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ABSTRACT
Between I960 and 1991, the population of Rondonia, Brazil increased from
70,000 to 1.3 million. This increase occurred during the thirty-year period bracketing the
rise to statehood, during which a rural population also became largely urban.
Simultaneously, the loss of tropical rain forest in the state progressed at unparalleled
rates. This dissertation examines some of the ways in which these two rapidly changing
aspects of Rondonia's landscape are related to each other.

The research project employs a framework grounded in realist philosophy, a
flexible approach that facilitates research into processes that are unfolding at a regional
scale but which occur within the context of broader national and international structures.

Several kinds of connections between urban population growth and deforestation
are examined, including land conversion for urban use, food consumption in urban areas,
wood consumption for housing in urban areas, and power consumption in urban areas.
Urban sprawl is found to be significantly and positively correlated with deforestation at
the municipio level, but the absolute magnitude of urban sprawl is very small relative to
total deforestation. No spatial correlation is found between urban settlement and the
dedication of land to food crops. A weak but positive correlation is found between urban
demand for timber and total deforestation, but the absolute magnitude of local timber
demand is found to be very small in comparison to forest clearing. The recent
diversification of the timber industry in order to absorb urban labor may have profound
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implications for demand on forest resources in the future. Electricity generation has been
destructive of rain forest, and capacity already under construction is likely to have further
such impacts.

The cultural landscape of Rondonia reflects an orientation that is increasingly
outward-looking. Rondonia's cities and towns are becoming more closely cormected with
one another and more fully integrated with the outside world. Early incentives to settle in
Rondonia contributed to deforestation, but the curtailment of these incentives did not
curtail deforestation. Rondonia is a place caught between two opposite pressures: the
pressure to preserve the rain forest and the pressure to participate in the world economy
as consumers.
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Chapter I: Introduction
The Amazon Basin of South America is the watershed of the world's greatest
river. It is roughly conterminous with the world's largest tropical rain forest, also known
as the Amazon. About half of the rain forest is located in Brazil, the rest being shared by
seven other countries. Because the largest part of the basin is in Brazil, the problems of
the Amazon region are usually discussed in cormection with this country, rather than
Peru, Bolivia or one of the other Amazon countries. Since it was first encountered by
Europeans in 1500, the Amazon has attracted explorers from throughout the world, has
aroused scientific interest in many quarters, and has spawned fantastic stories of
headhunters and cannibals. The Amazon has long been viewed both as a wild and
mysterious place and as a store of vast riches that only awaited harvesting. During the
closing quarter of the twentieth century, its ecological importance has been recognized,
and it is seen by some as the last battle ground in a fight to save the planet.

This dissertation presents research into deforestation and the growth of urban
places in Rondonia, a state in the western portion of the Brazilian Amazon that is widely
know for its burning forests, cattle ranches, and gold rushes, but whose urban places are
little-known, even within Brazil. This introductory chapter begins with a description of
Rondonia's physical and human geography, followed by a general discussion of tropical
deforestation, including an overview of its principle causes in the Amazon region. The
introductory chapter concludes with a discussion of the theoretical perspectives that
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helped to guide the research project and a presentation of the research question. Chapter
II, "Setting Context," presents a review of issues relevant to the emergence and e.xpansion
of urban places in Rondonia, setting the stage for discussion of the impacts of that urban
growth. Chapter III describes the methodologies used in the study. Findings are presented
in Chapter IV. Chapter V presents conclusions and a discussion of where future research
could be directed.

A. Rondonia, Brazil
Rondonia comprises 238,512 square kilometers, about the size of the U.S. state of
Arizona and approximately five percent of the land surface of the Amazon region (Figure
1). It is bordered to the north by the state of Amazonas, to the east by the state of Mato
Grosso, and to the south and west by the country of Bolivia. The lowland terrain of the
valleys of the Rio Madeira in the north and the Rio Mamore in the west give way to
rolling, granitic hills in the center of the state. The eastem and southem portions of the
state cire dominated by river valleys ranging from 200 to 500 meters elevation. Soils
include latossolo (oxisols) covering 45 percent of the state and podzolico (ultisols)
covering 31 percent (EMATER-RO 1996, 19). The climate is tropical-wet. with summermaximum precipitation. The dominant vegetation in Rondonia is upland wet forest,
although varzea (flood plain) forest and cerrado (savanna) occupy nine percent and seven
percent of the state, respectively (Martine 1990).
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Figure 1: Rondonia with Road Network and Early Municipio Seats, 1985

Amazonas

:ftrtoveiho
n- •

^

Ariquenies©i-"

.r
/
_ .
®G^jara

Amazonas
Mato Grosso

^ Jam
" OuroftetoodoOeste
VJ F&rana
ResdenteMedid® Qacoal
^^igao d'Oeste

BoIivis

RmsntoBueno
Costa Marques deMoura
BR-364
Colorado
. ^ . . Vilhena
do Oeste ?

V.ip of

IIKlfj

Note: Cities shown were municipio seats as of 1983, except for Rolim de Moura, which is shown here because
it is discussed in some detail in the dissertation. No further municipios were added until 1990.
Sources: Geomapas, "Mato Grosso e Rondonia," 1:1,365,000, (Sao Paulo: Geomapas Produ^oes Cartograficas
Ltda., 1986) and Instituto Brasileiro de Geografia e Estatistica (IBGE), "Estado do Rondonia," 1:1.000,000.
(Rio de Janeiro: Centro do Serviqos Grificos do IBGE. 1985).

The capital of Rondonia is Porto Velho, situated on the Rio Madeira one thousand
kilometers from its confluence with the Amazon and 2,200 kilometers upstream from the
Atlantic Ocean. Even this far inland, the Rio Madeira is a formidable river (Photograph
1), a tributar)' of which, the Rio Mamore, is navigable several hundred kilometers further
upstream, where it forms the border with Bolivia. Porto Velho is effectively the head of
navigation, however, because of a series of twenty low but treacherous waterfalls, which
begin with Cachoeira Santo Antonio, just upstream of the city. The "Old Port"' from
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which Porto Velho gets its name was located at Santo Antonio, where the Portuguese had
abandoned a fort built during its war with Paraguay in the 1860s. The city itself dates
only from 1907, when the U.S. firm of May, Jekyll & Randolph began construction of the
legendary and infamous Madeira-Mamore Railway (Silva Filho 1995). A telegraph link
created in the same year established Porto Velho as an unusual node: linked by water to
the Atlantic, by rail to Bolivia, and by wire to Rio de Janeiro.

Photograph 1: Rio Madeira at Porto Velho

Between 1960 and 1991, the population of Rondonia increased almost twentyfold, from 70,000 to 1.3 million (Table 1). The majority of the population is now urban,
and the urban population is no longer limited -- as it once was — to Porto Velho. Brazil's
military government had decided in the 1960s to promote rural development in Rondonia
by paving the tenuous road that linked the old telegraph stations. When Rondonia
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achieved statehood in 1977, six of its seven municipio (county) seats were located on the
new highway, the famous BR-364. As of 1996, the majority of Rondonia's 52 municipio
seats were found on or close to the same road.

Table 1: Rural and Urban Populations of Ronddnia, Amazonia, and Brazil
Population (1,000s)
Region and
Zone
Brazil
Rural
Urban
Percent urban

Amazonia
Rural
Urban
Percent urban

Ronddnia
Rural
Urban
Percent urban

1960
70,070
38,767
31,303
45
2,562
1,604
958
37
70
39
30
38

1980
119,002
38,566
80,436
68
5,880
2,843
3,037
52
491
263
229
47

1991
146,917
36,042
110,876
75
10,257
4,326
5,932
58
1,131
473
658
58

Change
1960 to
1991
+ 110%
-7%
+ 250%
+ 300%
+ 170%
+ 520%
+1500%
+1100%
+2100%

Sources: Based on Godfrey (1990,107) and IBGE (1992, 207).

Rondonia had been the last of Brazil's territories; when it became Brazil's twentysixth state in 1983, the integration of Brazil's national space was symbolically complete.
A concomitant of this integration has been very rapid change in the cultural landscape.
The twenty-fold increase in the population of Rondonia occurred during the thirty-year
period bracketing the rise to statehood. At the same time, Rondonia lost its cover of
tropical rain forest at rates greater than those experienced anywhere else in the world
(Dale et al 1993). This dissertation is an effort better to understand some of the ways in
which these two rapidly changing aspects of Rondonia's landscape are related to each
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other.

6. Tropical Deforestation
1. Tropical Rain Forests
Tropical rain forests are found predominantly in a band located within the lowlatitudes in South America, Africa, and southeastern Asia. Many areas with tropical rain
forest cover have experienced deforestation, or the conversion of tropical rain forest to
some other land use. The causes of this conversion vary by locale, and even within a
given region a number of factors may lead to deforestation. In Southeast Asia, for
example, rain forests are subject to extensive commercial logging activity, which is only
a secondary cause of deforestation in most other regions.

The environmental damage resulting from the loss of tropical rain forest is
qualitatively different from that resulting from the clearing of temperate forests. This is
because of differences both in the level of biological diversity of the two systems and in
the nature of the soils present. The number of species of trees in a single hectare of rain
forest may be in the hundreds, providing habitats for an even greater variety of smaller
plants and animals. Many species are microendemic, found in only one. small area of
forest. This is in sharp contrast to most temperate forests, in which a handful of species
may dominate himdreds or thousands of hectares. The loss of tropical rain forest is
therefore of potentially greater consequence for biodiversity than an equivalent loss of
temperate forest, because the loss of a small area of the former can result in the extinction
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of one or more species.

Tropical rain forests are the most productive of the terrestrial biomes, but they are
typically found on oxisols, which are particularly nutrient-poor soils. These ancient soils
are formed in warm, wet environments that receive up to several meters of precipitation
each year. Accelerated leaches results, removing virtually all organic matter and mineral
nutrients. Oxisols are characterized by high aluminum and iron oxide content, poor soil
structure, and low soil fertility. A principal adaptation of rain forests to the poor soil
environment is that most biological activity takes place above ground, so that nutrient
cycling does not depend on the soil. The soil acts primarily as a mechanical substrate for
the forest, which is typically very complex and diverse, allowing nutrient exchanges
without benefit of nutrient sinks in the soil. As a result, recovery or succession following
a disturbance may be concsiderably slower than in a temperate forests, if indeed it is
possible at all.

2. Causes of Deforestation in the Amazon
Although the factors contributing to tropical deforestation vary by region and
even within regions, several factors have been associated with deforestation in the
Amazon. This section presents an overview of these factors. Those which eire particularly
relevant to urbanization in Rondonia are discussed more fully in Chapter II.

The Amazon rain forest has historically supported human populations only at low
densities. Shifting cultivation has been the dominant adaptation to the ecological
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conditions of the rain forest described above. Also known as slash-and-bum or milpa
agriculture, it involves clearing a small part of the forest, releasing nutrients to the soil by
burning the downed trees, and growing crops in the clearing for a year or two. The soil is
typically depleted of nutrients within two to three years, and the process is repeated
elsewhere. Where population densities are low, this approach works well, because the
small, abandoned clearings can be re-colonized by the forest before they are needed again
for cultivation.

Throughout the Amazon, deforestation has resulted from the influx of large
human populations attempting to engage in agriculture. Although small holders settling in
the region have engaged in practices that resemble the slash-and-bum techniques, the
gready increased population density resulted in clearing that was not only quantitatively
but also qualitatively different from the clearing achieved by indigenous populations
because large patches are not as readily recolonized by wind-blown seeds as are small
patches.

Settlement by growing numbers of small holders from other parts of Brazil,
however, is certainly not the only cause of deforestation in the Amazon. Several other
kinds of activities are responsible for significant losses of forest cover. These include
commercial grazing, mining, hydroelectric power generation, logging, and even the
production of charcoal as a fuel for heavy industry. The resources of the Amazon have
been viewed as the means of solving problems in overpopulated parts of the country'. Not
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only can excess population be shifted to the Amazon, but the powerful rivers and
abundant minerals can also provide both energy and much-needed foreign exchange
(Christian Science Monitor, September 22, 1988).

Cattle ranching has been a common cause of deforestation in the Amazon. The
soils are not suitable for sustained grazing, but low land costs have enabled ranchers to
buy land, clear it, use it for pasture for a few years, and then abandon it. Some of the
inexpensive beef available in the fast-food and processed-food markets of the United
States has come from land cleared of rain-forest cover, but selling beef is sometimes only
a second or third motive for ranching in the Amazon region. The money to be made from
land speculation or government subsidies has sometimes been more than the ranchers
would make from selling the beef they produce (Hecht 1985; Hecht and Cockbum 1989).
During early efforts to settle the region, for e.xample, the Amazonian Development
Superintendency (SUDAM) increased the advantage of large operations by offering the
equivalent of US $10 billion for projects of large agro-businesses in the Amazon
(Mendes, 1985).

Mining and related activities have been another cause of deforestation in the
region. Examples include the Grande Carajas iron mine in the eastern portion of the
Amazon Basin (discussed further in Chapter II) and the many small gold mines operating
in Rondonia, particularly during the 1980s. Even where the mining activity itself is not
extensive, deforestation can result from the attendant short-term population growth, the
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opening of transportation corridors, and other ancillary activities.

Hydroelectric dams have been built that inundate vast areas of forest, displacing
both wildlife and indigenous people. Although the discharge of the dammed rivers is
great, the reservoirs are constructed in relatively flat areas, where vast areas must be
inundated to achieve economically viable levels of hydraulic head. The envirorunental
damage from such projects has tended to outweigh the economic benefits (Mendes 1985;
Chemela 1988). Under international pressure, the World Bank curtailed funding for
environmentally-damaging projects of this kind in the mid-1980s (Goodland 1985;
Skillings 1985; Barbosa 1993).

3. The Importance of Tropical Deforestation
a) Reasons for International Concern
For a variety of reasons, the conversion of tropical rain forest to other land uses
has drawn significant international attention (Abramovitz 1989; Aridjis 1989: Bendix and
Liebler 1991; Collins et al 1992; Serrill 1989). The two most important reasons for
concern are the role of deforestation in global climate change (Goldemberg and Durham
1990; Barbier et al 1991; Dale et al 1991; Dale et al 1993) and the loss of biodiversity
that occurs when tropical rain forest is destroyed. Rain forests comprise an important sink
for carbon dioxide and source of oxygen on a global scale. It is in this context that the
Amazon has been called the "lungs of the world" (The Group of ICQ 1989). As they are
destroyed, their ability to absorb carbon dioxide is lost, contributing to the greenhouse
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effect and perhaps to global warming. Burning in the Amazon rain forest alone is
estimated to have released one-tenth of the world's air pollution in 1987 (Cincinnati Post.
April 10, 1989). Furthermore, the destruction of the Amazon may have an unpredictable
impacts on global atmospheric circulation patterns.

Attention to deforestation also stems from himaanitarian concerns. The waste of
primary productivity inherent in deforestation threatens the long-term economic
development and food security of the poor (Colchester and Lohmann 1992). Penetration
of rain forest by outside cultures has led to the demise of indigenous cultures (Perdigao
and Bassegio 1992). Conflict over scarce resources in areas experiencing deforestation is
often violent (Branford and Glock 1985; Mendes 1990). Finally, because a significant
proportion of pharmaceuticals already are based on tropical plants, deforestation is
threatening a vast pool of genetic information that may be useful agains such diseases as
AIDS and cancer (Prance, 1985; Linden 1989).

The prospect of increased exposure to tropical diseases is a further reason for
concern about tropical deforestation. In the 1990s, public attention was drawn to tropical
diseases ~ such as Ebola ~ that have surfaced within affluent countries of the temperate
latitudes, including the United States and Germany (Garrett 1994; Preston 1994).
Outbreaks of such diseases are likely to become more common, as the tropical rain forest
regions in which many of them originate become further integrated into the world space
economy. Rain forest regions throughout the tropics are connected to the rest of the
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world, both by the penetration of roads and by increasingly frequent air travel. The
increased vulnerability of wealthy populations in the temperate zones to the diseases of
the impoverished tropics has helped to increase concern in the North about tropical
deforestation.

b) Tropical Deforestation in a Global Context
Both the causes and the consequences of tropical deforestation often transcend
national boundaries (Goldemberg and Durham 1990). Because most tropical forests are
found in countries that lack the resources to control deforestation effectively, the
discourse on what should be done to ameliorate deforestation has been international in
scope. The ultimate outcome of this discourse is far from certain (Tulchin and Rudman
1991; Hayes-Bohanan 1991). In his study of deforestation in Rondonia. Millikan (1992)
attempts to situate deforestation within a broader context of capitalist development. He
argues that the unsustainable actions of rural settlers in the region are rational responses
to their situation in a particular moment of capitalism. These connections are examined
more closely in Chapter II.

C. Conceptual Framework
This research project has employed a framework grounded in realist philosophy as
articulated by Sayer (1992) and by Lawson and Staeheli (1990), which provides a basis
for integrating qualitative and quantitative techniques in social-science and geographic
research. This flexible approach was chosen because it facilitates research into processes
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that are unfolding at a regional scale but which occur within the context of broader
national and international structures. In this section, realist philosophy is introduced, and
several relevant theoretical perspectives are reviewed. This is followed by a section that
presents the dissertation's research question in the context of the realist framework
presented here.

1. Realism
a) Important Attributes of the Realist Framework
Realism is a philosophy of science that takes as given the existence of social
structures that constrain or enable individual actions. A realist analysis seeks to explain
the properties of these objects that "enable them to produce or suffer particular kinds of
change" (Lawson and Staeheli 1990, 13). These structures are taken to have attributes that
must be understood in order for the researcher to discover "'what produces change, what
makes things happen, [and] what allows or forces change" (Lawson and Staeheli 1990.
13). Even where these structures exist at a large spatial scale, their influence may be
exhibited at the local level. Through qualitative research, local outcomes are understood
in terms of the mechanisms that link them to the given structures (Lawson and Staeheli
1990, 14). The theories that best explain the large-scale structures may not be suitable for
explaining the local outcomes. In order to explain processes that transcend spatial scales,
therefore, a realist approach may require the incorporation of more ±an one theoretical
perspective.
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Realism presumes that social systems are open. Each social object stands in one
of two kinds of relations to other social objects: necessary or contingent. A relation is
necessary if an object cannot exist without it, as in the relation between landlords and
tenants, neither of which can exist outside of the relation between them. Relations or
conditions that are not inherent to the identity of a social object are contingent, and can
yield variable results from a given social object exhibiting a single set of causal powers.
In the landlord-tenant relation, for example, contingent circumstances might include the
race or sexual orientation of a tenant, which is contingent to the landlord-tenant relation,
but from which may arise a variety of individual outcomes having nothing to do with the
inherent properties of the landlord-tenant relationship. That is, whatever power relations
are inherent between landlord and tenant, that relation will have implications that vary
according to contingent circumstances. It is precisely the existence of these contingent
relations, which are not predictable from the inherent nature of objects, that makes social
systems open. Within a realist framework, therefore, social systems are not seen as
subject to the experimental controls that are needed for prediction.

A degree of uncertainty is accepted as inevitable when attempting to predict the
changes that will occur in one element of a social system as a result of change in another.
Rather than attempting to make predictions about the future, therefore, realist research
focuses on "understanding how elements of the system are causally related" (Lawson and
Staeheli 1990, 14). The openness of social systems requires that causal relations not be
seen as laws within a realist framework, but rather as tendencies. Because a given social
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object will not always exist under the same set of influences and conditions, a variety of
outcomes may arise from a single mechanism under different conditions. For this reason,
realist research is not limited to formal patterns, but emphasizes processes as well.

Some realists (e.g., Sayer 1984, cited in Lawson and Staeheli 1990) extend the
distinction between global and local scales to imply that the global is abstract and the
local concrete. Lawson and Staeheli reject this distinction, insisting that "abstractions are
as important for analyzing local phenomena as for global" (1990, 16).

b) Methodologies in Realist Research
Two problems in social-science research methodologies have been a tendency to
equate association with causation and a reliance on hypothesis-formation and testing in
which the answers found in research are predetermined by the framing of the questions
(Gore 1984, xi). Realist philosophy attempts to avoid these pitfalls by encouraging
qualitative analysis that complements quantitative techniques and by maintaining a
flexibility that prevents the first formulation of a research question from pre-ordaining the
outcome of the research.

According to Sayer (1992, 1), methodologies that rely on "hypothesis formation
and testing, the search for generalizations and so on" persist, even though they may be
incompatible with developments in theories of knowledge, which point to a completely
different view of causality. A second problem for Sayer is that "so much depends in
social research on the initial definition of our field of study" (1992, 2). The problem, he
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argues, is that causation is assumed to be "a matter of regularities between events." and
that any failure to model such regularities is seen as "allegedly inferior, "ad hoc'
narratives." This exposes an
erroneous view of causation. Realism replaces the regularity model with one
in which objects and social relations have causal powers which may or may
not produce regularities, and which can be explained independently of them.
In view of this less weight is put on quantitative methods for discovering and
assessing regularities and more on methods of establishing the qualitative
nature of social objects and relations on which causal mechanisms depend
(Sayer 1992, 2-3).
Realism provides an alternative to traditional research methods, in which what is
concluded about a phenomenonmay be constrained by the framing of the research
question and the delineation of a particular methodology. For Sayer, a given macro-scale
socio-economic and political process will manifest itself in different ways under different
conditions in the real world. The properties of such a process are necessary (inherent), but
the conditions under which the process is articulated in the existential world are variable
(contingent). Because social systems are open, a given process operating in two different
places will not necessarily generate two similar outcomes.

In the present research project, it is important to extend Sayer's analytical socialscience framework to include what is commonly known as the "'natural environment."
Because environmental systems are in most instances closely linked with open social
systems, contingent (that is to say, unpredictable) outcomes in environmental systems
may arise from structures within social systems. In this context, generalization about such
questions as the causes of deforestation may be impossible, so that research should focus
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on a qualitative explanation of the phenomenon in the place under study, even if the
explanation will not directly explain similar outcomes in other places.

c) The Practice of Realist Research
Sayer identifies four approaches to social science research, each of which has a
place in a realist framework (Figure 2). In so doing, he does not necessarily reject
traditional social science approaches, but rather places them in a particular relationship
with one another, and argues that each has its appropriate and inappropriate applications.
Generalization (extensive research) seeks to discern patterns among a number of actual
events distributed over a number of locales and/or time periods. Abstract research seeks
to describe the nature of macro-scale structures that comprise the context in which events
occur. Concrete (intensive) research seeks to identify cormections among the macro-scale
structures and a limited nimiber of actual events. Synthesis seeks to elaborate the
connections between a number of events at the micro scale and a number of structures at
the macro scale.
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Figure 2: Approaches to Research
Generalization

! Events

Mechanism

Structures
Concrete research
Abstract research
Synthesis

At the methodological leveL Sayer is careful to describe the differences between
the extensive techniques required for generalization and the intensive methods associated
with concrete research (Sayer 1992, 241-251). Extensive research seeks to identify
patterns of common forms within a population of individual cases, whereas intensive (or
concrete) research is concerned with "how some causal process works out in a particular
case or a limited number of cases" (Sayer 1992, 242). Further differences between
intensive and extensive research are presented in Table 2.
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Table 2: Comparison of Intensive and Extensive Research
INTENSIVE
Research
questions

EXTENSIVE

How does a process work in a
particular case?

What are the common pattems of a
population?

What produces a certain change?

How widely are certain
characteristics distributed?

What did the agents actually do?
Relations

Substantial relations of connection

Formal relations of similarity

Types of
groups studied

Causal groups

Taxonomic groups

Type of
account
produced

Explanation of the production of
certain events, though not
necessarily representative ones

Descriptive, representative
generalizations

Typical
methods

Study of individual agents in their
causal contexts, interactive
interviews, ethnography; qualitative
analysis

Large-scale survey of population or
representative sample, formal
questionnaires, standardized
interviews; statistical analysis

Limitations

Unlikely to be generalizable

Limited explanatory power

Appropriate
tests

Corroboration

Replication

After Sayer 1992, 243.

The adoption of a realist perspective, then, may have important implications for
methodology, particularly if an intensive, concrete project is undertaken. The differences
begin with the research question, which will be focused on the explanation of a single
outcome, rather than a comparison among numerous outcomes. Objects or groups will be
identified on the basis of their connections to each other, rather than on similarities they
may share. For this reason, where extensive research may rely on standardized interv iews
among representatives of a class of subjects, intensive research is not concerned with the
representativeness of research subjects. Techniques such as rolling interviews, in which
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each interview subject might lead the researcher to the next subject, may be preferred.
The result is an explanation of events that may not be generalizable to other cases, but
which provides an explanation of the causes of the case in question.

Although Sayer acknowledges a role for extensive research, he advocates
intensive methods of research as more likely to overcome the problems in social-science
research that led him to the realist perspective. The qualitative methods of intensive
research are not limited to ethnography. They include "structural and causal analysis,
participant observation and/or informal and interactive interviews" (Saver 1992, 244).
"Instead of relying upon the ambiguous evidence of aggregate formal relations among
taxonomic classes," as in extensive research, these methods allow the researcher to
analyze causality "by examining actual connections" (Sayer 1992,244). The advantage of
a less standardized, interactive interview is that
the researcher has a much better chance of learning from the respondents
what the different significances of circumstances are for them. The
respondents are not forced into an artificial, one-way mode of communication
in which they can only answer in terms of the conceptual grid given them by
the researcher. This also enables the researcher to refer to and build upon
knowledge gained beforehand about the specific characteristics of the
respondent, instead of having to affect ignorance (tabula rasa) in order to
ensure uniformity or 'controlled conditions' and avoid what might be taken
as "observer-induced bias.' (Sayer 1992, 245)
Another key difference is the way in which individual cases are chosen for study
or interview. In extensive research, samples must be selected in advance and according to
a rigid set of criteria. Intensive research allows the study of individuals who may not even
be representative of a larger population. Moreover, "they may be selected one by one as
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an understanding of the membership of a causal group is built up" by the researcher in a
process of exploration, in which the research design is established, to a certain extent, as
the research progresses (Sayer 1992, 244). Sayer, warns however:
This is not intended as a justification for empty-headed "fishing
expeditions.' It is just a counter to the rather peculiar idea that researchers
should specify what they are going to find out about before they begin and an
acknowledgment of the need to develop research procedures which do not
inhibit leaming-by-doing. (Sayer 1992. 244-245)
Elsewhere, Sayer acknowledges that "methodology needs to be critical and not merely
descriptive," but he argues that often there are "no superior alternatives" to explorative
research (Sayer 1992, 4).

