvious. The question, however, is how this would be achieved in
practice. It appears highly improbable that the expectations of development along-
side conservation will be achieved if no change in governance happens. Available
institutional mechanisms are not yet strong enough to counteract the drivers of de-
forestation. Unfortunately, the recent history of the BR-319 adds to the recurrent
history of deficiencies in Brazil’s environmental-licensing system, where environmen-
tal-impact assessment and licensing procedures are subject to pressure from those
interested in speeding the construction of infrastructure. The central role of infra-
structure in driving deforestation in Brazil makes understanding and improving the
decision-making process for major infrastructure projects a matter of primary interest
for environmental management.

It is crucial to strengthen successful mechanisms, such the Environmental Economic
Zoning, the APAL, and the BR-319 Forum, and to continue formulating the Regional
Sustainable Development Plan for the highway's official area of influence (which was
unfortunately interrupted). The BR-319 Forum has a tremendous role in overseeing
law enforcement, and the Federal Public Prosecutor (MPF) must be strengthened,
not only by the government, but also by a supporting network of partners in civil so-
ciety and academia.

This research did not evaluate the performance of governance, but instead relied on
the opinions of informants who have in-depth knowledge or power in the decision-
making process. More in-depth studies are needed to address governance perfor-
mance, as well its implementation.

The expansion and strengthening of the network of PAs is the most significant gov-
ernment strategy contributing to containing deforestation on the BR-319. However,
the PAs on the BR-319 are under pressure and are understaffed. They should be pri-
orities for ARPA and other initiatives and should receive special attention in the
"Arpa for life” transition project. New PAs should also be created, especially in the
area were planned roads are forecasted. Coordinated interinstitutional actions In-
volving IBAMA, ICMBio, SEMA, IPAAM, INCRA and FUNAI should be established for
the protection and surveillance of the area. These institutions also need to be
strengthened in order to face the numerous illegal operations and pressures on natu-
ral resources that are affected by the BR-319.
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The most successful initiatives on the BR-319 involve civil society, NGOs and bilateral
cooperation. These stakeholders have played a critical role with funding and tech-
nical advice, as well as with monitoring and watchdogging. Especially when the polit-
ical scenario is as uncertain as it is now, initiatives that strengthen the capacity of
public institutions for environmental management and that enhance the participation
of civil-society organizations in policy dialogue are fundamental. The influence of
multilateral cooperation to steer development policies that protect the Brazilian Am-
azon are more welcomed than ever. Equally important is the social aspect of devel-
opment; formulation and implementation of strategic programs for the social and
economic development of the region should look beyond the pavement of the
highway.
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9 Appendix

9.1 Chronology of the construction of the BR-319

The history of the BR-319 spans more than three decades. . For better clarity, the
history of the road is divided into three main stages: the construction between 1970
and 1990, the abandonment between 1990 and 2010; and the period of acceleration
of conflict after 2010. The same chronology is also summarized in Figure 31 which
follows, with the main points and remarks shown both for the BR-319 (in green) and
for the national background context (in black).
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9.1.1 1970-1990: the construction of the road

Figure 32: Chronology of the BR-319, from 1970 until 1990 (in green) and in the national background
context (in black). Author, 2018.

In the 1970's and 1980's, the military regime in Brazil launched the Plan of National
Integration (PIN), an ambitious infrastructure plan that aimed to promote the eco-
nomic and territorial development of the Amazon region (Nogueira & Neto 2016).
This policy invested in the opening of highways such as the Transamazon (BR-230),
Santarém-Cuiaba (BR-163), Porto Velho-Manaus (BR-319), Manaus-Boa Vista (BR-
174) and the BR-364, which connects Acre to other states. Large hydroelectric were
also built, such as Tucurui, in Para, and Balbina, in Amazonas. Incentives for coloni-
zation through settlement programs were designed to open a “land without peo-
ple” to a “people without land” (Simmons et al. 2016) with little in the way of im-
pediments to the deforestation of large areas.

Formally, construction of the BR-319 began on June 15th, 1968 (Neto 2014). The
connection was planned to facilitate the trade and transport of products from facto-
ries in the Manaus Free Trade Zone to Sao Paulo and other parts of the south of the
country (Fearnside & Graca 2005; Neto 2015). The project received numerous criti-
cisms and was a target of divergences about its feasibility since the early beginning.
On the one hand, the highlighted benefits included an end of the isolation, which
had a significant appeal for the local population, the outflow of the industrial prod-
ucts from the Manaus Free Trade Zone and the need for economic growth. Howev-
er, such arguments were confronted by the fact of an already existing waterway on
the Madeira river, the high maintenance costs of the road and the potential for in-
tensified migration that would consequently increase deforestation (Fearnside &
Graca 2009).

Despite the criticisms, the road was inaugurated in 1976. Due to the precarious or
even non-existent maintenance, the severe environmental conditions of the area
(where rainfall averages up to 2200 mm annually), the low economic importance
(since industrial production from Manaus was more cheaply sent to markets in
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south-central Brazil by ship); and the limited resources available for the investments
in infrastructure, due to the crisis of the Brazilian state in the late 1980s(including
the events leading to the end of military dictatorship in 1988), the road became im-
passable (Fearnside & Graga 2005; Neto 2014). Various local newspapers reported
an additional theory about the abandoning of the highway: they claimed that the
BR-319 was purposely destroyed in the 1980s by river transport companies that
feared losing their business with the arrival of trucks (A Critica, 21/04/88, p. 1). Res-
idents reported that a construction company mysteriously removed several kilome-
ters of the road pavement (A Critica 1988, p. 10 in Neto 2014).

It is important to note that both the ends of the road, which had more traffic and
maintenance than the central section, remained trafficable until more or less 100 km
away from the state capitals of Rondénia and Amazonas (Fearnside & Graga 2005;
Bernard et al. 2009; Freire 1985).

9.1.2 1990-2009: the abandonment and the establishment of the conflict

Figure 33 - Chronology of the BR-319, from 1990 until 2009 (in green) and in the national background
context (in black). Author, 2018.

From the mid-1990s onwards, several attempts to reopen the road failed. However,
only in 2004 were concrete actions carried out that aimed at completing the recon-
struction project (Fearnside & Graca 2006) when then-President Luiz Inacio Lula da
Silva launched a federal infrastructure program (Brazil, MPOG 2004). In this, the BR-
319 project appeared listed as expected for "“after 2007"’, meaning that it would
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not be built during the term of the plan. Nevertheless, the Minister of Transporta-
tion, Alfredo Nascimento, also the former mayor of Manaus, made the project a
personal priority. Nascimento's political party made extensive use of his promises to
build the highway in television and other advertisements in preparation for the elec-
tions in October 2006 (Fearnside & Graga 2006).

The schedule announced by the Minister of Transportation was drawn up approxi-
mately three months before the intended date for beginning the work, which im-
plied that he considered an Environmental Impact Assessment (EIA) to be unneces-
sary (Fearnside & Graga 2006). The Minister of Transportation and the Amazonas
state governor inaugurated the beginning of the construction on July 9th, 2005, but
a judicial order (precautionary action) from the federal public prosecutor (known as
the "MPF", the acronym in Portuguese) halted the project on August 4th. The Min-
ister of Environment announced on August 11th, 2005 that the BR-319 reconstruc-
tion project would have to go through the environmental licensing process, which
demanded an EIA. The disagreement here was related to different conceptions of
the work: for the Ministry of Transportation, the highway was already built, and this
was just a maintenance project. For the Ministry of Environment the highway was
entirely covered by forest, and any attempt to recover the road would result in an
impact as significant as a new establishment, and for this the license was mandatory
(Fearnside & Graca 2006). ElAs are required and the normal licensing process is fol-
lowed even in the case of reconstruction projects for roads that have never been
abandoned, such as the BR-163 (Santarém-Cuiaba).

On September 1st, the Regional Federal Court issued an order lifting the judicial
embargo and the Minister of Transportation announced the immediate resumption
of the reconstruction (Fearnside & Graca 2006). After in September, the federal
public prosecutor (MPF) issued a Public Civil Suit (used in case of urgent protection)
requesting that the bidding be nullified and forcing the National Department of
Transportation Infrastructure (DNIT), which is responsible for the construction pro-
ject, to apply for the necessary environmental licenses (MPF 2005; Fearnside & Gra-
ca 2006; Bernard et al. 2009; Ibama 2009).

Several months later, instead of presenting an EIA, which must conform to federal
norms and be approved before the beginning of construction, DNIT hired the Fed-
eral University of Amazonas (UFAM) to draft an “Environmental Report” to be done
simultaneously with the reconstruction of the road (Fearnside & Graga 2006; Ber-
nard et al. 2009: Ibama 2009). The report was presented in November and consid-
ered insufficient by the Brazilian Institute of Environment and Renewable Natural
Resources (Ibama), which is the federal body responsible for environmental licens-
ing, monitoring and control (Fearnside & Graga 2006; Ibama 2009). Ibama declared
that the report “did not meet the minimum criteria required for licensing purposes,
and the document does not replace the need to present the EIA, concluding by
returning the document to DNIT due to technical insufficiency” (Ilbama 2009, p. 6).
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In August 2006, Ibama issued a fine of R$ 3 million (or € 1 million at that time) to a
company sub-contracted by DNIT for the execution of works in the domain of the
BR-319. This raised the dispute to higher levels of conflict, since the company had
no previous authorization from the environmental bodies (lbama 2009). This situa-
tion of institutional discord persisted until the establishment of a Term of Adjust-
ment of Conduct (TAC) between DNIT and Ibama in June 2007. The negotiation
was conducted by the Chamber of Mediation, Conciliation and Arbitration, within
the scope of the Attorney General’s office. The TAC divided the road into three
segments and authorized the reestablishment of works, such as maintenance, con-
servation and restoration, as well as recovery of environmental liabilities, at the
ends of the road; but the part in the middle still needed the EIA to be carried out.

Table 20 - The division of the road established by the TAC

Segments | Initial Km | Final Km | Works authorized

A 0,00 177,8 Maintenance, conservation and
restoration

C 177,8 250 Paving and reconstruction

-——-- 250 655,7 Paving and reconstruction — with
obligatory EIA

B 655,7 877,4 Maintenance, conservation and
restoration

Data: Ibama Technical Advice n°® 078/2009.

The division of the licensing process was also agreed through the TAC. Auxiliary
environmental licensing in segments A, B and C would be carried out by the state
environmental body, in this case, the Environmental Protection Institute of Amazo-
nas (Ipaam); any necessary suppression of vegetation, as well as the construction of
bridges, would depend on specific licensing under Ibama's responsibility (lbama
2009). The TAC also included actions to monitor and control social and environmen-
tal impacts, monitor wildlife and manage risk (Ilbama 2009).

In 2006, a federal decree established the Area of Provisional Administrative Limita-
tion of the BR-319 region, known as the "ALAP" in the Portuguese acronym, with
the purpose of conducting studies for the establishment of protected areas along
the highway (Fearnside & Graca 2006; Ibama 2009; Brasil 2006).

In 2007, the Federal Police launched the Navalha (razor) Operation, which disman-
tled a corruption scheme related to public works carried out by the federal gov-
ernment, among them the recovery of the BR-319 (Bernard et al. 2009). More than
225 people, including ministers, senators, deputies and civil servants, were involved
in the scheme, including the Minister Alfredo Nascimento (Bernard et al. 2009). The
Navalha operation may give a hint about the reasons behind the rush to approve
and carry the reconstruction of the road, and it is estimated that between 1998 and
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2007, more than R$100 million (more than € 25 million) were diverted (Bernard et
al. 2009). This operation also resulted in the deposition of Alfredo Nascimento from
his post as Minister.

In September 2008, DNIT sent the first version of the EIA for the middle segment of
the road to Ibama, which, after several changes and corrections, was finally accept-
ed in 2009 (Ibama 2009). The EIA was the target of many criticisms from academia
and from civil society, mainly due to the potential environmental impacts, the lack
of participation of civil society, the economic infeasibility and the lack of consulta-
tion of indigenous populations in the area (Bernard et al. 2009; Fleck 2009).

After many criticisms and a worsening of the dialogue, Ibama denied the license for
the middle segment of the road in July 2009, concluding that “there is a need for
several enhancements, including field surveys, thus the environmental feasibility of
the highway cannot be analyzed at this time” (lbama 2009, p. 14). The most signifi-
cant hindrance to the study was in the analysis of the fauna and flora. According to
experts, due to the tremendous seasonal variability in the region, field surveys
should be conducted in both the dry season and the wet season, which had not
been performed (lbama 2009). There was also a lack of studies about the impacts
on indigenous and traditional populations (lbama 2009; Bernard et al. 2009).

9.1.3 2010-today: the acceleration of the conflict
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Figure 34 - Chronology of the BR-319, from 2010 until today (in green) and in the national background
context (in black). Author, 2018.
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After many years, in 2013 DNIT hired a new sub-contractor for the development of
the flora and fauna studies (G1 Amazonas 2013).

Paving the BR-319 highway had great public appeal in the region (Fearnside & Gra-
ca 2009). Between 2009 and 2013, many tentative actions from politicians in Ama-
zonas and Rondonia took place. An initiative to change the law that regulates the
environmental-licensing process, several expeditions to the road by senators, depu-
ties and mayors, chambers of conciliation, public hearings and discussion commit-
tees (BBC 2016; O Estado de Sao Paulo 2016; Ronddnia Ao Vivo 2013; G1 Amazo-
nas 2015; G1 Amazonas 2017; D24 Amazonas 2018; AGU 2007:ISA 2009; A Critica
2015; Amazdnia na Rede 2015; A Critica 2016; TV Senado 2017).

