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ABSTRACT

Research in global environmental change emphasizes that biomass burning
significantly contributes to increased atmospheric trace gases and possible climate
change. Analysis of what drives anthropogenic fire is less thoroughly examined because
such study involves investigation the human and physical dimensions of biomass burning
at local and regional scales. This dissertation uses a multi-scale approach to address fire
use within local and regional contexts. It investigates dynamics and effects of fire use
within four rural communities with different settlement histories, then expands these
findings to understand burning patterns in a larger agricultural frontier south of Santarém,
Brazil’s third largest Amazon city. The aim of the dissertation is to understand how
landscape environmental factors and land settlement shape land-use practices and the
burning patterns associated to those practices.

The dissertation integrates analyses of biomass burning at three spatial scales:
regional, ecological field, and local. At the regional scale, a model of biomass change is
developed from remotely sensed data (Landsat TM images path/row: 227/62; dates: Oct.
1986, Oct 1995) and used in combination with household land-use information to infer
extent of biomass burning in the study region over a nine-year period. At the field scale,
physical evidence of slash-and-burn agriculture is examined through vegetation
inventories and measure of post-fire fuel loads in 14 agricultural fields. At the local scale,
in-depth household interviews on settlement history, land-use strategies, and
present/historical burning practices compliment physical evidence, to provide a fuller
understanding of the local causes and impacts of fire use. Throughout the dissertation a
geographic information system (GIS) is used to assess temporal and spatial
characteristics of human settlement; and a global positioning system (GPS) is used to link
vegetation information and settlement findings to land-cover classifications derived from
remotely sensed data.

This dissertation advocates the need for local and regional studies on
environmental issues to inform global environmental change research and estimation. It
provides a framework that links human dimensions of biomass burning to larger global
change issues. Findings in the dissertation contribute to the discipline of geography in the
area of human/environment interactions.
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CHAPTER 1

CONCEPTUAL CHALLENGES FOR GLOBAL ENVIRONMENTAL
CHANGE AND BIOMASS BURNING

As we near the end of the century, we are constantly reminded that the last 150
years of human activity has altered the composition and chemistry of the Earth’s
atmosphere and biosphere at rates, which are unprecedented. These activities include: (1)
burning of fossil fuels to support mechanized agriculture and industrial activity,
producing carbon dioxide (CO;), carbon monoxide (CO), nitric oxide (NO), and sulfur
dioxide (SO;); (2) burning of vegetation to facilitate land clearance and provide energy,
which contributes to atmospheric CO,, CO, NO, methane (CHy), and hydrocarbons; (3)
permanent conversion of forests, woodlands, and grasslands to agricultural fields,
depleting carbon stocks and possibly shifting the natural carbon flux; (4) increase in
livestock and rice paddies to feed world populations which, through microbial metabolic
processes, produces methane; and (5) daily use of human-made chemicals such as those
in aerosol spray cans and refrigerator and cooling systems, which are sources of
chlorofluorocarbons and hydrochloroflurocarbons (Levine 1991).

Whether effects of these human actions are detrimental or harmless to the Earth
underlies continuing debate on global warming and other global environmental change
issues. This debate began largely in the physical sciences, where research monitors
physical systems and processes to understand how they function and change, and to
anticipate possible impacts of those changes (Houghton et al. 1996). It has more recently
spread into the social sciences where researchers address social implications or human
dimensions of such change in order to ameliorate local environmental degradation,
understand societal impacts, and form effective abatement policies (Turner 1990; Sachs
1993; Meyer and Turner II 1994). In recognizing that local processes, as well as regional
forces, affect global environmental change, global change research increasingly requires
multidisciplinary and integrative efforts from biological, earth, and social sciences. As
such, researchers are facing large conceptual, methodological, and theoretical challenges.

The first of these challenges is the regionalization of global climate change.
Predictions of global warming indicate change would not occur evenly across the Earth
and highlight this geographic variation along with its implications for inequality; there
may be some who benefit and others who do not (Meyer-Abich 1993; Banuri et al. 1996).
Seasonal changes may include droughts or heavy rainfall, colder or warmer temperatures.
Some nations may gain economically through changed precipitation patterns and
extended agricultural seasons (Rosenzweig and Hillel 1988; Kaiser and Drennen 1993).
For other nations, loss may be extreme. For example, continued sea-level rise under a
warmer climate regime may inundate island nations such as the Maldives, Fiji, or other
South Pacific Islands, while nations with long coastlines, such as Chile, may loose
valuable territory (Lanfredi et al. 1998; Mimura and Nunn 1998; Wang 1998). In still
other regions, particularly those with Mediterranean climate regimes, a warmer global
climate may instigate more extreme weather variability, causing increased chances of
flooding, drought, and other natural disasters.



To complicate these regionalized physical impacts is the realization that even
similar degrees of change may impact humans in different ways dependent on their
vulnerabilities, and resiliency or ability to adapt to change (Liverman 1994; Scott 1996).
Wealthier nations can better afford to monitor extreme weather conditions, implement
natural disaster plans and withstand potential short-term economic losses from global
climate change. Populations in countries with fewer resources to expend on such matters
are more vulnerable to climate change. The mere implications of risk due to global
climate change may negatively influence economic value and thus harm certain
populations more than others (Meyer-Abich 1993). For example, coastal areas may
depreciate in value due to impending risks of sea-level rise or increased change of
hurricanes and tidal waves. While climate change may be a global phenomenon, the
diversity of potential impacts at regional levels make it a highly politicized issue and a
complex challenge that cannot be addressed in a single uniform manner.

A second challenge in global change research is to develop methodological
frameworks that adequately address causes and effects of potential global climate change.
These frameworks need to be capable of bridging spatial scales because of the
regionalization challenge mentioned above (Levin 1992; Wessman 1992; Pickett and
Cadenasso 1995; Root and Schneider 1995; Moran et al. 1998). For example, to
understand contributing factors to potential global climate change, data collected at the
local level must be extrapolated to regional scales then integrated into global models.
Conversely, any prediction of global climate change must then be filtered down to the
local scale in order to understand how regional impacts will affect local populations.
These demands for a vertically integrated conceptualization of space highlight the
complexity and interdependency of our world and remain one of the greatest challenges
of global change research (Meyer et al. 1992).

A third challenge imbedded in both the two mentioned above is the need for more
sophisticated theoretical frameworks that effectively link cultural and socioeconomic
processes to the biogeophysical changes that are occurring. The belief that human
activity, in all its variant forms, has and continues to drive global environmental change
is fundamental to our assertions that such change is a serious threat or problem. Thus to
deny the human factor in investigation of environmental causes and impacts of global
climate change is to throw the baby out with the bath water. Certainly any investigation
of regional impacts or causes must also undertake analysis of the human populations
targeted by those impacts or causes. In addition, as human-environment interaction is a
spatial process, it holds implications at local, regional, and global scales that must be
dealt with methodologically. The challenge of global climate change is a fundamentally
human-created phenomenon and must be regionally, methodologically, and theoretically
addressed as such.