The adoption of a realist framework, particularly the intensive research methods
described above, can inform the substantive practice of geographic research. A realist
framework is appropriate for geographic research, because it links different spatial scales
to "explain the social world in place at particular points in time" (Lawson and Staeheli
1990, 18). The adoption of the realist framework does impose some constraints on the
researcher, though. Because "realists recognize a one-to-many correspondence between
cause and effect, ... realists are forced to focus on processes rather than on patterns in
their research" (Lawson and Staeheli 1990, 18). This precludes reliance on such extensive
techniques as the analysis of spatial covariation or the use of formal surveys as central
aspects of the research. This does not mean that quantitative methods must never be used,
as "iteration demands that realists combine methodologies as different rounds raise
different questions, some of which require qualitative and some of which require
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quantitative techniques" (Lawson and Staeheli 1990, 18). The ways in which these
constraints have informed the present research are discussed as part of the presentation of
the research question at the end of this chapter and again as part of the methodological
discussion in Chapter III.

2. Theoretical Perspectives Used in This Study
This dissertation describes a research project that integrates the qualitative
methods of intensive research with the quantitative methods of generalization, both
within the realist framework described above (Figure 2). As such, the research begins
with qualitative research into the causal relations between supra-regional structures and
processes operating at local levels and uses the findings of this analysis to create a series
of hypotheses that are then used to test generalizations at a regional level that arise from
the qualitative research. Lawson and Staeheli (1990, 15) have recognized the advantage
of realism's flexibility, which allows for the incorporation of aspects of several
theoretical perspectives in a given research undertaking, as long as the theories used are
compatible at some basic level. This section describes political economy and political
ecology perspectives, which are used in this study, and carrying capacity, which is not. It
also describes substantive research on urbanization and resource use that guided the
selection of variables for use in this study.

Urbanization is considered here as a process that is situated within a particular
structure (the capitalist space-economy) and that may contribute to landscape change in
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Rondonia, Brazil. In order to describe that contribution, the project identifies specific
mechanisms by which urbanization and landscape change are connected. This approach is
similar to that taken in much of the literature on Amazonia, particularly where political
ecology is employed. The existing literature on change in the Amazon region, particularly
in Rondonia, is therefore used to situate the process of urbanization within a broader
framework. The empirical project of examining the mechanisms by which urbanization
has led to change in the local landscape complements existing smdies (described in
Chapter II) that describe the causes of urbanization in the region.

a) Political Economy
At the macro level, deforestation in Rondonia may be understood in two ways.
First, the activities that have led to deforestation are directly or indirectly related to the
nature of the Brazilian economy and to the Brazilian state's programs in the economic
arena. Brazil's economic policies in turn have been shaped by its status as a semiperipheral state in the world space-economy. From a political-economy perspective, this
position helps to explain Brazil's economic policies, which in turn have been very
important in the course of events in the Amazon Basin.

Wallerstein's world systems perspective, especially as described by Taylor
(1989), is useful here, especially in three areas: the role of the State as part of an inter
state system, Brazil's status as a semi-peripheral state and the historical nature of
geopolitics. Taylor describes the modem nation-state as part of a system that has evolved
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to promote the interests of industrial capitalism. In contrast to the instrumentalist viewthat each state serves the interests of groups within its territory, Taylor views each state as
but one part of an interstate system, upon which the operation of the world economy
collectively depends. In contrast to previous periods in world history, the modem (post1500 or so) period has been characterized by the constant expansion of a single world
economy until it has included nearly the entire world. The e.xistence of separate states,
which are both variable in their factor endowments and compatible in their basic
economic relations, facilitates both the flexibility and the mobility of international capital.

In the world-systems view, two major kinds processes in the development of the
world economy have been core processes, by which capital accumulates at the expense of
labor, and peripheral processes, by which labor creates surplus to be accumulated
elsewhere by capital. It is these processes that have resulted in the rapid expansion of
economies at the core of the world-system at the same time as peripheral economies were
underdeveloped. Peripheral processes began with colonialism, but have persisted in other
forms of economic domination, such as the accrual of interest on international loans
(Barbosa 1993, 111-112). There are no semi-peripheral processes, but there are places ~
and Brazil is one of them — which appear to experience aspects of both kinds of
processes. Semi-peripheral regions generate surplus for the core but at the same time
accumulate surplus extracted from the periphery.

Shannon's (1989) review of world-systems theory includes some critiques that are
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instructive. It has been argued, for example, that world-systems theory suffers from a lack
of historical accuracy. It has not been demonstrated that the world economy has operated
to the real benefit of the center nor to the real impoverishment of the periphery; in fact,
states often act in ways that are detrimental to capitalists. Moreover, world-systems
theory implies a teleology or even a conspiracy that is difficult to accept. That is. if both
the world economy and the world political system operate so consistently to benefit one
small group, must there not be some coordinated effort? Is it possible that capitalists,
each of whom is primarily concerned to maximize individual profits, can be operating
with such a unity of purpose? An additional shortcoming of world-systems analysis is
that it gives inadequate attention to resistance. The progress of the system and the
furtherance of the goals of actors in the core are seen as inexorable and unamenable to
change by historic processes. Shannon's critique is well-taken, although it does not
diminish the utility of world systems as an explanatory tool.

The realist approach taken in this dissertation allows world systems to be
employed as a mode of explanation, without accepting the tendency toward teleology to
which Shannon refers. The question of whether processes of exploitation actually benefit
the core economies is not relevant to the question of whether these processes actually
exist, and the existence of processes of exploitation does not eliminate the possibility of
resistance. In fact, resistance is discussed in Chapter V of this dissertation in a way that is
informed by the world-systems perspective. Brazil's position in the world economy is
important to this research because it helps to explain economic and political decisions
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that have in turn resulted in important changes in the landscape of the Amazon region in
general, and of Rondonia in particular. These decisions and the resultant changes are
described in Chapter II.

b) Political Ecology
Deforestation in the Amazon region may represent an e.xtreme dislocation in the
relationship between humans and the environment, but it is not useful to cleave the reality
of the place into the commonly received categories of "human" and "envirormiental."
Rather, the reality of change in the Amazon region can best be understood as a singular
manifestation of the many ways in which the development of the world political economy
interacts with environmental systems at a local scale (Hewitt 1983; Millikan 1992). A
political ecology perspective extends the analysis of political economy to encompass
relationships with the non-human environment.

Bryant's (1992) early review of the literature in political ecology is an effort to
identify the major theoretical issues in this inter-disciplinary area. Political ecology is
variously defined as the political economy of the environment or the international politics
of the environment. In some sense, it is the logical extension of ecology to supra-natural
systems. It is concerned, as is this dissertation, with interactions among three major
spheres: the economy, politics, and the environment. Because the specific theoretical
content of political ecology continues to defy definition, the term is employed in the
current work with respect to the kinds of interactions that take place among these three
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spheres.

Bryant sees three major kinds of questions emerging in the political ecology
literature: the political context of environmental change, the struggle for resources, and
the political consequences of environmental change. Each of these issues is very much
current in the Amazon. For example, Brazil's internal politics have affected the
environment in the Amazon both directly through the establishment of incentives to clear
land and indirectly through the promotion of economic development in the region.
Brazil's position as a debtor nation has been relevant to deforestation because the need to
generate foreign exchange has been one of the motivations for these policies. The
struggle for access to resources has included peasants or indigenous people who fight to
preserve environmental resources under threat from miners, ranchers or others. The
struggle has also involved peasants and indigenous people who want to continue to use
their resources while outside environmentalists strive to protect it. The third area.
political consequences of environmental change, is exemplified by the mobilization of
rubber tappers in the Amazon and by the increased importance of the environmental
debate in Brazil as a whole.

In this dissertation, the political-economic context of environmental change is
emphasized. The link between the political-economic context on the one hand and
environmental change on the other is described in two segments. The first connects the
political-economic context to the phenomenon of urbanization, and the second cormects
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urbanization to environmental change. The first segment, which is well established in
existing literature, is the focus of Chapter II. The second segment is the focus of the
orginal research in this dissertation, and is the focus of the subsequent chapters.

c) Carrying Capacity
The idea of carrying capacity, a concept drawn from the range-management
literature, has been applied in the Amazon region with respect to rural populations (e.g..
Feamside 1986; Feamside 1990; Ozorio and Campari 1995), in an effort to determine
how many people can settle sustainably in a given area of rain forest. Because it is a
compelling concept that has already been applied to the question of the impact of rural
population growth, carrying capacity was briefly considered as a perspective that might
be useful in this dissertation. The reasons that it was not ultimately used warrant
explanation.

Carrying capacity is a precursor to the notion of sustainable development, and has
at its core some of the same shortcomings (Worster 1995). It can be defined in a variety
of ways, but most simply put, carrying capacity is the size of population that can be
sustained on a given area of land without diminishing the capacity of that land to sustain
the population. In range management terms, it is the number of livestock that can be
sustained on a given parcel of rangeland without consuming more biomass than is
produced on the land over a specific time interval.

The concept provides a simple metric by which to assess the impact of human
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settlement on the natural resources of a region. Even in the case of rural settlement,
however, the concept poses a variety of difficulties, beyond the obvious ones of having to
measure biomass production on the one hand and consumption by humans on the other.
By focusing on quantities of resources, potential qualitative changes in the environment
are ignored. This is arguably of less importance in the case of rangeland than in the case
of rain forest, given the difference in biological diversity between the two. More
importantly, the concept of carrying capacity implies a rather limiting dualism, in which
nature and humans are seen as distinct categories. This dualism makes the concept of
carrying capacity incompatible with the political ecology paradigm. As mentioned above,
a realist perspective often requires the use of several theories, but incompatible theories
cannot be forced together ad hoc.

Finally, the paradigm of carrying capacity is not usable in the current research
project because urban populations by their very nature draw on such a geographically
dispersed set of resources that it would be impossible to make any direct connections
between the productivity of local environmental systems and the sustainable size of
human populations, even if all of the philosophical ramifications of such an exercise
could be ignored.

3. Empirical Connections - Micro Level
In addition to the theoretical perspectives outlined above, the methodology of this
dissertation has drawn on a World Resources Institute (1996) (WRI) study that describes
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a number of specific mechanisms by which urban growth has been linlced to both
improvements and (more often) deterioration in the environment. The WRI study found
that the demands placed upon natural resources by urban places are increasingly complex,
and in the case of rich cities in particular, increasingly far-reaching. The principal ways in
which cities exert their influence on the surrounding environment are through the
consumption of resources, the conversion of land for urban expansion, and pollution of
land and water. More specific mechanisms relevant to this research project are described
in Chapter III.

The WRI report includes a section devoted to the impacts of urban growth on land
conversion, including deforestation. It documents fuel consumption as the cause of
increased deforestation in areas surrounding Dar es Salaam and cities in India and
Burkina Faso. On the positive side, urban places worldwide occupy just one percent of
the earth's total land surface, and are therefore responsible for less direct land conversion
than are agriculture, forestry, and grazing. For this reason, it is possible that urbanization
may actually help to ameliorate the process of land conversion in some situations. In the
Republic of Korea, for example, rural households occupy six times more land per capita
than do urban households. The pace of urban growth and the previous use of the land into
which a city grows determine the impact of urbanization on land conversion adjacent to
the city.
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D. The Research Question
The substantive research question of this dissertation emerges from my reading of
the literature presented in Chapter II, but it is framed in a particular way that is informed by
the realist framework described above. This section presents the research question, to set the
stage for the review of relevant literature presented in Chapter II.

Until very recently, the small literature on urbanization in the Amazon has been
focused on the causes of urbanization and social and economic conditions in the new - or
newly expanded - urban places. This literature suggests the importance of "inter-urban and
rural-urban linkages of the Amazon settlement system" and "the nature and the direction of
landscape change" (Browder and Godfrey 1990, 63), but ~ as with the literature on other
frontier regions in developing countries ~ it has not yet adequately addressed these issues
(Brown ef al 1994). That is to say, although rapid urbanization has been documented,
neither its structure nor its impact on deforestation had not yet been addressed directly at the
time the research reported in diis dissertation was undertaken. Since the fieldwork for this
dissertation was completed, however, Godfrey and Browder (1996. and Browder and
Godfrey 1997) have addressed the questions raised in their previous work cited above.
Their findings are described in the literature review in Chapter II, and are compared to the
present work in Chapter V.

The focus of this research is the relationship between urbanization and
deforestation in Rondonia. The principal research question is whether urbanization in
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Rondonia has ameliorated or exacerbated deforestation in Rondonia. This question arises
from my reading of the literature on deforestation in Rondonia, in which migration of
settlers to the cities of Rondonia has, in effect, removed them from the scene as potential
agents of deforestation. My reading has been that although they had quit the rural
activities areas in which deforestation occurs, they had not quit the region entirely, and
that their potential impact as urbanites in the region should be addressed. In other words,
should the migration from rural to urban places be seen as the end of the deforestation
story, or simply another chapter?

The question as it arises from this reading of the literature is not easy to answer,
even in principle. As the question is asked, it invites the response, "Compared to what?"
If the comparison is to be between the impacts of urban growth and the impacts that
would exist with no growth, then the answer would be clear without further inquiry:
urbanization must exacerbate deforestation. If, however, the comparison is made between
the urbanization and a comparable level of rural growth, then the question is at least
answerable in principle, even though it is impossible to measure, since only one of the
outcomes has actually occurred, and hence no concrete basis exists for comparison.

The realist framework described above suggests a third approach, focused on the
linkages between the macro-scale processes and structures that led to urbanization and
local-scale processes of landscape change. The selection of potential linkages suitable for
study is informed by the World Resources Institute study mentioned above. Rather than
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compare the actual impacts of urbanization with theoretical alternatives, an effort is made
here to assess the impact of urbanization on deforestation in Rondonia relative to the total
amount of deforestation. I examine four mechanisms that Unk urban population growth to
deforestation:

•

land conversion for urban use

•

food consumption in urban areas, leading to the clearing of additional land for
agriculture

•

wood consumption for housing in urban areas

•

power consumption in urban areas, leading to the inundation of land for
hydroelectric power generation

By assessing the relative contribution of these mechanisms, the question then becomes
one of the relative importance of urbanization among all causes of deforestation in
Rondonia. Details of the methodology used are presented in Chapter HI.
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Chapter II: Setting Context
This chapter builds upon the introductory chapter to provide a more detailed
discussion of the context in which deforestation in Rondonia has taken place. As
mentioned in the theoretical discussion at the end of chapter I, the focus of this review is
on processes and structures that have led to the emergence of urban places in Rondonia.
Figure 3 presents a schematic representation of how the components of this structure
relate to one another, and to the research question. Items on the macro side are are taken
as the structure that has resulted in the object "urbanization." That is. these macro
relationships are taken as the context within which regional processes take place. The
"micro" side of the diagram includes contingent relationships between the object
•'urbanization" and the phenomenon of deforestation. It would, of course, be possible to
frame these relationships differently, with urbanization itself constructed as a contingent
phenomenon, varying according to variability in the particular situations from which
urban forms arise at the sub-regional scale. Although Browder and Godfrey (1997) have
done some of this work at the level of the Amazon as a whole (see below), for the
purposes of the present research, sub-regional variations of urban phenomena within
Rondonia are not considered.

The existing literature on urbanization and the context within which it has taken
place are the focus of this chapter. The contingent relationships between urbanization and
deforestation are the subject of the research project described in subesequent chapters.
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Urbanization in Rondonia resulted in simplest terms from the rapid growth of what was
initially an agrarian population in a region in which the climate and soils were not
conducive to the support of extensive agriculture. The rapid population growth in turn
was encouraged by state activities both in the region and elsewhere in the country. These
in turn resulted both firom the geopolitical concerns of the Brazilian state and policies
intended to maximize the economic return firom the nation's physical resources. These
policies in tum were shaped by Brazil's position in the world economy, particularly in the
wake of Brazil's external debt crisis. The environmental constraints on agriculture,
combined with international pressure on the Brazilian state, led to the curtailment of
rural-settlement programs, and contributed further to urbanization. In addition to
describing these relationships in greater detail, this review provides a comparative
analysis of urbanization elsewhere in Latin America, particularly in frontier regions.
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Figure 3: Relationships Between Urbanization and Other Objects
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Note; Arrows represent causal relationships. Since the systems involved are open, the relationships shown
should not be understood as exhaustive. The unspecified objects shown in relation to deforestation (A, B, C,
and D) are intended to demonstrate this point. Similarly, the unspecified objects shown in relation to
urbanization itself are intended to demonstrate that urbanization itself could be constructed as contingent, as
discussed above and illustrated by the work of Browder and Godfrey (1997).

A. The Significance of the Amazon Basin
To understand the events of the late twentieth century in the Brazilian Amazon, it
is important first to understand the unusual appeal of the region for outsiders throughout
the centuries since it was first encountered by Europeans. This appeal has been shaped by
the apparent abundance of resources in the region, its strategic importance to Brazil, and
finally by its role in Brazil's overall economic agenda. This section describes both how
the region's natural resources have been understood since European's first became aware
of it and how the region has figured in Brazil's geopolitical thinking. The subsequent
section describes the region's role in the recent history of Brazil's economy and
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economic policy.

1. Resources
In almost five centuries since the Spanish navigator Vicente Yanez Pinzon first
entered the mouth of the Amazon River in 1500, the river has been a mystery to be
unraveled, and its basin a territory to be brought under dominion both by monarchs and
by scientists. Because of Spain's interests elsewhere, it was not until after the Portuguese
navigator Pedro Alvarez Cabral made landfall near Recife in 1540 that Europeans first
exercised sustained interest in the region. Although the Portuguese had dominion,
however, they had not much time for science, and so it was a succession of other
Europeans, beginning with the French and ending with the English, who claimed the
Amazon for their own exploring grounds (Stone 1985, 36-37; Smith 1990. 2).

Many of the early writings on the Amazon extolled the abundance of its natural
resources and its potential for development. The words of Alfred Russell Wallace, the
English naturalist, are typical of many Europeans who visited the region:
I fearlessly assert that here the primeval forest can be converted into
rich pasture land, into cultivated fields, gardens and orchards, containing
every variety of produce, with half the labor, and what is more important, in
less than half the time that would be required at home (quoted in Wagley and
Miller 1976, 6).
The geographers Humboldt and Agassiz and the North American writer Matthew Maury
also were among those who thought that the Amazon's riches only waited to be developed
by outsiders. In 1853, Maury claimed that Brazil, by not developing the Amazon, was
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attempting to "lock up and seal with the seal of ignorance and superstition and savage
barbarity the finest portions of the earth" (quoted in Hecht and Cockbum 1989, 75). It
befell the "free men" of the world, such as himself, to expose such an outrage.

When Professor and Mademoiselle Agassiz toured the region, she wrote that
colonization was needed, so that all civilizations could share in its wealth. She indicated
that North Americans would be able to help Brazil develop its resources. In fact. North
Americans have been among those who believed most fervently in the bounty of the
Amazon and have attempted in vain to develop that bounty. Foremost among these were
Henry Ford and Daniel Ludwig. Ford, whose cars needed rubber tires, was pushed by the
United States government and pulled by the Brazilian government to try to establish a
rubber plantation in the Amazon. In 1927 he purchased one million hectares of rain
forest-covered land in the eastern Amazonian state of Para. The land was given the
unimaginative name of Fordlandia, and soon a monoculture of rubber trees was
established on a North American plantation model, with housing, a school and other
facilities shipped en toto from Michigan. The soils were unsuitable for the project, labor
was scarce in the region, and Ford's people were too determined to impose North
American corporate culture on the project. In 1945, Ford pulled out, losing nearly ten
million dollars (Hecht and Cockbum 1989, 97-99).

Ludwig was a latter-day Ford who lost an even greater fortune because of his
enthusiasm about the potential of the Amazon's resources to make him money. Impressed
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by the apparent productivity of the rain forest, he decided that he could use it to comer
the world paper market. Land was inexpensive, so in the 1970s he was able to buy more
than one and a half million hectares — an area larger than the state of Connecticut — on
the Rio Jari. He had it planted in a monoculture of gmelina, a fast-growing pulpwood
species. Like Ford, he had not taken into account the poverty of the region's soils. His
trees did not produce as expected, the soil was depleted, and Ludwig lost an estimated
US$ 1.5 billion in the process (Reier, 1990).

Despite Mour>''s fears to the contrary, Brazil eventually came to view its Amazon
region in terms similar to those long held by many foreigners. From a world-system
perspective, this can be understood in the context of Brazil's position in the world
economy. An important ideological aspect of the expansion of the world economy has
been commodification, or "assigning only economic value to things.... making them
sellable in markets for profits" (Barbosa 1993, 110). In this view, biological systems such
as the Amazon rain forest come to be "perceived as either reservoirs of raw materials or
impediments to development" (Barbosa 1993, 111). Brazil eventually came to adopt both
views with respect to the Amazon region, which came to be regarded, paradoxically, as
both "the green hell and the Eldorado, an obstacle to civilization and the giver of wealth"
(Barbosa 1993, 116).

Hall (1989) argues that if Brazil got a late start in its earnest efforts to exploit the
Amazon, it certainly has tried ever since to recover lost time. The Grande Carajas project
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(PGC) sought, over the period 1981 to 1990, to convert 11 percent of Brazil's national
territory, that was previously "Virgin forest into an industrial and agro-livestock
heartland" (Hall 1989, 41). The program was built around the world's largest iron mine,
located at Carajas, in the Tocantins drainage southwest of Belem, Para. Although this
project has been more successful financially than the efforts of Ford and Ludwig, it has
nonetheless resulted in environmental destruction disproportionate to its benefits.

Hall quotes President Jose Samey as saying in 1986, "Who has Amazonia need
not fear the future" (Hall 1989). This comment echoes the judgments of many over the
years that the Amazon held a rich bounty, waiting only to be harvested. In all of these
cases, the promise of vast resources has been exaggerated, with the efforts to e.xploit the
riches of the Amazon bringing ruin to the land without even yielding the expected
benefits to the exploiter. The stories related here are emblematic of attempts to exploit the
resources of the region without an adequate understanding of the constraints imposed by
the ecology of the rain forest biome. More importantly, Samey's remark is emblematic of
the Brazilian state's view of the region as a commodity. Combined with the longerstanding geopolitical interests in the region described below, this view helps to explain
the state's actions in the region in the latter third of the twentieth century.

2. Geopolitics
Close to one half of the Amazon Basin is in the domain of Brazil's neighbors, and
the greatest length of Brazil's intemational borders are in Amazonia. Moreover, the

Amazon has historically been controlled, sought, or at least coveted by foreign powers
partly because of the persistent belief in the great wealth of its resources described above.
For these and other reasons, the Amazon region had geopolitical importance for Brazilian
state long before it was prized for its resources. Much of the literature on deforestation in
the Amazon has failed to address the "political, economic, social and strategic factors"
responsible (Hurrell 1991, 197-198), but among those who do address these issues,
balance is difficult to achieve. Some (e.g.. Bunker 1985; Mahar 1989) describe the
leading role of the state in developing the Amazon region, but pay scant attention to
geopolitical factors, while others (e.g., Hecht and Cockbum 1989) over-emphasize
geopolitics without recognizing the importance on the state's economic model as a driver
of development policies in the region. Geopolitical ambitions in Brazil have figured
prominently in the development of the region, however, and so are given some
consideration here.

In an effort to place the settlement and economic development of Rondonia in a
broad context. Coy (1987) identifies the open frontier as an important concept in Brazilian
history, particularly in connection with European colonization in southem Brazil in the
nineteenth century and the expansion of coffee into Sao Paulo and Parana in the early
twentieth century. The association of the open frontier with westward expansion began
under the regime of Getulio Vargas. In 1930, under the Estado Novo, Vargas promoted the
integration of the semi-arid sertao of central and northem Bra2dl. By 1938 the Vargas
regime was proclaiming the Marcha para Oeste, borrowing both the terminology and the
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substance of North American frontier expansion. The March to the West was later promoted
by President Juscelino Kubitschek, who moved the capital to Brasilia and began large-scale
highway building projects in the Amazon region (Coy 1987. 276-277).

The Escola Superior de Guerra (ESG), a military academy and the intellectual
center of geopolitics in Brazil, was particularly influential during the military regimes of
1964 to 1985. Geopoliticians of the ESG, which trained Brazil's militar}' officers,
emphasized internal security and the effective occupation of Brazilian territory. The
internal security doctrine, espoused by General Golbery, was intensified by the linha dura
(hard line) element that took power in 1967. According to Hepple (1986), Golbery never
imagined the brutal extremes to which his ideas would be taken in Brazil as a whole, and
as a result he crafted the abertura (opening), which led eventually to the end of militar\'
rule.

The ideas of Golbery and others of the ESG are in some measure responsible for
Brazil's efforts to occupy the Amazon region during the military period (Hecht and
Cockbum 1989). The need to expand the national ecumene into the Amazon was framed
in three ways. First, it was determined that Brazil's linear development along the coast
was too constrained, and that perpendicular expansion should be undertaken along both a
southern axis and a northern axis. The former would open up the Center-west region and
the latter the Amazon. Second, Golbery argued that Brazil had developed as an
archipelago and there was a need to unify the nation by filling in the gaps. Finally, some
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geopoliticians viewed the Amazon as a core strategic area of the Americas, analogous to
MacKinder's European Heartland (Hepple 1986).

Geopolitics did not cease to be important with the 1985 ouster of the military
government, because the military continued to play an important role in the development
of policy in Brazil. Nor did geopolitical thinking within the Brazilian military
establishment remain static; traditional geopolitical goals of settling the Amazon
remained important within the military, but an alternative vision of national security now
competed with the traditional view. The social conflict arising from the rapid
development and environmental degradation have more recently been viewed as threats
that potentially outweigh the benefits of settling the region.