In 2014, contrary to all of the environmental licensing legislation, lpaam (the public
body responsible for the environmental license at the state level) issued a Single
Environmental License authorizing DNIT to carry out the maintenance and recovery
of the full length of the highway (but without pavement). According to the MPF, this
was a single license that, at the same time, replaced the three successive and com-
plementary phases of the environmental licensing procedure demanded by law
(MPF-AM 2015). Later that year, the MPF issued a judicial order to suspend the
works on the BR-319 undertaken without authorization in the middle segment of
the road, and Ibama issued DNIT a fine of R$ 7.5 million (€1,875,00).

decision further determined that Ipaam was not allowed to grant any new licenses
or authorizations for activities related to the BR-319 (MPF-AM 2015).

With the works stopped, once more the institutional conflict was a topic for many
public audits and conciliation meetings between all levels of the government until,
in November, the courts and lbama allowed the resumption of the works. Some
conditions were included in the authorization: the actions permitted were to be only
those related to maintenance, while significant actions, such as asphalt or the sup-
pression of vegetation, still needed to await both the approval of the EIA (which still
lacked the flora and fauna studies) and the license from |Ibama (G1 Amazonas
2015a).

In March 2015, FUNAI (the federal body responsible for the protection of indige-
nous populations) demanded the delimitation of Indigenous Lands in the domain of
the BR-319 (G1 Amazonas 2015b).

In July 2017, the works were suspended once more due to irregularities committed
by DNIT, but the works restarted after a few months after some corrections, but
with other issues merely included in the "conditions" with which the proponents
promised to comply in the future (Rede TV 2017). In October, a third party compa-
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ny was hired to supervise and oversee the works of DNIT on the BR-319 and a per-
manent forum presided by the Federal Public Prosecutor (MPF) was established to
monitor the works (MPF-AM 2017). Until now, the EIA for asphalting and recovering
the middle part of the highway has still not been concluded.

9.2 Case study database

9.2.1 Data acquisition at regional scale

Transcriptions of key-informant interviews

The transcriptions of the 29 key-informant interviews total more than 300 pages. The author
is happy to make them available by email: carollealarcon@gmail.com. However, names, insti-
tutions and other critical information are omitted as matter of data and informant protection.

Tabulations and codes

Table 21 - Institutional role

Institution Role - Codes

C1 Mobilization of organized civil society

C1 Lobbying

C1 Personal motivation

C2 Personal motivation

C2 Social assistance

C2 Education

C2 Income generation

C2 Community empowerment

C2 Strengthening networks

C2 Strengthening value chains

C2 Conservation

C3 Conservation

C3 Support to regional and long-term strategies
C3 Enabling collaboration between government and civil society
C3 Technical support

C3 Providing funds

C3 Government support

C3 Support to public policies

C4 Conservation

C4 Government support

C4 Providing funds

C4 Technical support

C4 Support to public policies

C4 Support to regional and long-term strategies
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Cs

Conservation

C5 Community empowerment

C5 Government support

C5 Strengthening value chains

C5 Income generation

C6 Research

C7 Corporate social and environmental responsibility

C7 Private business interests

C7 Lobbying

C7 Watchdog

C7 Policy monitoring

C8 Conservation

C8 Research

C8 Policy monitoring

C8 Advocacy

C8 Watchdog

C9 Personal motivation

C9 Mobilization of organized civil society

C10 Private business interests

C10 Personal motivation

C10 Lobbying

Cl1 Research

Cl1 Outreach

Cll1 Technical support

Cl1 Support to the management of PA

P1 Lack of clarity of the institutional role

P1 Institutional role established by law is not the same as in practice

P1 Facilitator and ope?rational log%stics'of indigenous people consultation in
the process of environmental licensing

P1 Contribution in participatory decision-making spaces

P1 Support to the environmental management of indigenous lands

P2 Defend citizens against possible abuses and omissions of Public Authorities

P2 Defense of the interests of the population

P2 Defend the public patrimony against attacks (mainly environment and natu-
ral resources)

P2 Oversee the environmental licensing process

P2 Oversee the actions of the state government

P3 Creation, implementation and management of protected areas

P3 Territorial management

P4 Defense of the interests of the population
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P4 Defense of a balanced environment

P4 Legislate

P4 Oversee the actions of the state government

P4 Oversee and support the implementation of environmental and sustainable
development laws

P5 State lawyer

P5 Support for land regularization

P5 To advise the State Public Administration on legal issues

P5 Defend the public patrimony against attacks (mainly environment and natu-
ral resources)

P5 Combating land grabbing

P6 Defense of the interests of the population

P6 Defense of a balanced environment

P6 Legislate

P6 Oversee the actions of the state government

P6 Provqke the State executive powers in favor of road construction road con-
struction

P7 Land regularization

P7 Land registry

P7 Georeferencing of the national land tenure database

P7 Contribution in participatory decision-making spaces

P8 Manager of environmental public policies

P8 Creation, implementation and management of protected areas

P8 Territorial management

P9 Command and control

P9 Oversight and surveillance

P9 Combating deforestation

P10 Manager of PA

P10 Preparation of management plans

P10 Articulation

P10 Community organization

P10 Interface state and communities

P10 Monitoring of pressures and threats over PA

P10 Steering the governance process

P11 Environmental licensing

P11 Oversee the works authorized by the environmental licensing process

P11 Contribution in participatory decision-making spaces

P12 Manager of environmental public policies

P12 Creation, implementation and management of protected areas

P12 Territorial management

P12 Contribution in participatory decision-making spaces

P13 Executor of the reconstruction work
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P14 Land regularization
P14 Land registry
P14 Public land allocation
P14 Agrarian reform policies
P14 Agricultural credit policies
P14 Creation of settlement projects
P15 Manager of PA
P15 Preparation of management plans
P15 Articulation
P15 Community organization
P15 Interface state and communities
P15 Monitoring of pressures and threats over PA
P15 Steering the governance process
P16 Manager of PA
P16 Preparation of management plans
P16 Articulation
P16 Community organization
P16 Interface state and communities
P16 Monitoring of pressures and threats over PA
P16 Steering the governance process
P17 Regional planning
P17 Socioeconomic development
P17 Lack of clarity of the institutional role
P17 Institutional role established by law is not the same as in practice
P17 Contribution in participatory decision-making spaces
C12 Addressing main drivers of deforestation
C12 Conservation
C12 support to the management of PA
C12 Support to public policies
C12 Providing funds
C12 Enabling collaboration between government and civil society
C12 Support to local organizations and stakeholders
Table 22 - Institutional vision
Institution Vision - Codes
Cl Economic development
C1 Restoration of the BR-319 highway
C1 Establishment of participatory governance
C1 Improvement of the quality of life of local populations
C1 Economic alternative to PIM
C1 Respect to Protected Areas
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Cl Sense of belonging from the local population

C1 Civil society participation

C2 Economic development

C2 Improvement of the quality of life of local populations
C2 Use of human potential

C2 Sustainable territory

CI Establishment of participatory governance

CI Pressure over natural resources

CI Restoration of the BR-319 highway

CI Economic development

CI Economic alternative to PIM

C4 Institution does not have an established vision

C5 Institution does not have an established vision

C5 Restoration of the BR-319 highway

Cs Pressure over natural resources

C5 Environmental impact

C5 Unsatisfactory actions to minimize environmental impact
C5 Migratory boom

C5 Institutional weaknesses

C5 Uncertainty of the political process

C6 Institution does not have an established vision

Coé Increase of deforestation

C6 Environmental impact

C6 Migratory boom

Coé Increase of violence

C6 Uncertainty of the political process

C6 Institutional weaknesses

C7 Restoration of the BR-319 highway

C7 Economic development

C7 Establishment of participatory governance

C7 Improvement of the quality of life of local populations
C7 Establishment of a new mode of transport

C8 Institution does not have an established vision

C8 Restoration of the BR-319 highway

C8 Increase of deforestation

C8 Environmental impact

C8 Unsatisfactory actions to minimize environmental impact
C8 Uncertainty of the political process

C9 Restoration of the BR-319 highway

C9 Improvement of the quality of life of local populations
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C10 Restoration of the BR-319 highway

C10 Economic development

C10 Improvement of the quality of life of local populations

C10 Establishment of a new mode of transport

Cl1 Restoration of the BR-319 highway

Cl1 Institution does not have an established vision

Cl1 Pressure over natural resources

Cl1 Increase of deforestation

Cl1 Unsatisfactory actions to minimize environmental impact

Cl1 Riverside cities losing economic importance with the emergence of cities
by the road

Cl1 Uncertainty of the political process

Cl1 Institutional weaknesses

Cl1 Migratory boom

P1 Pressure over natural resources

P2 Pressure over natural resources

P2 Pressure over PA

P2 Increase of deforestation

P2 Migratory boom

P2 Establishment of State roads

P2 Lack of rule of law

P2 Lack of land-use planning

P2 Lack of surveillance

P2 Lack of staff for environmental agencies

P3 PA established as an efficient mitigation strategy

P3 Pressure over natural resources

P3 Lack of staff for environmental agencies

P3 Lack of resources for environmental agencies

P3 Restoration of the BR-319 highway

P3 Challenging harmonization of different land uses

P4 Economic development

P4 Restoration of the BR-319 highway

P4 Pressure over natural resources

P4 Mosaic of different land-uses operating in harmony

P4 Potential for eco-tourism

P4 Potential for research

P4 Potential for biotechnology

P4 Potential for small-scale agriculture

P4 Presence of Army

P4 Regional inclusion

P4 Improvement of the quality of life of local populations
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P4 Establishment of participatory governance

P5 Restoration of the BR-319 highway

P5 Establishment of agrobusiness

P5 Land concentration

P5 Mining

P5 Conflict over land

P5 Expulsion of traditional populations

P5 Migratory boom

P6 Economic development

P6 Restoration of the BR-319 highway

P6 Pressure over natural resources

P6 Mosaic of different land-uses operating in harmony

P6 Potential for eco-tourism

P6 Establishment of a new mode of transportation

P7 Mosaic of different land-uses operating in harmony

P7 Land regularization

P7 Establishment of PA

P7 Public land allocation and emancipation

P7 Migratory boom

P7 Process of consolidation of the agrarian reform

P7 Process of consolidation of the georeferencing of rural properties

P7 Establishment of a new governmental body responsible for territorial man-
agement

P7 Restoration of the BR-319 highway

P8 Regional inclusion

P8 Increase of deforestation

P8 Economic development

P8 Improvement of the quality of life of local populations

P8 Economic alternatives

P8 Restoration of the BR-319 highway

P9 Increase of deforestation

P9 Migratory boom

P9 Institutional weakness

P9 Illegal logging

P9 Conflict over land

P9 Lack of staff for environmental agencies

P9 Lack of resources for environmental agencies

P9 Restoration of the BR-319 highway

P10 Establishment of participatory governance

P10 Economic development

P10 Improvement of the quality of life of local populations

141



P10 Sustainable territory

P10 Pressure over natural resources

P10 Increase of deforestation

P10 Migratory boom

P10 Effects of climate change

P10 Restoration of the BR-319 highway

P11 Institution does not have an established vision

P11 Pressure over natural resources

P11 Restoration of the BR-319 highway

P11 Superyise of compliance to the conditions established by the environmental
licensing

P12 Challenging harmonization of different land uses

P12 Co-management of PA

P12 Increase of deforestation

P12 Institutional weakness

P13 Restoration of the BR-319 highway

P13 Compliance to the conditions established by the environmental licensing

P14 Lack of surveillance

P14 Land regularization

P14 Public land allocation and emancipation

P14 Process of consolidation of the agrarian reform

P14 Pressure over natural resources

P14 Pressure over PA

P14 Migratory boom

P15 Restoration of the BR-319 highway

P15 Establishment of PA

P15 Pressure over PA

P15 Co-management of PA

P15 Increase of deforestation

P15 Challenging harmonization of different land uses

P15 Economic development

P16 Restoration of the BR-319 highway

P16 Mosaic of different land-uses operating in harmony

P16 Establishment of participatory governance

P17 Restoration of the BR-319 highway

P17 Mosaic of different land-uses operating in harmony

P17 Establishment of participatory governance

P17 Economic development

P17 Improvement of the quality of life of local populations

P17 Compliance to the conditions established by the environmental licensing

P17 Connectivity
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P17 Establishment of agrobusiness
P17 Lack of long-term planning
C12 Economic development
C12 Improvement of the quality of life of local populations
C12 Establishment of participatory governance
C12 Environmental impact
C12 Social impact
C12 Stakeholders participation
C12 Mosaic of different land-uses operating in harmony
C12 Pressure over natural resources
C12 Maintenance of biodiversity and forest cover
C12 Restoration of the BR-319 highway
C12 Environmental impact
Table 23 - Challenges
Institution Challenges - Codes
C1 Will Government Take Responsibility?
C1 Lack of rule of law
C1 Lack of surveillance
C1 Illegal logging
C2 Will Government Take Responsibility?
C2 Lack of rule of law
C2 Governmental discontinuity
C2 To include local people demands in decision making
C2 Establishment of participatory governance
2 To adopt development models that do not respect the idiosyncrasies of the
Amazon
C2 Arrival of large companies
C2 Incapacity of local governments
C3 Political focus in the PIM
C3 Poor public performance outside Manaus
C3 Lack of policy monitoring
C3 To include local people demands in decision making
C3 Transparency and ethics
C3 Governmental discontinuity
C3 Resources management
C3 Incapacity of local governments
C3 Long-term planning
C4 Illegal logging
C4 Cattle ranching
C4 Migration boom
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C4 To include local people demands in decision making
C4 Will Government Take Responsibility?