Where and to what extent change will occur, what spatial scales need to be
bridged, and how we can develop methods and theoretical frameworks to link social and
physical processes, causes and consequences are the major conceptual challenges of
global environmental research today. These challenges require geographical analysis, in
visualizing spatial scales at which changes occur, in highlighting geographic variation
and inequality through regional study, and in linking human cultural and socioeconomic



processes to physical environment processes to understand the nature of environmental
degradation.

RESEARCH PROBLEM

Biomass burning, or the burning of live and/or dead vegetation to clear land, for
use as fuel wood, as a management strategy in agricultural practices, or through natural
wildfire activity, is a global environmental concern that embodies the challenges of
regionalization, methodological application, and theoretical development facing the
global climate change community. Global biomass burning is considered one of the
major contributors to increased greenhouse, or trace gas emissions, accounting for 40%
of total increased carbon emissions in the past century and a half (Levine 1991). Gases
produced by biomass burning also include chemically active gases (nitric oxide, carbon
monoxide, methane, and hydrocarbons) that lead to the photochemical production of
ozone (or smog) in the troposphere, and other gases (methyl chloride and methyl
bromide) that lead to destruction of ozone in the stratosphere which is critical is shielding
Earth’s life forms from dangerous ultraviolet solar energy (Levine 1985; Mano and
Andreae 1994). Biomass burning has also been found to contribute to particulate
emissions, or the miniscule solid particles that perturb the transfer of incoming solar
radiation, further impacting the Earth’s climate. By major Earth biome, fires in tropical
forests account for 15-25% of total burning, in temperate and boreal forests, 6% of total,
and in savanna ecosystems where annual fire activity is a dominant disturbance
mechanism, fire accounts for ~70% of total burning (Brown et al. 1993; Houghton 1994;
Andreae 1991). The anthropogenic component of global biomass burning, which is the
topic of this study, is estimated at 15-35% of biomass burning’s total contribution, but
appears to be escalating with time (Levine 1991). This means that regionally,
methodologically, and theoretically, estimates of global biomass burning must
increasingly account for an often capricious variable, human behavior.

The extent and overall detriment of fire varies regionally, depending on biomass
content present within the ecosystem exposed to fire. Biomass content in Savanna
ecosystems, for example, is relatively small (in comparison to Tropical Moist Forest,
Temperate Forest or Boreal Forest ecosystems), with the only significant accumulation
occurring in open woodlands or gallery forests that are distributed on Savanna edges or in
gullies along rivers. Fire is a natural disturbance mechanism, occurring annually, to
encourage comparable vegetative regeneration after fire has passed. At the other extreme,
Tropical Moist Forests and Boreal Forest, contain huge amounts of biomass and when
burnt emit large amounts of carbon that will not be recuperated through new vegetation
growth for an estimated 150 to 500 years. Fire damage in these ecosystems has much
longer-lasting implications than in Savannas. With such regional variation in biomass,
modeling of fire activity and estimation of actual biomass burnt requires meticulous study
of fire behavior within each major vegetative biome on the Earth.

Vertically integrated conceptual models are also necessary in order to accurately
estimate the contribution of anthropogenic biomass burning. Specifically, data necessary
for estimation are collected at various spatial scales and must be integrated to calculate
the overall contribution of biomass burning to atmospheric emissions that force climate



change. Biomass content, or the total weight of biomass within a specified area, is the
first of these variables. It is estimated through field surveying at the local level, then
extrapolation to the size of area exposed to fire. Fire efficiency, the second variable, is
usually a constant derived from observation of fire activity within local ecosystems. The
third variable, total area exposed to fire is usually derived from remotely sensed data
collected at regional 1 km x 1 km spatial resolution. To calculate the overall biomass-
burning estimate and evaluate the contribution of anthropogenic fire to global emissions,
the local variables of fire efficiency and biomass content are vertically integrated through
extrapolation to be compatible with the remote sensing information.

Yet, because we are talking about fire purposely ignited by humans, analyzing the
interaction of physical processes with human behavioral processes is critical to provide a
fuller understanding of biomass-burning issues as well as increase accuracy of the three
variables used in biomass-burning estimation. For example, humans select the vegetation
to be burnt, and therefore, the biomass content that is exposed to fire. They decide how
much land to burn and thus influence the total area exposed to fire. They then decide
when and how to burn this vegetation, potentially influencing the fire efficiency. But,
while humans make all decisions related to the burning of vegetation, once fire is set, the
final outcome is a reflection of both human decisions and physical properties in place at
the time of ignition. Microclimatic conditions on the day of ignition play a particularly
important role in the impact of biomass burning. Specifically, precipitation levels,
temperature and wind velocity influence the dryness of the vegetation, how thoroughly
fire burns and how easily it then spreads to areas beyond that intended to be burnt. The
implications of this interaction between human and physical processes is as complex as
the plethora land-use decisions and clearance practices in place around the Earth.

Despite the efforts of leading scientists, anthropogenic biomass burning continues
to present challenges at all spatial scales: from the accuracy of global estimates of
biomass burning to analysis of regional burning patterns to what regionally and locally
drives land-use decisions and fire use as a land management strategy. While regional
estimates have been calculated and refined since the early 1980s, less attention has been
paid to understanding the motives for burning in a systematic way that links human
processes with physical ones, as well as local dynamics with larger scales.

This dissertation places a local face on global issues of biomass burning. It draws
on nine months’ fieldwork in the Brazilian Lower Amazon, a meso-region on the eastern
flank of the state of Para, and looks at human practices of biomass burning through the
lens of how that practice is associated with the environmental consequences of fire.
Terrain in this area consists of a dense tropical moist forest ecosystem, intermixed with
landscapes sculpted by human agricultural practices (Figure 1.1).
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The spatial extent and degree of fire impact varies in this terrain, exemplifying
the complexity of biomass-burning issues even at local scales. The region branches
south and southeast of Santarém, Brazil’s third largest Amazon city at the confluence of
the Amazon and Tapajés Rivers. It comprises an agricultural frontier where settlement
patterns are marked by federally planned colonization, recent land encroachment, and
closer to the city, areas of older spontaneous land invasion. These settlement patterns
have shaped past vegetation cover and continue to influence the frontier dynamics of
the region, and thus, the fire activity. Two political units make up the region, Belterra
Municipality, a recently incorporated county with administration centered in the town of
Belterra, and Gleba Mojui dos Campos, a neighboring area within Santarém
Municipality. “Glebas” are usually frontier political units undergoing colonization
administered by the Federal Institute for Colonization and Agrarian Reform. Together,
the study region Belterra/Mojui encompasses approximately 364,288 ha.