6. Economic Policy in Brazil, 1950 to 1996
Brazil's regional economic and settlement policies comprise another important
component of the context in which the urbanization of the Amazon region has occurred
(e.g., Hecht and Cockbum 1989; Mahar 1989). This section describes regional development
policies in Amazonia in the context of relevant economic policy considerations at the
national level. The focus is on the period since approximately 1950, when the Brazilian
government first began to play a very high-profile role in the national economy.

Drawing heavily on Baer (1989), but using a periodization developed by Graham et

al (1987), this discussion is divided into five historical phases. The first period (1950 to
1963) is characterized by an emphasis on import-substituting industrialization. During the
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second phase (1963 to 1973), the policy environment shifted gradually toward exportsubstituting growth. In the third phase (1973 to 1980), both agricultural and manufactured
exports were expanded dramatically. The fourth phase (1981 to 1993) began with the
recession of 1980 to 1981 and continued through the initiation of the Real Plan. E.xtemal
debt amassed during the third phase was of major importance in the fourth phase. The tmal
phase (1994 to 1996), includes the period from the beginning of the Real Plan through the
period covered by this dissertation.

1. Import Substitution (1950-1963)
a) National Economic Policy
According to the work of Raul Prebisch and the Economic Commission for Latin
America, Latin American economies were disadvantaged in their development because of
the expanding gap in the terms of trade between their exports (commodities) and their
imports (manufactures) (Kay 1989, 31-35). More specifically, the post-war experience of
Brazil was that of over-reliance on the export of just a few agricultural commodities. In the
period 1945 to 1949, for example, coffee, cotton and cocoa comprised nearly 60 percent of
Brazil's exports by value. Over half of Brazil's exports in this period went to just two
countries: the United States and the United Kingdom. This concentration of exports left the
country's balance-of-payments status vulnerable to fluctuations in demand for these
traditional commodities (Baer 1989, 50-51).

Although some have challenged the validity of Prebisch's analysis (e.g., Williams
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1971, 12), the Prebisch Thesis was extremely influential among Latin American policy
makers in the 1950s. To correct the imbalance described by Prebisch. the Brazilian
government, like others in Latin America, instituted a policy of Import Substituting
Industrialization (ISI). The purpose of ISI was to promote industrialization through the
protection of infant industries while preventing the erosion of the country 's foreign
exchange reserves.

Protective tariff and non-tariff barriers to imports comprised the chief instruments of
Brazil's ISI policy. By discouraging foreign competition, the policy fostered the growth of
selected domestic industries, especially manufacturers of consumer products. The policy
simultaneously gave favorable treatment to the import of energy and intermediate goods
and unfavorable treatment to finished consimier goods.

Advocates of ISI believed that the success of consumer-goods industries would lead
to an industrial "take-off," in which the growth would spread to other sectors. Although the
ISI policy as implemented in Brazil succeeded in its short-term goal of advancing domestic
consumer-goods industries, it did not achieve the long-term goal of a take-off to general
economic growth. Several contradictions inherent in the policy prevented the take-off. First,
it was difficult to wean domestic industries from the protection afforded them by the ISI
policy. Second, because these protected industries were not competitive in comparison to
foreign producers, the potential market for their products was limited to Brazil. Moreover,
this market was only available to them for as long as the ISI policy was in place. For all of

58

these reasons, the ISI policy did not allow for the expansion of exports, and Brazil began to
incur debts with suppliers of intermediate goods. At the end of the period, the mounting
balance-of-payments pressures forced Brazil to begin to move away from its ISI strategy
(Baer 1989, 70).

b) Agricultural Policy
The pessimism of Prebisch and others about the long-term implications of reliance
on agricultural exports was partly responsible for Brazil's adoption of an ISI strategy. The
resultant industrialization drive penalized agriculture in a number of ways. First, the
overvalued exchange rate penalized exports, most of which were agricultural commodities.
Second, quotas and restrictions prevented farmers from exporting their products ~ except
for coffee, whose growth was encouraged — until the domestic market was supplied. These
restrictions had the effect of forcing agriculture to subsidize industrial growth by providing
cheap food to the urban population, thereby allowing industry to minimize wages. Policy
makers generally regarded the agricultural sector as inherently unproductive and hence
deliberately directed resources away from it. Late in this period, however, policy makers
recognized the danger of polarization between the industrial and agricultural sectors, and
began to debate structural reforms that would reduce this disparity (Graham et al 1987. 2-3).

c) Regional Development Policies in Amazonia
The Amazon region had been economically important during the rubber boom of
the early twentieth century, but by the time of the ISI programs of the 1950s it was once
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again economically insignificant to Brazil. In 1960 the vast area of Amazonia had only 2.5
million people, and real per capita income in the region was only half of what it had been in
1910 (Mahar 1989, 9-10). Amazonia played no part in Brazil's ISI programs.

2. Transition To Export Expansion (1963-1973)
a) National Economic Policy
Beginning in this period, Brazil's economic-development policies were strongly
influenced by neo-classical growth theory, which emphasizes the role of resources in the
accumulation of capital. Brazil's economic planners, many of whom were e.xposed to neo
classical economic theory at the University of Chicago, endeavored to increase per-capita
productivity by directing the utilization of economic resources, including labor, land-based
resources, and capital resources. In the Amazon region, this re-allocation of resources was
achieved through a combination of government expenditure for infrastructure resources,
fiscal incentives to attract capital resoiu'ces, and directed-settlement programs to attract
labor resources. In all three cases, these resources were to be directed toward the enhanced
utilization of land-based resources, which was seen as likely to result in an overall increase
in economic productivity.

The military regime that took over in 1964 emphasized the control of inflation, the
elimination of price distortion, an increase in savings, modemization of capital markets,
incentives to invest in essential sectors, the attraction of foreign capital, and large
government investments in infi^tructure and heavy industries (Baer 1989, 78). The first
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several years of the military regime were characterized by economic stagnation that had
continued from the ISI period, but by 1968 the regime began to enjoy success in the form of
very rapid industrial growth. The seven-year boom that began in 1968 was facilitated by the
substantial industrial capacity that had been idle during the stagnation. Industrial growth
was not, however, without costs: the fiscal incentives given to favored industries were
equivalent to 50 percent of total taxes (Baer 1989, 83).

b) Agricultural Policy
During the period of transition, the net penalization of agriculture was reduced, but
the new military regimes eliminated incipient efforts at land reform. They also continued to
neglect investment in agricultural research and rural health and education programs. During
this period the government eradicated coffee trees to reduce the oversupply that had
accumulated during the 1950s. This allowed for the relative expansion of domestic food
crops and laid the foundation for the eventual expansion of non-coffee agricultural exports,
particularly soybeans and citrus products. It was also during this period that some benefit
accrued to agriculttire from the previous ISI programs: Brazil could now produce its ovsn
capital inputs for agriculture. The period of 1963 to 1973 saw a number of changes in
agriculture that were transitional to the striking expansion of agricultural exports that was to
follow.

c) Regional Development Policies in Amazonia
The Amazon regained significance after the military took power in 1964. As
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described earlier in this chapter, the military regimes saw the development of the Peruvian
and Venezuelan Amazon as a geopolitical threat, and began a series of programs intended to
occupy the region. At the same time, the development of the Amazon region also was
encouraged by the promise of great mineral wealth. Operation Amazonia, enacted in 1966
and 1967, committed Brazil to the occupation the Amazon region, and to its integration
with the rest of the country. This was to be achieved primarily through road construction,
agricultural colonization and industrialization undertaken by the National Integration
Program (PIN). Through the PIN, the government provided funds for the construction of
15,000 kilometers of roads, including the Transamazon, Cuiaba-Santarem. and Northern
Perimeter highways. Not only would the highways link the Amazon region with Northeast,
the South and the Southeast, but they would also make available land for settlement within
a 20-kilometer band on either side of the highways. The irrigation of40.000 hectares of
land also was to be funded by the PIN (Mahar 1989,23-25).

A related effort to promote growth specifically in Rondonia was undertaken by the
National Institute for Colonization and Agrarian Reform (INCRA). The POLONOROESTE
(northwest pole) program was a colonization program administered by INCRA to "promote
the socio-economic integration of the region through the productive and orderly absorption
of... populations leaving other regions" (Amparo and Pinto 1987, 48). The INCRA
programs provided 100 hectares of land to each family that would conunit to farming it.
Most of the rural colonization projects were located along BR-364 (the major southeast-tonorthwest trending highway shown on Figure 1), particularly in the central municipios of
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Pimenta Bueno, Cacoal and Ji-Parana (Wesche 1977). The government also created small
service centers -- known as Urban Nuclei of Rural Support (NUARs) -- where families
could obtain medical and educational services. Rolim de Moura, a city in south-central
Rondonia, is an e.xample of a town that began as a NUAR.

In addition to the provision of infrastructure, the national government offered
generous fiscal incentives to those who invested in agriculture or industr>' in the Amazon
region. Consistent with the neo-classical growth theory described above, the incentive
programs favored projects that would provide employment, generate foreign exchange and
use local resources. Monitoring of projects was difficult, however, and many projects,
particularly cattle ranches, were subsidized at great cost without actually providing the
promised benefits (Hecht and Cockbum 1989). In fact, the projects often displaced
indigenous or caboclo economies that employed more people more productively than did
the new projects (Wagley and Miller 1976).

Settlement projects in the Amazon were also intended to relieve population pressure
in the Northeast, where the inequitable distribution of land was increasingly problematic.
Rather than address the land tenure issues directly, the government chose to offer subsidies
to people who would leave the Northeast and settle in Amazonia. Programs intended to
absorb modest numbers of migrants from the Northeast later had the unintended
consequence of encouraging massive migration from the South and Southeast that exceeded
migration from the Northeast. A major reason was the increasing number of displaced
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farmers in regions other than the Northeast, such as Sao Paulo and Parana described above
in the discussion of the agriculture sector. Other reasons included the completion of BR364, linking the Amazonian territory of Rondonia to the Center-South of the country-, and
exaggerated expectations of the productivity of farm land in Rondonia (Martine. 1990).

3. Rapid Export Growth And Increasing External Debt (1973-1980)
a) National Economic Policy
Beginning in 1973, Brazil embarked on a vigorous program of export expansion, as
the program of attempting to direct the utilization of national resources continued.
Investment in export-oriented enterprises, however, would be financed in large part through
extemal borrowing. The timing of the success of the Organization of Petroleum Exporting
Countries (OPEC) in raising energy prices was propitious ~ in die short term ~ for
Brazilian policy makers (George 1988). The world banking system had ample capital, and
in order to put the petrodollars to productive use, banks and development agencies
encouraged developing countries to finance development through increased borrowing.
Brazil was among the leading borrowers, funding a huge state-led industrialization program
with borrowed funds. The resultant economic growth was impressive, but was not
sufficiently rapid to service the loans.

b) Agricultural Policy
It was not until the 1970s that Brazilian agriculture was once again viewed as a
potential engine of economic growth. Export barriers were reduced and incentives to export
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were even instituted. In order to promote exports, particularly of soybeans, subsidized credit
was expanded to the extent that it almost equaled agricultural output (Graham et al 1987. 5).
Agricultural output was greatly improved, but with several attendant costs. Despite some
investment in agricultural research, most of the increase in production came from the
expansion of crop areas, rather than from any improvement in yields. Moreover, land
became increasingly concentrated in the hands of fewer, larger farmers, while crops for
export or energy displaced food crops, particularly in the South and Southeast of Brazil.
These changes encouraged the migration of many displaced agricultural workers from the
South and even the Center-West to other regions, even as agricultural output in these
regions increased.

c) Regional Development Policies in Amazonia
By the middle of the 1970s, the government changed its regional development
strategy, essentially abandoning the directed-settlement approach of PIN. The new strategy
was to continue trying to accommodate the influx of population ~ particularly from the
South ~ but not to encourage any more migration. Instead, fifteen growth poles would be
established throughout the Amazon region, with the purpose of encouraging large-scale,
export-oriented projects in livestock, forestry and mining.

The subsidized credit that became increasingly important throughout Brazil during
this period was particularly important for large-scale agriculture in the Amazon region.
Subsidized rural credit committed to Amazonia increased nine-fold between 1974 and 1980.
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Although the bulk of this credit was allocated to crop production, a substantial amount was
given to livestock projects. The subsidies were particularly generous: credit was available at
nominal (unindexed) interest rates well below the inflation rate. Not only were the subsidies
generous in absolute terms, but they were also more generous for projects in .Amazonia than
for projects elsewhere, thereby diverting agricultural investment from other parts of the
country. The credit subsidies contributed to increased environmental damage by
encouraging the grazing of cattle in unsuitable areas (Hecht 1985). The credit subsidies also
increased the concentration of wealth in the Amazon region, because credit was available
only to those who had titled land. To the extent that credit subsidies went to wealthy
landowners and to non-crop activities, the incentives failed in their declared aim of
contributing to the absorption of population from other parts of Brazil.

4. The Debt Crisis and Resolution (1981 to 1993)
a) National Economic Policy
(1) The Latin American Debt Crisis

Throughout the 1980s, many countries in Latin America, including the major
economies of Brazil, Mexico, Argentina, and Venezuela, faced a crisis in their external
debt relations. An understanding of the dynamics of this crisis in the region as a whole is
helpfiil in understanding Brazil's responses, which are described in the second part of this
section. The debts that were incurred in the 1970s began to weigh heavily on Latin
American economies. Spending on development was often reduced because of
commitments to debt service.

66

Several factors combined to trigger the debt crisis in Latin America (George
1988). These include domestic fiscal policy, world macroeconomic trends, declining
commodity prices (important for countries, such as Brazil, that remained dependent upon
commodity exports for a significant portion of their foreign exchange), and initial
overlending (Dombush, 1989). To control the run-away inflation of the 1970s, several
governments deliberately overvalued their ciurencies. This resulted in trade imbalances,
which were offset by intemational borrowing. Capital flight, also funded by external
borrowing, ensued. Thus the capital that was initially borrowed by Latin American
governments did not stay in the borrowing countries, and was unavailable for productive
investment. The extent of capital flight in Argentina, Mexico, and Venezuela ranged from
US $16 billion to US $30 billion for the period 1976-1984, representing a significant
proportion of external debt. Capital flight from Brazil was somewhat less over the period,
at about US $9 billion, presumably because much of the money was invested in fixed
capital goods and infrastructure (Frieden, 1989).

Banks in the core countries played a twofold role in creating the debt crisis. First,
surplus deposits of OPEC dollars in the 1970s would not generate profits for the banks if
they were not invested, so large loans to Latin America were made. Indicators that these
loans may have been very risky were ignored. Overlending, however, would not by itself
have triggered a debt crisis. The crisis came about when debtors were denied the credit
needed to "roll over" loans and fiand development. Without external credit, capital
investment was sharply reduced. In the short term, debtors made some progress in
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reducing their non-interest accounts, but this was at the cost of decapitalizing their
economies. Improvements in production and personal income over the long term were not
possible in the absence of investment capital.

A typical approach to outstanding debt during the 1980s was to renegotiate loans
before they matured in order to prevent defaults, which are undesirable for debtors and
creditors alike. Rescheduling included extending the maturity of the loans and providing
new loans to capitalize interest payments. Defaults were avoided, but at the cost of
enormous net transfers of resources to creditors. The banks argued that the increased cost
of credit was justified by the riskiness of the loans, but the banks had already been
compensated for that risk by initial high interest rates (Devlin, 1985). The rescheduling
both increased interest payments to the banks and forestalled the large capital losses they
would incur if the debtors were to default.

The cost of debt service in Latin America was high. In terms of economic growth,
the decade of the 1980s was lost in Latin America, because few investments were made,
and all of the gains made in trade balances went to debt service. The austerity that was
required to make interest payments might have been worthwhile if it had enabled Latin
American governments to borrow investment capital. In fact, however, the sacrifice did
not result in any benefits to the debtors, but only served to delay capital losses for the
creditors.
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(2) Brazil's Debt Crisis And Responses

Unfortunately for the economy Brazil, the loans that had ftmded the stunning
growth of the 1970s were made at floating interest rates. Thus, when capital markets
constricted during the global recession of 1980-81, interest rates soared, and Brazil's debt
burden began to grow unmanageable. A self-imposed orthodox adjustment failed to resolve
Brazil's debt situation. In 1982, Mexico declared a moratorium on debt repayment, leading
the International Monetary Fund to impose an external adjustment program on other
borrowers, including Brazil, as a condition for new loans.

As in other countries, the adjustment program improved Brazil's external accounts,
but failed to bring about stabilization or balanced growth. The adjustment resulted in a
recession that lasted from 1981 through 1983. The recovery began in 1984. but the 1980
level of per capita GDP was not reached again until 1986. This recovery was faster than
those experienced elsewhere in Latin America, but nonetheless the recession was serious in
Brazil. During the adjustment period of the early 1980s, the sectoral structure of the
economy changed, with services, particularly financial services, growing at the expense of
industry. Income became more concentrated during the adjustment period, with lower
income groups disproportionately absorbing the impact of adjustment.

The improvement in Brazil's external accounts during the adjustment period resulted
first from reducing imports by constricting demand and later from increasing exports. By
1985, exports and wages were growing again. In part because this growth occurred within
the context of a highly indexed economy, severe inflation returned to Brazil. President Jose
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Samey faced inflation, debt, and stagnation. In February 1986, he announced the Cruzado
Plan, in an effort to de-index the economy. Initially, there may have been social consensus
in favor of the plan because of agreement on the need to break the cycle of indexation. In
the end, however, the Cruzado Plan failed, causing the loss of currency reserves, the return
of inflation, the loss of purchasing power for labor, and the return of recession in 1987
(Baer 1989, 190).

b) Agricultural Policy
Baer (1989, 342-358) indicates that e.xport diversification and expansion remained a
priority for the agricultural sector during the 1980s. This is not surprising, given the need to
increase foreign exchange in light of the debt crisis. Baer also indicates that domestic food
production continued to be neglected, and that Brazilian agriculture continued to rely on
area expansion, rather than yield enhancement, to maintain productivity. Other evidence
(Alvez and Contini 1988; Rezende 1989) suggests that, although this was the case between
1940 and 1970, the relative importance of area expansion began to decline as early as the
1970s. Between 1960 and 1970, area increases were responsible for 65 percent of the annual
growth in production; between 1970 and 1980, area expansion was responsible for only 45
percent of growth. The experience varied by crop and region, however; increased
production of soybeans between 1973 and 1982 was based largely on increasing the
cultivated area, whereas maize production during the same period increased primarily as a
result of improved yields. These trends continued to foster outmigration from the producing
regions.
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c) Regional Development Policies in Amazonia
As a result of austerity measures related to the debt crisis, credit subsidies were
phased out, and by 1985 credit availability had returned to the relatively low levels of the
early 1970s. By 1987, credit subsidies in the Amazon region had been eliminated (Hurrell
1992). Some fiscal subsidies persisted during this period, however, owing particularly to the
political power of interests in Sao Paulo who benefited from their continuation (Mahar
1989, 48-49).

The reduction of credit subsidies to large land owners and cattle ranchers was in one
sense beneficial, because it reduced the incentives to clear forested land in the region. The
reduction in credit availability had some unfortunate consequences, however, for small- and
medium-scale agricultural enterprises. Just as the subsidy was being eliminated, some small
holders had been attempting to make a transition firom annual crops to tree crops, which
would involve less land clearance and reduced soil erosion. Without the credit subsidies,
these farmers could not purchase appropriate inputs for the development of tree crops, and
were forced to continue clearing land for annual crops. The abrupt removal of credit
subsidies thus ironically had the consequence of encouraging deforestation and erosion by
pushing small fanners back to a reliance on untenable monocultures.

In addition to fiscal constraints, international and domestic ecopolitical pressure
forced Brazil to reconsider its rural settlement projects and other major development
projects in the Amazon region (Barbosa 1993, 109). Although domestic political pressure
had long been present, new pressures were brought to bear in the late 1980s and 1990s.
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Brazil's dependent relationship with the World Bank and the International Monetary Fund
put it in a position of needing to cooperate when these institutions came under pressure
from environmentalists in core countries, particularly in the United States and Western
Europe. During the 1990s, the ideology of sustainable development has been ascendant.
This was manifested most clearly during the 1992 Earth Summit in Rio de Janeiro, in which
unprecedented public attention was focused on questions of environmental protection and
economic development. Sustainable development had become "a screen behind which
resources are being allocated and decisions made" (Wilbanks 1994, 541). These include
decisions on the part of institutions such as the World Bank and the International Monetar>'
Fund, which are increasingly sensitive to claims that they have funded projects (such as
major hydroelectric or road-building projects) that are not sustainable.

5. The Real Plan (1994 to 1996)
a) Brazilian National Economic Policy
In February of 1994, after the failure of a series of economic plans that relied
heavily on indexation, Fernando Henrique Cardoso, who was then Minister of Economics
but who would become president on January 1, 1995, introduced the Piano Real (Real
Flan), which avoided some of the problems of previous plans (Goes 1995, 167-172).
Rather than index wages, the Real Plan simply converted wages in the beginning of 1994
to transitional Reference Value Units (URVs), which were then used as the basis for free
negotiations of salaries. Prices also were not indexed, but rather were anchored by a link
between the URV and the U.S. dollar. When the new currency was officially introduced
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on July I, 1994, the Real itself was also linked to the dollar, but the link was not formal,
as it had been in full dollarization plans such as those used in Argentina. The results of
the Real Plan were improved balance of payments, increased foreign investment, and a
reduction in inflation rates. In the summer of 1996, many considered the Real over\ alued
in dollar terms, but it was still trading at parity with the U.S. currency.

b) Regional Development Policies in Amazonia
Even in the mid-1990s, the government continued to show some interest in rural
development activities in the Amazon region, but the focus of government attention had
begun to shift toward the promotion of economic growth in urban sectors much earlier,
with the creation of the free trade zone in Manaus (Despres 1991). The extent to which
this trend has spread to Rondonia in the 1990s is discussed in Chapters IV and V.

C. Urbanization in Latin America
Because urbanization is Rondonia is, in a sense, the fulcrum of this analysis, this
section presents a review of relevant literature on the development and form of urban
places and urban systems in Latin America generally and Rondonia specifically. The
discussion begins with an overview of the origins of the Latin American city, the
development of urban networks in Latin America, particularly in frontier areas; the form
of Latin American cities; and the problems associated with their rapid growth in the
twentieth century. Brazilian examples are emphasized, especially as they contrast with
Spanish America. The geographic literature on the emergence of frontier urban systems is
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reviewed. This discussion is selective, with an emphasis on aspects of urbanization in
Latin America most relevant to the experience of Rondonia, and concluding with the
literature on urbanization in Rondonia itself. The implications of the present research for
this literature are discussed as part of the conclusions in Chapter V.

1. The Latin American City
Drawing on Vance (1970), Sargent (1997) describes a mercantile model of the
development of urban systems in Latin America, in which the urban systems evolved in a
series of phases, including "exploration, initial settlement, expansion of the network, and
in-filling of the network" (Sargent 1997. 153). These phases were not synchronized, with
some areas undergoing the final phase just as others were experiencing initial European
exploration. Nonetheless. Sargent provides a general periodization of the development of
Latin American cities (see Table 3), which have long been an important part of the human
landscape of the region, even prior to European colonization. The conquest did, however,
result in a reorientation of urban systems toward Europe. Both coastal and inland towns
were part of an urban network that facilitated both the political control and extraction of
resources from a region at the periphery of Europe's mercantile system.
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Table 3: Periods of Urbanization in Latin America
Approximate
Periodization

Trend

Description

1492 to 1600

Creation of urban
framework

Rapid founding of towns in both Spanish and
Portuguese colonies

1600 to 1820

Adjustment of urban
framework

In Spanish colonies, relatively few new tovvTis
were established, except in central Chile and far
northern Mexico (later southwestern United
States)
In Brazil, many new towns emerged in regions
that were settled as the Portuguese moved
beyond the immediate coastal zone

1820 to 1930

Early modem period broadening ties to
industrial countries

Newly independent countries turned their
attention toward non-Iberian Europe and the
United States
Dominant cities emerged, particularly national
capitals and/or major port cities
In Brazil and Argentina, expansion continued
into areas not already effectively occupied

After 1930

Rapid growth of urban
centers

Large-scale rural-to-urban migration and the
emergence of primate urban regions, usually
centered on national capitals or major ports

Source: After Sargent 1997, 140.

During the first period, most Brazilian towns were coastal pons, whereas Spanish
towTis emerged primarily in areas that had either mineral wealth or a dense population of
indigenous people. In both cases, relatively few Iberians were present: in the Spanish
colonies, the labor force consisted primarily of indigenous people, whereas in Brazil the
small and rapidly declining indigenous population was replaced with imported slaves. In
Spanish colonies, towns were founded with three objectives; expansion of empire,
exploitation of mineral and agricultural resources, and conversion of local people to

75

Christianity. In many cases, all three objectives would be met; for example, Guadalajara.
Puebla, and Oaxaca were founded in the 1530s in regions that were already densely
settled and where abundant agricultural resources could be exploited. These and smaller
towns in central Mexico functioned as both administrative and religious centers, and
comprised a heirarchy of cities and towns centered on Mexico City itself. In Spanish
America, the form and location of colonial cities served to dominate the countryside, and
impose a distinctly urban culture. Spanish residents were clustered around the cathedral,
goverment buildings, and commercial zone near a central plaza, and were thus easily
defended against attack (Godfrey 1991).