C4 Lack of rule of law

C4 Establishment of participatory governance

C5 Will Government Take Responsibility?

C5 Establishment of participatory governance

C5 To include local people demands in decision making
C5 Lack of staff for environmental agencies

Cs Lack of rule of law

C5 Maintenance of Protected Areas

C5 Lack of staff for environmental agencies

C6 Migration boom

C6 Lack of resources for environmental agencies

C6 Lack of staff for environmental agencies

Coé Lack of rule of law

C6 Maintenance of Protected Areas

Coé Lack of surveillance

C6 Respect to the conditions established in the of environmental licensing
C6 Establishment of State roads

C7 Migration boom

C7 Will Government Take Responsibility?

C7 Maintenance of Protected Areas

C7 Lack of rule of law

C7 Lack of surveillance

C8 Maintenance of Protected Areas

C8 Lack of rule of law

C8 Lack of surveillance

C8 Presence of militias (drug traffic)

C8 Will Government Take Responsibility?

C8 Lack of resources for environmental agencies

C8 Lack of staff for environmental agencies

C8 To foster economic alternatives

C8 Illegal logging

C8 Cattle ranching

C8 Migration boom

C8 Respect to the conditions established in the of environmental licensing
C8 Transparency and ethics

C8 To include local people demands in decision making
C8 Establishment of State roads

C9 Safety
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C9 To foster economic alternatives

C9 Lack of options for youth

C9 Establishment of participatory governance

C9 Lack of surveillance

C9 Will Government Take Responsibility?

C9 Transparency and ethics

Cll1 Maintenance of Protected Areas

Cl1 Migration boom

Cll1 Governance over areas allocated by INCRA

Cl1 Institutional weakness

Cl1 Governmental discontinuity

Cll1 Establishment of State roads

P1 Pressure over natural resources

P1 Increase social interaction between indigenous and non-indigenous peoples
P1 Will Government Take Responsibility?

P1 Pressure over indigenous lands

P1 Bureaucracy

Pl Dialogue between institutions

P1 Institutional weakness

P1 Different institutional culture

P1 centralized government

Pl Lack of surveillance

P2 Political instability

P2 Lack of rule of law

P2 Electoral interests

P3 Institutional weakness

P3 Pressure over natural resources

P3 Dialogue between institutions

P3 Lack of surveillance

P4 Transparency and ethics

P4 Personal interests above collective interest

P4 Social invisibility of traditional and indigenous population
P4 Establishment of participatory governance

P4 Lack of integrated territorial planning

P4 Lack of political leadership focused on the common good
P4 Lack of political awareness

P4 competition with the agricultural sector of Rondonia

P5 Social invisibility of traditional and indigenous population
P5 Lack of political leadership focused on the common good
P6 Will Government Take Responsibility?
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P6 Lack of surveillance

P6 Maintenance of Protected Areas

P7 Will Government Take Responsibility?

P7 Lack of surveillance

P7 Institutional weakness

P7 Migration boom

P7 Lack of long-term planning

P7 Migration boom

P7 To include local people demands in decision making
P7 Lack of political leadership focused on the common good
P7 Incapacity of local governments

P7 integration and modernization of land tenure databases
P7 Lack of resources for environmental agencies

P7 Lack of staff for environmental agencies

P8 lack of public incentive for the rational use of the forest
P8 convergence of many land uses and demands

P8 centralized government

P9 Lack of resources for environmental agencies

P9 Lack of surveillance

P9 Institutional weakness

P10 Migration boom

P10 Establishment of participatory governance

P10 Maintenance of Protected Areas

P10 Illegal logging

P10 Personification of the State

P10 Governmental discontinuity

P10 Lack of integrated territorial planning

P10 Governmental bipolarity

P11 Institutional weakness

P11 Lack of long-term planning

P11 Migration boom

P11 Pressure over natural resources

P11 To include local people demands in decision making
P11 financial sustainability of the highway

P11 Lack of staff for environmental agencies

P11 Lack of resources for environmental agencies

P12 Lack of resources for environmental agencies

P12 Lack of staff for environmental agencies

P12 Institutional weakness

P12 Violence against environmental staff
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P12

Policy of land distribution of Terra Legal

P12 Dialogue between institutions

P12 Maintenance of Protected Areas

P12 Lack of surveillance

P13 compliance with environmental requirements

P14 Lack of surveillance

P14 Lack of rule of law

P14 Institutional weakness

P14 Lack of resources for environmental agencies

P14 Lack of staff for environmental agencies

P14 fragility of the land registry process (notary’s office)

P15 Governmental discontinuity

P15 Institutional weakness

P15 Lack of surveillance

P15 Illegal logging

P15 Migration boom

P15 Lack of staff for environmental agencies

P15 Maintenance of Protected Areas

P15 Dialogue between institutions

P15 Lack of management procedures

P15 Personification of the State

P15 Violence against environmental staff

P15 Establishment of participatory governance

P15 Presence of militias (drug traffic)

P16 Establishment of participatory governance

P16 Lack of staff for environmental agencies

P16 Lack of integrated territorial planning

P17 Arrival of Venezuelan refugees

P17 To convince people that we need less protection and more development

C12 Dominant vision of development that sees the Amazon as a source of re-
sources to be extracted and that doesn't place value on the standing forest

C12 Pressure over natural resources

C12 Illegal logging

C12 Gold mining

C12 Land grabbing

C12 Pressure over indigenous lands

C12 Pressure over PA

C12 Lack of rule of law

C12 Climate change

C12 Lack of government enforcement

C12 Lack of environmental law enforcement
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C12 Governmental emphasis on infrastructure

C12 Establishment of participatory governance
C12 Social impacts
C12 Bring div§rse stalfeholders together around a common vision that includes

safeguarding environmental resources

Table 24 - Vision, count of codes

Row Labels gl Osltl;:ltltoit(;n
Restoration of the BR-319 highway 22
Pressure over natural resources 12
Economic development 12
Improvement of the quality of life of local populations 10

Increase of deforestation

Migratory boom

Establishment of participatory governance

Mosaic of different land-uses operating in harmony

Institution does not have an established vision

Environmental impact

Uncertainty of the political process

Unsatisfactory actions to minimize environmental impact

Challenging harmonization of different land uses

Pressure over PA

Lack of staff for environmental agencies

Establishment of agrobusiness

Process of consolidation of the agrarian reform

Potential for eco-tourism

Compliance to the conditions established by the environmental licensing

Regional inclusion

Conflict over land

Land regularization

Economic alternative to PIM

Co-management of PA

Institutional weakness

Public land allocation and emancipation

Institutional weaknesses

Establishment of a new mode of transport

Lack of resources for environmental agencies

Lack of surveillance

Establishment of PA

Economic alternatives

Supervise of compliance to the conditions established by the environmental licensing

Respect to Protected Areas

Increase of violence
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Lack of rule of law

Land concentration

Lack of land-use planning

Expulsion of traditional populations

Riverside cities losing economic importance with the emergence of cities by the road

Civil society participation

Sustainable territory

Mining

Social impact

Effects of climate change

Process of consolidation of the georeferencing of rural properties

Maintenance of biodiversity and forest cover

Lack of long-term planning

Potential for biotechnology

Connectivity

Illegal logging

Sense of belonging from the local population

Potential for research

Sustainable territory

Potential for small-scale agriculture

Establishment of a new mode of transportation

Presence of Army

Use of human potential

Establishment of State roads

Stakeholders participation

Establishment of a new governmental body responsible for territorial management

Institutional weaknesses

PA established as an efficient mitigation strategy

—_— | = = = === =m === —_m ] === === =] == == == =] =] =

Grand Total 179
Table 25 - Challenges, count of codes
Row Labels gl Osltl::ltlgt(; n
Lack of surveillance 13
Migration boom 10
Will Government Take Responsibility? 10
Lack of rule of law 10
Lack of staff for environmental agencies 10
Establishment of participatory governance 9
Institutional weakness 9
Maintenance of Protected Areas 9
Lack of resources for environmental agencies 7
To include local people demands in decision making 7
Illegal logging 6
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Governmental discontinuity

Transparency and ethics

Pressure over natural resources

Dialogue between institutions

Lack of integrated territorial planning

Lack of political leadership focused on the common good

Establishment of State roads

Incapacity of local governments

Lack of long-term planning

To foster economic alternatives

Presence of militias (drug traffic)

Pressure over indigenous lands

Personification of the State

centralized government

Violence against environmental staff

Respect to the conditions established in the of environmental licensing

Social invisibility of traditional and indigenous population

Cattle ranching

Land grabbing

To convince people that we need less protection and more development

Governance over areas allocated by INCRA

lack of public incentive for the rational use of the forest

Lack of policy monitoring

Governmental bipolarity

Lack of environmental law enforcement

Arrival of Venezuelan refugees

financial sustainability of the highway

Arrival of large companies

Lack of management procedures

Bureaucracy
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Dominant vision of development that sees the Amazon as a source of resources to be extracted
and that doesn't place value on the standing forest

—

Long-term planning

Climate change

competition with the agricultural sector of Rondonia

Social impacts

Electoral interests

Safety

Personal interests above collective interest

To adopt development models that do not respect the idiosyncrasies of the Amazon

compliance with environmental requirements

fragility of the land registry process (notary’s office)

Policy of land distribution of Terra Legal
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Lack of options for youth

Political focus in the PIM

Lack of political awareness

Political instability

Gold mining

Poor public performance outside Manaus

Pressure over PA

Different institutional culture

Lack of government enforcement

Increase social interaction between indigenous and non-indigenous peoples

Governmental emphasis on infrastructure

convergence of many land uses and demands

—_— | = | = = = = = =] = = =] =

Bring diverse stakeholders together around a common vision that includes safeguarding envi-
ronmental resources

—_

Resources management

integration and modernization of land tenure databases

Grand Total

188
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Codes

152

Scenario 1

Scenario 2

Table 26 - Scenarios
Scenario 3

Scenario 4

No common scenario

Economic development

Pressure over PA

When institutions an-
swered with codes of both
scenarios 1 and 2

Institution does not have
an established vision

Establishment of partici-
patory governance

Establishment of State
roads

Improvement of the qual-
ity of life of local popu-
lations

Lack of rule of law

Economic alternative to
PIM

Lack of land-use planning

Respect to Protected Ar-
eas

Lack of surveillance

Sense of belonging from
the local population

Lack of staff for environ-
mental agencies

Civil society participa-
tion

Lack of resources for en-
vironmental agencies

Connectivity

Challenging harmoniza-
tion of different land uses

Use of human potential

Establishment of agro-
business

Sustainable territory

Land concentration

PA established as an ef-
ficient mitigation strate-

gy

Conflict over land

Mosaic of different land-
uses operating in harmo-

ny

Expulsion of traditional
populations

Potential for research

Institutional weakness

Potential for biotechnol-

Illegal logging

Riverside cities losing
economic importance
with the emergence of
cities by the road

Presence of Army

Effects of climate change




ogy

Potential for small-scale
agriculture

Migration boom

Regional inclusion

Lack of long-term plan-
ning

Potential for eco-tourism

Establishment of a new
mode of transportation

Supervise of compliance
to the conditions estab-
lished by the environmen-
tal licensing

Establishment of PA

Social impact

Public land allocation
and emancipation

Environmental impact

Process of consolidation
of the agrarian reform

Process of consolidation
of the georeferencing of
rural properties

Economic alternatives

Co-management of PA

Compliance to the condi-
tions established by the
environmental licensing

Establishment of a new
governmental body re-
sponsible for territorial
management

Stakeholders participa-
tion

Maintenance of biodiver-
sity and forest cover

153



154

Cl C5 C3 C4 Cl1
C2 C6 P3 C5 P4
C7 C8 P4 C6 P7
C9 Cl1 P7 C8 P10
C10 Pl P8 Cl1 P11
P13 P2 P10 P11
P16 P5 P12
P9 P15
P11 P17
@ P14
g P6
£ C12
= |7 9 12 6 5
S
Table 27 - Group of challenges
Political/ Institutional Environmental Territorial Governance Social/Economic Participation
Lack of rule of law Violence against environ- | Establishment of partici- | To adopt development To include local people
mental staff patory governance models that do not respect | demands in decision mak-
the idiosyncrasies of the ing
Will Government Take | Illegal logging Governance over areas Amazon Bring diverse stakeholders
Responsibility? allocated by INCRA together around a common
Governmental disconti- | Arrival of large companies | Lack of integrated terri- | Lack of options for youth | vision that includes safe-
nuity torial planning guarding environmental
Incapacity of local gov- | Cattle ranching Integration and moderni- | Safety resources
ernments zation of land tenure da-
Political focus in the Establishment of State tabases Arrival of Venezuelan
«» | PIM roads refugees
§ Poor public perfor- Compliance with envi- Convergence of many To convince people that
© | mance outside Manaus | ronmental requirements land uses and demands we need less protection