The dissertation is organized as follows. Chapters 2 and 3 review the substantive
and theoretical issues on biomass buming and environmental degradation in the
geophysical and social sciences. Chapter 2 looks at how biomass is conventionally
addressed and emphasizes the degree of uncertainty in measurement, physical evidence,
and causal mechanisms, resulting from human behavioral component of fire use. Here,
variables that relate to physical burning patterns are outlined and provide a foundation
to link soctal processes, anthropogenic fire, and physical evidence of landscape burning.
While highlighting advances in ecological research, the chapter also points to the ways
in which social science investigation is a critical addition. Chapter 3 approaches
biomass burning from the opposite stance, by discussing how social science addresses
environmental degradation. Here I evaluate the usefulness of these approaches in
addressing biomass-burning issues, and elaborate on how social science theoretical
inquiry needs to expand in order to provide information relevant to physical science
estimations and contribute to understanding the human dimension of global
environmental change.

Chapter 4 contextualizes regional biomass-burning issues by creating a
contemporary history of biomass burning in the Brazilian Amazon. Regional
development strategies and subsequent land-use change are linked to a shifting
vegetative landscape in which fire types and subsequent trace gas emissions vary. A
framework is proposed for using physical bumning patterns, based on fire types, to
analyze changes in anthropogenic fire and link social and ecological evidence. Chapter
5 places physical burning patterns within a micro-regional context to investigate the
driving forces of fire use in agricultural frontiers. Household decisions and micro-
regional change are linked to components of the physical burning pattern, while
ecosystem properties directly influence burning patterns and household decisions on
fire-use practice.

Chapter 6 provides an in-depth background of micro-regional changes and
dynamics within four rural communities where fire use is part of agricultural practices
and land invasion occurs in frontier areas. Micro-regional changes create the underlying
pressures/incentives to resettle, which in turn creates specific burning patterns in the
environment. Also discussed are the general physical characteristics of the study region,
the nature of land tenure, and the agricultural system that includes fire-use practices.



Chapters 7 and 8 explore regional and local scales of biomass burning. Chapter
7 investigates biomass change through a regional analysis of land-use/cover change
using satellite images taken in 1986 and 1995. Regional change analysis provides
evidence of human intervention on the landscape and indicates fire types and frequency
through the region. Attention focuses on forest cover change where burning implies
larger loss of carbon stocks, and in younger succession change, where diversity
indicates dynamics of agricultural practice. Chapter 8 looks at quantitative measures of
biomass through analysis of 14 fallows sampled during fieldwork. These field sites
provide information about physical change in biomass during the process of slash-and-
burn agriculture. Specific measures are developed for pre- and post-fire biomass, fire
efficiency, and area exposed to fire; and sites are classified by their biomass weights,
structural characteristics, species composition, and diversity to form a base
understanding of vegetation types farmers chose to burn.

Chapter 9, the final analysis chapter, explores linkages between regional and
local physical evidence by bringing local household fire-use activity into a global
environmental change context. It first looks at household decisions, burning practices,
and land-use/cover change that have occurred in each study community. This
information, in addition to the understanding of micro-regional development and
change processes, illuminates both local and regional physical change and biomass-
burning activity. Then, both physical and social information are integrated to estimate
total biomass burning in the region in a form that can be comparable to other regional
and global biomass-burning estimates.

Chapter 10 draws broader conclusions of the dissertation, discussing what local
and regional analyses offer to global environmental change issues. Specifically, it
discusses how analyses that mesh micro-regional change, physical landscape properties,
and local rural community dynamics is necessary to more accurately understand global
environmental change. It demonstrates how physical burning patterns are related to
local, regional, and physical landscapes. It emphasizes the usefulness of viewing local
fire-use practices in terms of physical burning patterns because social driving forces
behind these patterns can then be placed in the context of larger global environmental
problems. And last, it highlights local and regional level processes which are often
masked at the global level, but which ultimately influence global changes.




CHAPTER 2

EXPLAINING THE ISSUES OF BIOMASS BURNING

Monitoring the emissions of carbon (CO;) to the atmosphere is critical because
CO; in combination with other trace gases, affects the heat balance of the Earth
(Houghton 1991). Research documents a possibly alarming increase in the
concentration of CO; in the atmosphere since the beginning of the twentieth century,
with an estimated 250 parts per million (ppmv) in the pre-industrial era rising to an
estimated 358 ppmv in 1994 (Houghton et al. 1996). Measurements from ice cores also
suggest at least 15-26% higher CO; concentration levels in the atmosphere now than in
the pre-industrial revolution era (Houghton et al. 1983; Siegenthaler and Oeschger
1987). In the last 30 years alone, continuous atmospheric monitoring in Hawaii
indicates an increase of 11%. Whether the documented increase, and possibly altered
climate, is detrimental or harmless underlies the continued debate on global warming
and other global environmental change issues.

The largest form of carbon burning is fossil fuel use, the burning of liquefied
organic carbon created from prehistoric carbon sources. Fossil fuel burning comprises
approximately 60% of total atmospheric CO, (Houghton et al. 1996), and is attributed
mostly to oil, gas and other petroleum products for industrial and mechanized
agricultural purposes. These estimates are considered fairly accurate, to within < 15%
(Houghton et al. 1983), due to the limited geographic distribution of regions that
significantly use fossil fuel energy (the industrialized world) and the relatively detailed
records these regions keep on energy use. In addition, burning of fossil fuel releases all
gases in a single moment in time, making it easier to estimate the total impact of the
burning (Fearnside 1997).!

Estimates from the burning of carbon matter in vegetation and soils, the second
major contributor to total carbon burning, contain more uncertainty (Andreae 1991).
Fire occurs naturally in many ecosystems, but burning increases are largely attributed to
human land-use activities particularly land management strategies in agriculture, land
clearance practices, and fuel wood use. None of these activities are fully understood nor
documented because such knowledge requires thorough ethnographic study at the local
scale. These practices usually take place in rural areas where records are not kept
(Crutzen and Andreae 1990). They are widely distributed geographically across the
world, even vary inter-regionally, and are subject to cultural variation at the local level.
Many of these practices are considered traditional, becoming particularly susceptible to
regional development. Last, as opposed to fossil fuel burning, the effects of vegetative
and soil carbon burning are temporally expansive. While a burst of emissions occurs
during the initial fire, decaying debris left over from the burn continues to emit gases
for many years after. The natural decomposition rate becomes altered, often accelerating

! Other forms of burning, for example burning of vegetation, accelerate natural decomposition rates which continue long after the
fire has subsided.



natural rates of decay and furthering overall biomass loss. Due to all of these
circumstances, the task of accurately accessing carbon loss from fire in vegetation and
soils is difficult and highly complex.

To model emissions from biomass burning, researchers extrapolate to the
continental level from regional statistics on land-use change rates, ecosystems affected,
and carbon storage rates in vegetation and soils. Yet, unfortunately the relative
contribution of different human activities is poorly represented in these statistics as
often activities overlap on the same land, are subject to distinct cultural practices, or are
conducted within ecosystems that have natural fire regimes. In addition, vegetative
regrowth occurs after most fires, the rate of which can depend on the ecosystem itself,
the human intentions for the land, or a combination of both. New vegetation re-
sequesters some of the carbon originally released to the atmosphere, making it difficult
to measure how much atmospheric carbon actually remains and from what sources.