In Brazil, the crown distributed land in the form of large, elongated captaincies,
each of which extended from a relatively narrow frontage on the Atlantic coast. Land
itself was the basis of the captains' economic and political power, as they were able to
distribute the lands as they pleased for the formation of plantations. The towns formed on
the coastal margins of these captaincies were therefore not centers of power, but rather
were subservient to the rural landholders in their hinterlands. The initial function of these
towns, which were formed along Brazil's entire southeastern coast between the 1530s and
1550s, was to facilitate the export of agricultural products. The domination of Brazilian
towns by rural landowners was in marked contrast to dominant role of towns in Spanish
America (Godfrey 1991). After 1550, Jesuit missions were established on the outskirts of
some of the towns. Brazil's urban system was to retain its strong littoral orientation until
the discovery of gold in the late seventeenth century.
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During the second period, the urban hierarchy of Spanish America experienced
gradual shifts as administrative decisions favored some towns over others, gradual in
filling as new towns emerged between established urban centers, and the rise and fall of
some mining centers. In Brazil, however, this was a period of the expansion of both rural
and urban settlement into new areas. As late as 1650, Brazil had few towns beyond the
immediate coastal zone. The discovery of gold and diamonds, beginning in Minas Gerais
in 1693 and later in Mato Grosso, led first to mining camps and later -- as the emphasis
shifted fi-om parming to vein mining in about 1720 — to more substantial settlements.
During the gold rush of 1725 to 1750, some of these towns grew rapidly, with Vila Rica
do Ouro Preto (literally, "Rich Town of Black Gold"), reaching a population of 60.000.
By the end of the century, it had declined to 8,000 persons, and many of the other mining
towns had been reduced to villages, and many of the smaller mining camps had simply
disappeared. In other mining districts of Brazil, however, the needs of the mining
activities often were a catalyst both for the expansion of agriculture and for the growth of
towns, including way and taxation stations along the routes leading to the mining districts
themselves. Military considerations also led to the creation of some towns: in the south to
protect gold shipments and in the north to secure Brazilian territory against other colonial
powers, including the Dutch, the English, and the French. The latter was the impetus for
the founding of Forteleza in 1609, Belem in 1616, and Manaus in 1674. In these cases,
missions followed soon after the forts. Each of these cities, isolated from most of Brazil's
population centers, remained small until their growth was spurred as a result of the boom
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in rubber exports in the latter part of the nineteenth century.

Throughout the development of urban places during the colonial period, most of
Latin America's cities had remained relatively small, especially in comparison to the
great size many of them would attain in the late twentieth century. The third phase — one
of transition from small administrative centers to large metropolis -- did not occur at a
uniform pace throughout the region. The early emergence of some of the large cities —
such as Buenos Aires, Rio de Janeiro and Sao Paulo — was associated "with the
expansion of commercial agriculture tied to increasing federal expenditures, the
development of industry, and large-scale [international] immigration" (Sargent 1997.
164).

During the final period, the rapid growth that had been limited to only a few
major cities became even more rapid, and expanded to many cities throughout the region.
During the second half of the twentieth century, heightened natural increase and rural-tourban migration led to the extremely rapid growth of a large number of urban places in
Latin America, while migration from outside the region became an insignificant factor.
By the 1990s, the region had several dozen cities of over one million population, with
Brazil alone having at least twelve. At the close of the twentieth century, the literature on
urbanization in Latin America focuses on the growth of these megacities, and on the
problems that have been associated with that growth. In Brazil as elsewhere, these
problems have included the lack of access to housing, services, and employment. In Rio
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de Janeiro, for example, one-third of the population lives in some five hundred squatter
settlements, knovm as favelas (Godfrey 1991). Although rural-to-urban migration
continues, the problems of Brazil's megacities are now well known, and provide a strong
disincentive to migrate.

2. Emergence of Frontier Urban Systems in Amazonia
In order to emphasize geographic research on aspects of Latin American
urbanization most relevant to the experience of Rondonia, this section describes
geographic research on the emergence of frontier urban systems elsewhere in the Amazon
region. A discussion of the particular trajectory of events that led to urbanization in
Rondonia is presented in another section later in this chapter.

Brown et al (1994) review early, theoretical research on the emergence of urban
places in frontier regions. Bylund (1960), Olsson (1968). and Hudson (1969) described a
three-stage process of initial migration from outside the region, subsequent spread within
the region, and finally competition among places within the region. The research was
concerned with the "maturing" of an urban system and the emergence of a central-place
hierarchy. Subsequent local studies (Henkei 1982 and Findley 1988, cited in Brown et al
1994) focus on individual behavior in specific locations, but describe similar stages.
Browder and Godfrey (1990) describe this maturation as a series of stages by which a
peripheral region becomes incorporated in the larger economy. At each stage, the degree
of incorporation is exhibited in a particular settlement form (see Table 4).
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Table 4: Levels of Frontier Urbanization
Level of Economic Integration

Urban Form

Native subsistence

Village

Resource extraction

Expeditionary settlement (e.g.. mining camp)

Peasant agriculture

Pioneer settlement

Consolidated landholdings

Local service centers

Rural depopulation

County service centers

Source; After Browder and Godfrey, 1990.

a) Theoretical Perspectives on Frontier Urbanization
More recently, however, Browder and Godfrey (1996) have argued that such stage
models do not adequately address the complexity of frontier urbanization in Amazonia.
Simplistic regional archetypes of the Amazon region as Green Hell. El Dorado, or Earth's
Lung have obscured the heterogeneity of this increasingly urban region. The urbanization
has itself arisen from a variety of causes that cannot be characterized by any single model
of frontier urbanization. Urbanization in each "frontier space" resulted from distinct
processes and has taken a distinct form as a result. Southern Para, for example, is
characterized as a "corporatist frontier" because of the importance of governmentsponsored capitalist development projects in that space, whereas Rondonia. which was
settled by autonomous small farmers, is a "populist frontier," characterized by relatively
weak cormections "to the capital-power-class structure of Brazilian society" (Godfrey and
Browder 1996, 443; Browder and Godfrey 1997, 12).
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Despite the importance of differences in the urbanization process among and
within sub-regions of the Amazon, Godfrey and Browder do make some generalizations
about urbanization in the region. First, they find that "urban" and "rural" zones are not as
distinct from each other as they may be in other regions. Although urban centers do
provide services for rural hinterlands, other dynamics are in play. Strong rural-urban
transportation links and occupational mobility result in a fluid migration between city and
countryside. Second, the government role in urbanization has been highly variable. Thus,
although a unified ideology was important in settling the region, there has been no
corresponding ideological impetus to its urbanization. Third, they conclude urbanization
in the Brazilian Amazon is not supported by the region's own economic base, but rather
by external forces at both the national and international levels. The connection between
local resources and urban economies, which has tended to be a factor limiting urban
growth in other frontier regions, has been broken in the Amazon case (Godfrey and
Browder 1996, 444).

In subsequent work focused on the urbanization process itself Browder and
Godfrey (1997) have further elaborated their discussion of theoretical frameworks of
frontier settlement. They review six major theoretical perspectives on frontier
urbanization, including central-place, mercantile, diffusion, intersectoral-aniculation.
capitalist penetration, and world-systems theories. The first three of these may be
classified as formal theories; that is, they focus on the spatial form of frontier urban
networks. The latter three theories are structural, in that they focus on the structural
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relationships between frontier regions and the global economic context in which they
emerge. The remainder of this section describes all six theories, and the ways in which
Browder and Godfrey find them relevant to the Amazon case. Their relevance to the more
specific case of Rondonia is discussed in Chapter V below.

Browder and Godfrey find that recent work tends to emphasize process over form
in the development of frontier frameworks, with increasing attention to outside forces and
historically specific developments, but that linear transition models continue to dominate.
They argue that each of these perspectives is concentrated on a single "master principle,"
no one of which is sufficient to describe the form in which urban systems have emerged
in the region as a whole (Browder and Godfrey 1997, 51-53).

(1) Sequential Theories

Of the six theories described by Browder and Godfrey (1997), three — central
place, diffusion, and mercantile -- are sequential theories, in which a pattern of urban
places emerges according to a series of stages. Central place theory conceives the frontier
as a homogenous plane, in which urban places are specialized according to their size and
location within an emerging hierarchical pattern. Regional growth is autonomous, with
rural areas increasingly integrated as the settlement system evolves in a manner that
maximizes the efficiency of spatial interactions.

Christaller (1966) describes urban places as a hierarchy of centers in which places
at each level are less abundant than those at the level below but contain a greater variety
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economic activities. Christailer's model shares with other neoclassical models in
economic geography the assumption of an isotropic plane as an initial condition. If this
ideal condition could be satisfied, the model predicts a spatial distribution of service
centers organized in a hierarchy, organized in a series of nested hexagons (Figure 4).
Each cell in the hexagonal grid at a given level of the hierarchy represents the range of a
good or service available in the nodal center of that cell. The hierarchy exists because
goods or services are available at a variety of ranges, from lower-order goods with many,
small nodes to higher-order goods with few, large nodes.

A related concept is the rank-size rule, which predicts that the A7th city in a countrv'
or region will have l/«th the population of the largest city (Rubenstein and Bacon 1983.
366). When city sizes are plotted against their ranking using a logarithmic scale, the
inverse relationship appears as a straight line.
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Figure 4: Ideal Central-Place Hierarchy

Losch (1954, cited in Gore 1984), building on Christaller, developed a normative
model in which the presence of such a hierarchy is indicative of equilibrium and of
healthy regional economic development. Gore (1984) provides a thorough critique of
Central Place as a normative model;
If more commodities are produced for the consumers on the plain, it is
possible to visualize a series of such networks of market areas, all with a
different hexagonal mesh which is determined by production costs, transport
costs and elasticity of demand. In determining the general equilibrium. Losch
rejects the ideas that these nets of hexagons "can be thrown at will over our
plain' and instead co-ordinates their location so that all of them have at least
one centre in common (the regional metropolis) and then rotates them around
the center until the greatest number of production locations coincide. This
operations clearly has no relationship whatsoever to real world processes ....
...we suddenly have crowds of economic areas on a plain we have
deprived of all spatial inequalities at the outset. (Gore 1984, 34-35)
Gore's central argument is that the pattems described by equilibrium models such
as this do not provide a sound basis for economic development policy. Although pattems
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of this kind have been observed in developed countries, their presence is not an indicator
of a healthy economy and their absence does not indicate underdevelopment. He makes
this argument because departures from such models, such as the presence of a primate
city or regional income imbalances, have been viewed by planners as spatial problems,
resulting in economic development programs that he considers misguided. For this
reason. Central Place Theory is not used in a normative way to evaluate the economic
health of Rondonia, but it is used descriptively relative to the structure of Rondonia's
urban system.

Diffusion theory draws on sociology and cultural geography to explain the
emergence of a hierarchical, hexagonal-lattice pattern of grow^th in a homogenous plane
that is similar in form to the pattern predicted by central place theory. The diffusion of
innovations from major centers to lesser centers is the historic force that originates this
growth, rather thain an abstracted tendency toward an equilibrium state of maximum
transportation efficiency.

In mercantile theory, by contrast with both of the above, the frontier is not seen as
an isotropic plane awaiting settlement, but rather as a region with a particular naturalresource endowment of interest to those outside the region. As such, the focus of urban
growth is on "gateway cities," and the location of settlement is ordained not by internal
transportation efficiencies, but rather by the location of natural resources and the
positioning of transportation nodes oriented to the outside. As in central place theor\-. the
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process of urban-system development is sequential, with a dendritic ~ rather than a
hierarchical ~ pattern the end result.

(2) Structuralist Theories

Browder and Godfrey (1997) also review three structuralist theories of frontier
urbanization that are focused on forces outside the frontier region and are decidedly non
linear. The first of these is neo-Marxist intersectoral articulation theory (1997. 35-36. 51).
which postulates a rural-urban duality in peripheral, frontier regions that replicates the
duality found elsewhere in dependent industrialization. That is, industrial activity in
frontier urban settlements is subsidized by the subsistence activities of workers, which
take place outside of the capitalist economy. This allows for a labor safety valve to
operate, even as wages remain below reproduction costs. In frontier areas, this theor\would predict large numbers of people working in both rural and urban informal sectors.

Like articulationist approaches, capitalist penetration theories focus on the ways
in which frontier urbanization serves the ends of capital accumulation. The approaches
differ, however, in several respects. First, the focus in capital accumulation theories is on
latifimdios and their supporters within the state, rather than on the peasantr\'. Second,
whereas the articulationist view describes the preservation of pre-capitalist modes of
production in support of the accumulation of capital, the capitalist penetration model
argues that capitalism disolves the peasantry, even in peripheral areas in which it was
previously irrelevant to the accumulation of capital. Finally, whereas the former
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perspective emphasizes the role of appropriated labor in the accumulation of profits, the
latter emphasizes the role of appropriated lands. In this final respect, the capitalist
perspective is relevant to the work on "frontier cycles," in the .Ajuazon region, including
that of Foweraker (1981), Sawyer (1984), Ozorio (1992), and Ozorio and Campari (1995).
In this work, the concentration of land in the hands of a relatively few land owners leads to
the "closing" of the rural areas of the frontier, and ultimately serves as an important cause of
frontier urbanization. In Browder and Godfrey's (1997) work, this perspective is relevant to
the emergence of "corporatist frontiers." These are urban places or systems that have
emerged in association with major capitalist/stadst enterprises. The most notable of these is
the extensive urban network surrounding Grande Caraj^ in the south of Para, but Vila
Eletronorte — which is now an enclave in Porto Velho, but which was a separate urban
space at the time of their fieldwork — is another example. In these cases, urbanization
begins "as the artifact of capital," rather than as "the result of a gradual transition from
peasant to proletarion relations of production" (Browder and Godfi-ey 1997, 39).

A third sructuralist approach to firontier urbanization, based on world systems
theory, emphasizes extractive export economies in the periphery and the orchestration of the
overall global economy in metropoles, including London, New York, and Tokyo. The
application of this body of theory in the Amazon has linked frontier expansion to the
expansion of transnational capital investment. Boom cycles in this investment result in the
concentration of labor in extractive sectors and the breakdown of the subsistence sector, by
which frontier regions become dependent on interregional imports of food. During
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investment bust cycles, labor is stranded and forced to move into the cities of the region. An
important implication of this connection of the frontier to global capital is that it "engenders
in diverse Third World [^/c] peoples a unifying materialist consumer ethic at the expense of
local beliefs and cultural values." so that frontier urban centers such as those in the Amazon
region have become both "staging arenas for producer surplus appropriation and holding
areas for workers temporarily displaced by ebbs and flows in extractive cycles" (Browder
and Godfrey 1997, 42). Furthermore, the frontier urban network becomes, in this view,
merely a series of conduits by which surplus from the region is channeled to higher levels in
the world system.

For Browder and Godfrey, stmcturalist interpretations lead to some important
generalizations about the Amazonian frontier. It is a region in which labor surplus can be
absorbed, in turn reducing pressure on urban wages in the core of Brazil. Moreover, the
e.xpansion of urban places in the frontier serves an important consumer function, which in
turn facilitates the extraction of surplus value from the region. Browder and Godfrey have
no illusions about the current state of articulation of these urban places to the world system,
though. They recognize that Amazon cities, with the possible exception of Manaus. remain
•'a distant resource frontier ... of little direct interest to transnational industrial and financial
capital"' (Browder and Godfrey 1997, 46).

In the end, Browder and Godfrey find that the way in which cities on the peripherv'
become integrated into the world economy depends "upon their abilty to mobilize capital
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through commercial or production activities." This results in significant heterogeneitv- in the
relations of frontier cities to world capital, even within the Amazon region itself. Manaus.
for example, is articulated directly to the world network of cities because of its status as a
free trade zone and its "biophysical location in the heart of the world's largest remaining
sanctuary of wild germ plasm." Even lower-order cities "have played a provisional role in
regimenting production in specific comers of the Amazon periphery," including the Rolim
de Moura (Rondonia) complex in the case of mahogony and southern Para in the case of
gold (Browder and Godfrey 1997,45).

Because of this variability, Browder and Godfrey draw on "critical realism" to argue
for a "pluralistic theory" of "disarticulated urbanization" in the Amazon region (1997. 83).
That is, they use a theoretical framework that is broadly similar to that adopted in this
dissertation, in order to draw on a variety of theoretical perspectives that help to explain the
multiple phenomena of urbanization in the Amazon region. The degree to which they find
these particular approaches useful in what they term the "populist frontier" of Rondonia is
discussed in some detail later in this chapter. In Chapter V, these formal and structuralist
approaches are discussed once again, in light of my own findings in Rondonia.

b) Environmental Impacts of Urban Growth in Amazonia
As part of their most recently published work on urbanization in the Amazon
region, Browder and Godfrey (1997, 312-344) address several aspects of its
environmental impacts, which they had raised in their earlier work (Browder and Godfrey
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1990). The Impacts that they address include changes in the intensity of land use as rural
properties come into the possession of urban residents; the expansion of hydroelectric
projects to meet urban and industrial demand; and the public-health conditions on the
urban peripheries of the region.

Browder and Godfrey (1997, 313-317) attempt to address the question of whether
urbanization would lead to more or less intensive use of land resources. They postulate
that modernization theory would predict intensification of land use as increasing amounts
of farm land come into the possession of urban dwellers. If this were to prove true, then
urbanization would lead eventually to less extensive use of land resources and a reduction
in deforestation. Based on their survey of farm owners in Rolim de Moura, Rondonia,
however, they conclude that urban owners of rural properties in the Amazon region are
more inclined toward extensive uses, including idle land and pasture, than are ruralresident land owners. They speculate that the urban residents who own rural properties
have access to additional means of accumulation, and view their rural properties as
passive (speculative) investments and weekend retreats.

The expansion of hydroelectric development in the Amazon region has resulted
both from the state's desire to reduce its dependency upon energy imports and from the
rapid growth of urban populations within the region. The state's regional electric-power
utility, ELETRONORTE, has identified eighty sites in the Amazon basin for potential
hydrolectric development. Although the rivers of the region have ample stream power.
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the relatively low topographic relief requires that large areas be inundated to achieve
economic power generation. It is estimated that the completion of dams at the eighty
potential sites identified by ELETRONORTE would result in the loss of 100,000 square
kilometers of rain forest cover.

Browder and Godfrey describe the impacts of just three operational dams, which
already have resulted in the loss of 6,450 square kilometers of rain forest, about ten
percent of total deforestation as of 1990. These dams include two very large projects,
Tucurui in Para and Balbina in the state of Amazonas, and the relatively small Samuel
Dam in Rondonia. The two larger dams resulted in the loss to flooding of about 2,400
square kilometers of rain forest each.

The Tucurui Dam was built to serve three markets; the growing city of Belem,
Para, the massive Grande Ceirajas mining project, and the national electric grid. Its
construction led to rapid urban growth in the immediate vicinity of the dam. both in a
planned company town and in the village of Tucurui itself. The inundation of the
reservoir resulted in the displacement of approximately 30,000 people from seventeen
upstream villages. The company contracted to clear vegetation in advance of the flooding
used large quantities of the defoliant dioxin (Agent Orange), exposing thousands of rural
residents. Increased incidence of malaria has been observed, and increases in
schistosomiasis, onchocerciasis, and leishmaniasis are e.xpected as a result of the
construction. Finally, water quality and constraints on migration have resulted in the
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disappearance of several species of fish from rivers in the vicinity of Tucurui.

The Balbina project was developed to supply electricity to the growing industrial
city of Manaus, Amazonas. It has resulted in fewer social dislocations than those
associated with Tucurui, but the project has been a greater waste of resources. Equivalent
areas of rain forest were inundated by the two projects, but the Balbina project generates
only about 112 megawatts of electricity -- compared to at least 3,960 megawatts produced
by the Tucurui — because it is a shallow reservoir of slow-moving water located in flat
terrain. Moreover, because no attempt was made to salvage wood in advance of the
inimdation, the vegetation is slowly decomposing in the relatively slack water,
contributing to high maintenance costs.

By comparison, the environmental impact of the Samuel Dam on the Rio Jamari
in Rondonia have been less severe than those of the two larger and earlier projects
described above. The Samuel Dam, built to supply local demand within Rondonia,
inundated 560 square kilometers and produces 217 megawatts of electricity, resulting in
far less clearing per megawatt of capacity than the Balbina project. After the closing of
the Samuel Dam, ELETRONORTE made some efforts to reduce the impacts on wildlife,
rescuing some 16,000 animals from the rising floodwaters. The reservoir at Samuel Dam
contracts by up to 40 percent in the dry season, increasing the threat of malaria in a
location that already had extremely high incidence of the disease. Upland deforestation
has continued since the closing of the reservoir, potentially limiting its economic

92

longevity.

Finally, Browder and Godfrey describe local environmental impacts that result
from the rapid expansion of peri-urban settlements, to which they ascribe between 60 and
80 percent of all urban growth in the region (1997, 339). Housing in these settlements,
they report, is typically self-built, and the peripheral location and rapid expansion of these
settlements precludes the adequate provision of infrastructure. The local environmental
consequences include traffic congestion and its attendant air pollution and water pollution
from the inadequate provision of sewerage systems. Serious health consequences result
from standing water in poorly-maintained streets, inadequate garbage collection, and poor
water quality. In Porto Velho, land in the control of elites, the military, and
ELETRONORTE is unavailable for settlement, contributing to "leapfrog" development
and deforestation to accomodate the uimecessarily rapid growth of peri-urban settlement
in ecologically sensitive areas.

D. The Frontier Experience of Rondonia
So far. this chapter has described the existing literature (including some published
only after the completion of fieldwork for the present research) on three broad themes:
economic policy in Brazil, the political-economic fimction of Amazonia, and the nature
of urbanization ~ particularly fi-ontier urbanization ~ in Latin America. This final section
traces the particular trajectory of changes in settlement and land-use patterns in
Rondonia, particularly during the period 1970 to 1996.
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1. Ronddnia's Rural Frontier
As a result of the unexpectedly strong response to the regional development
programs of INCRA in the 1970s, rapidly growing populations emerged along an axis
extending from the southeast of the state of Rondonia toward the capital city of Porto Velho
in the northwest. Coy identifies a later, secondary spread of settlement away from this axis
in several directions (Coy 1987, 278-280; Martine 1990, 4). In addition to the rapid growth
in frontier population as a result of economic and policy drivers. Coy documents important
land-tenure stratification in the region. Between the initiation of the INCRA program and
Coy's observation a dozen years later, many of the original 100-hectare land grants plots
were fragmented, and the ownership of land was then concentrated in the hands of a few
(Coy 1987, 291-292).

The e.xpansion of roads into Rondonia and the extension of financial incentives for
settlement of the region drew speculators known as grileiros, who obtained land ~ often
cleared by the original grantees ~ and put cattle to graze on it (Hecht and Cockbum 1989.
169-174). The land rush created conditions in which land prices increased asu-onomically
and land changed hands frequently and often fraudulently. In some areas, the land rush
resulted in over-subscription of the territory: that is, deeds were granted on more land than
existed in a place. Although many migrants to the frontier settled on small parcels as
intended, these often were consolidated into the larger holdings of ranchers (see especially
Coy 1987), many of whom were wealthy urban Brazilians who were holding land as a
hedge against inflation. Cattle ranches, therefore, frequently served more to mark the
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territory as part of a speculation scheme than to make money qua ranches. As a result, up to
85 percent of the land cleared in Rondonia has been used to graze cattle (Hecht and
Cockbum 1989). Combined clearing of land for agriculture and ranching (which for
reasons that should now be obvious cannot readily be discriminated as categories)
destroyed an estimated fifteen percent of the forest in Rondonia between 1975 and 1988
(Christian Science Monitor, September 22, 1988). By 1993 seventeen percent of the state
was deforested (EMATER-RO 1995, 25).

This pattern of land speculation and consolidation resulted in the rapid growth
extremely large farms {latifimdios) in Rondonia, even as land was deconcentrated by the
distribution of middle-size farms. At the same time, the number of extremely small farms
{minifimdios) multiplied, as "part of the survival strategy of migrants who have been unable
to obtain or retain a plot of their own in settlement projects" (Martine 1990. 34). Between
1970 and 1985, the number of farms smaller than 10 hectares increased forty-fold, while
their average size declined (Table 5). Meanwhile, feirms larger than 1,000 hectares grew
more than three-fold in total area. As early as the 1970s, the reproduction of Brazil's dual
system of minifimdio and latifiindio land ownership was recognized on the Amazonian
fi"ontier (Foweraker 1981), and the same structures persist into the 1990s (Ozorio 1992;
Ozorio and Campari 1995). The minifiindio/latifiindio phenomenon is a long-standing
problem of land distribution in many parts of Latin America. The latifundio is a large land
holding of a single owner, much of which may be left idle, because possession of land is
associated with political and economic power, whether the land is used productively or not.
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In regions where much of the best land is held in latifundios, the land that is left over is
divided among a large number of families, each of whom will have only a small piece of
land, known as a minifiindio. The minifundio/latifundio system favors wealthy land owners,
allowing them to control both local land and labor markets, and to pay wages below
subsistence levels.

Table 5: Farm-Size Distribution in Rondonia
Farm-size
Class (ha)

Measure

Less than 10 Number of farms
Total area (ha)
Average size (ha)
10 to 50
Number of farms
Total area (ha)
Average size (ha)
100 to 200 Number of farms
Total area (ha)
Average size (ha)
200 to 1,000 Number of farms
Total area (ha)
Average size (ha)
More than Number of farms
1,000
Total area (ha)
Average size (ha)
Source: Martine 1990.

1970
567
3.263
5.8
2,061
44,054
21.4
921
115,846
126
2,719
794,609
292
113
626,550
5,529

1975
4,867
18,497
3.8
4,460
98,651
22.1
12,053
1,239,307
103
1,147
496,339
433
280
1,023,507
3.651

1980
12.141
52,236
4.3
7,256
182.827
25.2
14,076
1.473.064
105
1,790
569,376
318
532
1.979,756
3,721

1985
22.680
97.450
4.3
20.314
548.158
27.0
13.379
1.443.483
108
2.203
724.787
329
408
1.802.832
4.420

Labor absorption on latifundios in Latin America typically is low. because a
significant portion of land is left idle. On the latifundios of Rondonia, labor absorption is
low for at least three reasons:
•

much of the land may be left idle because it is being held for speculative
purposes

96

•

on the land that is being used productively, the dominant land use is cattleranching, which is less labor-intensive than other forms of agriculture, and

•

little or no labor is required even at the initial clearing stage, because the
latifiindio often comprises land already cleared by small fanners.

The minifundio-latifundio dichotomy was maintained in the 1970s by a combination of
private and state-sanctioned violence. Although private rural violence used to consolidate
land holdings threatened the Brazilian state's monopoly on the legitimate use of force,
Foweraker (I98I) argues that Brazil was obliged to tolerate private violence because of its
position as a semi-peripheral state. That is, the minifimdio-latifimdio system emerged in
relation not only to dominant classes within Brazil but also in relation to a world economic
system in which the Brazilian state played a constrained role.