Lack of policy monitor-
ing

Pressure over natural re-
sources

Fragility of the land reg-
istry process (notary’s
office)

and more development

Transparency and ethics

Pressure over indigenous
lands

Policy of land distribu-
tion of Terra Legal

Presence of militias (drug
traffic)

Lack of management
procedures

Compliance with envi-
ronmental requirements

Governmental bipolarity

Pressure over PA

Resources management

Personification of the
State

Respect to the conditions
established in the of envi-
ronmental licensing

Long-term planning

Lack of staff for environ-
mental agencies

Institutional weakness

Maintenance of Protected
Areas

Bureaucracy

Lack of surveillance

Dialogue between insti-
tutions

Migration boom

Electoral interests

Land grabbing

Different institutional
culture

Gold mining

centralized government

Lack of environmental law
enforcement

Political instability

Climate change

Personal interests above
collective interest

Lack of long-term plan-
ning

Dominant vision of devel-
opment that sees the Ama-
zon as a source of re-
sources to be extracted and

Increase social interaction
between indigenous and
non-indigenous peoples

Social invisibility of tradi-
tional and indigenous pop-
ulation

To foster economic alter-
natives

C

Lack of public incentive
for the rational use of the
forest

financial sustainability of
the highway

Social impact
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Informants

156

Lack of political leader-
ship focused on the
common good

that doesn't place value on
the standing forest

Lack of political aware-
ness

Lack of government
enforcement

Governmental emphasis
on infrastructure

Cl Cl C2 C2 C2
C2 C6 C4 C8 C3
C3 C2 C5 C9 C4
C4 C4 C10 Pl C5
C5 C5 Cl1 P4 C8
C6 P3 P4 P5 P7
C7 P6 P7 P15 P11
Cl1 P7 P8 P17 C12
C8 C7 P12 P8

C10 C8 P10 P11

P6 C10 P14 C12

P7 Cl1 P15

P8 P1 P16

P9 P9 C12

P10 P10

P11 P11

P12 P12

P14 P13




P15 P15

P1 P16

P3 P14

P2 Cl12

P5

P4

C12

25 22 14 11
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9.2.2 Data acquisition at the local scale

Estimation of population in the study area

The previous data available from the official reports about the population living in the
study area accounted for 14 farms and 5 villages (traditional communities and non-
traditional communities), which totaled approximately 150 households. When the au-

thor arrived on the BR-319 a much larger number of occupations was found, especially
on the portion of the road close to Humaita. There was an exceptional number of iso-
lated houses popping up all along the road, which fitted neither of the two previously
defined categories of "villages" or "farms"

To estimate the total population in the study area a counting strategy had to be devel-
oped: first, all of the occupations found in the course of the study were counted,
marked (with GPS coordinates), and classified into four categories: Farms, Villages, Iso-
lated dwellings (which included Occupied houses, Unoccupied houses, Businesses and
Recent dwellings). These occupations were counted and marked in a pre-developed
table while traveling the length of the road.

Farms were characterized by having cattle raising and/or pasture with cattle pens. Vil-
lages were characterized by being an agglomeration of houses with common areas
such football fields, a church or a community center. The number of dwellings in each
village was estimated later. Occupied dwellings that were not part of a village and had
evidence that there were people living in them (such as presence of dogs, cars, motor-
cycles, a well-maintained garden, and so on). In contrast, an unoccupied dwelling was
one that had evidence of abandonment such as rotten wood, broken windows, or
abandoned gardens, and also was not part of a village. Finally, Recent dwellings, had
visible signs of novelty, such as a recently burned area, newly installed fences and
signs, houses made with fresh timber, lack of an established garden, and also without
being part of an agglomeration of houses. Finally, Businesses were the markets, restau-
rants, and small hotels, found along the road. It is important to note that the collection
of data about businesses and unoccupied houses did not contribute to the estimate of
the population in the study area, but rather contributed to having better understand-
ing of the dynamics of occupation along the highway.

The final estimate of the population living in the study area was 608 dwellings or
households distributed as presented in the table below:

Table 28 - Estimation of the population living the study area

ISOLATED
FARMS VILLAGES DWELLINGS TOTAL
1 2 3 (45 HH) 20 67
2 14 0 61 75
3 24 5 (390 HH) 52 466

TOTAL | 40 8 (435 HH) 133 608



In the interests of simplification and better visualization, the study area was divided in

three sections: (1) the region in between protected areas, closer to Manaus; (2) the re-
gion that goes from the end of the protected areas until the village of Realidade; and

(3) the region from Realidade until the southern end of the study area.

Figure 35 -Counting of dwellings section 1
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Figure 36 - Counting of dwellings section 2
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Figure 37 - Counting of dwellings section 3

The number of houses in the villages was also estimated. First, the number of house-
holds in each village was obtained in a conversation with the chief, and later the houses
were counted by walking through the village. Aerial photographs were taken with the

161



UAV (drone) . As the unit of analysis was the household, when there was more than one
family leaving in the same house, this was regarded as one unit.

Figure 38 - Nova Geracao Figure 39 - Rio Novo

With the village of Realidade the strategy had to be different. Realidade can be con-
sidered to already be a small city or a district, with a school, a health center and various
bakeries, restaurants and markets. However, there was no official estimate of the
population of Realidade, and to estimate it was one of the biggest challenges of the
field expedition. Realidade is known to be a violent place due to the illegal logging
activities, and it is growing rapidly. Additionally, there are two “Realidades”, the village
and the INCRA Sustainable Development Project (PDS). As it is quite difficult to access
PDS Realidade, particularly in the rainy season, the majority of the settlers with lots
awarded by INCRA decided to build their houses in a village near by, also named "Re-
alidade", which is located just by the BR-319 road. In general, settlers live in the vil-
lage, where there is better infrastructure, such as electricity, piped water, and a health
center, but they have their crops and production area inside the PDS. This situation
creates confusion about what is really "Realidade": the village, the settlement or the
area of influence considering both?

Because the study area of this research considers a buffer of only 5 km from the road,
only the village of Realidade was consider in the sampling. The first step to estimate
the number of families in Realidade was to develop a map. This was done using the
drone application called Pix4D?, and the result can be seen in Figure 40 in below.

With the map, the village was divided into four neighborhoods with similar sizes and
numbers of houses (also displayed in Figure 40). The third step was then to divide the
neighborhoods into blocks, which were then randomly select for counting; 50% of the
blocks were selected and all houses counted during a transect made with a motorcycle.
With the motorcycle the use of the clipboard was not so convenient, so the counting
was made with the assistance of an audio recorder and the results were transcribed to
the paper afterwards. The counting was also made according to similar categories: oc-
cupied houses, unoccupied houses, recent occupations and businesses. Again, the col-

2 A photogrammetry software that creates professional drone-based mapping from images.
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lection of data about businesses or unoccupied houses did not contribute to the esti-
mate of the population, but rather to better understanding the dynamics of occupa-
tion. Lastly, the occupied houses and the recent occupations were summed, totaling
177 households. This estimation was then extrapolated to the entire village, which re-
sulted in a final estimate of approximately 355 families.

The map of Realidade produced and displayed in Figure 40 was printed and delivered
to the president of the Association and was also sent to the municipality of Humaita
and to local stakeholders contacted during the field expedition, such as INCRA and
IDAM. During the stay in Realidade the municipality was conducting maintenance
works in the streets of the village, but they did not have an updated map of the village.
The file of the map was also sent to this maintenance team.

Because the total population in the study area was almost three times greater than ini-
tially expected, an important decision had to be made. There was not enough time and
resources available for the field inquiry to obtain a reasonable sampling of the entire
population. That said, a priority criterion was adopted, and the isolated occupations
were not considered in the sampling.

The three main reasons for this decision were:

e Half of the occupations were characterized as "recent occupations"”, which
means that their land-use allocation strategy, the focus of analysis of this re-
search, was not yet consolidated;

e Visibly, many of the houses were comprised of simple structures that were more
to mark presence and to display occupation of the land as part of a probable
speculative behavior.

e Since this is a frontier area with speculative land appropriation, approaching iso-
lated houses appeared to be too risky.

The sampling frame of the population was organized as it follows in the Table 29:
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Table 29 - Sampling design

Farm HH % of population  N° of HH interviewed Community HH % of population  N° of HH interviewed Settement HH % of population N° of HH interviewed

1 [Acara 1 2,5% 0 1[Nova Geragio 18 22% 2 1[Realidade [ 354 ] 100% 35
2 |ltamarati 1 2,5% 0 2 |S&o Sebastido do Igapd-Agu 22 27% 2
3 | Dos Catarinos - Marlise 1 2,5% 1 3 [Rio Novo - Paulo 5 6% 1
4 |Dos Catarinos - Rubens 1 2,5% 0 4 |Fortaleza 17 21% 2
5 [Dos Catarinos - Wilson 1 2,5% 0 5|Sao Carlos 2 2% 0
6 [Dos Catarinos - 4° irmao 1 2,5% 0 6 [Santa Terezinha 5 6% 1
7 | Dois Irmdos 1 2,5% 0 7 |Nova Alianga 12 15% 1
8 |Bandeirantes 1 2,5% 0

9 [Jacaretinga 1 2,5% 1

10|Santa Rosa 1 2,5% 1

11 [Nazaré 1 2,5% 0

12 |Terra Alta 1 2,5% 0

13 [Cleuciane 1 2,5% 0

14 Lages 1 2,5% 0

15 |Dom Bosco 1 2,5% 0

16 [Nova Esperanca 1 2,5% 0

17 [Sitio Trés Estrelas 1 2,5% 1

18 [Sitio Agua Boa 1 2,5% 1

19|No name 1 2,5% 0

20|No name 1 2,5% 0

21|No name 1 2,5% 0

22 |No name 1 2,5% 0

23|No name 1 2,5% 0

24 |No name 1 2,5% 0

25|No name 1 2,5% 0

26 |No name 1 2,5% 0

27 |No name 1 2,5% 0

28 |No name 1 2,5% 0

29|No name 1 2,5% 0

30|No name 1 2,5% 0

31|No name 1 2,5% 0

32|No name 1 2,5% 0

33|No name 1 2,5% 0

34|No name 1 2,5% 0

35|No name 1 2,5% 0

36|No name 1 2,5% 0

37|No name 1 2,5% 0

38|No name 1 2,5% 0

39|No name 1 2,5% 0

40|No name 1 2,5% 0

Total=| 40 8% 5 Total=[ 81 [ 17% [ 8 [ Total=] 354 | 75% [ 35
Samping ratio 10%= 4 HH interviewed Samping ratio 10%=| 8 | HH interviewed Samping ratio 10%=| 35 | HH interviewed




Figure 40 - The village Realidade seen from above
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Survey questionnaires
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Remain the same.

Move to and owned

Share land among children

8
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censo agropecuario
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Reuniao em reaidade.
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R codes

Demographic characteristics
library(readxl)
library(tidyverse)
library(dplyr)
library(tidyr)
library(reshape2)
library(scales)
library(ggplot2)
library(tibble)
library(fmsb)
library(ggplot2)
library(ggradar)
library(devtools)
library(rCharts)

data <- read_xIsx(path = "/Users/marco/Dropbox/Marcolleta/Thesis/Data Analy-
sis/HH/Database adapted 2.3 divided.xlsx",
sheet = 1) #choose file

# Birth Region
Birth <- data %>% group_by(Occupation, Birth region) %>% summarise(Total= n())

Birth.com <- Birth %>% filter(Occupation == "Community")
Birth.com <- Birth.com %>% mutate(Percentage = Total / 8 * 100)

Birth.farm <- Birth %>% filter(Occupation == "Farm")
Birth.farm <- Birth.farm %>% mutate(Percentage = Total / 5 * 100)

Birth.sett <- Birth %>% filter(Occupation == "Settlement")
Birth.sett <- Birth.sett %>% mutate(Percentage = Total / 35 * 100)

Birth.merg <- rbind(Birth.com, Birth.farm, Birth.sett)

Birth.merg %>% mutate(Birth_region = factor( Birth_region, levels = ¢("S", "SE", "MW",
"NE", "N"))) %>% ggplot(., aes(x= Birth_region, y= Percentage, fill= Occupation))+ ge-
om_col(position = 'dodge') + ylab("% - N° Families") + xlab("Birth region") + fac-
et_grid(Occupation~.) + theme light(base size = 13) + theme(legend.position = "none")

# Birth state
Birth2 <- data %>% group by(Occupation, Birth_state) %>% summarise(Total= n())

Birth2.com <- Birth2 %>% filter(Occupation == "Community")
Birth2.com <- Birth2.com %>% mutate(Percentage = Total / 8 * 100)

Birth2.farm <- Birth2 %>% filter(Occupation == "Farm")
Birth2.farm <- Birth2.farm %>% mutate(Percentage = Total / 5 * 100)

Birth2.sett <- Birth2 %>% filter(Occupation == "Settlement")
Birth2.sett <- Birth2.sett %>% mutate(Percentage = Total / 35 * 100)

Birth.merg <- rbind(Birth2.com, Birth2.farm, Birth2.sett)



Birth.merg %>% mutate(Birth_state = factor( Birth_state, levels =

c("SC","PR","ES","MG","SP","MS","AL","BA","AC","AM","RO"))) %>% ggplot(., aes(x=

Birth_state, y= Percentage, fill= Occupation))+ geom_col(position = 'dodge') + ylab("% - N°

Families") + xlab("Birth State") + facet grid(Occupation~.) + theme_light(base size = 13) +
theme(legend.position = "none"