In this chapter, I elaborate on these biomass-burning issues whenever possible
drawing from empirical studies of tropical forests, particularly, the Amazon Basin, and
highlighting increasing uncertainty that emerges from continued human intervention in
the environment. First, the role of vegetation in the global carbon budget and how it is
critical to biomass-burning estimates is discussed. As vegetation becomes increasingly
influenced by human land-use activity, complexity increases and uncertainties appear in
natural or pristine forests. Next, general estimation procedures used in biomass-burning
calculations are detailed. Variables used in biomass-burning estimation are all physical
measures, yet, each is increasingly influenced by human activity, widening the gap of
uncertainty in global estimates. Last, most recent estimates for the Brazilian Amazon
are discussed to serve as the standards from which to evaluate estimates derived in the
dissertation. Here, I re-emphasize the human element and the need for a more thorough
investigation of the dynamics of anthropogenic fire that can only occur at the local
level.

2.1 VEGETATION AND THE CARBON BUDGET

Of basic importance in understanding the issues behind biomass-burning
estimates is the global carbon flux. Actual models of the natural carbon flux in which
carbon is cycled between the Earth and the atmosphere include oceanic and terrestrial
biota, and have been thoroughly discussed elsewhere (Woodwell 1984; Trabalka and
Reichle 1986; Post et al. 1990; Keller and Goldstein 1995). Here, I limit my discussion
to the role of terrestrial biota, or vegetation, in the carbon flux as the uncertainties
pertaining to vegetation are increasingly influenced by human land-use activity. For
vegetation, the flux of carbon between the Earth’s terrestrial biota and the atmosphere is
represented by two types of processes: (1) rates at which carbon is released to the
atmosphere from the terrestrial sphere through plant decomposition, burning, and
oxidation of soil organic matter; and (2) rates at which carbon is absorbed by the
terrestrial sphere from the atmosphere through the growth of live vegetation
(photosynthesis) and the accumulation of soil organic matter (Houghton et al. 1987).
Carbon absorption and release then make up the flux. The flux varies by specific
ecosystem, implying an almost insurmountable task of analyzing carbon exchanges in



each of the Earth’s ecosystem types (the number of which is unknown). The flux also
varies by land use as humans transform physical landscapes through deforestation,
colonizing, logging, regional development, and agricultural activities.

Models of the global carbon flux are created with the assumption that there
exists a natural balanced exchange of carbon between the Earth and the atmosphere.
With this measure of balance in mind, researchers evaluate increases over and beyond
the normal flux in atmospheric carbon content that is attributed to anthropogenic causes
and considered unnatural. Such increase remains in the atmosphere, creating a radiative
forcing, or the so-called enhanced greenhouse effect that absorbs long wave radiation
emitted from the Earth’s surface, warming the surface and lower atmosphere.

There are a variety of measures used for representing carbon emissions released
from the environment. Net carbon flux, is the term used to describe the carbon
concentration in the atmosphere which is not considered part of the natural carbon flux.
Measuring it requires first estimating total carbon released at a particular time, termed
the gross or prompt emissions, and subtracting an estimate obtained from a global
carbon budget for what is natural to the atmosphere. More recent measures of net
emissions account for delayed emissions as well, the emissions associated to a specific
burn that enter the atmosphere in future years via decay of charred debris left from the
original fire (Fearnside 1997).

In modeling the role of vegetation in the natural carbon budget to distinguish
between net sources and gross sources of carbon from biomass burning, two underlying
assumption are important: (1) that at some point in time, most likely pre-industrial
revolution, the chemistry of the atmosphere was in some sort of natural steady balance;
and once understood, this balance can shed light on the net carbon sources (the sources
that are in addition to the natural steady state); and (2) that the terrestrial part of this
natural steady balance exists because undisturbed forest vegetation is in a steady state as
well, with as much carbon being respired as being fixed through photosynthesis; again
once understood, net carbon sources as a result of unnatural forest conversion can be
estimated (Lugo and Brown 1992).

Until recently, all forests and vegetation that make up the terrestrial biota, were
considered carbon neutral or carbon sinks. Above and below ground biomass, organic
matter in soils, and dead biomass within the forest ecosystem sequester carbon from the
atmosphere, either neutralizing or actually “sinking” atmospheric CO,. During natural
fire and plant respiration carbon is re-released, but it was intuitively assumed that as
forests grow, they take in larger and larger amounts of atmospheric carbon, balancing or
neutralizing the global carbon budget by fixing carbon when necessary.

Current research challenges these assumptions about the global carbon budget.
First, it is not clear that carbon content of the atmosphere was historically constant.
Concentrations of carbon dioxide in ice cores demonstrate either that carbon
concentrations have fluctuated over time or that the range of carbon dioxide constituting
the natural balance is significantly wide. (Oeschger and Stauffer 1986). Second, this
very wide range of atmospheric concentrations of carbon dioxide may be due in part to
the “unsteady” state of the Earth’s vegetation. Biomass content and accumulation rates
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in forests vary due to tree fall, natural gap dynamics and natural disturbance such as
storms and fires (Salo et al. 1986; Brown and Iverson 1992).

Last, it is difficult to decipher exactly what are natural rates of biomass
accumulation when the history of human intervention is extensive but not fully known.
Many natural forest areas are now accepted as largely anthropogenic in origin, having
been manipulated by indigenous populations in past centuries (Anderson and Posey
1989; Lovejoy 1991; Balée 1992; Coomes and Barham 1997). These forests evolve
from burning and planting practices, species protection practices, and fortified soils that
build up from human waste. Bamboo forests, Brazil nut forests, and Liana (vines)
forests are a few of many forest types associated with ancient human settlement (Balée
1989). Other evidence leads to a new depiction of pristine forests as disturbance
systems in which a combination of natural climatic perturbations and human settlement
patterns shape forest structure (Piperno et al. 1990; Bush and Colinvaux 1994).
Although whether ancient populations were initially attracted to these forest types and
subsequently settled or human settlements actually created the forests cannot probably
be proven. But in either case, human activity has been interacting with these forests for
a substantial period of time. For example, Caatinga, a savanna-like forest covering over
200,000 km? in the Amazon Basin is thought to have developed as a result of repeated
burning by indigenous groups over a 1,000 years ago (Smith 1980). Given recent
ecological studies of forest ecosystem dynamics it is becoming increasingly unrealistic
to assume a steady carbon state within forests and thus, a balanced atmospheric carbon
concentration.