2. Ronddnia as an Urban Frontier
A variety of scholars have linked urban growth in Ronddnia with the changes in
rural land and labor markets described above. Schmink (1988) and Schmink and Wood
(1992) have described these changes as the successive closing of frontiers. Ozorio (1992)
argues persuasively that the labor surplus generated by the reproduction of
minifiindio/latifundio land-distribution patterns in the Amazon has led to the dislocation
of new settlers. Martine (1990, 31-37) has shown that urban population growth was a
concomitant of rural population increase in Ronddnia after 1970. Martine describes a
pattern of stepwise migration whereby new agricultural settlers in Ronddnia find
themselves landless after only a few years, and move to urban places.

The rapid growth of urban places in Rondonia in the 1980s has been considered
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principally in relation to the closing frontier described above (Browder and Godfrey
1990; Mitschein et al 1989; and Volbeda 1986). In neighboring Acre, the grovrth of urban
places has been understood in part as the result of violent conflict over land (Bakx 1990).
Bakx takes the analysis of Martine and Ozorio a step flirther: not only have colonization
projects led to landlessness in the rural frontier, but federal colonization schemes have also
"functioned as mere stepping stones on the road to landlessness and poverty in the shanty
towns of the state capital" (Bakx 1990,49). Browder and Godfrey (1990). building on
Martine's work, have described a typology of frontier closure that often leads to the
formation of towns and cities in formerly remote, rural areas, and eventually results in
population being concentrated in primate cities at the municipio (county) level. Their
analysis of Rondonia's urban settlement is described in further detail below.

3. Porto Velho
Browder and Godfrey (1997,143-156) contrast the recent growth of Porto Velho
with that of Manaus and Belem. All three cities emerged at the turn of the twentieth century
in cormection with the regional boom in the export of latex. All three e.xperienced signficant
growth in the latter part of the twentieth century, but Browder and Godfrey (1997. 156-158
and passim) emphasize that the trajectory of this growth has been very different in the three
cases, and that no single model can explain the pattern of urban growth in the Amazon
region. The relative roles of federal incentives, corporate investment, and unplanned
settlement have been highly differentiated among the region's cities.
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Browder and Godfrey (1997, 143-149) describe Porto Velho as a city in relative
decline in two ways. Even as the city continues to grow, they consider it in decline relative
to Manaus and Belem, which they see as better articulated to the world economy. Even
though the city has continued to grow throughout its history, this growth is relatively less
than the growth both of the better-articulated centers of Manaus and Belem. Only Manaus
continues to be closely articulated to the circuits of world capital, and remains the dominant
city within its sub-region. They argue that Porto Velho and Belem, in contrast, are both less
connected to world capital and less dominant within their own subregions. Despite its
continued growth, its importance as an administrative center, and its nominal militarv'
importance, they describe Porto Velho as disarticulated from the urban system of its own
state. They emphasize the reduction, between 1950 and 1991, of Porto Velho's share of
state population from 74 to 26 percent, rather than its absolute increase from 27.000 to
294,000 residents during the same period. For Browder and Godfrey (1997, 144), "Porto
Velho's relative demographic importance within Rondonia has plummeted more
dramatically than has been the case in Belem." In desribing the reduction of the capital's
primacy in such terms, they are clearly emphasizing the structuralist theories of frontier
urbanization over the formal theories, for which reduction of primacy central to the
development of urban hierarchies on the frontier.

As in the other metropolitan centers, the recent growth that has occured in Porto
Velho has occurred primarily in peri-urban settlements described both by Browder and
Godfrey (1997) and by Bakx (1990) as "shantytowns." Browder and Godfrey report results
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of a 1993 survey of 293 households in five peri-urban neighborhoods surrounding Porto
Velho, including Jardim Eldorado, Esperanfa da Comunidade, Sao Sebastiao. Ulisses
Guimaraes, and Uniao de Vitoria. The results of this survey, which were not available prior
to the fieldwork described in this dissertation, are summarized in Table 6. Although they
continue to use the term "shantytown," Browder and Godfrey conclude from this work that
the stereotype of these neighborhoods housing only marginal populations is erroneous.
Moreover, the fact that most of the settlers were bom in the Amazon (North) region leads
Browder and Godfrey to conclude "that Porto Velho does not serve as a magnet for
displaced or failed farmers" who originated in the South or Southeast, as are some urban
places in the interior of Rondonia. Based on the very minor importance of extractive sectors
in the employment of residents in these neighborhoods, they also conclude that "peri-urban
neighborhoods of Porto Velho definitely are not reservoirs of peasants and agricultural day
laborers (Browder and Godfirey 1997, 153)." From the data on location of employment, they
conclude both that the urban periphery is "largely self-sufficient m employment
generation," but well integrated with the city center and not closely connected to
surrounding rural areas (Browder and Godfrey 1997, 154-155).

100

Table 6: Findings of Browder and Godfrey's Peri-Urban Surveys, Porto Velho

Measure

Outcome

Demographic Characteristics
Male population
Mean household size
Bom in other states of North region
Bom in Rondonia
Duration of residence in Porto Velho
Duration of residence in current
neighborhood
Rural-urban move as last move
Urban-urban move as last move

56 percent
5 persons
More than half
21 percent
10 years
3 years
3 percent
97 percent, with most from peripheral
areas of Porto Velho itself

Employment
Non-govemment service sector
Of these, unskilled service
Construction

Mining
Timber extraction
Industry (primarily wood and food
processing)
Agriculture

70 percent
31 percent
6 percent, but varying by location from 3
to 17 percent, according to the amount
of new building in an area
4 percent
none
3 percent
3 percent

Location of Employment
43 percent
In neighborhood
15 percent
In other peri-urban districts
33 percent
In city center
6 percent
In rural zones
4 percent
In other cities
Source: After Browder and Godfrey 1997, 150-151

E. Summary
I have read the existing literature as explaining Rondonia's urbanization in temis
of well-known processes operating at both the national and regional level. As Browder
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and Godfrey (1997) have demonstrated, urbanization has not been a monolithic
phenomenon within the Amazon region. It is also possible that significant variations in
urbanization have occured at the sub-regional level v^dthin Rondonia itself. Such
variations would potentially result in differential outcomes for deforestation, but such
potential variations have not been explored in this dissertation.

To summarize, urbanization initially occurred in large part because population
growth was encouraged in an area whose soil resources could not sustain a sizable rural
population. The population growth in turn resulted in leirge part from two major sets of
government initiatives. The first of these were intended to attract settlers to the region
both for geopolitical purposes and for the purpose of putting its resources to economically
productive use. The second set of initiatives were agricultural policies which were not
intended specifically to affect migration to Rondonia, but which had this consequence
because of the displacement of agricultural workers from other regions. I have argued that
both sets of initiatives arose in part from Brazil's position in the world system: the first
simply because it reflected the commodification of Brazil's natural environment, and the
second because of Brazil's need to generate foreign exchange in order to service extemal
debt.

Only the most recent literature (Browder and Godfrey 1997), which was not
available at the time of the fieldwork described below, points to recent change in the
dynamics of frontier urbanization in Rondonia. That is, only in the 1990s has a shift
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occurred in the origin of new migrants to Rondonia's cities. This does not contradict
earlier explanations of frontier urbanization in Rondonia, but rather points to recent and
fundamental change in the nature of that urbanization. Even at the time of Browder and
Godfrey's 1993 fieldwork, it was not yet clear how thorough that change would be.
Further discussion of changes in the nature of fi-ontier urban places in Rondonia is
presented in Chapter IV below.
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Chapter III: Methodology
In this dissertation, a realist framework has been adopted to address the question
of the relationship between urbanization and deforestation in Rondonia. Brazil. Within
this framework, urbanization has been seen as arising from the set of processes, operating
at a macro scale, that were described in Chapter II. As suggested by Figure 3.
urbanization itself is a kind of conceptual bridge between these processes and at least
some aspects of the phenomenon of deforestation in Rondonia. As is also suggested by
that diagram, urbanization need not be the only such cormection, but it is the one chosen
for analysis here.

This chapter describes the methodology used for an iterative research project
examining the specific linkages between urbanization and deforestation in Rondonia. It
includes a review of the methodological opportunities and constraints imposed by the
realist framework and a description of the research methodologies employed.

One of the key features of critical realism, as described in Chapter 1 above, is that
an effort is made to prevent the framing of questions and the design of methodologies
from constraining the results of the research. This requires flexibility so that the
researcher can benefit from ongoing learning as the research unfolds. Another key aspect
of realist research is the recognition that social systems are open, and therefore not
subject to controlled experiments. The isolation of causes from patterns is therefore
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problematic, and the focus of research must be on both causal links themselves and
formal groups or patterns.

A. Research Design
1. Study Sites: Urban Places in Ronddnia
Urban places in the state of Rondonia comprise the study area for this dissertation.
A general description of Rondonia is presented in Chapter I. The state of Rondonia is
divided for administrative and statistical purposes into municipios, each of which
contains a town or city that serves as its seat. Because of the rapid development of
Rondonia's urban system, the nimiber of municipios was itself uncertain prior to
fieldwork, when the most recent data available indicated that the number of municipios
had increased from seven to thirty since 1985.

The municipio seats are the focus of rural-to-urban migration in the Amazon
region (Browder and Godfrey 1990). In Rondonia, they vary in population from a few
thousand to well over 100,000 in the case of Porto Velho. Some of the cities are located
on transportation routes that were developed in the rubber-boom period of the late
nineteenth centiuy, such as the Madeira, Mamore and Guapore rivers, while others are
found on the Cuiaba-Porto Velho Highway (BR-364), which was built in the 1960s as
part of the regional economic development programs described in Chapter II above. Most
of the cities along the highway are in a zone of widespread deforestation, whereas several
of the riverside towns are in areas that have not experienced extensive deforestation to
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date (based on 1995 LANDSAT imagery obtained via the Internet from the National
Institute for Amazonian Research (INPA)).

2. Data Acquisition
A three-month visit to Rondonia was organized for the purpose of data
acquisition. Techniques for gathering data were varied, including interviews, direct
observation, and visits to libraries and archives. Data acquisition in all forms was guided
by the need for information on specific activities within urban places that might
contribute to deforestation, with a focus on activities in the categories identified in
connection the WRI study cited in Chapter I.

A rolling interview technique was adopted, by which a starting point could be
selected, however arbitrary, that would be likely to lead to further, increasingly
productive interviews. I chose to make Porto Velho the center of my activities for a
variety of reasons. First, I found that my initial contacts in Porto Velho with professors at
UNIR. including one English professor from whom I rented a room for the duration of the
fieldwork, led me to a steadily widening circle of usefijl contacts both in Porto Velho and
throughout the state.

It could be argued that this technique would introduce bias into the data-collection
process, because the selection of subjects for interiews could be limited in some way by
selection of initial contacts. Sayer (1992) addresses this concern in his defense of
intensive research techniques described above. In the present case, it should be noted that
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the intensive phase was used to draw hypotheses, not conclusions, so that whatever bias
might have been introduced by the rolling-interview technique would be eliminated
during the extensive, hypothesis-testing phase of the project.

To supplement the information I acquired through interviews and direct
observation, I sought published data related to the growth of urban populations in the
state and the economic activities undertaken in them. I discovered that in addition to the
network of knowledgeable contacts in Porto Velho, many relevant published data sources
unavailable to me in the United States were to be found within the federal, state,
municipal, and non-governmental institutions in the city. Gaining access to these data
sources was more time-consuming than I would have expected, as was their
interpretation. I comment further on this aspect of the data acquisition process in Chapter
V below.

Even given the advantages of basing the research effort in Porto Velho, direct
experience in other cities and rural areas of the state was clearly required in order to
understand more fiilly the data that I was able to collect. For this reason 1 arranged visits
to rural areas of Porto Velho as well as to rural areas and urban centers in other
municipios, including Jamari, Candeias do Jamari, Rolim de Moura, and Ouro Preto do
Oeste. In each case (except for my first visit to Candeias), my initial contact was with
somebody I had met in Porto Velho. In each place, however, I quickly moved beyond my
initial host to interview a variety of knowledgeable local people. I asked not only about
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the development of the town but also about how my informants had come to live there
and from where they had migrated. I also walked extensively, taking informal transects of
each place — usually with my camera -- in order to learn as much as possible about
economic activities, land use. and the cultural landscape of the place.

3. Analysis
Using the data aquired during the three-month field visit, the research question
was approached in two phases. The first was an intensive (in Sayer's terms) phase, in
which the results of interviews and direct observation led to the identification of
mechanisms linking urbanization to deforestation. The work in this phase is ver\' closely
tied to detailed field notes, as they reflect a daily process of probing and questioning
related to specific linkages, such as that between urban populations and the need to grow
food and provide shelter.

The second phase of the research built upon the preliminary results of the first.
Because the intensive phase of the research was undertaken in a variety of cities and
towns throughout the state of Rondonia, it raised important questions that were best
addressed at the state level, using mostly the published sources that were themselves
gathered as part of the rolling interview process.
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Chapter IV: Findings
In terms of the critical realism approach described in Chapters I and III above, the
results of this research project may be divided conceptually into an intensive phase of
direct observation and interviews at the local scale in several cities of Rondonia and an
extensive phase of analysis of pattems at the state level. This chapter reports results in
these two phases. The first section presents findings based on direct observations and
progressive, rolling interviews during a three-month, visit to Rondonia in 1996. These
preliminary findings led to the formulation of certain hypotheses, which are presented
and tested in the second section of this chapter.

A. Intensive Activities: Obsen/ofions and Interviews
The first half of this chapter presents preliminary findings, based on fieldwork
that included interviews and direct observations. It also describes some of the locallyavailable secondary data that were acquired during the field visit and which are used for
the extensive research presented below. It begins with descriptive accounts and
interviews and proceeds to a systematic discussion of the mechanisms linking
urbanization and landscape change in Rondonia. The emerging urban landscape of
Rondonia is described in terms of the changing relationships between urban places and
the surrounding rural landscape. The descriptive portions of this chapter fill an important
gap in the literature on Rondonia, which so far tells very little about the urban places in
which more than half of its residents live.
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The observations are divided into a sub-section for each of the munici'pios in
which I spent significant time. In the case of Porto Velho, I have divided the observations
into those related to the city of Porto Velho itself and those related to the rural areas of
the munici'pio of Porto Velho. The majority of the time I spent in Rondonia was spent in
Porto Velho, the capital and largest city of Rondonia. It was in Porto Velho that I
gathered data and documents related to Rondonia as a whole, interviewed both ordinar>'
citizens and people knowledgeable about particular aspects of its development, and made
contacts that were helpfiil in organizing my trips to other parts of the state.

1 made two separate visits to the nearby munici'pio of Candeias do Jamari.
spending the first in the town of Candeias itself and the second in the rural zone of
Candeias. I spent a week traveling to the interior of Rondonia, dividing my time between
Ouro Preto do Oeste, located on BR-364 in the center of the state, and Rolim de Moura,
located thirty kilometers south of the main highway in the center-south portion of
Rondonia.

1. Porto Velho
a) Urban Zone
The Brazilian city of Porto Velho is known to outsiders mainly as the gateway to
Rondonia. If the city is mentioned in an article, it is likely to be only because the airport
was closed by the smoke of burning rain forests as a writer was trying to get to the "real"
story somewhere in Rondonia's interior. Even within Brazil, this capital city of almost
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250,000 — the third largest in the Amazon region — is barely known. Scouring six months
of Veja (Brazil's major newsweekly) page-by-page may not reveal a single mention of
Porto Velho. Sometimes Porto Velhenses themselves do not even seem to believe it is a
real place. TTie fact that I had traveled to Brazil specifically to spend three months in their
adopted city was sometimes met with disbelief and even a measure of annoyance that I
had bypassed other regions of Brazil that my hosts were certain I would have found more
interesting. Some informants would not understand initial questions, because they had not
previously thought critically about the places they live, owing to a certain ambivalence
about the urban places in Rondonia that is prevalent both among its citizens and among
academic researchers and journalists. For this reason, the rolling interview technique
sometimes involved returning to the same informant on several or many occasions.

The discourse on Rondonia ~ in both the Brazilian media and in academic work
on the region ~ has focused on the rain forest to the exclusion of the very real urban
places that now exist there. Porto Velho in particular has now reached a size and a level
of complexity that allows its residents to think of it not as a "city in the jungle." or a
"'frontier city," but simply as a ''city." This change is relevant to the research question
because it suggests that urbanization in Rondonia has achieved a certain level of
complexity and that is increasingly independent of rural growth, and that the connections
between urban and rural places in Rondonia are becoming obscured at the level of local
experience.

Ill

According to an interview with a geographer at SEMPLA, the municipal planning
agency in Porto Velho and maps provided by the agency, the built-up urban area of Porto
Velho grew four-fold between 1980 and 1988, a period during which the population
doubled (Field notes, August 6, 1996; SEMPLA, n.d.). The urban area now measures
approximately 100 square kilometers, and encompasses contrasting areas in the central
business district, the rapidly growing fnnge, and what are now well-established
neighborhoods in between. The following sections describe observations and interviews
in each of several parts of the city, beginning with the neighborhood in which 1 lived.

(1) Odacir Scares

Odacir Soares, the neighborhood in which I lived during the fieldvvork, began as a
peri-urban settlement in approximately 1980. My lodging was in the house of a professor
of English at the Federal University of Rondonia (UNIR). Both the house and much of
the material culture are typical of working- and middle-class, urban housing in Latin
America, with some regional modifications (Photograph 2). The house is of concrete and
stucco construction, with a corrugated fiberglass roof and concrete floors. Outside is a
covered tile porch, a small shed, and a very small garden with a coconut tree. All rooms
and the porch are equipped with hooks for hanging hammocks, although the bedrooms
are furnished with matresses and box springs, and hammocks are used only for daytime
lounging (field notes. May 30, 1996). The house is surrounded by a wall and locked gate.
The street is unpaved, but other infrastructure is fiinctional, including water (employing a
rooftop holding tank connected to a municipal water main, sewerage, electricity.
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telephone, and garbage collection. Odacir Soares, then, is a neighborhood like many other
urban neighborhoods throughout Latin America. It has existed for about two decades, and
is currently the home of people engaged in a variety of economic activities, including
many in the service sector. Odacir Soares now attracts professionals from urban places
elsewhere in Brazil, as do other neighborhoods that began as informal settlements (field
notes, June 30, 1996).

Photograph 2: Home in Odacir Soares

(2) Central Business District

Residential areas near the Central Business District (CBD) reflect the relative
affluence of many who came to Porto Velho to staff the large number of public and quasipublic development bureaucracies, beginning in the 1960s and 1970s. It is in such
neighborhoods that private schools flourish, including many specializing in three areas;
the English language, data entry, and computer software, including the latest releases
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from Microsoft (Photograph 3). A growing number of private institutions offer English
lessons to residents hoping to benefit from expected opportimities in global economic
activities. Because of Porto Velho's proximity to the Bolivian border and the promotion
of trade with Bolivia, private Spanish lessons are also increasingly available. Computer
literacy is increasingly important for ambitious young people in Porto Velho, and
although the technology is extremely expensive, it is possible to find university students
or small-business owners with state-of-the-art computer equipment and the ability to use
it. Access to the internet was incipient during my fieldwork with the local federal
university recently connected and a few private internet service providers newly available
(field notes, June 7, 1996).

Photograph 3: Private Computer School in Porto Velho
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(3) Cidade do Lobo

It would be misleading to imply, however, that the urban landscape of Porto
Velho is dominated by the housing and activities of the technological elite or even of the
middle and working classes. The unplanned occupation or "invasion" of peri-urban land
by new migrants remains an important part of the landscape. Outside of the city center, it
is sometimes difficult to distinguish between plaimed neighborhoods and land invasions.
I leamed of one such neighborhood, Cidade do Lobo, both because a colleague of my
roommate lived there and because another contact had served as a translator for a group
of British students who had done fieldwork in the neighborhood nearly a decade earlier.

Cidade do Lobo is located on the extreme southern edge of the city and was
settled in 1984. The name, which literally means "'City of the Wolf derives from the
name of landowner Joao Lobo. The settlement was in some ways a spontaneous
settlement, but it was also the result of a complicated arrangement in which Lobo offered
1200 lots for sale at a symbolic price of one cruzado to people who had invaded other
land holdings which he hoped to develop (Yangopoulos 1989). Much of Lobo's land had
been in agricultural use at the time the settlement was created.

Initially, conditions were rather poor, with self-built housing and little
infrastructure (Yangopoulos 1989). By the time of my fieldwork, the neighborhood was
in transition, both because of in situ improvements in housing and the expansion of
infrastructure, and because of the influx of relatively affluent migrants. On several
occasions, I visited the home of a university professor who owned a house and a double
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lot in Cidade do Lobo. In many ways, the household resembled my temporary home in
Odacir Soares, although the lot was larger and contained more fruit trees (field notes.
June 2, 1996).

The property comprised two lots, one of which the professor had purchased in
1991, and the other of which he purchased soon after that. Both lots were purchased from
somebody who had invaded it in 1985, when the land was still in rain forest. The
professor had bought the land without clear title, and believed that technically the land
still belonged to the state. Because it had been continuously inhabited for over a decade,
however, he was unconcerned about the legal status of the title (field notes, June 23.
1996).

Land invasions have been renewed in nearby Cidade do Lobo II, a short walk
from my informant's home in Cidade do Lobo. The new settlement is unauthorized but
well organized. New residents would not have city services or title to the land at tlrsi, but
by carefully demarcating the area they were invading into well-organized lots, they
increased the likelihood that the city government would authorize the settlement and
provide services after the fact. The process of land invasion in Cidade Lobo II is broadly
similar to the process in other Latin American cities, but it is different in some key
respects.

First, Cidade do Lobo is an an area on the periphery of Porto Velho adjacent to
standing rain forest. For this reason, spontaneous settlement must in some cases be
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preceded by a substantial clearing effort, perhaps involving the cooperation of many
people, and certainly feasible in the space of a day or two. Cidade do Lobo is surrounded
by both standing rain forest and land that has already been cleared for agricultural and
subsequent ranching use. In some cases, parcels obviously have been cleared specifically
for settlement (Photograph 4), but in other cases it is difficult to tell whether the land is
being claimed by those who cleared it or whether settlement is opportunistic (field notes.
June 23, 1996). The distinction is important because it is an indication of whether
expansion of urban settlement is at the expense of standing rain forest.

Photograph 4: Land Cleared for Housing, Cidade do Lobo, Porto Veiho

Another way in which land invasions in Porto Velho and differ from typical
invasions in other cities in Latin America is the degree to which the invasions are
spatially well-organized. In Cidade do Lobo, for example, even newly-invaded territorv'
was organized into lots 10 meters wide by 30 or 40 meters deep, about the size of lots in

117

established parts of the city. The lots are sufficiently large that in situ improvements may
be made either on the original house or on a second house built on the same lot. The
invasion is organized as it is because of the expectation that a well-organized
neighborhood will be more likely to receive infrastructure improvements than would the
poorly-organized lots typical of spontaneous settlements elsewhere. Recent street
surveying and grading by the city government was evidence that this expectation is wellfounded (field notes, June 23, 1996). Based both on my OWTI experience in Porto Velho
and Ouro Preto and on the reports of various contacts, such infrastructure improvements
are often associated with municipal elections.

Although migration to urban areas began as a process of stepwise migration from
rural areas of the state (Yangopoulos 1989), by 1996 the mix of residents in Cidade do
Lobo did not reflect this earlier pattern. My informant in Cidade do Lobo indicated that
most of the residents now come from other states. Most of them work in the informal
sector, although some have regular jobs (field notes. June 23, 1996).

On my final visit to Cidade do Lobo, my informant related an explanation of the
origin of the settlement somewhat at odds with the history provided by the British
students who had conducted fieldwork in the neighborhood previously (Yanopoulos
1989). He indicated that part of the land had been given by the government to a group of
200 Japanese families, who attempted to farm it. The farm was unsuccessfial, but the land
they cleared was invaded by the Cidade do Lobo settlers (field notes, July 14, 1996).
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(4) Eastern Porto Velho

The eastern side of the city of Porto Velho is an extensive area that includes the
most recent expansion of housing (SEMPLA, n.d.) My exploration of the area began at
the home of an entrepreneur and a friend of my host in Porto Velho; after a weekend visit
to his home, we returned for a tour of about twelve new neighborhoods on the eastern
periphery of the city.

One such neighborhood is being developed in an abandoned clay mine on the
edge of town (Photograph 5). My informant had purchased a plot there as an investment,
paying US$ 120 for a comer lot measuring ten by thirty meters. An adjacent lot was
selling for only US$ 80. The land is literally a hole in the ground, but it is located next to
one of the many private employee associations (country clubs) on the former edge of the
city which may make it a valuable investment. The same informant took us to visit a
small farm comprising only one hectare on the edge of the city, which he hopes to add to
his small portfolio of speculative peri-urban land holdings (field notes. August 7, 1996).
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Photograph 5: New Settlement in Clay Mine, Porto Velho

Many of the settlements on the northeastern fringe of Porto Velho. such as the one
emerging in the former clay mine, are expanding rapidly, but into areas already cleared of
rain forest. Settlement here tends to follow a grid pattern, just as it has in Odacir Soares
and Cidade do Lobo on the southern periphery of the city, but the more rapid pace of
expansion on the eastern periphery is evident in large groupings of very recently-built
housing.

In some neighborhoods the municipal government has become directly involved
in housing at a very early stage. At least two neighborhoods of single-family dwellings
have been built as public housing in an effort to keep ahead of the demand for housing
and infrastructure. These neighborhoods comprise long rows of houses, each on its own
lot and each smaller than a typical self-built house (Photograph 6). The neighborhoods
are known as Pombal (Dovecote) I & II because of the tiny size of the houses and the
minimal provision of infrastructure. Because the houses are simple and the lots are
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relatively big, the program provides a way for families to obtain basic housing and then
make in situ improvements.

Photograph 6: Brick Houses, Pombal (Dovecote) Neighborhood, Porto Veiho

Note the self-built addition on the right, but also the open sewer drain and the absence of electrical
connections.