# Birth (no separation)
Birth3 <- data %>% group by(Birth_state) %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

Birth4 <- data %>% group by(Birth_region) %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

# Born in traditional communities
Ribeirinho <- data %>% group by(Occupation, Born_TC) %>% summarise(Total= n())

Ribeirinho.com <- Ribeirinho %>% filter(Occupation == "Community")
Ribeirinho.com <- Ribeirinho.com %>% mutate(Percentage = Total / 8 *100)

Ribeirinho.farm <- Ribeirinho %>% filter(Occupation == "Farm")
Ribeirinho.farm <- Ribeirinho.farm %>% mutate(Percentage = Total / 5 *100)

Ribeirinho.sett <- Ribeirinho %>% filter(Occupation == "Settlement")
Ribeirinho.sett <- Ribeirinho.sett %>% mutate(Percentage = Total / 35 *100)

Ribeirinho.merg <- rbind(Ribeirinho.com, Ribeirinho.farm, Ribeirinho.sett)

# Direct Migration
Migr orig <- data %>% group_by(Occupation, "Migration directly") %>% summarise(Total=

n())

Migr orig.com <- Migr_orig %>% filter(Occupation == "Community")
Migr orig.com <- Migr orig.com %>% mutate(Percentage = Total / 8 * 100)

Migr orig.farm <- Migr orig %>% filter(Occupation == "Farm")
Migr orig.farm <- Migr orig.farm %>% mutate(Percentage = Total / 5 * 100)

Migr orig.sett <- Migr orig %>% filter(Occupation == "Settlement")
Migr orig.sett <- Migr_orig.sett %>% mutate(Percentage = Total / 35 * 100)

Migr orig.merg <- rbind(Migr_orig.com, Migr orig.farm, Migr orig.sett)

Migration3 <- data %>% group by("Migration directly") %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

# Direct Migration (no separation)
Migr orig.2 <- data %>% group_by("Migration directly") %>% summarise(Total= n()) %>%
mutate(Percentage = Total / 48 * 100)

# Place previous migration
Migration_place <- data %>% group_by(Occupation, Migration_regionl) %>% summa-
rise(Total= n())

Migration_place.com <- Migration_place %>% filter(Occupation == "Community")
Migration_place.com <- Migration_place.com %>% mutate(Percentage = Total / 8 *100)
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Migration_place.farm <- Migration_place %>% filter(Occupation == "Farm")
Migration place.farm <- Migration_place.farm %>% mutate(Percentage = Total / 5 *100)

Migration_place.sett <- Migration place %>% filter(Occupation == "Settlement")
Migration_place.sett <- Migration place.sett %>% mutate(Percentage = Total / 35 *100)

Migration_place.merg <- rbind(Migration place.com, Migration place.farm, Migra-
tion_place.sett)

# State previous migration
Migration_state <- data %>% group_by(Occupation, Migration_statel) %>% summarise(Total=

n())

Migration_state2 <- data %>% group by(Migration_statel) %>% summarise(Total= n()) %>%
mutate(Percentage = Total / 48 * 100)

Migration place2 <- data %>% group by(Migration regionl) %>% summarise(Total= n())
%>% mutate(Percentage = Total / 48 * 100)

Migration_state.com <- Migration_state %>% filter(Occupation == "Community")
Migration_state.com <- Migration_state.com %>% mutate(Percentage = Total / 8 * 100)

Migration_state.farm <- Migration_state %>% filter(Occupation == "Farm")
Migration_state.farm <- Migration_state.farm %>% mutate(Percentage = Total / 5 * 100)

Migration_state.sett <- Migration_state %>% filter(Occupation == "Settlement")
Migration_state.sett <- Migration_state.sett %>% mutate(Percentage = Total / 35 * 100)

Migration.merg <- rbind(Migration_state.com, Migration_state.farm, Migration_state.sett)

# Previous migration (no separation)

Migration place2 <- data %>% group by(Migration regionl) %>% summarise(Total= n())
%>% mutate(Percentage = Total / 48 * 100)

Migration_place3 <- data %>% group_ by(Migration_statel) %>% summarise(Total=n()) %>%
mutate(Percentage = Total / 48 * 100)

# Migration Reason

Migration_reason <- data %>% select(Occupation, ‘Cheap/free land’, *Abundance of resources’,
*Good land quality’, 'To have own land’, "To not be employee anymore’, 'Rubber bust’, ‘Job
opp. - NTFP", "Job opp. - timber’, "Job opp. - agriculture’, "Job opp. - other’, 'Business’, ‘Road
construction’, ‘Easier production flow", ‘Network info’, "Family", 'Return to family's

land’, Health services’, "School’, "Lack of knowledge" )

Migration_reason <- Migration_reason %>% group by(Occupation) %>% summa-
rise("Cheap/free land” = sum("Cheap/free land", na.rm = TRUE), *Abundance of resources’ =
sum(*Abundance of resources’, na.rm = TRUE), 'Good land quality’ = sum('Good land quality",
na.rm = TRUE), 'To have own land" = sum("To have own land’, na.rm = TRUE), "To not be
employee anymore’ = sum(" To not be employee anymore’, na.rm = TRUE), "Rubber bust’ =
sum("Rubber bust’, na.rm = TRUE), “Job opp. - NTFP" = sum('Job opp. - NTFP", na.rm =
TRUE), Job opp. - timber" = sum( Job opp. - timber’, na.rm = TRUE), ‘Job opp. - agriculture’=
sum("Job opp. - agriculture’, na.rm = TRUE), "Job opp. - other’ = sum(*Job opp. - other’, na.rm =
TRUE), ‘Business’ =sum(’Business’, na.rm = TRUE), ‘Road construction” = sum('Road con-
struction’, na.rm = TRUE), “Easier production flow" = sum("Easier production flow", na.rm =
TRUE), "Network info’ = sum('Network info’, na.rm = TRUE), Family = sum(Family, na.rm =
TRUE), 'Return to family's land’ = sum("Return to family's land’, na.rm = TRUE), “Health ser-
vices' = sum( Health services’, na.rm = TRUE), 'School’ = sum("School’, na.rm = TRUE),
‘Lack of knowledge" = sum("Lack of knowledge’, na.rm = TRUE))
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Migration_reason <- as_tibble(cbind.data.frame(Migration_reason[,1], Migration reason[,-1]/
rowSums(Migration_reason[,-1])))

Migration_reason <- Migration_reason %>% mutate('Cheap/free land'= "Cheap/free land" * 100,
*Abundance of resources’ = “Abundance of resources’ * 100, "Good land quality” = *Good land
quality™* 100, "To have own land’ = "To have own land *100, "To not be employee anymore’ =
"To not be employee anymore™ * 100, 'Rubber bust® = 'Rubber bust'* 100, "Job opp. - NTFP" =
*Job opp. - NTFP" * 100, "Job opp. - timber" = "Job opp. - timber"* 100, "Job opp. - agriculture’=
“Job opp. - agriculture™* 100, "Job opp. - other” = "Job opp. - other'* 100, "Business’ = "Busi-
ness * 100, "Road construction’ = ‘Road construction™* 100, *Easier production flow"™ = "Easier
production flow™* 100, ‘Network info’ = "Network info"* 100, Family = Family* 100, "Return to
family's land" = Return to family's land™* 100, 'Health services” = "Health services™* 100,
*School” = "School™* 100, "Lack of knowledge' = "Lack of knowledge'* 100)

Migration_reason.melt <- melt(Migration_reason)

# Initial settlement
Time arrival <- data %>% group by(Occupation, Time migrationl) %>% summarise(Total=

n())

Time arrival.com <- Time_arrival %>% filter(Occupation == "Community")
Time arrival.com <- Time arrival.com %>% mutate(Percentage = Total / 8 *100)

Time arrival.farm <- Time_arrival %>% filter(Occupation == "Farm")
Time arrival.farm <- Time_arrival.farm %>% mutate(Percentage = Total / 5 *100)

Time arrival.sett <- Time arrival %>% filter(Occupation == "Settlement")
Time arrival.sett <- Time arrival.sett %>% mutate(Percentage = Total / 35 *100)

Time arrival.merg <- rbind(Time arrival.com, Time arrival.farm, Time arrival.sett)

Time arrival.merg %>% mutate(Time migrationl = factor( Time migrationl, levels = c("60s",
"70s", "80s", "90s", "00s", "after 2010"))) %>% ggplot(., aes(x= Time migrationl, y= Percent-
age, fill= Occupation)) + geom_col(position = 'dodge') + ylab("% - N° Families") + xlab("Time
of arrival") + facet grid(Occupation~.) + theme light(base size = 13) + theme(legend.position =
"none"

# Initial settlement (no separation)
Time arrival2 <- data %>% group by(Time migrationl) %>% summarise(Total= n()) %>%
mutate(Percentage = Total / 48 * 100)

# Education
Education <- data %>% group_by(Occupation, Education) %>% summarise(Total= n())

Education.com <- Education %>% filter(Occupation == "Community")
Education.com <- Education.com %>% mutate(., Percentage = Total / 8 *100)

Education.farm <- Education %>% filter(Occupation == "Farm")
Education.farm <- Education.farm %>% mutate(., Percentage = Total / 5 *100)

Education.sett <- Education %>% filter(Occupation == "Settlement")
Education.sett <- Education.sett %>% mutate(Percentage = Total / 35 *100)

Education.merg <- rbind(Education.com, Education.farm, Education.sett)
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Education.merg %>% mutate(Education = factor( Education, levels = c¢("Iliterate", "Primary",

"Lower secondary”, "Upper secondary", "Tertiary - technical”, "Tertiary - bachelor"))) %>%

ggplot(., aes(x= Education, y= Percentage, fill= Occupation)) + ylab("% - N° Families") +
xlab("Education levels") + geom_col(position = 'dodge') + facet grid(Occupation~.) +

theme light(base size = 13) + theme(text = element text(size=12),axis.text.x = ele-

ment_text(angle=30, hjust=1)) + theme(legend.position = "none") + labs(caption = "(Standars

by International Standard Classification of Education 2011, UNESCO)")

#Education per region
Education2 <- data %>% group by(Birth_region, Education) %>% summarise(Total= n())

Education2.N <- Education2 %>% filter(Birth_region == "N")
Education2.N <- Education2.N %>% mutate(., Percentage = Total / 25 *100)

Education2.NE <- Education2 %>% filter(Birth_region == "NE")
Education2.NE <- Education2.NE %>% mutate(., Percentage = Total / 3 *100)

Education2. MW <- Education2 %>% filter(Birth_region == "MW")
Education2.MW <- Education2. MW %>% mutate(Percentage = Total / 2 *100)

Education2.SE <- Education2 %>% filter(Birth_region == "SE")
Education2.SE <- Education2.SE %>% mutate(Percentage = Total / 7 *100)

Education2.S <- Education2 %>% filter(Birth_region =="S")
Education2.S <- Education2.S %>% mutate(Percentage = Total / 11 *100)

Education2.merg <- rbind(Education2.N, Education2.NE, Education2. MW, Education2.SE, Edu-
cation2.S)

Education2.merg %>% mutate(Education = factor( Education, levels = c("lIliterate", "Primary",
"Lower secondary”, "Upper secondary", "Tertiary - technical", "Tertiary - bachelor"))) %>%
ggplot(., aes(x= Education, y= Percentage, fill= Birth region)) + ylab("% - N° Families") +
xlab("Education levels") + geom_col(position = 'dodge') + theme light(base size = 13) +
theme(text = element_text(size=12),axis.text.x = element_text(angle=30, hjust=1)) +
theme(legend.position = "right")

#Education (no separation)
Education3 <- data %>% group by(Education) %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

# Backgroung experiences
BCexp <- data %>% select(Occupation, BC_Agriculture, 'BC_Animal husbandry’, BC Forestry,
BC Fish)

BCexp <- BCexp %>% group_ by(Occupation) %>% summarise(Agriculture =
sum(BC Agriculture, na.rm = FALSE),

Animal husbandry’ = sum('BC_Animal husbandry’, na.rm = FALSE), Forestry =
sum(BC_Forestry, na.rm = FALSE), Fishery = sum(BC_Fish, na.rm = FALSE))

BCexp.com <- BCexp %>% filter(Occupation == "Community")
BCexp.com <- BCexp.com %>% mutate(Agriculture = Agriculture /8 *100, *Animal husband-
ry’ = "Animal husbandry’ / 8 *100,

Forestry = Forestry / 8 *100, Fishery = Fishery/ 8*100)

BCexp.farm <- BCexp %>% filter(Occupation == "Farm")
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BCexp.farm <- BCexp.farm %>% mutate(Agriculture = Agriculture /5 *100, *Animal husband-
ry’ = "Animal husbandry / 5 *100,
Forestry = Forestry / 5 #100, Fishery = Fishery/ 5 * 100)

BCexp.sett <- BCexp %>% filter(Occupation == "Settlement")
BCexp.sett <- BCexp.sett %>% mutate(Agriculture = Agriculture /35 *100, *Animal husbandry”
= "Animal husbandry" /35 *100,

Forestry = Forestry / 35 *100, Fishery = Fishery/ 35 * 100)

BCexp.merg <- rbind(BCexp.com, BCexp.farm, BCexp.sett)
BCexp.melt <- melt(BCexp.merg)