Yet, it is this very logic of a balanced global carbon flux which has lead
researcher to predict that with rampant deforestation and fire activity, tropical forests
are becoming atmospheric carbon sources. The encroachment of humans allows little
room for vegetative regrowth after deforestation or fire and thus, suppresses the natural
carbon re-sequestration process. Tropical forests are not only constantly trying to
recover from degradation, logging and natural disturbance, but are also converted to
permanent or shifting agricultural lands, and urban areas (Salo et al. 1986; Kurz et al.
1991). These disturbances affect forest composition and thus, the amount of existing
biomass, and the rate of biomass regeneration. The history of land use prior to
succession, cultural practices and societal pressures will also affect regeneration rates
(Hecht and Cockburn 1989). As these very different vegetative landscapes cover more
and more originally forested areas, it becomes very difficult to model a carbon budget.
Given, the state of the environment now, it is probably most reasonable to think that
there have been periods when forests were sinks and when they were sources (Lugo and
Brown 1992).

The breakdown of the assumptions about the role of terrestrial ecosystems in the
global carbon budget and the increasingly influential role humans are playing in
transforming vegetation on the planet reveals a limitation to the underlying theoretical
framework. Researchers rely on a baseline measure of an assumed natural system, the
global carbon cycle. Measures of that baseline carbon flux are derived from models as
well. While modeling remains the only feasible way to estimate the global effects of
biomass burning on the atmosphere, it is important to identify where research at other
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spatial scales may highlight the uncertainties of assumptions necessary to form global
estimates and provide information to refine global models.

2.2 UNCERTAINTY IN GLOBAL BIOMASS-BURNING ESTIMATES

Despite the aforementioned challenges to calculating the global carbon budget,
the procedure for modeling biomass burning to derive CO, emissions is fairly
straightforward. The total estimate of biomass burnt at a particular time is calculated
using an equation with three variables. Depending on the inquiry of the research, the
equation is applied by continent, region, ecosystem, and/or land-use activity. The results
of individual calculations of biomass burnt (i.e., by region, continent, ecosystem, etc.)
are then summed up to represent the global contribution. From here, CO, emissions
from the total biomass burnt are calculated, usually as a ratio of 50% (Brown and
Getson 1996). Last, the global emissions estimate is adjusted to account for natural
levels of CO; in the atmosphere and the leftover portion is designated as the net
atmospheric flux of carbon.

The general biomass burning equation is as follows:
B=f*l*c,

where B = quantity of total biomass burnt, measured in grams of carbon per year (g
C/yr); f = fuel load, an estimate of the total above ground biomass in a particular biome
or vegetative cover, measured in dry mass per square meter (dm/m?) or more
commonly, metric tons per hectare (t/ha); I = total land area of the particular biome or
vegetative cover that is exposed to fire, usually measured in hectares (ha); ¢ = the
combustion efficiency or completeness of the burn measured as the percent of initial
fuel load lost in the fire (Seiler and Crutzen 1980; Brass et al. 1996) 4

Using this basic equation, researchers search for ways to obtain more accurate
values for each of the three variables: total land area affected, fuel load, and burning
efficiency. In areas where little human intervention is assumed, values adhere strictly to
physical measures of the particular biome. Researchers usually take the average of
measures cited in a few reputable regional studies then extrapolate to the global level. In
areas where human intervention is significant, the procedure for estimating emissions is
still based on the general equation, but the derivation of variable values is a less direct
process. For example, f as an indication of initial carbon content, is adjusted for carbon
uptake in vegetative regrowth (Detwiler and Hall 1988). Population statistics, land-use
change rates, and land requirements per capita are often used to derive values for the [
variable (Seiler and Crutzen 1980; Detwiler and Hall 1988). Last, ¢ is modified to
account for land clearance practices, such as logging, which do not necessarily include
burning (Detwiler and Hall 1988). With all variables the degree of uncertainty seems to
increase with the degree of human intervention within a particular ecosystem

2 In the literature on biomass buming, combustion efficiency, burn efficiency, and fire efficiency are all used interchangeably. I will
use them interchangeably as well.
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Fuel Load

The first variable, fuel load (f), is a physical measure of the initial density of
vegetation in an area before the area is burnt. As density of biomass will vary between
different types of vegetation, researchers modify the f value to reflect the Earth’s major
ecosystems or biomes in which the fire took place. The most common biome divisions
are: boreal forests, temperate forests, tropical rain forests, tropical seasonal forests,
humid savannas, dry savannas, and grassland (steppe). Most fuel load values are
extrapolated to the global level from two extensive studies that systematically measure
biomass density in various Earth biomes (Whittaker and Likens 1975; Myers 1980).

Fuel load is considered the most accurate of the three variables (Seiler and
Crutzen 1980), yet uncertainties are widening. Within each major biome, a wide range
of ecosystems exists making it difficult to accurately represent biomass density by a few
major biome categories. For example, the range in biomass density for tropical rain
forests in Latin America alone is 31-434 t/ha, depending on the openness of the forest
(Brown and Lugo 1984; Fearnside 1997). Biomass estimates are also difficult in
savanna areas which can represent diverse vegetative types such as, open woodlands,
brush, grasslands or a combination of these three (Robinson 1991).

Uncertainties in the fuel variable corresponding to forests also exist due to
discrepancies between average ecosystem biomass content and average biomass content
in areas actually burnt (Detwiler and Hall 1988). This is particularly true in tropical
ecosystems. Here, farmers and ranchers chose to burn portions of their forests that are
denser than average, under the false assumption that thicker vegetation will contain
richer soils for the intended cropland or pasture. Calculating overall biomass burning
based on average biomass densities would lead to underestimation. Historically, forest
conversion and subsequent burning was restricted to land with river access. These
floodplain areas are often considered more fertile than upland areas, producing higher
densitics of vegetation than average for the ecosystem (Myers 1980). Biomass
estimation can again be underestimated if higher biomass densities in floodplain areas
are not accounted for. In addition, logging companies in their efforts to extract precious
hard woods, often leave secondary and feeder roads that provide access to farmers and
ranchers who apply fire management strategies within these logged forests. In this
scenario, logged forests that are exposed to fire set by farmers and ranchers have
already lost biomass and tend to contain lower than average biomass content for their
ecosystem type. All of these circumstances highlight the connection between land-use
history, local fire management strategies, and what vegetation actually gets bumt. In
order to reduce uncertainty in biomass-burning estimation, the fuel load variable must
be refined to account for human activity and decisions. The continued use of biomass
density averages from general inventories weakens the accuracy of the overall estimate
(Myers 1980).

Secondary succession is another recent addendum to vegetation categories
considered in the fuel load variable creating complications and uncertainties in biomass-
burning estimation. These areas represent previously deforested land that has been
abandoned for a substantial period, such that the regeneration of vegetation has
occurred at times attaining characteristic features of mature forests such as closed
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canopies and large biomass content. Shifting cultivation, an agricultural practice that
slashes and burns land to plant crops and after a few years abandons the area as a fallow
to regenerate naturally, increasingly bums secondary succession instead of primary
forest. Biomass density of this secondary succession, is now under study. Estimates of
biomass are significantly lower than in primary forests, ranging from 5 to 57.3 tons/ha
(Unl et al, 1988), and can vary by vegetation age and land-use intensification.
(Fearnside and Malheiros Guimarfes 1996). Human activity is increasingly
manipulating ecosystems, exacerbating uncertainty and making the task of evaluating
the fuel load variable ever more difficult.