(5) Fire

A final observation about the urban zone of Porto Velho has to do with the
prevalance of fire on the landscape. Fire has become commonplace as part of both
primary and secondary clearing activities in rural Rondonia, but it is perhaps even more
common in the cities, particularly Porto Velho. This results in part from the perception
that garbage collection in the city is unreliable, although collection was very reliable in
my neighborhood and garbage was nonetheless routinely burned in the street. Some
informants insisted that fire persisted in the city because many residents were migrants
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from rural areas in which it is common to bum brush and refuse, (field notes, June 19,
1996). The result is perpetually smoky air — even before the true burning season begins -which in turn results in a high incidence of respiratory ailments.

b) Rural Zone
Early in the fieldwork contacts I developed in the city led to invitations to two
very different ranches in rural areas of the mimici'pio of Porto Velho. The visits
confirmed much of what 1 had read about Rondonia, but also challenged some of the
common images of its rural landscape. Both events brought to light the ways in which the
rural areas are connected to the cities by social and familial ties.

The first of these visits was to a ranch owned by the sister and brother-in-law of
one of my informants in Porto Velho. On the way to the ranch, located about 25
kilometers from BR-364 along one of the unpaved Unhas (roads or, literally, lines) that
were built as part of the INCRA settlement programs described in Chapter II above, I
observed a number of abandoned properties, on which farm buildings and homes were
being overtaken by vegetation. The forest had not been cleared to the horizon, but neither
did any remain in close proximity to the road, confirming the importance of roads as an
agent in forest clearing. The soil supported secondary growth to an unexpected degree,
although apparently the soils would not support any economically viable crops or forage
(field notes, June 9, 1996).

This ranch was owned by an urban family, who maintain it as a working ranch, a
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convenient recreational retreat, and a speculative investment. Both parents in the family
work as accountants in the city of Porto Velho. About forty people attended the weekend
festivities, most of them residents of the city of Porto Velho. The owners employ another
family as caretakers, who live in a very modest house on the property. The main recent
improvement was a satellite dish and television, purchased at considerable expense,
apparently for the weekend enjoyment of the owners.

On a tour of the property, I learned a lot about the ambivalence of owners of
ranches like these toward the environmental controversy that surrounds their activities.
After driving to the back of the property where a large tract of rain forest had been
cleared, the owner of the land confessed that "the ecological crime here is mine," and
indicated that he was attempting to reforest some areas of the property. Indeed, he had
restored the watershed surrounding a small spring on the property.

A fellow rancher who was visiting did not see ranching activities as
environmentally problematic, though. He was from Ariquemes, where he owned a bigger
ranch with more cattle and also coffee and other crops. He was more emphatic than the
owner in explaining and defending what was happening on the ranches. He cited the
destruction of North American forests and pointed out that the owner of the ranch we
were visiting was only burning the forest once. He was not destroying it. the visitor said,
but rather improving it, because cattle cannot survive on the virgin forest (field notes.
June 9. 1996).
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Much of the ranch we were visiting, which encompasses an area of 2,000
hectares, had been cleared by the previous owner, but some of the clearings 1 visited had
been burned only a year before. The current owner reported purchasing the entire
property from a single seller. Given its large size, that seller could not have been an
original INCRA grantee. Rather, it appears that the property had followed a trajectory
typical of many ranches in the region, as described in Chapter II above. The land was
consolidated from the holdings of approximately twenty families, all of whom had now
abandoned their farms, and many of whom had probably migrated to urban places in
Rondonia.

A smaller farm that I visited had a very different history. Located about 40
kilometers to the west of Porto Velho, this ranch is still inhabited by the family who was
granted the land by INCRA in 1972.1 was taken there by the same informant who had
taken me to visit the large ranch. The small farm belongs to the family of one of his
coworkers in Porto Velho. a woman who now works in an office of a state agency in the
capital. She was bom in Sergipe, in the Northeast of Brazil, but was raised on the farm
granted by INCRA, the oldest of eight children, and the only one not bom in Rondonia.

Unlike the families who had been forced to abandon the farms that were
consolidated into the large ranch I visited, this family had continously farmed their land
since the original grant of 72 hectares by INCRA in 1972. Although the household
income was supplemented by the adult daughter working in the city, the land remained in
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productive use after 25 years of occupation. The mixed farm includes a herd of 200 cattle,
an orchard of 600 cupua^u (regional fhiit) trees, and several ponds managed for
aquaculture. In 1994 the family had spent US$ 3,500 to obtain an electrical connection,
and now had television, a refrigerator, and other conveniences. Clearly the household
income was being supplemented by the daughter working in the capital (field notes. June
16, 1996).

The attitude of this long-term resident farmer toward conservation contrasted with
the views expressed the week before by the urban ranch owners. A requirement of the
INCRA land grants had been that fifty percent of each parcel would remain uncleared.
The farm I visited did not have any remaining forest, although a few small stands of trees
were present. We visited uncleared forest on an adjacent ranch, however, where the
farmer showed me a particular tree that had been used by indigenous people in the area.
His tone suggested that the indigenous were ancient, but it was apparent that they had
been active in the area shortly before the INCRA program pushed them out of their
territory.

Although no standing forest remained on his farm, after visiting the adjacent
forest, the farmer commented on the importance of its preservation, so that a balance
among forest, cattle, and tree crops could be maintained. His tone was more earnest and
less defensive than those of the ranchers mentioned above. The difference, perhaps, is one
of the level of awareness of how those directly involved in the clearing of the rain forest
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are viewed in Northern media (field notes, June 16, 1996). That is, the men who were
living in the cities and running their ranches as businesses were much more aware both of
how such activities have been portrayed in the North and of the degree to which the North
has been hypocritical in its criticism. This family farmer had some notion that the North
was concerned about deforestation, but did not seem to be accutely aware of the
discourse.

Both the large ranch and the small farm that I visited were connected in important
ways to the city of Porto Velho itself. In the first case, the business decisions of an urban
family had important implications for the fijture of the property. In the second case, the
family was able to maintain a mixed farm in part because of the subsidy provided by the
urban employment of one of its members. The recent acquisition of satellite television on
both farms is symbolic of the ways in which increased connection between the city and
the countryside implies increased connection between that countryside and the rest of the
world.

2. Candeias do Jamari
Candeias do Jamari (usually known simply as Candeias) is a small, recentlysettled town located about twenty-five kilometers east of Porto Velho on BR-364. I first
noticed the town on my way to the hydroelectric plant nearby, and decided to return to
leam more about it. Although it is the seat of a separate municipio, it is ver\' closely
connected to Porto Velho, and easily accessible by city buses, which leave for Candeias
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about twice per hour.

Candeias is located near the bridge where BR-364 crosses the Rio Candeias. The
town is on a bluff over a great bend in the river, and is oriented along the highway itself.
Buildings in the town are of both wood and other materials, and appear to have been built
recently, and most of the roads are newly paved. Young employees in two shops that I
visited indicated that they had lived in the town for only a few years, and had migrated
directly from cities in other regions of Brazil. Even though the entire municipio has only
5,000 residents, the town has its own legislative body. It was formed in 1991. its growth
from a small fishing village of about ten homes facilitated mainly by the tax-collection
station operated by the state on the highway at the river crossing (field notes, June 26.
1996) to collect tariffs from interstate truck traffic.

Contacts in Porto Velho led me to an artist who lives on the Rio Candeias a fewkilometers upstream of the town. He and his wife live on 180 hectares granted to them by
INCRA in 1975. The land remains forested, and is located on a 30-meter bluff
overlooking a great loop of the Rio Candeais, about 75 minutes by motor boat from town.
Although they live far fi-om town, Anka was able to share some insights about Candeias.
The economy of the town apparently depends upon state and municipal employment and
the provision of related services, such as a new truck stop and bus station. Candeias also
appears to serve as bedroom community of Porto Velho, with many residents commuting
to the capital for employment on at least an occasional basis (field notes, July 30, 1996).
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It was in Candeias that I first began to question whether the boom-town model of
firontier urbanization in Rondonia is still applicable in the second half of the 1990s. I had
no doubt that Candeias had emerged as quickly as the boom towns described almost a
decade earlier by Godfrey (1990), but it did not appear to have the ephemeral qualities
described for those towns that had rapidly grown from mining camps. Candeias appeared
to be a new kind of emerging town, one that was rapidly developing an infrastructure and,
more importantly, links to other urban places, both within the region and beyond. My
thinking about Candeias contributed to the development of the hypothesis on the
complexity of Rondonia's urban network that I describe below.

3. Ouro Preto d'Oeste
Because of contacts made in Porto Velho, I chose to spend several days in the city
of Ouro Preto d'Oeste, which translates literally as "Black Gold of the West." It is a city
of 25.000 located directly on BR-364 near the center of the state. During my visit I was
able to explore many parts of it on foot, interview local residents, and make some basic
observations about the timber industry.

During an informal interview in Porto Velho prior to my visit, a state
environmental official had indicated that timber consumption within Rondonia comprised
a very minor part - no more than ten percent - of the demand for timber harvested in the
state. Observations in Ouro Preto, a major wood-processing center, provided further
evidence of this claim. In Ouro Preto, most of the houses are constructed of wood
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(Photograph 7), but the scale of the timber operations appears to be vastly out of
proportion to that which would be required to sustain this construction. A number of saw
mills are located on the east side of the highway near the center of the city. The yards of
these mills are filled with enormous logs, and trucks are seen leaving the city toward the
south, often able to contain only a few of these logs (July 22, 1996).

Photograph 7: Wood-plank houses, Ouro Preto do Oeste

Ouro Preto's economic base, however, is not limited to wood processing. It
functions as a service center for the surrounding region and for the substantial highway
traffic. Local markets include several large grocery stores and pharmacies, as well as
products needed by the municipio's predominately rural population, such as horse tack,
farm implements, and chain saws. Highway traffic is served by repair and equipment
shops at the center of the city. Additionally, the economy of Ouro Preto may depend in
part on the trade in illicit drugs from neighboring Bolivia (field notes, July 22, 1996).
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This is evidenced by an unusually large number of jewelry stores in the center of the
town.

The recent frontier history of Ouro Preto as a city on the frontier is manifested in a
number of ways in the cultural landscape of the city. A cathedral built as late as 1995
included a bas-relief depicting pioneer themes, which are also featured on public statuary.
Even the name of the local seat of government is telling: Pioneer Palace (field notes. July
22, 1996). The cultural landscape also reflects a pattem of migration influenced by its
relative proximity to the South of Brazil. The names of some bars and other businesses in
Ouro Preto reflect ties to Para and other southern states. Some of the houses are in a
German style that suggests the European roots of some of the migrants who have come
from the South of Brazil. The population of Porto Velho, composed of migrants from
both the Northeast and the South, includes an eclectic racial variety typical of the country
as a whole. The majority of the population in Ouro Preto has come from the South of
Brazil, however, and therefore many more of its residents are of relatively recent Western
European origin.

The former municipal airport in Ouro Preto is the site of perhaps the most unusual
residential settlement 1 encountered during my fieldwork. Even some of its earliest
residents are unaware of its unusual history. 1 interviewed several long-time residents
who could not recall the origin of the

community,

but they were able to lead me to a local

business owner who had lived in the neighborhood since its inception. The municipal
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airport in Otiro Preto had been located next to a large expanse of rain forest. It ceased
operation at the beginning of the dry season in 1985 and was abandoned. In August, at the
end of the dry season, the rain forest along the air strip was burned and massive trees
were removed. The land was never used for agriculture, but rather was cleared
specifically for urban, residential use. The land invasion was spatially well-organized,
and now a large neighborhood is oriented on a very regular grid oriented along an
extremely long and straight boulevard that was the original landing strip (Photograph 8).
The axis of that strip is now one of the major arteries of the city (field notes. July 23.
1996).

Beyond the important observations of its cultural landscape, my experience in
Ouro Preto do Oeste, combined with my experience in Rolim de Moura. contributed to
the development of the hypothesis regarding timber production discussed later in this
chapter. My observations at the edges of the city, combined with my observations at the
edges of Porto Velho, led to the hypothesis regarding urban sprawl, also described later in
this chapter.
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Photograph 8: Airport Garden Neighborhood, Ouro Preto do Oeste

4. RoIim de Moura
I became interested in Rolim de Moura, a remote town in south-central Rondonia. both
through some reading about the frontier experience there and through my contact with an
English professor in Porto Velho who had once lived there. She had migrated from Sao
Paulo to Rolim de Moura in the late 1980s to teach English at a new branch of UNIR, the
Federal University of Rondonia (field notes, June 30, 1996). Rolim de Moura was tlrst
settled as a NUAR (urban center for the support of rural settlements) related to an INCRA
grant of 3,000 lots in 1975 (Batista 1989, 15). Even at its inception, the town was built on
a grand scale. The main boulevard is 100 meters wide, and the secondary arteries are 30
meters wide. Since none of these streets was paved in the early years of the settlement, a
red dust obscured visibility in the town during the dry season (Ellis 1988).

When I visited Rolim de Moura, I met first with former colleagues of the English
professor who had once worked there. Although a paved road now links Rolim de Moura
to Pimenta Bueno, the approach from the north is still rather arduous. It is far easier.

132

however, than it had been in the 1970s and 1980s. The original ferry apparently was not
motor-powered, and the crossing was arduous, particularly during the wet season
(Photograph 9). By the time of my visit, a motor-powered ferry was in operation, and a
new bridge was near completion, implying greater connectivity for Rolim de Moura in
the future (Photograph 10; field notes, July 24, 1996).

Photograph 9: Ferry Crossing to Rolim de Moura, 1976

Source: (Batista 1989)

1

Photograph 10: Ferry Crossing to Rolim de Moura, 1996

During my visit to Rolim de Moura, I had several interviews with Francisco
Ferreira Moreira, who had been the first administrator of the city, just before it became a
munici'pio seat. Those interviews focused on the current economic base of the city and the
munici'pio. He indicated that most people who live in the city are employed in the retail
and government sectors, with some living in the city and operating ranches in the
surrounding rural zone. The retail sector is strongly oriented toward local residents and
those of the surrounding rural areas. Teachers I interviewed later indicated that rural
schools near the city experienced high rates of tumover, because farms were occupied by
hired workers, rather than owners, who lived in the city. In the more distant rural schools,
tumover was low because most farms were operated by their owners, (field notes. July 24
and 25, 1996).

During my first evening in Rolim de Moura, I met three men in the lobby of my
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small hotel, who gave me some insight into how the elites of the region view its
problems. These elites offered an explanation of the aftermath of rural colonization that
differs strongly from that offered in the literature reviewed in Chapter II above. One of
the men had migrated as a child in 1972 when his family received one of the original land
grants. The family has since prospered, he believes, because they subsequently divorced
themselves from government programs. The government programs failed, not because the
climate and soils were not suitable for settlement, but because the landless peasants who
received the land grants did not have the initiative or sophistication to succeed. He
offered as proof the fact that they would frequently sell failed farms, making themselves
landless again (field notes, July 24, 1996).

My host from the university introduced me to Joao Batista, the author whose work
had originally piqued my interest in the city of Rolim de Moura. 1 also inter\ iewed them
about the economy of the sirea. Both of my informants recognized a sharp decline in the
population and economy of the munici'pio, which they ascribed to political failures. They
pointed out that of the 180 saw mills once present in the town, only a handful now
operate. The soils were better, too, early in the colonization effort. The professor, who
lives on a farm outside of town, reports that the rice grew twice as tall in the early years
as it does now (field notes, July 25, 1996). Again, explanations for these declines
common in the literature are not accepted by local elites. At the time of my visit. 87
percent of the municfpio had been deforested, so the decline in lumber yards should not
have been surprising (EMATER-RO, 1996). The decline in crop yields is inevitable.

135

given the rapid loss of soil fertility following the first few seasons under cultivation
following a slash-and-bum clearing.

The improvements in transportation in and out of Rolim de Moura suggest that
while it remains fairly isolated and difficult to reach, its connections to other urban
centers are growing. Not only have connections to the BR-364 been improved, but Rolim
de Moura now also serves as a gateway to the small towns Santa Luzia d'Oeste. Aha
Floresta do Oeste, and other tovras to the south and west of Rolim de Moura.

Friends in Porto Velho suggested that 1 seek out Solimar Bergamin, the owner of
a music shop in Rolim de Moura, the only person I met there who speaks any English. He
had come to Rolim de Moura as an accountant for various timber-related enterprises, but
started the music shop and a T-shirt printing business when he saw the timber industrv'
declining. In this way, his experience is an exemplar of the economic diversification that I
describe in more detail below. I interviewed him about the city and the timber industrv'
while he took me on a driving tour of the area.

Our tour included a sawmill owned by his brother (Photograph 11). where 1
learned that a single, 2.5 meter section of a large tree can supply all of the wood needed
to build a modest house. We also visited a plywood manufacturing plant (Photograph 12),
which my host had not visited previously. Unlike the sawmills, this business was
expanding, and already employed about 50 people at the time of my visit. One reason for
the expansion of the plywood industry is that serengeira and mahogany, which are
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preferred for higher-value processing, have been seriously depleted in the region. Other
species of wood, suitable for plywood, are still relatively abundant. The sawmills
themselves now rely on wood concessions from indigenous groups for the remaining
supply of the higher-value species (field notes, July 26,1996).

Photograph 11: Sawmill in Rolim de Moura

Photograph 12: Plywood Plant, Rolim de Moura

Overall, however, employment in the wood-processing sector will never return to
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the levels experienced during the wood boom of the 1980s. Following the crash of that
industry, many returned to Parana, but many others lingered in Rolim de Moura despite
poor prospects, becaused they lacked alternatives. My interviews suggest that some
would return if they had the opportunity. Many of the unemployed in Rolim de Moura
occupy peri-urban cooperative housing built on land granted by the city goveniment on
the urban periphery. Many have no real employment (field notes, July 26. 1996).

5. Observations along BR-364
My travel to Ouro Preto do Oeste and Rolim de Moura afforded me the
opportunity to do a "windshield survey" of the state as a whole. The landscape through
which I traveled is one that was familiar from the literature and from maps depicting
deforestation, but the difference in the degree of deforestation between northern and
central Rondonia was startling. In the municipio of Porto Velho. for example, standing
rain forest is visible from BR-364 and even from most of the linhas found at tenkilometer intervals perpendicular to the highway. That is, clearing has occurred along
these roads, but areas in between remain intact, though isolated from each other. In the
center of the state, the transformation of the landscape has been more complete, so that it
is often impossible to see standing rain forest, even on the horizon. The difference can be
discerned in a mosaic LANDSAT image of the state (Figure 5), in which the roads e.xhibit
a fish-bone pattern in the areas that have not been as thoroughly cleared, but it is
nonetheless startling to witness the transformed landscape from the ground level (field
notes, July 21, 1996).
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Figure 5: Composite LANDSAT Image of Ronddnia, 1995
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6. Observations at a Hydroelectric Dam
The provision of electrical power may be an important mechanism linking
Rondonia's urban places and deforestation. Most urban places in Rondonia now have
reliable electricity, following the construction of the Uhe Samuel hydroelectric plant,
located about fifty kilometers east of Porto Velho along BR-364. Construction of the
dam, which had been contemplated as early at the 1960s, began in 1982, and power
generation was phased in during 1989 and 1990 (Coutinho n.d.). During a tour of the
plant, 1 was able to observe some of the effects of the project, which occupies almost one-
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half of one percent of the land area of the state.

In a room adjacent to the control center for power distribution from the Samuel
Dam, a miniature museum has been created, describing the efforts to rescue animals that
had been threatened by the inundation of rain forest land behind the dam. It is not clear
who the intended audience for the museum is, given that access to the dam itself is ver\'
closely regulated. In addition to photographs and narrative of the rescue operations, many
of the animals themselves have been preserved and are kept in the museum. A room
overlooking the control panels is filled with hundreds of stuffed birds, monkeys, sloths,
and other animals. This rather grim memorial raises at least some doubt as to the
effectiveness of the rescue operations (field notes, June 15, 1996).

During my visit to the hydroelectric plant, it was evident that a significant area of
rain forest had been inundated by the reservoir. It was only during subsequent travel
many kilometers to the south of the dam that I became aware of the scale of the
inundation (field notes, July 21, 1996). The impoundment created by the dam plant is
about fifty kilometers long, with an average width of approximately ten kilometers and a
maximum width of greater than twenty kilometers. The inundated area, therefore, is
approximately 600 square kilometers. Both near the dam and at the margins of the
reservoir, standing trees remain in the inundated area, indicating that a significant amount
of rain forest was lost as a result of the reservoir's construction, and that salvage
operations, if any, were not adequate.
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The manager on duty the day of my tour indicated that projected demand is
sufficient to justify a plant similar to Uhe Samuel in the center of the state, and that some
plans had already been made to construct such a plant. He did not expect, however, that
an additional plant would actually be built for at least fifteen more years. Further analysis
of trends in energy production is presented later in this chapter.

Informants in Porto Velho provided more insights into the electrical industry. One
fairly typical household in which two small air conditioners are used sparingly pays about
US$ ICQ per month for electricity. Even though the marginal costs of hydroelectric
production should be low, the cost to the end user is high for two reasons. First,
ELETRONORTE has high overhead attributed to rather lavish expenditures on its
employees (for whom an entire subdivision has been built in Porto Velho) and perhaps
also to corruption. Two of the seven turbines originally planned for the Samuel Dam were
never installed, apparently because part of the money needed to pay for them had
disappeared. Second, many electric customers reverse the direction of their electric
meters each evening, so that billable net usage appears to be negligible, increasing fees
for those who do not tamper with the meters.

6. Extensive Research Activities: Examining Relationships Between
Urban Growth and Deforestation
This section presents results of extensive research activities related to the
relationship between urbanization and deforestation in Rondonia. It begins vvith an
overview of the spatial organization of deforestation in Rondonia, followed by a

141

presentation of several hypotheses about the relationship between urbanization and
deforestation, which were developed on the basis of the observations presented in the first
section of this chapter. This section presents these hypotheses ~ which themselves are an
intermediate result of the research project — and the results of hypothesis testing. These
comprise the extensive phase of the research project, as described in Chapter III above.
This section also presents new data on electric power generation and state economic
development plans. These are extensive in spatial coverage, although they do not involve
formal hypothesis testing.

1. Deforestation by Municipio
Estimates of deforestation in each municipio have been prepared by SEDAM.
Rondonia's state environmental agency, and were made available as part of the state's
1995 yearbook (EMATER-RO 1996). A total of four million hectares, representing
seventeen percent of the total land area of the state, was deforested between 1978 and
1993. Rates varied widely, from a low of 2.7 in Guajara-Mirim to a high of 87.2 percent
in Rolim de Moura (Table 7). This pattern corresponds well to the pattern exhibited in a
1993 composite LANDSAT image of the state (Figure 5). The most heavily deforested
areas are found along the BR-364 corridor, where most of Rondonia's older and larger
cities are also found (compare Figure 1 and Figure 6). Among these older municipios.
such as Ariquemes and Cacoal, clearing on the order of 40 to 50 percent is common.
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Table 7: Deforestation by Munici'pio, 1978 to 1993
Name
Alta Floresta d'Oeste
Alto Alegre dos Parecis
Alto Paraiso
Alvorada d'Oeste
Ariquemes
Cabixi
Cacaulandia
Cacoal
Campo Novo de Rondonia
Candeias do Jaunari
Castanheiras
Cerejeiras
Colorado do Oeste
Corumbiara
Costa Marques
Cujubim
Espigao d'Oeste
Gov Jorge Teixeira
Guajara-Mirim
Jamari
Jaru
Ji-Parana
Machadinho d'Oeste
Ministro Andreazza
Mirante da Serra
Monte Negro
Nova Brasilandia d'Oeste
Nova Mamore
Nova Uniao
Novo Horizonte do Oeste
Ouro Preto do Oeste
Parecis
Pimenta Bueno
Porto Velho
Presidente Medici
Primavera de Rondonia
Rio Crespo
Rolim de Moura

Total Area (ha) Area Deforested
(ha)
76,567
722,424
64,504
328,378
51,765
274,294
71,075
297,336
180,639
455,826
69,616
164,478
62,440
179,720
186,515
371,002
44,223
550,283
658,896
102,890
43,541
93,387
123,653
812,180
90,482
166,623
436,588
218,084
42,972
1,464,131
28,174
391,083
133,527
462,555
69,597
480,235
64,538
2,422,570
47,487
407,067
180,035
337,148
179,514
628,992
61.935
813,362
39,356
67,456
31,522
120,037
56,424
173,635
44,912
113,808
61,464
997,696
40,358
58,893
39,008
76,891
120,730
220,443
23,029
381,138
217,395
808,058
245,207
3,522,718
103,821
188,296
40,107
46,369
48,685
181,428
120,426
138.157

Percent
Deforested
10.6
19.6
18.9
23.9
39.6
42.3
34.7
50.3
8.0
15.6
46.6
15.2
54.3
50.0
2.9
7.2
28.9
14.5
2.7
11.7
53.4
28.5
7.6
58.3
26.3
32.5
39.5
6.2
68.5
50.7
54.8
6.0
26.9
7.0
55.1
86.5
26.8
87.2
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Name
Santa Luzia d'Oeste
Sao Felipe d'Oeste
Sao Miguel do Guapore
Seringueiras
Teixeiropolis
Theobroma
Urupa
Vale do Anari
Vale do Paraiso
Vilhena

State Total

Total Area (ha) Area Deforested
(ha)
145,302
71,375
80,389
41,698
765,271
63,432
470,169
40,320
54,759
22,495
217,863
90,489
82,201
40,360
234,154
23,316
100,748
72,971
1,321,188
113,114

23~485,625

Percent
Deforested
49.1
51.9
8.3
8.6
41.1
41.5
49.1
10.0
72.4
8.6

4,005,787

17.1

Source: EMATER-RO 1996

Figure 6: Deforestation in Ronddnia, By Municipio, 1978 to 1993
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2. Land Conversion for Urban Use
During the fieldwork, I encountered urban growth both in areas that had
previously been deforested for other uses and in areas that were cleared specifically for
urban use. The Jardim Aeroporto in Ouro Preto do Oeste and Cidade do Lobo II in Pono
Velho are examples of urban neighborhoods for which rain forest was cleared. The
original Cidade do Lobo, however, had been cleared for other land uses prior to urban
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settlement. The extensive areas of clearing that I observed along BR-364, both in rural
areas and near cities located in the center of the state, suggest that much of the urban
expansion has been into areas that were previously cleared for purposes other than urban
settlement.