# Backgroung experiences (no separation)

BCEXp2 <- data %>% group by(BC_Agriculture, 'BC_Animal husbandry’, BC Forestry,
BC Fish) %>% summarise(Agriculture = sum(BC_Agriculture, na.rm = FALSE), "Animal hus-
bandry” = sum('BC_Animal husbandry’, na.rm = FALSE), Forestry = sum(BC_Forestry, na.rm =
FALSE), Fishery = sum(BC_Fish, na.rm = FALSE))

Income
data <- read_xIsx(path = "/Users/marco/Dropbox/Marcolleta/Thesis/Data Analy-
sis/HH/Database adapted 2.3 divided.xIsx", sheet = 2)

# N° of families engaged in diferent sources of Income
Income <- data %>% select(Occupation, Farm, Fishery, NTFP, "Job agricult. sector’, "Job other
sector’, Retirement, "Bolsa-familia’, *Gov. support’, Business, Other)

Income <- Income %>% group_by(Occupation) %>% summarise(Farm = sum(Farm, na.rm =
FALSE), Fishery = sum(Fishery, na.rm = FALSE), NTFP = sum(NTFP, na.rm = FALSE), "Job
agricult. sector’ = sum( Job agricult. sector’, na.rm = FALSE), ‘Job other sector’ = sum("Job
other sector’, na.rm = FALSE), Retirement = sum(Retirement, na.rm = FALSE), ‘Bolsa-
familia’ = sum( "Bolsa-familia’, na.rm = FALSE), "Gov. support™ = sum('Gov. support’, na.rm =
FALSE), Business = sum(Business, na.rm = FALSE), Other = sum(Other, na.rm = FALSE))

Income.com <- Income %>% filter(Occupation == "Community")

Income.com <- Income.com %>% mutate(Farm = Farm / 8%100, Fishery = Fishery / 8 * 100,
NTFP = NTFP/ 8 * 100, ‘Job agricult. sector'= "Job agricult. sector’ / 8 * 100, "Job other sector’
= "Job other sector’ / 8 * 100, Retirement = Retirement / 8 * 100, *Bolsa-familia® = "Bolsa-
familia’/ 8 * 100, *Gov. support’ = "Gov. support’/ 8 * 100, Business = Business/ 8 * 100, Other
= Other/ 8 * 100)

Income.farm <- Income %>% filter(Occupation == "Farm")

Income.farm <- Income.farm %>% mutate(Farm = Farm / 5*100, Fishery = Fishery / 5 * 100,
NTFP = NTFP/ 5 * 100, ‘Job agricult. sector'= "Job agricult. sector’ / 5 * 100, "Job other sector
= "Job other sector’ / 5 * 100, Retirement = Retirement /5 * 100, “Bolsa-familia’ = "Bolsa-
familia’/ 5 * 100, "Gov. support’ = "‘Gov. support’/ 5 * 100, Business = Business/ 5 * 100, Other
= Other/ 5 * 100)

Income.sett <- Income %>% filter(Occupation == "Settlement")

Income.sett <- Income.sett %>% mutate(Farm = Farm / 35*100, Fishery = Fishery / 35 * 100,
NTFP = NTFP/ 35 * 100, ‘Job agricult. sector'= "Job agricult. sector’ / 35 * 100, *Job other
sector’ = "Job other sector’ / 35 * 100, Retirement = Retirement /35 * 100, ‘Bolsa-familia® =
‘Bolsa-familia’/ 35 * 100, *Gov. support’ = "Gov. support’/ 35 * 100, Business = Business/ 35 *
100, Other = Other/ 35 * 100)

Income.merg <- rbind(Income.com, Income.farm, Income.sett)

192



Income.melt <- melt(Income.merg)

Income.melt %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + geom_col(position =
'dodge") + ylab("% - N° of families") +

xlab("Sources of income") + facet grid(Occupation~.) + theme light(base size =13) +
theme(text = element_text(size=12),

axis.text.x = element_text(angle=30, hjust=1)) + theme(legend.position = "none")

# Income Participation in Livelihood

Income_Part <- data %>% select(Occupation, SI Farm, SI Fishery, SI NTFP, "SI Job agricult.
sector’, SI Retirement, *SI Bolsa-familia’, "SI _Gov. Support’,"SI Job other sector’,

SI Business, SI_Other)

Income_ Part2 <- Income_Part %>% group by(Occupation) %>% summarise(SI_Farm =
mean(SI_Farm, na.rm = TRUE), SI_ Fishery = mean(SI_Fishery, na.rm = TRUE), SI NTFP =
mean(SI_NTFP, na.rm = TRUE), "SI Job agricult. sector'= mean("SI_Job agricult. sector’, na.rm
=TRUE), SI Retirement = mean(SI Retirement, na.rm = TRUE), 'SI Bolsa-familia’ =
mean("SI_Bolsa-familia’, na.rm = TRUE), "SI _Gov. Support'= mean('SI_Gov. Support’, na.rm =
TRUE), "SI Job other sector'= mean("SI_Job other sector’, na.rm = TRUE), SI Business =
mean(SI_Business, na.rm = TRUE), SI Other = mean(SI_Other, na.rm = TRUE))

Income Part.com <- Income Part2 %>% filter(Occupation == "Community")

Income Part.com <- Income Part.com %>% mutate(Total = sum(SI_Farm, SI Fishery,

SI NTFP, "SI Job agricult. sector’, SI Retirement, 'SI Bolsa-familia’, 'SI _Gov. Support’,
"SI Job other sector’, SI Business, SI_Other, na.rm = TRUE))

Income Part.com <- Income Part.com %>% mutate(SI_Farm = SI Farm / Total * 100,

SI Fishery = SI Fishery / Total * 100,

SI NTFP = SI_NTFP/ Total * 100, "SI Job agricult. sector’= "SI Job agricult. sector’ / Total *
100, "SI Job other sector’ = "SI Job other sector’ / Total * 100, SI Retirement = SI Retirement
/ Total * 100, “SI Bolsa-familia® = "SI Bolsa-familia’/ Total * 100, "SI Gov. Support’ =
*SI_Gov. Support’/ Total * 100, SI Business = SI Business/ Total * 100, SI Other = SI_Other/
Total * 100)

Income_ Part.farm <- Income Part2 %>% filter(Occupation == "Farm")

Income Part.farm <- Income Part.farm %>% mutate(Total = sum(SI_Farm, SI Fishery,
SI NTFP, "SI Job agricult. sector’, SI Retirement, "SI Bolsa-familia’, "SI Gov. Support’,
"SI Job other sector’, SI Business, SI_Other, na.rm = TRUE))

Income Part.farm <- Income Part.farm %>% mutate(SI_Farm = SI Farm / Total*100,
SI Fishery = SI Fishery / Total * 100,

SI NTFP = SI_NTFP/ Total * 100, "SI Job agricult. sector’'= "SI Job agricult. sector’ / Total *
100, "SI Job other sector’ = "SI Job other sector’ / Total * 100, SI Retirement = SI Retirement
/ Total * 100, “SI Bolsa-familia® = "SI Bolsa-familia’/ Total * 100, "SI _Gov. Support’ =
*SI_Gov. Support’/ Total * 100, SI Business = SI Business/ Total * 100, SI Other = SI_Other/
Total * 100)

Income_Part.sett <- Income Part2 %>% filter(Occupation == "Settlement")

Income_ Part.sett <- Income_Part.sett %>% mutate(Total = sum(SI_Farm, SI Fishery, SI NTFP,
"SI Job agricult. sector’, SI Retirement, "SI _Bolsa-familia®, "SI Gov. Support’, "SI Job other
sector’, SI Business, SI Other, na.rm = TRUE))

Income_ Part.sett <- Income Part.sett %>% mutate(SI_Farm = SI Farm / Total*100, SI Fishery
= SI Fishery / Total * 100, SI NTFP = SI NTFP/ Total * 100, "SI Job agricult. sector'=

"SI Job agricult. sector’ / Total * 100, “SI Job other sector’ = "SI Job other sector’ / Total *
100, SI Retirement = SI_Retirement / Total * 100, "SI Bolsa-familia® = "SI Bolsa-familia'/
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Total * 100, *SI_Gov. Support’ = "SI_Gov. Support’/ Total * 100, SI Business = SI Business/
Total * 100, SI Other = SI_Other/ Total * 100)

Income Part.merg <- rbind(Income Part.com, Income Part.farm, Income Part.sett)

Income_ Part.merg <- Income Part.merg %>% select(Occupation, SI Farm, SI Fishery,

SI_ NTEFP, "SI Job agricult. sector’, "SI Job other sector’, SI Retirement, "SI Bolsa-familia’,
*SI_Gov. Support’, SI Business, SI_Other)

Income_Part.melt <- melt(Income Part.merg)

Income_Part.melt %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + ge-
om_col(position = 'dodge") + ylab("% - Amount of income per total") + xlab("Sources of in-
come") + facet_grid(Occupation~.) + theme light(base size = 13) + theme(text = ele-

ment text(size=12), axis.text.x = element text(angle=30, hjust=1)) + theme(legend.position =
"none"

# Summary Income - oabsolute values

Income_mean <- data %>% group by(Occupation) %>% summarise(SI Farm = mean(SI_Farm,
na.rm = TRUE), SI Fishery = mean(SI_Fishery, na.rm = TRUE), SI NTFP = mean(SI_NTFP,
na.rm = TRUE), "SI Job agricult. sector'= mean("SI_Job agricult. sector’, na.rm = TRUE),

SI Retirement = mean(SI_Retirement, na.rm = TRUE), *SI_Bolsa-familia® = mean("SI_Bolsa-
familia’, na.rm = TRUE), "SI_Gov. Support’= mean('SI_Gov. Support’, na.rm = TRUE), "SI Job
other sector'=mean("SI_Job other sector’, na.rm = TRUE), SI Business = mean(SI_Business,
na.rm = TRUE), SI_Other = mean(SI_Other, na.rm = TRUE))

Income_max <- data %>% group_by(Occupation) %>% summarise(SI_Farm = max(SI Farm,
na.rm = TRUE), SI_ Fishery = max(SI_Fishery, na.rm = TRUE), SI NTFP = max(SI_NTFP,
na.rm = TRUE), "SI Job agricult. sector'= max("SI_Job agricult. sector’, na.rm = TRUE),

SI Retirement = max(SI_Retirement, na.rm = TRUE), "SI Bolsa-familia’ = max("SI_Bolsa-
familia’, na.rm = TRUE), "SI_Gov. Support’'= max('SI_Gov. Support’, na.rm = TRUE), "SI Job
other sector'= max("SI_Job other sector’, na.rm = TRUE), SI Business = max(SI_Business,
na.rm = TRUE), SI Other = max(SI_Other, na.rm = TRUE))

Income_ SD <- data %>% group_by(Occupation) %>% summarise(SI Farm = sd(SI_Farm, na.rm
= TRUE), SI Fishery = sd(SI_Fishery, na.rm = TRUE), SI NTFP = sd(SI_NTFP, na.rm =
TRUE), "SI Job agricult. sector’'= sd(*SI_Job agricult. sector’, na.rm = TRUE), SI Retirement =
sd(SI_Retirement, na.rm = TRUE), "SI Bolsa-familia® = sd("SI_Bolsa-familia’, na.rm = TRUE),
"SI_Gov. Support'= sd("SI_Gov. Support’, na.rm = TRUE), 'SI_Job other sector'= sd("SI_Job
other sector’, na.rm = TRUE), SI Business = sd(SI_Business, na.rm = TRUE), SI Other =
sd(SI_Other, na.rm = TRUE))

Income_min <- data %>% group_ by(Occupation) %>% summarise(SI_Farm = min(SI_Farm,
na.rm = TRUE), SI Fishery = min(SI_Fishery, na.rm = TRUE), SI NTFP = min(SI_NTFP,
na.rm = TRUE), "SI Job agricult. sector'= min("SI_Job agricult. sector’, na.rm = TRUE),

SI Retirement = min(SI_Retirement, na.rm = TRUE), "SI Bolsa-familia’ = min("SI_Bolsa-
familia’, na.rm = TRUE), "SI_Gov. Support’= min("'SI_Gov. Support’, na.rm = TRUE), "SI Job
other sector'=min("SI_Job other sector’, na.rm = TRUE), SI Business = min(SI_Business,
na.rm = TRUE), SI Other = min(SI_Other, na.rm = TRUE))

# Income grouped
Income_gr <- data %>% select(Occupation, SI Farm, SI Extractivism, SI_Gov.Support2,SI ofY)
Income_gr2 <- Income_gr %>% group by(Occupation, na.rm = FALSE )

# Different sources of incomes - FARM

Farm_incomes <- data %>% select(Occupation, “Temporary crops’, ‘Perennial crops’, "Forest
mgmt.’, ‘Small animals’, Cattle)
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Farm_incomes <- Farm_incomes %>% group by(Occupation) %>% summarise(' Temporary
crops’ = sum(" Temporary crops’, na.rm = TRUE), "Perennial crops’ =

sum( Perennial crops’, na.rm = TRUE), "Forest mgmt.” = sum("Forest mgmt.", na.rm = TRUE),
*Small animals® = sum("Small animals’, na.rm = TRUE),

Cattle= sum(Cattle, na.rm = TRUE))

Farm_incomes.com <- Farm_incomes %>% filter(Occupation == "Community")
Farm_incomes.com <- Farm_incomes.com %>% mutate(' Temporary crops’ = "Temporary crops’
/7 *100, "Perennial crops’ = "Perennial crops’/ 7 *100, 'Forest mgmt.’= "Forest mgmt."/7 *100,
*Small animals’ = *Small animals’/ 7 *100, Cattle = Cattle / 7 *100)