Total Land Affected by Fire

The total land area affected by fire, /, is usually adjusted according to biome,
human activity and continent. In areas where less degree of human intervention is
assumed, such as, boreal and temperate forests, researchers extrapolate from previously
published statistics. For example, statistics on total wood lost to forest fire available
from the United States and the Canadian Forest Services, and are extrapolated to
estimate total land area burnt in temperate and boreal forests, respectively, around the
world (Seiler and Crutzen 1980). This has also been done in savanna areas with natural
fire regimes using data available from forestry agencies in Australia. In areas
specifically influenced by human activity, the ! value is derived from statistics on
population engaged in land-use activities with estimates of land required for each
activity. These estimates usually involve extrapolating from the results published in one
or two reputable regional studies to represent the whole continent in which the studies
were conducted.

Deriving accurate values for total land area affected by fire contains many
uncertainties. First, it is difficult to determine total land area affected by fire from
agricultural surveys and population statistics. Debate exists over the quality of such
data, particularly in remote rural areas where accurate head counts are difficult
(Robinson 1989). For example, head counts of cattle are used in estimating forest
conversion via burning to pasture (Seiler and Crutzen 1980). Yet, cattle ranchers often
claim smaller herd sizes to avoid taxes. In addition, much overlap occurs in forest
conversion to agriculture, pasture maintenance, road construction, logging, and
permanent settlement (Robinson 1989). Area affected by biomass burning may be better
understood by looking at combinations of land-use activities (Uhl and Buschbacher
1985).

Using statistics of population engaged in land-use activities is also of limited
value in assessing the area affected by accidental fire which loses control, burning areas
larger than the intended agricultural site. Swidden farmers in some parts of Thailand
build fire lines to prevent fire escape. In places in the Amazon Basin, farmers use the
bordering vegetation as a zone for the fire to die out. Total areca burnt and area intended
for burning may be very different. Tree mortality rates in secondary and logged forests
adjacent to burnt agricultural fields have been found to range from 79-99% (Uhl and
Buschbacher 1985). Estimating the degree to which biomass is burnt in these
agricultural border zones is an added effect of fire-use practices not only remains
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overlooked in most biomass-burning estimates, but which depends both on
microclimatic conditions of the day and cultural fire-use practice.

Combustion Efficiency

The third variable, c, is the ratio of total biomass density in an area exposed to
fire to the actual quantity of biomass burnt during the fire. It is adjusted in a similar way
as [; by biome in areas where human intervention is assumed minimal or by biome,
land-use activity and continent in areas where human intervention prevails. In a setting
unaffected by humans, combustion efficiency is dependent on the dryness and
distribution of the fuel load, as well as, microclimatic conditions of the day, such as
wind and precipitation. In a setting in which humans are actively using fire in land
management strategies, this variable is difficult to obtain accurately as the influence of
the human component layered over fuel load distribution and micro-climatic conditions
creates complexity at even local scales.

To begin with, natural fires may have a human component. As mentioned
earlier, most biomass-burning estimates of temperate and boreal wildfires extrapolate
from statistics of burn loss per unit area available in the United States and Canada,
respectively. This causes problems in that other countries with large temperate forests
may deal with natural fires differently. For example, the Commonwealth of Independent
States tends to let fires in remote regions burn themselves out, a fire management
practice very different from the prescribed fire strategies used in the United States
(Robinson 1989). Not much is known about fire strategies within China, another large
country where boreal forests exist. In addition, statistics from Canada and the United
States are averages taken from a predetermined number of years, but when used in
biomass-burning estimates they are assumed to represent a specific year (Robinson
1989). Thus even seemingly natural fire disturbance often has a human element
embedded within it.

In tropical regions where most fire activity is the result of human land-use
practice burning efficiency is particularly complex due to the influence of cultural
practices in combination with the physical landscape. Techniques of slash-and-burn
agriculture vary tremendously within individual continents and throughout the world
(Peters and Neuenschwander 1988; Fearnside 1991; Steenberg 1993). Some practices
require re-burning leftover fuel from the initial burn, increasing the long-term
combustion efficiency at the site. Other practices leave this material to decompose, or
use it as domestic fuel. Crutzen et al. (1980), when they calculated what is considered to
be the first thorough global biomass-burning estimates, overlooked the potential of
human influence over fire efficiency. They assumed a 90% combustion rate for crop
residuals across all biome categories in their 1980 seminal study. Yet, estimates from
West Africa suggest that fire consumes only 37% of above ground crop waste, while
wetness in some tropical areas may prevent buming of any agricultural waste
(Robertson and Rosswall 1986; Robinson 1989). Uncertainty mounts even more in
regions where there is a natural fire regime in combination with land-use practices.
Here, efficiency depends on how much of the existing vegetation is resistant to fire as
well as the human techniques of fire-use land management strategies. With such
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variation in the human component, it becomes difficult to derive a combustion
efficiency value useful to extrapolate to continental scales (Robinson 1989).

Last, the time scale makes e particularly confusing as leftover charred wood
from the original fire may continue to decompose for many years or be re-burnt in the
next round of fires. Bumning efficiency of the original fire does not account for
accelerated decomposition or charred leftover debris both of which may actually serve
to increase combustion efficiency in subsequent fires (Fearnside 1997; Schroeder and
Winjum 1995). Yet, when calculating the overall impact of biomass burning, these
issues must be addressed, for they accelerate natural processes and influence the
outcome of further fire activity. An example of forest conversion to pasture makes this
quite clear. Often large logs are left partially burnt after the initial forest fire. Grass seed
is planted and pastures are maintained through subsequent more frequent fires (every
other year or so) that continue to burmm away at the original charred logs. Some
researchers claim that subsequent burns triple the amount of carbon loss from initial
forest fires (Fearnside and Malheiros Guimaries 1996; Schroeder 1996).

2.3 CURRENT BIOMASS-BURNING ESTIMATES OF BRAZIL

An estimated 50% to 70% of all biomass burning is associated with land-use
practices by humans living in the Brazilian Amazon (Myers 1991). Estimates of
biomass burning in Brazil have been calculated since the mid-1980s. The biomass
burning equation discussed in the previous section underlies each study, though how
values for equation variables are derived is not at all consistent. For example, how
ecosystems are delineated, how area exposed to fire is determined, what overall time
span or region is considered, and how fire efficiency is measured all vary by study. This
makes direct comparison between studies virtually impossible. However, discussion of
the underlying assumptions, results, methods, and uncertainties within each study is
useful as it highlights the diversity in how one can define biomass burning and the areas
where further understanding of human motives and resulting fire activity would be
welcomed to refine estimates and minimize uncertainty.