Clearly, then, land conversion for urban use is a mechanism linking urban growth
and deforestation, but the mechanism is not always present, as some neighborhoods
emerge without the need for new clearing. More importantly, the observation that the
mechanism exists is useful, but it would be more useful to have an idea of the magnitude
of its importance. That is, is urban sprawl a significant cause of deforestation in
Rondonia? This may be stated more formally as

Hq:

The clearing of land for urban expansion is not significantly related to
overziil clearing of land in Rondonia.

To test this hypothesis, simple correlation is used to test for a relationship between the
amount of urban land and total deforestation at the municfpio level.

1 arranged to examine maps and images in the offices of the State Secratariat for
Environmental Development (SEDAM), in order to estimate the extent of urban sprawl in
each munici'pio in Rondonia. Large-scale (1:250,000) color composites of LANDS AT
Thematic Mapper Images were available for a variety of years between 1988 and 1995.
Highway maps were available to aid in the identification of towns appearing on the
images. Images were available for twenty-one of Rondonia's fifty-two municipio seats,
representing about 85 percent of the total urban population. Because of the high spectral
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reflectance of roads and buildings in the visible portion of the spectrum, each urban place
exhibits both distinct color and distinct texture on the composite or the image, facilitating
the calculation of the size of the urban area.

Table 8 presents the areal extent of each municfpio seat (urban place) and of each
municipio as a whole. To facilitate comparison, the latest available areal extent of each
munici'pio is used. Urban places occupy an average of 0.16 percent of each municipio.
ranging from a low of 0.01 percent in Vila Nova Mamore to a high of 1.08 percent in
Rolim de Moura. Vila Nova Mamore is among the smallest of Rondonia's cities in
population, while Rolim de Moura is very large for its population size, principally
because of the unusual design of its street grid described in the section on Rolim de
Moura above. The largest city in both population and area is Porto Velho, comprising 99
square kilometers, but it occupies only 0.28 percent of its municipio, which also has the
largest surface area. The total areal extent of urban places was extrapolated on a percapita basis from the 85 percent of the population in the sample. Because a significant
positive correlation (p = 0.0000) was found (P = 0.0269, r^ = 0.5364) between the area
occupied by urban sprawl and the extent of deforestation in each municipio, the null
hypothesis is rejected. Because the independent variable is the area of each urban place,
rather than its population, this finding relates most directly to the question of the impacts
urban sprawl itself, rather than to secondary relationships discussed elsewhere in this
chapter. The implications of this finding are discussed further in Chapter V below.
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Table 8: Areal Extent of Selected Urban Places
1995 Land Area (km*)
Urban
Munici'pio
%
urban
6.0
8,598 0.07%

City

Alta Floresta do
Oeste
Alvorado do Oeste
2.2
2,982
Ariquemes
4,704
22.0
Cacoal
19.3
3,809
Candeias do Jamari
2.8
6,868
Cerejeiras
7.5
10,751
Guajara-Mirim
12.0
25,214
9.8
Jam
2,910
6,899
Ji-Parana
27.0
Machadinho do
3.8
11,716
Oeste
Mirante da Serra
1,254
1.0
(Vila) Nova
1.2
10,113
Mamore
Novo Brasilandia
3.6
1,160
d'Oeste
Novo Horizonte do
0.3
834
Oeste
Ouro Preto do
3,238
4.0
Oeste
Porto Velho
99.0
35,929
Presidente Medici
3.0
1,694
Rolim de Moura
16.0
1,487
Santa Luzia
1,188
1.1
Sao Miguel do
7,815
2.2
Guapore
850
Urupa
0.8
Sample Total
244
150,013
287*
Rondonia Total
*Note: Total urban land area for the state of

Urban

1991 Population
Munici'pio

%urban

9,379

31.980

29.3%

0.07%
0.47%
0.51%
0.04%
0.07%
0.05%
0.34%
0.39%
0.03%

7,580
45,283
44,091
N/A
14,737
27,406
27,675
75,414
4,891

21.045
83.684
78.934
N/A
21.608
32,583
63.535
97.799
16.765

36.0%
54.1%
55.9%
68.2%
84.1%
43.6%
77.1%
29.2%

0.08%
0.01%

N/A
3,724

N/A
7.248

51.4%

0.31%

5.031

15.798

31.8%

0.03%

N/A

N/A

0.12%

23,586

83.857

28.1%

0.28%
0.18%
1.08%
0.09%
0.03%

229,788
10,803
28,272
4.287
2,218

287.534
30.064
59.751
12.328
19,458

79.9%
35.9%
47.3%
34.8%
11.4%

N/A
963,971
1.132.692

58.5%
58.2%

0.09%
0.16%

N/A
564,165
659,327
Rondonia is estimated.

3. Food
More than 800,000 hectares in Rondonia were devoted to crops in 1994 (Table 9),
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equivalent to approximately three percent of the land area of the state and Uventy percent
of the area deforested since 1978. The food crops of rice, beans, manioc, wheat, and
bananas account for about 75 percent of the total land used for crops in 1994.

Table 9: Area Planted, Major Crops, 1994
Municipio
Alta Floresta d'Oeste
Alto Paraiso
Alvorada d'Oeste
Ariquemes
Cabixi
Cacaieiros / Novo
Horizonte
Cacaulandia
Cacoal
Campo Novo de
Rondonia
Candeias do Jamari
Castanheiras
Cerejeiras
Colorado do Oeste
Corumbiara
Costa Marques
Espigao d'Oeste
Gov. Jorge Tei.xeira
Guajara-Mirim
Jamari
Jam
Ji-Parana
Machadino d'Oeste
Ministro Andreazza
Mirante da Serra
Monte Negro
Nova Brasilandia
d'Oeste
Ouro Preto do Oeste
Pimenta Bueno
Porto Velho

Cotton

Rice

Beans

Manioc Wheat

Banana Cacao

Coffee

300
0
3,000
0
50
1,650

3,750
4,080
1,500
3,250
4,000
3,360

25,289
280
3,300
1.143
3,300
3,094

1,000
420
350
200
540
840

7,920
3,984
5,000
1,990
5,800
3,528

429
180
350
940
260
80

0
2.003
0
6.300
25
25

4.190
10.828
2.530
3.000
250
3.225

100
2,496
0

1,500
9,517
550

700
11,283
70

500
1,410
659

4.000
16,038
637

1.083
1.325
208

6.008
1.772
9

3.500
20.797
42

0
70
400
0
638
150
500
800
0
0
1,300
2,130
80
372
86
0
600

2,000
1,472
4,400
8,250
4,820
2,200
900
3,250
1,150
1,310
11,410
7,000
5,000
2,264
3,480
3,900
4,900

125
1,174
2,196
17.800
9.480
2,400
1,600
2,760
600
25
6,558
6,000
1.500
3,573
5,220
1.620
9,800

3,000
400
594
600
450
635
475
720
1,500
643
880
2,880
3,800
470
525
800
200

900
2,016
5,400
16.200
9.480
2.200
3.787
4,720
1,260
140
11,690
7,700
3,640
5,758
3,372
5.950
9.000

346
32
240
546
200
200
175
2.060
850
70
3.600
1.010
980
375
1.800
1.177
56

15
0
34
306
472
0
0
2.115
0
10
6,000
1,062
1,200
345
460
670
20

300
1.228
182
163
1.000
700
1.550
2.530
15
50
3.625
2.366
6,200
4.990
3.375
6.250
5,760

1,122
2,748
0

10,535
4,657
1,190

9,250
6,320
137

1,960
800
3,064

12,557
7,968
638

6.720
320
750

3,906
22
27

6.643
4,248
126
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Munici'pio
Presidente Medici
Rio Crespo
Rolim de Moura
Santa Luzia d'Oeste
Sao Miguel do
Guapore
Seringueiras
Theobroma
Urupa
Vale do Paraiso
Vila Nova do Mamore
Vilhena

Total

Cotton
2,500
0
1,360
540
968

Rice
6,500
3,949
5,376
2,700
6,650

Beans
3,500
348
3.200
9,798
2,400

Manioc Wheat
850
1,240
1,400
650
200

7,500
1.237
7,056
6,462
4,000

4,680
720
540
60
5,346
750
2,200
300
2,200
2,000
657
5,000
4,800
552
2,200
4,500
70
3,750
1,800 1,000
463
400
2,550
100
2,400
300
850
2,600
1,300
0
25,042 157,300 166,063 38,915 211,524

Banana Cacao
500
726
112
200
40

Coffee

0
713
0
27
0

3.200
5.699
5.376
3,200
4.000

120
0
3.120
196 1,933
1.611
500
300
3.500
2.000
977
5.200
141
0
180
20
20
80
30.917 36.776 134.829

Source: IBGE 1994.

Although production data are readily available, detailed information about the
food market was difficult to obtain. Although ample data exist about the production of
food in Rondonia, no data could be found to indicate the extent to which the expansion of
agriculture in the region is driven by the demand for food in local urban centers. This
question has occurred to government researchers in Rondonia, and a plausible
methodology has been suggested, using data generated from road-side tax-collection
stations along BR-364 (field notes, August 1, 1996). In theory, these data would provide
a great deal of information about the food market in Rondonia, and indeed several
informants indicated that such a study was already underway at EMBRAPA, a research
center located between Porto Velho and Candeias. I telephoned and visited contacts at
EMBRAPA, however, who informed me that the effort to quantify interstate food
shipments had been abandoned as too difficult.
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Food prices and dietary choice, however, do provide some clues. Beef is
extremely inexpensive and popular, comprising a much more important part of the diet in
the north than elsewhere in Brazil. Although a lot of the beef is consumed locally, it
would not be accurate to say it is produced for local consumption. It is consumed locally
precisely because so much beef is produced for other markets that the local price is
especially attractive. Manioc is consumed extensively, and is strictly a regional food, so
its production can be viewed as locally induced (field notes, June 21. 1996). Most
packaged foods are expensive, and originate in Parana or elsewhere in the South (field
notes, July 8 and August 6, 1996). Even many local crops, such as rice, are transported to
the South for packaging before they are sold in grocery stores in Rondonia's cities,
apparently because much of the commercial food business is dominated by businesses
that have packaging operations located in the South. Almost everybody in Rondonia's
cities grows at least some food at home: virtually every house 1 visited or observed had at
least one fhiit tree. Farmers" markets are an important source of food for some people in
urban centers, however, indicating that at least some of the area devoted to fruits and
vegetables in Rondonia is used to stock urban markets.

This led to the following hypothesis;

HQ:

Agricultural land in Rondonia is used to supply urban markets in the state,
rather than export markets.

To test this hypothesis, the production of food crops is compared to population
size. To reduce the effects of spatial scale on the analysis, the comparison is made both at
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the munici'pio scale (n = 40) aind at the microregion scale (n = 8). In each case, simple
correlation is calculated between the area devoted to six basic food crops in 1994 and
population size in 1995. At the munici'pio scale (n = 40), p = -0.7461. but r = 0.0439 (p =
0.1942). At the microregion scale, (n = 8), p = 0.0278. and r = 0.0169 (p = 0.7575).
Thus, the null hypothesis is rejected, as no significant correlation between local markets
and clearing for agriculture is found. The implications of this finding are discussed in
Chapter V below.

4. Coastruction and Wood Consumption
During the intensive phase of the research, it was determined that consumption of
wood for housing should be investigated as a potential source of demand pressure on rain
forest lands. For this reason, an evaluation of this demand relative to other sources of
demand was made. Forest products produced in Rondonia include Brazil nuts {Casianho
do Para), rubber, cut wood (lumber), charcoal, and fire wood. The annual production of
Brazil nuts has experienced a secular decline since the early 1970s, while production of
rubber has fluctuated within a relatively narrow range from year to year (Table 10).
Reported production figures for cut wood, which according to Lisboa (1989) include only
wood exported from the state of Rondonia, increased about 500-fold between 1972 and
1990. In comparison, the reported use of wood for charcoal is insignificant, while the use
for firewood is almost half of that reported for cut wood.
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Table 10: Yield of Forest Products, Ronddnia 1965 to 1990
Year
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Brazil Nuts (T)
824
1,025
1,587
3,313
2,412
3,230
3,357
4,480
2,050
1,725
3,127
3,247
2,103
1,503
1,826
1,201
784
833
1,466
1,392
563

Rubber
(T)

Cut wood
(M^)

5,997
3,295
4,000
4,965
4,824
4,357
4,336
5,706
5,548
4,227
1,118
2,415
3,713
1,903
2,103
2,016
3,119
4,177
3,779
4,018
4,621

3,822
10,292
18,451
30,962
44,897
66,935
101,676
318,109
307,001
491,914
581,372
768,712
1,256.307
1,320,213

4,629
6,105

2,255,352
1,903,646

Charcoal (M^) Fire Wood
(M^)

316
907
1,472

963
867

967.667
809.340

Sources: Lisboa 1989 (drawing on unspecified IBGE documents) and IBGE 1993.

De Bortollo's (1996) account of the development of Rondonia's timber industr\' is
instructive. Numerous, small sawmills {pica-pau) emerged around 1970 to serve the
housing needs of new settlers in Rondonia (De Bortollo 1996). There was no tradition of
export-oriented timber, and only a very small portion of the wood that was removed in
the clearing of the land made its way to the timber mills. As the development projects
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grew during the middle 1970s, the fledgling timber industry drew some investment from
the Center-South (e.g., Sao Paulo). These projects, intended to supply the local market,
were not sufficiently successful to maintain a thriving timber industry. It was not until the
late 1970s, when investors arrived who had a strong interest in harvesting wood for
e.xport to a national market, that the industry reached a significant size.

As noted in the field observations presented above, houses of recent construction
in urban areas of Rondonia are typically constructed of wood (Photograph 7) or of brick
(Photograph 6). According to an interview with Solimar Bergamin, my contact in Rolim
de Moura with timber-industry experience, a typical wood house measures four meters by
five meters and requires about 70 planks, each measuring 2.5 meters by 30 centimeters by
2.5 centimeters, for a total volume of 1.3 cubic meters per house. A 2.5-meter section of a
single large tree (Photograph 13) provides enough lumber for one such house. The
construction of brick houses also results in the consumption of some wood, because fire
wood is used to fiael the brick ovens, which are common throughout the state.
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Photograph 13: Timber for processing, Rolim de Moura

According to an analyst at SEDAM, the state environmental agency,
approximately one-tenth of the wood cut when land is cleared is ever put to any of the
uses described above (Arquimides Longo, personai communication, July 1996). The
majority of the biomass removed during clearing remains in situ (Photograph 14). Some
of this wood is burned to return nutrients to the soil, but the majority of the cut trees are
left in place on the land.
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Photograph 14: Felled Trees Along BR-364, Jamari, Ronddnia

The question of whether local demand for timber is a significant factor in overall
demand is posed in the form of the following hypothesis:

Hq:

The demand for timber in Rondonia's urban places does not explain
increases in timber harvests.

To test this hypothesis, reported timber harvests are compared to demand for
urban building purposes, estimated on the basis the number of households, the prevalence
of wood construction, and the amount of wood needed per house, as described below.
Available 1985 building permits were consulted, because they indicate the proportion of
buildings that were constructed of wood and the average size of the buildings. This
allows for a more precise estimate of wood demand to be made, as shown on Table 11.
The average size of wooden residential buildings was obtained from SEPLAN's record of
1985 building permits, which were not available for subsequent or prior years. The

155

amount of wood required for each house is assumed to be directly proportional to house
size, using the field-based calculation of 1.3 cubic meters of wood per 20 square meters
of living space. The number of households is taken fi-om the most recent available
estimate of urbein households, from the 1991 census of population. Deforestation by
mimicipio is taken from the 1994 statistical abstract, cited above. Because of changing
mimicipio boundaries, the figures presented here reflect spatial aggregations of the data
presented in Table 7. Once these calculations were made, deforesation and demand for
timber were compared using simple correlation. A weak but significant (p = 0.0259)
positive correlation was found (P=1.96, r=0.3232). The implications of this finding are
discussed in Chapter V below.
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Table 11: Timber for Housing, By Municipio
Municipio

Ariquemes
Cacoal
Cerejeiras
Colorado do Oeste
Costa Marques
Espigao dOeste
Guajara Mirim
Jam
Ji Parana
Ouro Preto do Oeste
Pimenta Bueno
Porto Velho
Pres. Medici
Rolim de Moura
Vilhena

1994
Average
Prevalence Number Total Wood
Estimated
Size of
Wood
of Wood as of Urban Demand for Deforestation
Wooden Needed Per
to Date (ha)
Housing
Houses
Urban
Houses
Houses
House (m^)
Material
(m-)
39,437
485.204
3.8
56%
10,445
58.1
53.7
3.5
64%
10,364
36.174
225.871
13.334
188.157
60.1
3.9
16%
3,416
160.098
96%
3,500
9.830
43.2
2.8
223.291
38%
1,381
3.852
42.9
2.8
3.6
9.188
133.527
54.7
53%
2,585
6,073
16,689
126.002
2.7
25%
42.3
6.250
17,115
340.i21
42.1
2.7
3%
60,062
179,514
52.6
3.4
40%
17,574
79.8
5,357
27,778
328.436
5.2
38%
5,970
20.076
322.229
51.7
3.4
61%
467.981
53,838
133,773
38.2
2.5
20%
9.060
3.6
2,521
219.808
55.3
50%
274.350
85%
6,645
22,086
51.1
3.3
28,977
331.198
54.0
50%
8,263
3.5

Rondonia

3.1

144,182

447,431

Sources: SEPLAN 1985; EMATER-RO 1996; IBGE 1991.

5. Analysis of Electrical Power Trends
Throughout the 1980s. Rondonia was self-reliant in electrical power generation.
Both consumption and production grew, with gross production generally exceeding
consumption by approximately 25 percent (da Costa 1992). By 1995. however,
consumption at least equaled production (Figure 7).

4,005,787
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Figure 7: Electrical Energy in Ronddnia, 1981 to 1995

Electrical Energy
MWh (000s)
800
600
400

200
1981 1983

1985 1987 1989 1990

1991 1992 1995

Year (no production figure available for
1995)

Sources: da Costa 1992; Govemo de Rondonia, 1996.

As of 1992, about half of the state's electricity needs were met by the
hydroelectric plant at Samuel, with the balance met by small, diesel-buming plants.
Eletronorte, the state-run power company, had plans to convert these generation stations
to sub-stations in the network to distribute electricity from the Samuel power plant
(Coutinho n.d.), but if the construction of new hydroelectric plants is delayed, conversion
of these thermal generation stations may also be delayed. Although the environmental
consequences of electrical power generation in Rondonia have so far been limited to the
Samuel reservoir and the powerlines, future impacts will be determined by future energy
plans.

Documents made available by the state plarming agency (SEPLAN. 1996) after
the completion of my fieldwork confirms that small hydroelectricity plants are under
active consideration. The documents, intended to promote economic investment in
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Rondonia, were prepared at the micro-region level — equivalent to the first seven
munici'pios in the state ~ but have been compiled into one document that outlines the
prospects for investment throughout the state. As my contact in Rolim de Moura
indicated (field notes, July 24, 1996), the unreliability of electricity is viewed as a major
impediment to industrial development. For this reason, the discussion of each of ±e
seven microregions includes a discussion of the availability of power and of fiiture plans.

Although the documents are promotional in nature, they are circumspect in their
treatment of the electric-power situation in the state. They cite interupted service in all of
the microregions except Porto Velho, which is the location of the Samuel hydroelectric
plant. In the other six microregions, private diesel-powered energy sources are used in
about fifty percent of existing businesses. The discussion of Ariquemes mentions its hightension connection to the Samuel plant as a mitigating factor, but nonetheless describes
the same service limitations described for most of the other microregions. The discussion
of Ji-Parana mentions the future power plant described by the engineer I interviewed at
Samuel, and indicates that the new plant will have a capacity of 512 megawatts.
Interestingly, the document does not provide a time horizon for that project, perhaps
because it is as uncertain as my contact suggested it is.

The most interesting aspect of the discussion of electricity in these documents was
the specific identification of sites for the small-scale hydroelectric projects that were
mentioned by my contact at SEDAM (field notes, July 21, 1996). At the time of

159

publication in 1996, only two such projects had been completed, but 43 more were
planned (Table 12). Both of the completed projects are located in Rolim de Moura and
together represent less than one percent of total planned capacity. Note that the aggregate
potential of all of these plants would be less than half of the proposed plant in Ji-Parana.
and about equal to the capacity of the Samuel plant. The projects would be located
throughout the state, in every microregion except Porto Velho, which has an adequate
supply of electricity from the Samuel plant (Table 13). The result of these developments,
if fully realized, would be the geographic dispersion throughout the state of the land-use
impacts of further increases in hydroelectric power generation.

Table 12: Micro-hydroelectric Projects, by Status
Status
Identified
Under Study
Under Construction
Completed

Total

Number

Aggregate
Capacity (KW)

16
9
18

69,250
33,750
109,920

2

1,750

45

214,670

Source; SEPLAN, 1996

Table 13: Potential Micro-hydroelectric Plants, by Microregion
Microregion
Ariquemes
Cacoal
Guajara-Mirim
Ji-Parana
Rolim de Moura
Vilhena

Ronddnia

Number of
Potential Projects
7
8
3
6
12

9
45

Potential Aggregate
Capacity (KW)
25,850
78,150
17,250
20,610
31,410
41,400

214,670
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Source: SEPLAN, 1996

6. Inter-Urban Changes
Two unexpected and related results of the intensive phase of the research
described in the first part of this chapter seemed to warrant further inquiry, which I began
during the fieldwork. These are the evidence of economic diversity of the settlements.
This tendency was unexpected based on my reading of the literature on urbanization in
Rondonia available at the time of the fieldwork. That literature, as described in Chapter II
above, describes frontier "boom towns" and unorganized squatter settlements as the norm
(e.g., Browder and Godfrey 1990; Bakx 1990). The observations I describe earlier in this
chapter suggest that the nature of urban settlement in Rondonia changed fundamentally in
the years between that research and my own.

A relatively recent master's thesis completed at UNIR addresses the question of
economic diversification directly. Feitosa (1993) found a significant increase in the
diversity of Rondonia's economic activities during the period of rapid urban population
growth. Between 1980 and 1989, for example, the number of industrial establishments in
Rondonia increased by over six hundred percent (Feitosa 1993, 11). The major categories
of industries operating in 1989 are shown in Table 14, which indicates the number of
enterprises in each category and the number of municipios in which these enterprises
could be found. Industries closely tied to resource extraction, such as timber and mineral
processing, were most abimdant in 1989, but a number of higher-order industries were
also represented, such as clothing, food processing, and publishing.
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Table 14: Industries Operating in Ronddnia, 1989
Type of Industry

Enterprises

Timber
Food products
Repair, Maintenance, and Conservation Services
Construction
Furniture
Non-metallic mineral production
Metallurgy
Publishing and Graphics
Mineral extraction and treatment
Clothing
Beverages
TOTAL

Number of
Municipios
Represented

1,018
455
192
182
132
99
88
51
40
29
6
2,292

Source: After Feitosa, 1993.

More specifically, diversification of Rondonia's timber industr\' was evident
during the 1980s (Feitsosa 1993). In addition to an increase in the number of sawmills
between 1980 and 1989, a number of other processing facilities, such as plywood makers,
emerged during the decade (Table 15). As of 1989, one-third of timber-processing
businesses performed a value-added function beyond simple milling.

18
18
18
9
18
14
11
13
4
9
5
18
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Table 15: Wood Processing Facilities, Ronddnia, 1980 and 1989
Sawmills
Munici'pio
Porto Velho
Guajara-Mirim
Costa Marques
Ariquemes
Jaru
Ouro Preto do Oeste
Ji-Parana
Presidente Medici
Cacoal
Pimenta Bueno
Espigao do Oeste
Vilhena
Colorado
Cerejeiras
Rolim de Moura
Alta Floresta
Alvorada
Santa Luzia

Total

1980 1989
17
12
4
2
38
12
49
159
35
11
49
18
20
52
8
46
64
46
18
53
8
34
43
22
39
45
66
18
32
5

244

781

Value-Added Wood
Processing
1980
1989
38
J
6
1
19
27
4
32
2
21
5
46
30
J
26
2
34
4
21
21
17
10
19
I
2
'y

292

1,521

Total Wood
Proportion Value
Processing
Added
1989
1989
1980
1980
69%
15
55
20%
60%
10
33%
J
57
33%
12
53
186
8%,
15%
67
48%
11
20
70
10%
30%
98
47%
25
20%
76
27%
39%
11
66
72
36%
3%
87
39%
18
55
33%
38%
12
33%
64
22
56
30%
55
18%
85
22%
19
5%
6%
34
5

268

1,151

9%

Source: After Feitosa 1993.

Building on Feitosa's work, I have endeavored to test the following hypothesis:

The urban places of Rondonia show evidence of developing into a complex urban
network.
I use methods described by Hochberg and Miller (1992) to test the degree to
which Rondonia's settlements exhibit the characteristics of a hierarchy of central places.
As described in Chapter II above, central place theory, despite its limitations, has been
used as part of explanations of urban-system development in frontier areas of Latin
America in general and in the Amazon in particular.

32%
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The 1996 classified telephone listings ("Yellow Pages") for Rondonia (Teleron
1996), were obtained in the field. The listings are identical in form to classified listings
found in classified telephone directories in the United States. They have limitations as a
data source (some businesses do not have telephones, for example, while others may be
listed in multiple categories), but the listings provide far more detail than any available
commercial or industrial census. They include listings for several thousand businesses in
1,040 categories. Listings are statewide, including 27 of Rondonia's 52 munici'pio seats.
Of these, 380 could be identified as non-goverrmient, service-sector categories, and are
used in the analysis.