Farm_incomes.farm <- Farm_incomes %>% filter(Occupation == "Farm")

Farm_incomes.farm <- Farm_incomes.farm %>% mutate(" Temporary crops’ = "Temporary
crops’ /4 *100, 'Perennial crops’ = "Perennial crops’/ 4 *100, "Forest mgmt.'= "Forest mgmt. /4
*100, 'Small animals’ = *Small animals’/ 4 *100, Cattle = Cattle / 4 *100)

Farm_incomes.sett <- Farm_incomes %>% filter(Occupation == "Settlement")
Farm_incomes.sett <- Farm_incomes.sett %>% mutate(" Temporary crops’ = ‘Temporary crops’ /
12 *100, "Perennial crops’ = "Perennial crops’/ 12 *100, 'Forest mgmt.’= "Forest mgmt."/12
*100, 'Small animals’ = *Small animals’/ 12 *100, Cattle = Cattle / 12 *100)

Farm_incomes.merg <- rbind(Farm_incomes.com, Farm_incomes.farm, Farm_incomes.sett)
Farm_incomes.melt <- melt(Farm_incomes.merg)

Farm_incomes.melt %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + ge-
om_col(position = 'dodge') + ylab("% - N° of families") + xlab("Farm sources of income") +
facet_grid(Occupation~.) + theme light(base size = 13) + theme(text = element_text(size=12)) +

theme(text = element_text(size=12), axis.text.x = element_text(angle=30, hjust=1)) +
theme(legend.position = "none") #bar plot))

# Income Participation in Livelihood - FARM
Farm_incomes.part <- data %>% select(Occupation, "SI Temporary crops’, ‘SI_Perennial crops’,
"SI Forest products’, "SI _Small animals’, SI_Cattle)

Farm_incomes.part <- Farm_incomes.part %>% group_ by(Occupation) %>% summa-
rise_all(funs(mean(., na.rm= TRUE)))

Farm_incomes.part <- as_tibble(cbind.data.frame(Farm_incomes.part[,1], Farm_incomes.part[,-
1]/ rowSums(Farm_incomes.part[,-1], na.rm = TRUE)))

Farm_incomes.part <- Farm_incomes.part %>% mutate( "SI _Temporary crops’ = "SI _Temporary
crops’ * 100, 'SI Perennial crops’ = "SI _Perennial crops™ * 100, "SI Forest products” =

"SI Forest products® * 100, "SI Small animals® = "SI Small animals™ * 100, SI Cattle =

SI Cattle * 100)

Farm_incomes.part <- melt(Farm_incomes.part)

Farm_incomes.part %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + ge-
om_col(position = 'dodge') + ylab("% - Amount of income per total") + xlab("Farm sources of
income") + facet grid(Occupation~.) + theme light(base size = 13) + theme(text = ele-

ment _text(size=12), axis.text.x = element text(angle=30, hjust=1)) + theme(legend.position =

"none") #bar plot

# Modern inputs
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Inputs <- data %>% select(Occupation, Machinery, "Motor-manual’, Pesticides, Fertilizers)
Inputs <- Inputs %>% group_by(Occupation) %>% summarise(Machinery = sum(Machinery,
na.rm = TRUE), "Motor-manual’ = sum("Motor-manual’, na.rm = TRUE), Pesticides =
sum(Pesticides, na.rm = TRUE), Fertilizers = sum(Fertilizers, na.rm = TRUE))

Inputs.com <- Inputs %>% filter(Occupation == "Community")

Inputs.com <- Inputs.com %>% mutate(Machinery = Machinery /7 *100, '"Motor-manual® =
‘Motor-manual® / 7 *100,

Pesticides = Pesticides / 7 *100, Fertilizers = Fertilizers/ 7 * 100)

Inputs.farm <- Inputs %>% filter(Occupation == "Farm")

Inputs.farm <- Inputs.farm %>% mutate(Machinery = Machinery /4 *100, "Motor-manual’ =
"Motor-manual’ / 4 *100, Pesticides = Pesticides / 4 *100, Fertilizers = Fertilizers/ 4 * 100)
Inputs.sett <- Inputs %>% filter(Occupation == "Settlement")

Inputs.sett <- Inputs.sett %>% mutate(Machinery = Machinery / 13 *100, "Motor-manual’ =
"Motor-manual’ / 13 * 100, Pesticides = Pesticides / 13 *100, Fertilizers = Fertilizers/ 13 * 100)
Inputs.merg <- rbind(Inputs.com, Inputs.farm, Inputs.sett)

Inputs.melt <- melt(Inputs.merg)

# Hires extra labour
Labour <- data %>% group_by(Occupation, "Hires labor force") %>% summarise(Total = n())

Labour <- Labour %>% filter(!is.na("Hires labor force"))

Labour.com <- Labour %>% filter(Occupation == "Community")
Labour.com <- Labour.com %>% mutate(Total = Total /7 *100)

Labour.farm <- Labour %>% filter(Occupation == "Farm")
Labour.farm <- Labour.farm %>% mutate(Total = Total /4 *100)

Labour.sett <- Labour %>% filter(Occupation == "Settlement")
Labour.sett <- Labour.sett %>% mutate(Total = Total / 17 *100)

Labour.merg <- rbind(Labour.com, Labour.farm, Labour.sett)

# Outflow production via BR-319
Outflow.BR <- data %>% group_by(Occupation, ‘Outflow via BR-319" ) %>% summarise(Total

=n())
Outflow.BR <- Outflow.BR %>% filter(!is.na(" Outflow via BR-319"))

Outflow.BR.com <- Outflow.BR %>% filter(Occupation == "Community")
Outflow.BR.com <- Outflow.BR.com %>% mutate(Total = Total /7 *100)

Outflow.BR.farm <- Outflow.BR %>% filter(Occupation == "Farm")
Outflow.BR.farm <- Outflow.BR.farm %>% mutate(Total = Total /4 *100)

Outflow.BR.sett <- Outflow.BR %>% filter(Occupation == "Settlement")
Outflow.BR.sett <- Outflow.BR.sett %>% mutate(Total = Total /17 *100)

Outflow.BR.merg <- rbind(Outflow.BR.com, Outflow.BR.farm, Outflow.BR sett)
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Land characteristics
data <- read_xIsx(path = "/Users/marco/Dropbox/Marcolleta/Thesis/Data Analy-
sis/HH/Database adapted 2.3 divided.xlsx", sheet = 3)

# Land accumulation
More <- data %>% group_by(Occupation, ‘More then one land") %>% summarise(Total = n())

More.com <- More %>% filter(Occupation == "Community")
More.com <- More.com %>% mutate(Percentage = Total / 8 * 100)

More.farm <- More %>% filter(Occupation == "Farm")
More.farm <- More.farm %>% mutate(Percentage = Total / 5 * 100)

More.sett <- More %>% filter(Occupation == "Settlement")
More.sett <- More.sett %>% mutate(Percentage = Total / 35 * 100)

More.merg <- rbind(More.com, More.farm, More.sett)
More.merg %>% ggplot(., aes(x= "More then one land’, y= Percentage, fill= Occupation))+ ge-
om_col(position = 'dodge') + ylab("% - N° Families") +

xlab("Family owns more than one land") + facet grid(Occupation~.) + theme light(base size =

13) + theme(legend.position = "none")

# Land tenure
Tenure <- data %>% group by(Occupation, Tenure) %>% summarise(Total = n())

Tenure.com <- Tenure %>% filter(Occupation == "Community")
Tenure.com <- Tenure.com %>% mutate(Percentage = Total / 8 * 100)

Tenure.farm <- Tenure %>% filter(Occupation == "Farm")
Tenure.farm <- Tenure.farm %>% mutate(Percentage = Total / 5 * 100)

Tenure.sett <- Tenure %>% filter(Occupation == "Settlement")
Tenure.sett <- Tenure.sett %>% mutate(Percentage = Total / 35 * 100)

Tenure.merg <- rbind(Tenure.com, Tenure.farm, Tenure.sett)
#Tenure (no separation)
Tenure2 <- data %>% group_by(Tenure) %>% summarise(Total= n()) %>% mutate(Percentage

= Total / 48 * 100)

# Size
Size <- data %>% group by(Occupation, category size) %>% summarise(Total = n())

Size.com <- Size %>% filter(Occupation == "Community")
Size.com <- Size.com %>% mutate(Percentage = Total / 8§ *100)

Size.farm <- Size %>% filter(Occupation == "Farm")
Size.farm <- Size.farm %>% mutate(Percentage = Total / 5 *100)

Size.sett <- Size %>% filter(Occupation == "Settlement")
Size.sett <- Size.sett %>% mutate(Percentage = Total / 35 *100)

Size.merg <- rbind(Size.com, Size.farm, Size.sett)
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Size.merg %>% mutate(category size = factor( category_size, levels = c("<100", "100 - 600",
">600"))) %>%

ggplot(., aes(x= category_size, y= Percentage, fill= Occupation)) + geom_col(position =
'dodge") + ylab("% - N° Families") + xlab("Land size") +

facet grid(Occupation~.) + theme light(base size = 13) + theme(legend.position = "none") +
theme(text = element_text(size=12), axis.text.x = element text(angle=35, hjust=1))

# Size (no separation)
Size2 <- data %>% group_by(category_size) %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

#2 Year of establishment
Time Establishment <- data %>% group by(Occupation, Time establishment) %>% summa-
rise(Total = n())

Time Establishment.com <- Time Establishment %>% filter(Occupation == "Community")
Time Establishment.com <- Time Establishment.com %>% mutate(Percentage = Total / 8 *100)

Time Establishment.farm <- Time Establishment %>% filter(Occupation == "Farm")
Time Establishment.farm <- Time Establishment.farm %>% mutate(Percentage = Total / 5
*100)

Time Establishment.sett <- Time Establishment %>% filter(Occupation == "Settlement")
Time Establishment.sett <- Time Establishment.sett %>% filter(!is.na(Time establishment))
Time Establishment.sett <- Time Establishment.sett %>% mutate(Percentage = Total / 34 *100)

Time Establishment.merg <- rbind(Time Establishment.com, Time Establishment.farm,
Time Establishment.sett)

Time Establishment.merg %>% mutate(Time establishment = factor( Time_establishment, lev-
els = c("40s", "60s", "70s", "80s", "90s", "00s", "after 2010"))) %>% ggplot(., aes(x=

Time establishment, y= Percentage, fill= Occupation)) + geom_col(position = 'dodge') + ylab("%
- N° Families") + xlab("Property - Time of establishment") + facet grid(Occupation~.) +

theme light(base size = 13) + theme(legend.position = "none")

# Land use - Per family

Land use <- data %>% select(Occupation, Pasture, "Temporary crops’, 'Perennial crops’, "Sec-
ondary forest - young’, *Secondary forest - old", Agroforestry, "Primary forest’, Waterbody)
Land use <- Land use %>% group by(Occupation) %>% summarise(Pasture = sum(Pasture,
na.rm = TRUE), "Temporary crops'= sum(’ Temporary crops’, na.rm = TRUE), "Perennial crops’
= sum(" Perennial crops’, na.rm = TRUE), ‘Secondary forest - young" = sum(" Secondary forest -
young', na.rm = TRUE), "Secondary forest - old" = sum("Secondary forest - old’, na.rm =
TRUE), Agroforestry = sum(Agroforestry, na.rm = TRUE), "Primary forest’ = sum("Primary
forest’, na.rm = TRUE), Waterbody = sum(Waterbody, na.rm = TRUE))

Land use <- as_tibble(cbind.data.frame(Land use[,1], Land use[,-1]/ rowSums(Land_use[,-1])))
Land use <- Land_use %>% mutate(Pasture = Pasture * 100, 'Temporary crops'= 'Temporary
crops *100, "Perennial crops’= "Perennial crops’ * 100, "Secondary forest - young" = "Secondary
forest - young® * 100, "Secondary forest - old® = *Secondary forest - old" * 100, Agroforestry =
Agroforestry * 100, "Primary forest’ = 'Primary forest™ * 100, Waterbody = Waterbody * 100)
Land use.melt <- melt(Land use)

Land use.melt %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + geom_col(position

='dodge') + ylab("% - N° Families") + xlab("Land use categories") + facet grid(Occupation~.)
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+ theme light(base size = 13) + theme(text = element text(size=12), axis.text.x = ele-
ment_text(angle=35, hjust=1)) + theme(legend.position = "none")

# Land use - Area

Land use.ar <- data %>% select(Occupation, Sz_Pasture, 'Sz_Temporary crops’,
Sz_Agroforestry, 'Sz_Perennial crops’, 'Sz _Secondary forest - young', *Sz_Secondary forest -
old’, 'Sz_Primary forest’)

Land use.ar.mean <- Land use.ar %>% group_ by(Occupation) %>% summarise(Sz_Pasture =
mean(Sz_Pasture, na.rm = TRUE), 'Sz_Temporary crops'= mean('Sz_Temporary crops’, na.rm
=TRUE), 'Sz _Perennial crops’ = mean('Sz_Perennial crops’, na.rm = TRUE), Sz Agroforestry
=mean(Sz_Agroforestry, na.rm = TRUE), Sz_Secondary forest - young" = mean('Sz_Secondary
forest - young', na.rm = TRUE), 'Sz Secondary forest - old" = mean('Sz_Secondary forest - old",
na.rm = TRUE), 'Sz Primary forest’ = mean('Sz_Primary forest’, na.rm = TRUE))