Table 2.1 shows estimates from three recent studies. While results of all studies
were published in the late 1990s, the base year used in each study is 1990. In
Fearnside’s study (1996, 1997), emission estimates cover the Brazilian Legal Amazon.
This is a political delineation established by the Brazilian government and encompasses,
not only the tropical moist forests bordering the floodplains of the Amazon river, but
also the savanna and tropical dry forests that exist further out from the river. Results are
calculated by vegetation cover within each state with an assumption that the percent of
total state deforestation can be divided in proportion to the vegetation cover types
within the state. In other words, if 40% of a state’s vegetation cover was savanna and
total state deforestation was 10%, 40% of that 10% would be assumed to have occurred
in savanna. Considering human fire-use practices, there is no real logic to this
assumption. Fire activity occurs where populations are present, and their presence is not
likely in proportion to the state’s various vegetation covers. It is also likely that those
who use fire, bias their decisions toward certain types of vegetation cover over others.
In addition, Fearnside’s study uses a standard burning efficiency ratio of 33.2% through
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the whole Legal Amazon region. This too does not seem completely logical, because
regardless of human fire-use practice, certain vegetation covers are more prone to total
combustion than others.

Table 2.1 Recent Estimates of Biomass Burning in Brazil

*Fearnside, P. Brazilian Legal
1996, 1997 CO,: 228t x 10 Amazon 1990 33%

CH;: 1.39tx 10°
CO: 35.04 t x 10°

N,0: 0.16 t x 10°
NO,: 758 tx 10°
NMHC: 1.26t x 10°

Schroeder and

Winjum 1995 CO,-C: 174-233 x 10°Mg C Brazil 1990
Tropical Moist Forests: 69-97 x 10° MgC 27%
Agriculture (re-burns): 62-93 x 10° Mg C 60%
Fires in Degraded Forests: 75 x 10¢ Mg C 60%
Savanna (Cerrado): 27-35 x 10° Mg C 100%
Degraded Grassland: 10 x 10° Mg C 100%

Kauffman et al.
1995 No Estimate No Estimate 42-57%

* Estimates are from the low trace gas scenario.

Schroeder and Winjum (1995a, 1995b, 1996), in a second recent study, come up
with very different overall estimates. Their calculations are for the entire country, thus,
including the industrialization and mechanized agriculture processes occurring in the
south, and conclude that Brazil contributes between 4% and 5% of the global carbon
emissions. Schroeder and Winjum subdivide their estimates by ecosystem and activity
to produce estimates that are somewhat more easily comparable to Fearnside’s
estimates. Note the estimates for tropical moist forests, agricultural re-burns, and
burning of degraded forests. Yet, Schroeder and Winjum’s estimates remain lower than
Fearnside’s for a few reasons. First, Schroeder and Winjum are interested in presenting
a model of annual carbon flux in Brazil and thus, account for carbon uptake in
secondary forests. Fearnside’s study does not account for such uptake. Instead, it
attempts to measure total committed emissions from a single year and thus, tries to
account for all carbon that eventually will be released from one year’s activity.
Schroeder and Winjum are also more sophisticated in their values for the fire efficiency
variable by ecosystem, using 27.5% for tropical moist forests, 60% for secondary
succession and 100% for savanna. There results dramatically show the impact of the
combustion efficiency variable on the overall estimation of biomass burning.

Last, Kauffman et al., (1995), has a thorough study on biomass burning in
Brazil. Unfortunately, they make no measure of total land exposed to fire, nor attempt
to expand to other ecosystems in the Amazon other than the tropical moist forests that
are the focus of the study. They do not extrapolate to larger scales to create regional
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biomass-burning estimates, but do present estimates of combustion efficiency in forests
that are significantly higher than the estimates of Fearnside, or Schroeder and Winjum.
Their results highlight the variability that may be occurring when those who set fires,
continue to do so on a landscape with varying vegetation cover types. Evidence in the
Kauffman et al. study claim that 42-57% of total above ground biomass of slashed
primary forests is lost during the burning process.

2.4 CONCLUSION

In this chapter, I have discussed information on global biomass burning coming
from physical scientific research. At the global level, climatologists and geophysicists
have combined population, land-use change, and deforestation estimates to calculate
overall biomass-burning activity that sheds light on the possible amount of CO, and
other greenhouse gases released into the atmosphere. Knowledge we have at the
landscape level has come from biologists, agronomists, and foresters who focus on
developing biomass density estimates, understanding the effects of vegetation regrowth,
and role of this growth as well as primary forest production in the global carbon flux.
While echoing the contributions and uncertainties of global and landscape research, I
have emphasized here the potential effects of transitioning landscapes in the natural
carbon flux and the difficulty of differentiating natural from human-influenced
vegetative covers.

In addition to these major issues in biomass burning, this chapter has highlighted
the actual calculations of biomass burning in which uncertainties are increasingly
arising due to human activity. For gross emission estimates, these are:

o The carbon stock as represented in biomass density
o The total land area affected by fire
» The combustion efficiency

In addition to the above variables, net emission estimates account for possible natural
carbon fluxes due to biomass density in replacement vegetation.

While all of the variables of the biomass burning equations and estimates are
physical measures, I imply in this chapter that actual values assigned to physical
variables are increasingly dependent on nature-society interactions. Biomass density
within an ecosystem is increasingly affected by historical land-use practice, changing
land-use activities, as well as, the ecosystem’s natural recovery capabilities. Size of land
affected by fire reflects more and more on human decisions to burn land and population
change, but also depends on the natural fire regime and the vulnerability of bordering
vegetation to accidental fire from agricultural fields. Combustion efficiency depends,
not only on the fuel loads and the dryness of the vegetation, but on how much a human
has decided to slash, how many subsequent burns he/she chooses to do, and how he/she
intends to use the area. Last, the uncertainties of the physical variables in biomass-
burning estimates become even more complex when combinations of land-use practices
overlap and transformed landscapes produce a mosaic of vegetation covers with varying
carbon stocks. This increasing human facet is mentioned in biomass-burning estimates,
but it is not adequately represented in global models. While certainly global modeling
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efforts are valuable and should continue, the problems mentioned above emphasize the
need to understand burning patterns, as an interaction between physical and human
elements at landscape levels across the Earth.

In the physical sciences the society-nature interaction focuses on the descriptive
effects of human activity on the environment. It does not look thoroughly behind the
social causes of such activities and thus, is limited in understanding human
disturbances. The social science perspectives delve more deeply into the driving forces
behind environmental degradation, but are weak in understanding the physical
landscape patterns that evolve from land-use practices. These emerging landscape
patterns are equally vital to understanding biomass-burning issues because of their
abilities to re-sequester carbon. Both approaches to analysis are valuable in studying the
role of biomass burning in global warming because only through understanding human
causal forces in combination with the physical environment can we develop more
sustainable practices.