A matrix of urban places and business categories was created, with a binary code
representing the presence or absence of a given business type in each place. The number
of service-sector categories present in each settlement is counted, and each city is
assigned to classes based on the number of enterprise types found in it. The classes are
tested against four indicators of a central-place heirarcy identified by Hochberg and
Miller (1992, after Marshall 1989). Centrality, as used here, refers to the number of kinds
of services represented in a given city. The indicators are:

1. Discrete stratification of centrality. The differences in the centrality of
towns within each level should be small, and the differences between each
level clearly marked. (That is to say, the clustering should be meaningful, with
greater variation between categories than among them.)
2. Numerical pyramid in the frequencies of successive orders. There should
be fewer central places in each level than in the one immediately below it.
3. Incremental basket of goods. It should be possible to specify a group of
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goods and services that are available at all levels. At each level there should
be goods that are generally not available at the next lower level. (In fact, the
ratio of goods available at a given level to those available at the next lower
level should be 2:1 or more.)
4. Interstitial placement of orders. Lower-level centers should appear on the
map in the interstices between the higher-level centers.
The results of this analysis are presented in Table 16 and Table 17. The locations
of cities in each class are shown on Figure 8. The 27 urban places were assigned to four
categories using a clustering technique that attempted to minimize the intra-class
differences and maximize the inter-class differences. The fact that this could not be
achieved implies that stratification is weak, with differences in centrality more nearly
continuous than discrete. Nonetheless, some of the other criteria are met to varying
degrees. The numerical pyramid is nearly achieved, with the exception of the small
difference between Classes II and III. Since the city of Pimenta Bueno could arguably
have been included in Class III, it is possible that the pyramid distribution could have
been more nearly approximated. The third criterion is perhaps the one that is best met. In
each category, more than 40 percent of the services present are not available in lowerorder towns, creating a genuinely incremental basket of goods at each level in the
hierarchy. The fourth criterion is most subject to interpretation. Clearly, because of the
historic development of Rondonia in relation to its capital, the highest-order service
center has the least central location. The remaining centers are strongly aligned with the
axis of BR-364, creating a linear rather than a central pattern. Rather than interstitial
locations, it appears that most of the centers in the lowest order are located on either side

of this central axis.

Table 16: Municipios by Service-sector Class
City
Porto Velho
Ji-Parana
Vilhena
Cacoal
Ariquemes
Pimenta Bueno
Rolim de Moura
Ouro Preto do Oeste
Guajara-Mirim
Jam
Colorado do Oeste
Espigao do Oeste
Cerejeiras
Presidente Medici
Alta Floresta do Oeste
Urupa
Alvorada do Oeste
Machadinho
Nova Brasilandia do Oeste
Costa Marques
Jamari
Nova Mamore
Santa Luzia do Oeste
Mirante da Serra
Monte Negro
Cabixi
Ministro Andreazza

Count Class
323
158
112
100
91
69
55
47
42
42
27
26
19
19
13
11
8
5
5
3
J
3
3
2
2
1
1

I
II
II
II
11
II
III
III
III
III
III
III
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
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Table 17: Characteristics of Service Classes
Class

I

II

III

IV

Intra-class range
Inter-class difference (with next
higher class)
Number of cities in the class
Number of services found in this
class
Ratio of class to next higher
Number of services exclusive to this
class and above
Ratio of exclusive services to total
services in class

0

89
165

29
14

18
7

1
323

5
223

6
107

15
40

2.08
51

2.68

138

1.45
91

43%

41%

48%
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Figure 8: Service Center Classes

Service Center Classes, Rondonia 1996
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Chapter V: Conclusions
I undertook ±e research presented in this dissertation because of a long-standing
concern about the literarture on deforestation in the Amazon region of Brazil, particularly
in the state of Rondonia. That concern centers on the fact that the Brazilian state's
promotion of rural settlement in Rondonia was understood as a major cause of
deforestation, but that deforestation was continuing even after those policies ended, and
indeed after a majority of the population was living in urban places. My objectives were
both to find out what these new urban places are like and, more importantly, to examine
the ways in which their their continued growth might be connected to ongoing
deforestation.

In order to meet these objectives, 1 undertook a research project framed in terms
of contemporary critical realism. The research combined intensive, local research based
in direct observation and progressive, rolling interviewing techniques with extensive,
regional research based in more traditional methods of hypothesis testing. The research
process was an iterative one, with preliminary results from the intensive phase forming
the basis of the subsequent research activities. Both phases of the research drew heavily
on knowledge obtained through various means during a period of fieldwork in Rondonia
itself.

The purpose of this concluding chapter is to comment on the findings presented in
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Chapter IV above, to elaborate the theoretical implications of these findings, to assess the
usefulness of the theoretical perspectives and methodologies employed, to comment
briefly on the process of field research in Latin America, and to describe further research
that is suggested by the outcomes of this project.

A. Comments on Findings
1. The Urban Landscape
The existing literature available prior to the beginning of the fieldwork described
in this dissertation did not describe the urban landscapes of Rondonia in much detail,
because urban places have only very recently become dominant on the landscape.
Because of the pace of change in the region, many of the accounts that were available did
not prove to be descriptive of current urban conditions. Even as the populations of
Rondonia's cities have burgeoned, they have become in many ways more settled, more
ordinary, and at the same time perhaps more interesting.

In many ways, for the people of Rondonia's cities the rural frontier is ancient
history, and even boom towns are a fading memory in most places. The people of
Rondonia have set about creating a new urban environment for themselves. In Ouro Preto
and Rolim de Moura, this is manifested in a cultural landscape that honors both a pioneer
past and familial ties to the regions from which those pioneers came less than a
generation ago. In Porto Velho and to a lesser extent in the smaller cities, the cultural
landscape reflects an orientation toward a future that promises to be increasingly
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outward-looking. Throughout the state, the connection to the rain forest, which originally
overwhelmed ail other aspects of daily life, is becoming more tenuous as the forest
recedes and occupations are increasingly independent of the land.

2. Urban Sprawl
Urban sprawl was identified early in the project as an admittedly obvious means
by which urban growth could be associated with deforestation. Indeed, during the
intensive phase of the research, evidence was found of deforestation resulting directly
from the expansion of urban settlements. For this reason, the extensive phase of the
research attempts to address the question of whether urban sprawl is associated with
deforestation on a state-wide basis in Rondonia. The results presented in Chapter IV
indicate that urban sprawl is indeed significantly and positively correlated with
deforestation at the municipio level. It is important to recognize, however, that the very
low value of [3 (near 0.02) suggests that the magnitude of urban sprawl is ver\' small
relative to total deforestation. The significant correlation between urban sprawl and
deforestation, may be attributable in part to factors that covary with urban sprawl, such as
the size of the population migrating into the city from recently cleared rural lands.

3. Hydroelectric Power Generation
Because of the abundant stream power in the Amazon region and the high cost of
fossil fuels, it is apparent that the future energy needs of Rondonia's urban populations
will be met primarily through hydroelectric power. Browder and Godfrey (1997) have
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shown that the environmental costs of hydroelectric projects in the region have been
catastrophic in some cases, in no small part because low topographic relief makes largescale facilities woefiilly inefficient.

Browder and Godfrey (1997) argue that the planning and construction of the
Samuel Dam in Rondonia has benefitted in part from the experience of larger, more
environmentally destructive projects elsewhere in the Amazon region. It is important to
recognize, however, that the project has been far from benign. For example, many of the
animals that were "rescued" prior to the inundation of the reservoir did not survive, and in
fact remain in the power plant itself as a reminder of the habitat that was lost in its
construction.

More importantly, it is apparent that the significant local impacts of hydroelectric
power may be multiplied throughout the state of Rondonia in coming years. Each of the
43 hydroelectric plants under consideration will undoubtedly be smaller than the Samuel
plant, and will have more modest environmental consequenes. The aggregate effect,
however, may be even more significant than that of the Samuel plant itself

4. Food Consumption
During the course of the intensive phase of the research project, 1 discovered that
a significant amount of the food consumed in Rondonia's cities comes either from outside
of the state (contributing to the very high cost of packaged foods in Rondonia), or from
urban gardens, particularly in the case of fruit. Conversely, many of the crops grown in
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Rondonia are cash crops that are primarily consumed elsewhere. Because the demand for
food in urban places is potentially a more important driver of deforestation than is the
need for land on which to settle, part of the extensive phase of the research was devoted
to an effort to characterize the relationship between urban demand for food and the
amount of land devoted to its production.

Ideally, this question would be resolved by examining the import and export of
food at the state level, in order to determine the source of pressure on Rondonia's
cropland. These data being unavailable, spatial patterns in population were compared to
spatial patterns in the dedication of land to food crops, and no correlation was found
between the two.

5. Wood Consumption and Processing
A weak but positive correlation was found between urban demand for timber
(based on prevalant housing types, housing sizes, and population) and total deforestation.
As with the analysis of food production, covarying factors might explain part of the
correlation. More important than the trend of this relationship is the absolute magnitude
of local timber demand relative to forest clearing. An average of 8.95 hectares of forest
have been cleared for every cubic meter of wood needed for housing construction in
Rondonia. The positive correlation between timber demand and deforestation, therefore,
is perhaps best ascribed to other factors that covary with population size, especially labor
availability.
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If demand for timber to supply local populations is minor, the demand for timber
to supply growing industries is not. The diversification of the timber industry described in
Chapter IV above may have profound implications for demand on forest resources in the
future. Throughout the state, the need to absorb surplus labor, combined with a shift in
available supply from premium species such as mahogony to lower-value tree species, is
likely to lead to increased consumption of wood products. This combination of factor
endowments clearly has motivated economic-development authorities to devote
significant resources to the expansion of wood-processing industries. It is through the
labor market, rather than the timber market, then, that urban population growth may place
the greatest pressure on rain forest resources.

6. Econoiiiic Diversification
In the history of urbanization in Latin America, it has not been unusual for urban
settlements to emerge in the wake of the development of resource frontiers. The extent to
which these urban places develop into robust parts of the cultural landscape has varied.
Some of Brazil's long-established urban networks began as outposts on mining frontiers,
while the boom towns of other frontiers have faded soon after the resources were
depleted. It is too early to hazard a guess about the ultimate fate of Rondonia's cities and
towns, but evidence obtained during this research ~ particularly the proliferation of
foreign-language training academies and intemet connectivity — suggests that they are
becoming places that are becoming more closely connected with one another and more
fully integrated with the outside world.
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The question of whether this network now conforms to an ideal central place
hierarchy is perhaps at some level spurious, but the degree to which Rondonia evidences
a vibrant and complex service economy is impressive. A unique aspect of Rondonia's
history is clearly one reason that it will never conform to models developed for the
isotropic plain: the historic importance of Rondonia's development along the old
telegraph route to Porto Velho is reflected in every map of the state.

B. Implications
1. Frontier Development on the Semi-Periphery
This research contributes to the literature on world systems by illustrating the
maturing of a region's incorporation into the world system. Population growth in
Rondonia was initially associated with its classical role as an extractive periphery.
Because of the rapid depletion of the resource frontier, and because of the apparent lack
of options elsewhere in Brazil, this population has become a predominantly urban
population, creating an urban labor surplus where a rural surplus had existed less than a
generation ago. Drawing on both the formal and the structuralist perspectives on frontier
urbanization presented in Chapter II, this research has shown that frontier urbanization is
both more complex internally and better articulated externally than had been the case at
the end of the 1980s. Through the consumption described above, Rondonia has become
ftirther connected to the core of the world economy. This is an important lesson for those
who argued for the cessation of environmentally destructive activities on the resource
frontier during the 1980s. Such calls did not adequately address the need to absorb labor
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in order to prevent the region from becoming even more thoroughly incorporated into the
world economy, thereby compounding pressures on the environmental resources of the
region.

At a macro level, urbanization in Rondonia is understood here to have arisen over
a period of about a quarter century from the confluence of political, economic, and
ecological circumstances. Brazil's geopolitical objectives, particularly during the period
of military rule from 1964 to 1985 were among the principal factors responsible, but
Brazil's semi-peripheral position in the world economy is seen here as equally influential.
Roughly coincident with Brazil's military regime was the emergence of an approach to
development that included investment of state resources in the extraction of the natural
resources, including those of the Amazon region. After the decline of these programs,
migration to Rondonia continued to be encouraged by other policies promoting the
efficiency of agricultural production in other regions. This in turn resulted in part from
Brazil's critical need for foreign exchange as a result of its external debt crisis.

Population growth in Rondonia was an intended consequence of the government
programs mentioned above, but an urban landscape was never envisioned. Urban centers
were to be established to provide services for rural residents, who would comprise the
majority of the population, and who would set about putting the natural resources of the
region to productive use. Two related factors prevented the realization of this Jeffersonian
vision. The first of these was that the soils of the region were not suited to their planned
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uses. Fantastic stories of crop yields from the first season or two following a clearing
undoubtedly contributed to the reluctance of many to recognize that the settlement
programs were not suited to the place. In that sense, a contingent, place-specific factor
contributed to the failure of programs to reach their objectives of rural settlement. The
related factor was the recapitulation of Brazil's minifundio-latijundio land-tenure pattern
on the frontier. This created a Izmd shortage in the region that was supposed to provide
land for the landless, contributing to the decision of many rural settlers to migrate to
Rondonia's cities.

A significant implication of this research is that a reversal of processes at the
macro level will not necessarily reverse the micro-level processes that result from it.
Incentives to settle in Rondonia and to engage in ranching activities contributed to
deforestation, but the curtailment of these incentives did not curtail deforestation. Rather,
the incentives had led to the urbanization and thence to a variety of contingent
relationships that were not intended by the original incentives and were not subject to
reversal when those incentives were removed.

2. Political Ecoiogy
Political ecology is concerned with interactions between human beings, especially
as they are organized into political and economic systems, and the environment upon
which humans rely for survival. The articulation of a political ecology is made both
necessary and difficult by the very fact that so much scholarship treats environmental and
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human systems as separate. The paradox of political ecology is that drawing attention to
connections between the human and the environmental is both essential and at the same
time spurious. That is to say, the drawing of these connections reinforces the very idea
that political ecology hopes to negate, which is that humans stand as a separate category
from the environment.

This dissertation contributes to the literature of political ecology by describing
such a connection, that between urbanization and deforestation in Rondonia. E.xisting
literature describes connections between deforestation and the growing rural population
of Rondonia, and between deforestation and primary-sector activides such as mining,
ranching, and timber. This dissertation has demonstrated that deforestation has more
recently been related to the demands created by the economies of urban places in the
region. These demands include the need for land, energy, food, and building materials. It
has also shown that the growth of urban places itself arose in part from environmental
conditions. What was intended as a rural-settlement program led to rapid urbanization at
least in part because of the environmental limitations on agriculture.

The importance of describing these linkages is that the hitherto described linkages
between the world economy and the envirormient of Rondonia could be thought of as
distal, in that the exploitation of resources and the disruption of ecological connections
were taking place in a pristine, frontier zone far removed from the centers creating
demands for resources of that zone. Even the exploitation of resources by rural settlers in

178

Rondonia has been understood as resulting from displacements in Brazilian agriculture,
which in turn were brought about by economic events far removed from the Amazon
region itself. As the results outlined in Chapter IV make clear, the world economy has in
a very real sense been brought to the frontier itself, and the linkages are no longer so
distal.

As the phenomenon of deforestation in Rondonia and elsewhere has become
known in the core countries, the Brazilian state has come under pressure to end programs
that have contributed to deforestation. This pressure has been political, but as those
making claims on the Amazon have influence over banking institutions on which Brazil
relies, the pressure has also been economic. Just as Brazil's semi-peripheral status has
been a factor contributing to deforestation, so it is also a factor contributing to the
pressure to end deforestation. Ironically, the pressure comes at a time when the
connection between the landscape of Rondonia and the expanding reach of the world
economy has been cemented by the emergence in Rondonia of a growing population of
consumers.

Meanwhile, the political significance of Amazonian rain forest has been
completely reversed. Throughout most of its history, Bra2dl was pressured to view
Amazonia in terms that served the interests of the core, that is, as a commodity to be
exploited and as an obstacle to be overcome: green hell and Eldorado. Resistance to this
dominant view included early struggles between nationalists wanting to protect the forest
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and outsiders such as Ford, Ludwig and Volkswagen, and later was exemplified by the
resistance of rubber tappers such as the martyred Chico Mendes. Following ecopolitical
change at the international level that culminated in the 1992 Earth Summit in Rio de
Janeiro, however, those Brazilians who view the Amazon rain forest primarily as a
commodity find that this is no longer the dominant view in the core.

Rondonia, then, is a place caught between two opposite pressures, both emanating
from the core countries. Both weigh heavily because they do emanate from the core, and
both are likely to increase. These are the pressure to preserve the rain forest and the
pressure to participate in the world economy as consumers. Efforts to preserve the
remaining rain forest in Rondonia must recognize this dilemma.

Many of the people who have been in Rondonia for a decade or more find
themselves in a very different relationship to the environment than when they first
arrived. Several of my informants in Rolim de Moura, for example, had been involved in
e.xtractive activities when they first arrived. The man who worked for the lumber mills
when there were hundreds of them in the city now nms a record store. Others who were
impressed with the crops of the first season or two now work as accountants and teachers.
Their connection to the land has changed, but they do still rely, as all people do, on
natural systems for their survival, and they continue to have an impact on the rain forest
around them, through the consumption of land, food, building materials, and energy.
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3. Critical Realism and the Practice of Geography
This dissertation has been an exercise in the application of critical realism to the
practice of geographic research. I view the exercise as successful, and the use of the
realist approach as appropriate to the research objectives. The realist approach is desirable
for geographic research of this kind for several reasons. First, for a geographer who is
focused more on understanding problems than on building theory, it is rewarding to
weave together theoretical approaches that can contribute to the illumination of a problem
from a variety of perspectives. In this case, the focus in critical realism on questions of
how and why processes are cormected led to a better understanding of particular aspects
of the problem of deforestation in Rondonia.

More important for the geographic imagination, perhaps, is the ability within a
realist framework to pursue research as exploration. Throughout the project, this has
allowed me to treat the research question as a point toward which I could navigate,
allowing the landscape to unfold around me. This required a certain degree of discipline,
but ultimately yielded richer results, 1 believe, than would have been possible with a
rigidly structured set of protocols. It was important, however, that the project combined
intensive and extensive methods in an iterative process.

As a geographer, one difficulty 1 encountered with the application of the realist
framework is the question of scale. The terms "intensive" and "extensive" are intended to
refer to a mode of inquiry, but they are also conflated with questions of scale. As used in
this project, "intensive" has referred to those activities and observations carried out at a
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human scale; that is, direct conversations and observations, while "extensive" has referred
to observations made indirectly through published data, maps, and the like. The question
of whether this distinction is a necessary one remains open in my mind, and may warrant
flirther exploration by other geographers who adopt critical realism in their work.

C. Field-based Research in Latin America
Fieldwork has been an essential part of this dissertation, both because a visit to the
region was required to obtain data and because direct observations in the region's cities and
interviews with their residents was required to know how to interpret these data, especially
given the dearth of information about Rondonia's cities in the existing literature. The
fieldwork included archive searches, informal interviews with local residents in a variety of
circumstances, observations in a variety of locations, and daily experience living in the
cities that are the subject of the dissertation. The fieldwork experience provides lessons
which may be of use to geographers planning research projects abroad, particularly in areas
of Brazil or elsewhere in Latin America undergoing rapid change.

Both the primary and the secondary data presented in Chapter IV were obtained in
Rondonia itself during the course of fieldwork. Interviews and direct observations were
essential to understanding food consumption and prices, the use of building materials, the
consumption of electrical energy, and the patterns of land use described in Chapter IV.
Geographers conducting research in Latin America should not discount the importance of
locally available secondary sources. Even though the IBGE makes a lot of information
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available in its publications and on the Internet, for example, most of the information from
IBGE used in this dissertation was obtained from the local IBGE office in Rondonia, and
was not yet available in on-line or print documents.

This research project addresses questions about Rondonia, Brazil, an area which has
undergone extremely rapid population growth and landscape change since approximately
1970, and particularly in the decade of the 1980s. Despite the region's increasing
connectivity to the world economic system, reliable information about Rondonia remains
difficult to obtain. Ironically, because most academic research about Rondonia has focused
on deforestation, rural colonization, and ranching, its urban places are even more unknown
than its rural areas.

The proliferation of municipios is just one example of the kind of basic information
that is inaccessible to researchers who do not visit the region. The number of municipios in
Rondonia increased from seven to fifty-two between the formation of the state in 1977 and
my fieldwork in 1996. Prior to my fieldwork, the most recent published source (IBGE
1991) indicated only twenty-three, and a listing of mimicipios on the IBGE World Wide
Web site indicated only thirty. Only during the course of my research in Rondonia did 1
learn from IBGE that there were then 52 municipios, and even so I was unable to learn the
names or locations of the four newest additions.

The complexity of Brazil's institutions, particularly its governmental bureaucracies,
requires both patience and persistence on the part of a researcher. 1 spent a large portion of
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my time attempting to locate sources of data that were relevant to the research question,
that I was certain existed, but which were difficult to obtain on the first attempt. The need
to return repeatedly to the same archive or office arose from several factors. Agencies
often collect information for their own purposes, and even if the information is public,
they are simply not used to being asked for it. Resistance might arise from the fact that an
employee of the agency simply does not believe that the data available are what the
researcher really needs. In such cases, the employee may offer to help by referring the
researcher to another agency rather than providing the data in question. It is also tme that
some people simply do not trust foreign researchers, so repeated visits may be required in
order to build a level of trust. Each time I returned to a given agency, 1 would find
information that was not available on a previous visit.

A few practical matters are important when obtaining information from
government and quasi-govemment agencies in Rondonia. Many agencies are open only
for short hours with a long lunch break, and often only one key person has access to the
information needed. Going to an agency in the late morning, for example, might mean
that the researcher will be able to work only for a few minutes before having to leave for
a long lunch break. Bringing a laptop computer to a library or agency in order to record
data directly helped to avoid problems with photocopying.

The slow and patient development of an informal network of contacts was
essential in obtaining most of the secondary data presented in Chapter IV. As mentioned
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in Chapter III, many of my interviews were with people connected directly or indirectly
to people I met in Porto Velho, initially through the university there. This was true even
of interviews in other parts of the state. Direct observation was also an important part of
the research, and it often led to productive interviews. Taking an extended walk, with or
without a camera in hand, remains an important technique for geographic fieldwork. Bus
rides are also important. It was on such excursions that I came to understand the diversity
of land uses and economic activities in Porto Velho for example. Walks are also
important for the opportunity to conduct impromptu interviews. When I visited the
Airport Garden neighborhood in Ouro Preto, for example, I asked several people about
the origin of the neighborhood. Each referred me to another until I found the local ice
cream shop owner who could tell the whole story. Often I would find myself talking with
somebody without having a particular question in mind, but simply telling them a little
bit about my research project would always lead them to share some useful insights.

Several researchers with experience in the region had warned against obtaining a
research visa, and they were correct. For social science research that does not involve
human subjects (especially on indigenous reserves), informal networking is a superior
way to gain access to information. I found that my informal connection to a local
university was essential, not only because of the fnendships I forged and the contacts I
gained, but also because of the respect afforded academics in Brazil. The mention of a
university cormection fi-equently opened doors. On a practical level, the university
connection afforded conveniences that made the work much more pleasant, including
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access to facilities such as an Internet account and free scrip for public transportation
from faculty members who received it in abundance.

D. Further Research
Three months proved an adequate duration of fieldwork to obtain answers to the
research question, but additional time in the field could have been put to profitable use
refining some of those answers or pursuing additional questions raised by the fieldwork.
These possible avenues of future research are described in this section.

1. Urban System
During the course of this research, it was apparent that the urban economy of
Rondonia has become far more complex than the existing academic literature in the
United States suggests. Rondonia's urban places have increased in size, number, and
economic complexity since most of the literature was written. The notable exception, of
course, is Browder and Godfrey's (1997) work on urban systems throughout the Amazon
region. This text, which also employs critical realism, provides a robust framework for
understanding the devlopment of Rondonia's cities in relation to each other.
Unfortunately, the work in that volume on Rondonia itself is already due for an update,
and the environmental consequences are not fully integrated into the discussion. Further
examination of Rondonia's unfolding urban economy with systematic consideration of
some of the mechanisms outlined in this dissertation is clearly vvarranted.
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2. Agriculture
Although I found no clear spatial relationship between population (food
consumption) and the devotion of land to food crops in Rondonia, the question merits
more detailed future study. The fact that local agencies with an interest in the question
have not yet devised a workable methodology suggests that the research will require
extensive resources and careful planning. Another area warranting further study is
question of urban residents who own farms and ranches. Browder and Godfrey (1997)
conducted a survey of such people in Rolim de Moura without reaching definitive
conclusions. During the intensive phase of my research, my encoimters with rural and
urban owners of agricultiu-al land revealed a variety of attitudes toward its preservation
and a variety of investment outlooks.

3. Ecopolitics
This research has described in some detail the importance of the ways in which
the Amazon has been represented by outsiders, first by the earliest European explorers
and more recently by envirorunentalists connected with international institutions. A
research project comparing the treatment of the Amazon region in the U.S. and European
media with its treatment in the Brazilian media would shed light on important questions
of contemporary ecopolitics related to the differences in the social construction of
resources belonging to the North and the South. In collaboration with a professor at the
Federal University of Rondonia, I began work on a project of this kind during the first
weeks of my fieldwork. If the project continues, it will build upon Barbosa's (1993) work
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on the ecopolitics of Brazil's policies in the Amazon region, and will contribute to the
discussion of how Rondonia, among other places on the semi-periphery of the world
economy, is caught between two competing imperatives, both emanating from the core:
the expectation to participate as consumers in the world economy while at the same time
preserving the local rain forest environment for the benefit of the world as a whole.

4. Frontier Images
A second, related project was inspired by a visit to a special exhibition at the
Amon Carter Museum in Fort Worth, Texas prior to my fieldwork. That e.xhibition,
entitled "Cities in Stone," showed how artists depicted and promoted the frontier cities of
the North American West. Subsequent reading on other frontier cities (Hamer 1990; Reps
1979) has encouraged me to draw comparisons between the frontier urbanization of a
century ago and contemporary frontier urbanization in Rondonia. Comparisons may be
drawn on many levels, beginning with the economic role of these places within the
broader frontier context, but continuing to include their ecological roles and the discourse
about the places themselves.
Such a comparison would have at least two benefits. First, ±e reminder of the
transformation that took place in the urban frontiers of the North might serve to temper
the hubris that sometimes overcomes those in the North who complain of environmental
degradation in the South. Second, it could point to constructive ways to think about the
frontier environment so that the destructive impact of modem firontiers can be reduced.
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