Land use.ar.mean.melt <- melt(Land use.ar.mean)

Land use.ar.mean.melt %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + ge-

om_col(position = 'dodge') + ylab("Average Area - ha") + xlab("Land use categories") + fac-

et _grid(Occupation~.) + theme light(base size = 13) + theme(text = element_text(size=12),
axis.text.x = element_text(angle=35, hjust=1)) + theme(legend.position = "none")

#Zooming

Land use.ar2 <- Land use.ar.mean %>% select(Occupation, Sz_Pasture, "Sz_Temporary crops’,
'Sz_Perennial crops’, Sz_Agroforestry, 'Sz_Secondary forest - young, "Sz_Secondary forest -
old")

Land use.ar2.melt <- melt(Land use.ar2)

Land use.ar2.melt %>% ggplot(., aes(x= variable, y= value, fill= Occupation)) + ge-

om_col(position = 'dodge') + ylab("Average Area - ha") + xlab("Land use categories") + fac-

et _grid(Occupation~.) + theme light(base size = 13) + theme(text = element_text(size=12),
axis.text.x = element_text(angle=35, hjust=1)) + theme(legend.position = "none")

Others
data <- read_xIsx(path = "/Users/marco/Dropbox/Marcolleta/Thesis/Data Analy-
sis/HH/Database adapted 2.4.xIsx", sheet = 1)

# Future plans

Future plans <- data %>% select(Occupation, ‘Expand agriculture’, "Expand pasture’, *Expand/
change forest’, *Sell and move’, "Sell and stay’, 'Fish-farming’, Tourism, "Move to land owned",
“Share land among children’, "Raise cattle’, *Agriculture modernization’, 'Expand business’,
*Acquire more land")

Future plans <- Future plans %>% group by(Occupation) %>% summarise( 'Expand pasture’ =
sum("Expand pasture’, na.rm = TRUE), "Expand agriculture” = sum(’Expand agriculture’, na.rm
= TRUE), "Expand/ change forest’ = sum("Expand/ change forest’, na.rm = TRUE), "Sell and
move' = sum("Sell and move’, na.rm = TRUE), "Sell and stay" = sum("Sell and stay', na.rm =
TRUE), "Fish-farming" = sum( Fish-farming’, na.rm = TRUE), Tourism = sum(Tourism, na.rm =
TRUE), Move to land owned’ = sum("Move to land owned’, na.rm = TRUE), *Share land among
children’= sum(" Share land among children’, na.rm = TRUE), "Raise cattle’ = sum("Raise cattle’,
na.rm = TRUE), *Agriculture modernization’ =sum(" Agriculture modernization’, na.rm =
TRUE), "Expand business’ = sum('Expand business’, na.rm = TRUE), "Acquire more land" =
sum(*Acquire more land’, na.rm = TRUE))
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Future plans <- as_tibble(cbind.data.frame(Future plans[,1], Future plans[,-1]/ row-
Sums(Future plans[,-1])))

Future plans2 <- Future plans %>% mutate(’ Expand pasture'= "Expand pasture’ * 100, 'Expand
agriculture’ = "Expand agriculture” * 100, 'Expand/ change forest’ = 'Expand/ change forest™*
100, *Sell and move™ = *Sell and move *100, *Sell and stay” = "Sell and stay" * 100, "Fish-
farming” = "Fish-farming” * 100, Tourism = Tourism * 100, "Move to land owned" = "Move to
and owned'* 100, *Share land among children'= "Share land among children™ * 100, "Raise cat-
tle’ = 'Raise cattle™* 100, *Agriculture modernization™ = *Agriculture modernization™* 100, "Ex-
pand business’ = 'Expand business’ * 100, *Acquire more land’ = "Acquire more land * 100)

Future plans.melt <- melt(Future plans2)

# Technical Assistance

Tech <- data %>% group by(Occupation, 'Tech Assist’) %>% summarise(Total = n())
Tech <- Tech %>% filter(!is.na(" Tech Assist"))

Tech.com <- Tech %>% filter(Occupation == "Community")
Tech.com <- Tech.com %>% mutate(Total = Total /8 *100)

Tech.farm <- Tech %>% filter(Occupation == "Farm")
Tech.farm <- Tech.farm %>% mutate(Total = Total /5 *100)

Tech.sett <- Tech %>% filter(Occupation == "Settlement")
Tech.sett <- Tech.sett %>% mutate(Total = Total /33 *100)

Tech.merg <- rbind(Tech.com, Tech.farm, Tech.sett)

Tech2 <- data %>% group by( Tech Assist’) %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

# Cooperative
Coop <- data %>% group by(Occupation, Cooperative) %>% summarise(Total = n())

Coop.com <- Coop %>% filter(Occupation == "Community")
Coop.com <- Coop.com %>% mutate(Total = Total /8 *100)

Coop.farm <- Coop %>% filter(Occupation == "Farm")
Coop.farm <- Coop.farm %>% mutate(Total = Total /5 *100)

Coop.sett <- Coop %>% filter(Occupation == "Settlement")
Coop.sett <- Coop.sett %>% mutate(Total = Total /35 *100)

Coop.merg <- rbind(Coop.com, Coop.farm, Coop.sett)

# Consultation about BR-319
BR <- data %>% group by(Occupation, "Consult BR") %>% summarise(Total = n())

BR.com <- BR %>% filter(Occupation == "Community")
BR.com <- BR.com %>% mutate(Total = Total /8 *100)

BR.farm <- BR %>% filter(Occupation == "Farm")
BR.farm <- BR.farm %>% mutate(Total = Total /5 *100)

BR.sett <- BR %>% filter(Occupation == "Settlement")
BR.sett <- BR.sett %>% mutate(Total = Total /35 *100)
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BR.merg <- rbind(BR.com, BR.farm, BR.sett)

# Consultation about governamental plans
Plans <- data %>% group by(Occupation, ‘Consult plans”) %>% summarise(Total = n())

Plans.com <- Plans %>% filter(Occupation == "Community")
Plans.com <- Plans.com %>% mutate(Total = Total /8 *100)

Plans.farm <- Plans %>% filter(Occupation == "Farm")
Plans.farm <- Plans.farm %>% mutate(Total = Total /5 *100)

Plans.sett <- Plans %>% filter(Occupation == "Settlement")
Plans.sett <- Plans.sett %>% mutate(Total = Total /35 *100)

Plans.merg <- rbind(Plans.com, Plans.farm, Plans.sett)

# Awareness of govvernamentl plans
Awareness <- data %>% group_by(Occupation, *Awarennes plans’ ) %>% summarise(Total =

n())

Awareness.com <- Awareness %>% filter(Occupation == "Community")
Awareness.com <- Awareness.com %>% mutate(Total = Total / 8 *100)

Awareness.farm <- Awareness %>% filter(Occupation == "Farm")
Awareness.farm <- Awareness.farm %>% mutate(Total = Total /5 *100)

Awareness.sett <- Awareness %>% filter(Occupation == "Settlement")
Awareness.sett <- Awareness.sett %>% mutate(Total = Total /35 *100)

Awareness.merg <- rbind(Awareness.com, Awareness.farm, Awareness.sett)

# Distance roads, BR, schools and hospital
Distance <- data %>% select(Occupation, ‘Distance road’, "Distance BR-319", "Distance school’,
‘Distance hospital )

Distance.com <- Distance %>% filter(Occupation == "Community")
Distance.com <- Distance.com %>% select("Distance road’, ‘Distance BR-319", "Distance
school’, "Distance hospital®)

Distance2 <- data %>% group_by("Distance road") %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

Distance3 <- data %>% group_by('Distance BR-319") %>% summarise(Total= n()) %>% mu-
tate(Percentage = Total / 48 * 100)

plot <- Highcharts$new()

plot$chart(polar = TRUE, type = "line", height=500)

plot$xAxis(categories= Distance.com, tickmarkPlacement= "on', lineWidth= 0)
plot$yAxis(gridLinelnterpolation= "circle', lineWidth= 0, min=

0,max=150,endOnTick=T tickInterval=10)

plot$series(data = Distance.com[,"Distance road"], name = "Distance road", pointPlace-
ment="on"

plot$series(data = Distance.com[,"Distance BR-319"],name = "Distance BR-319", pointPlace-
ment="on"

plot$series(data = Distance.com[,"Distance hospital"],name = "Distance hospital", pointPlace-
ment="on"
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plot$series(data = Distance.com[,"Distance school"],name = "Distance school", pointPlace-
ment="on"
plot

Distance.farm <- Distance %>% filter(Occupation == "Farm")
Distance.farm <- Distance.farm %>% select('Distance road’, "Distance BR-319", "Distance
school’, "Distance hospital")

plot2 <- Highcharts$new()

plot2$chart(polar = TRUE, type = "line",height=500)

plot2$xAxis(categories= Distance.farm, tickmarkPlacement= 'on', lineWidth= 0)
plot2$yAxis(gridLinelnterpolation= 'circle', lineWidth= 0, min=
0,max=200,endOnTick=T,tickInterval=10)

plot2$series(data = Distance.farm[,"Distance road"], name = "Distance road", pointPlace-
ment="on"

plot2$series(data = Distance.farm[,"Distance BR-319"],name = "Distance BR-319", pointPlace-
ment="on"

plot2$series(data = Distance.farm[,"Distance hospital"],name = "Distance hospital", pointPlace-
ment="on"

plot2$series(data = Distance.farm[,"Distance school"],name = "Distance school", pointPlace-
ment="on"

plot2

Distance.sett <- Distance %>% filter(Occupation == "Settlement")
Distance.sett <- Distance.sett %>% select('Distance road’, "Distance BR-319°, 'Distance
school’, "Distance hospital®)

plot3 <- Highcharts$new()

plot3$chart(polar = TRUE, type = "line",height=500)

plot3$xAxis(categories= Distance.sett, tickmarkPlacement= 'on', lineWidth= 0)
plot3$yAxis(gridLinelnterpolation= 'circle', lineWidth= 0, min=
0,max=200,endOnTick=T,tickInterval=10)

plot3$series(data = Distance.sett[,"Distance road"], name = "Distance road", pointPlace-
ment="on"

plot3$series(data = Distance.sett[,"Distance BR-319"],name = "Distance BR-319", pointPlace-
ment="on"

plot3$series(data = Distance.sett[,"Distance hospital"],name = "Distance hospital", pointPlace-
ment="on"

plot3$series(data = Distance.sett[,"Distance school"],name = "Distance school", pointPlace-
ment="on"

plot3

Distance.gr <- Distance %>% group by(Occupation) %>% summarise(’ Distance road" =
mean( Distance road"), 'Distance BR-319" = mean( Distance BR-319"), "Distance school” =
mean( Distance school"), "Distance hospital’ = mean(*Distance hospital*))

Distance.gr <- Distance.gr %>% select('Distance road’, "Distance BR-319", "Distance school’,
"Distance hospital )

plot4 <- Highcharts$new()

plot4$chart(polar = TRUE, type = "line",height=500)

plot4$xAxis(categories= Distance.gr, tickmarkPlacement= 'on', lineWidth= 0)
plot4$yAxis(gridLinelnterpolation= 'circle', lineWidth= 0, min=
0,max=160,endOnTick=T,tickInterval=10)

plot4$series(data = Distance.gr[,"Distance road"], name = "Distance road", pointPlace-
ment="on"
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plot4$series(data = Distance.gr[,"Distance BR-319"],name = "Distance BR-319", pointPlace-
ment="on"

plot4$series(data = Distance.gr[,"Distance hospital"],name = "Distance hospital", pointPlace-
ment="on"

plot4$series(data = Distance.gr[,"Distance school"],name = "Distance school", pointPlace-
ment="on"

plot4

Deforestation

my_data <- read.delim(file.choose(), dec =",")
my_data

colnames(my_data)

sample n(my_data, 10)
levels(my_data$Deforestation)

group by(my data, )

data2<- my_data],
c("Lot_size","Deforestation","Man","Education","Distance","Lot_year","Income")]
Im.data <- Im(as.formula('Deforestation ~."), data = data2)

summary(lm.data)

ggscatter(my_data, x = "Deforestation" , y = "Lot_size" , add = "reg.line", conf.int = TRUE,
cor.coef = TRUE, cor.method = "pearson", xlab = "Deforestation (ha)", ylab = "Lot size (ha)")

ggscatter(my_data, x = "Deforestation" , y = "Lot_year" , add = "reg.line", conf.int = TRUE,
cor.coef = TRUE, cor.method = "pearson", xlab = "Deforestation (ha)", ylab = "Lot year (years)")

ggscatter(my_data, x = "Deforestation" , y = "Income" , add = "reg.line", conf.int = TRUE,
cor.coef = TRUE, cor.method = "pearson",xlab = "Deforestation (ha)", ylab = "Income (BRL)")

ggscatter(my_data, x = "Deforestation" , y = "Distance" , add = "reg.line", conf.int = TRUE,
cor.coef = TRUE, cor.method = "pearson",xlab = "Deforestation (ha)", ylab = "Distance (km)")

ggplot(my _data, aes(x = Deforestation, y = Income)) + geom_point() + stat_smooth()
cor(my_data$Deforestation, my data$Income)

Im.data2 <- Im(formula = Deforestation ~ Income, data = my_data)
summary(lm.data2)
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