In the following chapter I look more critically at social science perspectives of
society-nature interaction to demonstrate the strengths these perspectives provide in
analyzing human disturbance in the form of fire use. The social causes of biomass
burning have not been empirically nor, theoretically examined in the nature-society
literature. Instead focus remains on land degradation, deforestation issues, and general
environmental destruction. Thus, I draw from these social science frameworks, keeping
in mind the theoretical issues of the global carbon budget, and the physical variables
necessary to quantify biomass-burning calculations.
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CHAPTER 3

SOCIAL SCIENCE PERSPECTIVES OF ENVIRONMENTAL DEGRADATION

Whereas, physical scientists document human intervention upon the physical
environment, the strength of social sciences is in providing explanations of why and
how such intervention occurs. This information is particularly important in developing
mitigation strategies, predicting future needs, and highlighting potential vulnerabilities,
both social and biophysical. In this chapter, a discussion and critique of selected social
science models is supplied with particular focus on broad nature-society explanations of
environmental degradation. Until very recently, environmental degradation was
theorized at local to regional scales without much acknowledgement of the linkage of
local environmental change to global climate change. Social science perspectives reflect
and have historically been limited by this oversight. Thus, issues such as global biomass
burning have been reduced to studies of slash-and-burn agriculture, and little social
scientific inquiry has been generated on the larger concern.

Aside from this oversight, the nature-society discourses on environmental
degradation are an important starting point from which to expand to global
environmental change issues such as biomass burning. In this chapter, two standard
models, neo-Malthusian and neo-classical economic, are mentioned briefly along and
their potential to evaluate biomass-burning issues is discussed. Then variants of human
ecology and political ecology are addressed in more depth. The dissertation benefits
particularly from these later two perspectives. To evaluate the effectiveness of these
perspectives three questions are asked: (1) what are the key concepts of the model? (2)
how do these concepts explain biomass-burning issues? and (3) what are the flaws in
the argument when placed within the context of global environmental issues? In
conclusion, a formulation of adjustments to contemporary social science theories is
suggested in order to address biomass burning at a global level and set the stage for the
methodological approach used my research presented here.

3.1 THE NEO-MALTHUSIAN MODEL

The neo-Malthusian model is a dominant perspective in discussions of
environmental degradation. The model is rooted in the notion of carrying capacity first
mentioned by Thomas Malthus in the early nineteenth century who observed that while
human population increases exponentially, food production only increases
arithmetically, periodically creating periods of over population with limited food
resources. While ignored for a long time, Malthus’ implication of finite Earth resources
re-surfaced within the neo-Malthusian model in the 1960s just as accelerated population
growth rates and environmental crisis hit developing countries simultaneously (Woods
1989). The reinvigorated theory saw population growth pressuring the Earth’s natural
limits to the point where the Earth would eventually lose ability to sustain its human
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population (Meadows et al. 1972; Daily and Ehrlich 1992). Within the developing
world context, the argument was particularly focused on land-use change and saw
accelerated population growth as prompting land scarcity, resulting in intensification or
expansion of land under use both of which resulted in environmental degradation
(Ehrlich and Ehrlich 1970; Brown 1987).

Further modifications of the population argument came from theories on
agricultural change and rural peasant studies (Chayanov 1966; Boserup 1981). In these
theories, local consumption demands as brought on by population increase, drive land-
use change, particularly in the form of technological advancement. The argument was
formed optimistically to imply that improved living standards occurred indirectly from
these technological advancements as brought on by population increase. However,
others utilized the argument to explain the connection between population and
environmental degradation because it implied that country economic improvement
required increased population and consumption. But as developing countries saw sharp
rises in environmental degradation with population increase, the argument ended up
reinforcing Mathusian claims. Agricultural change occurred with population increase,
but environmental degradation still prevailed as the Earth natural limits were
confronted.

Explaining Biomass-Burning Processes

The population perspective, as leading to land intensification or land expansion,
has a variety of implications for altering regional biomass-burning patterns. Land
intensification can lead to a shortening of crop/fallow cycles (Turner II et al. 1993). Fire
occurs more frequently but the total biomass exposed to fire decreases as vegetative
regeneration is limited by the shortened fallow length. Land intensification also leads to
other forms of agriculture that eliminate fire use altogether, such as mechanized farming
or certain permanent agriculture or agroforestry practices. Land expansion scenarios
imply, new land invasion onto abandoned lands or primary forests. The range of
biomass exposed to fire is much larger as both secondary succession and forest are
targets for agricultural practice. A third, less visible explanation is that population
pressure and land scarcity in one region is an impetus for land invasion in another
region (Bilsborrow 1992). Thus, while on the frontier populations are sparse and land
abundant, population pressure remains a driving force through migration. New land
invasion brings similar burning patterns as those described above through the land
expansion. Last, increased population can lead to increased political pressure to
improve infrastructure, such as road building, that encourages others to migrate to the
area, perpetuating the cycle of population pressure, land expansion and subsequent
burning (Fearnside 1986).

Critique

Many researchers are critical of the carrying capacity argument. They claim that
the definition of the carrying capacity is wrapped up in non-physical environment
aspects such as, the system of land management, external demands and pressures, and

21




the impacts of technology (Unwin 1988). It becomes difficult to measure what is
sustainable for the environment from what is not, and thus the fine line between
sustainability and destruction becomes arbitrary. In addition, many contend that the
choice for a human to reproduce is a rational response to economic conditions, and thus,
focus of analysis should shift from raw counts of population to the political and
economic contexts that perpetuate poverty, influence reproductive choices and
subsequent demographic processes (Stonich 1989; Olson 1994). The argument of land
scarcity is further weakened by criticism revealing the unequal distributions of land
(Hecht 1984). In this case, displacement of people is less a result of population pressure
and more a legacy of inequitable land tenure systems. And last, land-use change and
environmental degradation can arise in areas of low very population densities (Hecht
1993). In the Brazilian Amazon, the majority of deforestation comes from forest
conversion to pasture, an agricultural strategy associated with very low population
densities and usually not driven by local consumption needs. Ranchers tend to be
wealthier business people who were never displaced from other regions. The connection
between population and environment is not always direct when looking at a
disaggregated level.

3.2 THE NEO-CLASSICAL ECONOMIC MODEL

The neo-classical economic perspective is another standard social science model
and approaches environmental degradation from the standpoint of resource use. It
argues that market competition provides the best mechanism for natural resource use,
allocation, and management. Under an ensuing private property system, each individual
land user will act in her/his best interest by rationally managing resources to maximize
profits. Idle land may continue to be brought under production, thus, extending the
agricultural frontier, provided that costs of forest conversion undercut benefits of forest
preservation (Southgate and Whitaker 1992). When land resources become scarce, land
users begin to turn toward conservation measures such as, investments to improve
present land holdings, enclosing the frontier region while continuing to use land
resources in the most efficient manner (Southgate and Whitaker 1992).

Environmental degradation occurs when the mechanism of market competition
is undermined, such as in common property resource use that results in the Tragedy of
the Commons (Hardin 1968); or, when farmer ability to act rationally and maximize
profits is circumscribed either through market distortions, such as occur with land
scarcity and labor surpluses, or institutional constructions, such as, in certain frontier
land tenure regimes (Hecht and Cockburn 1989; Ozorio de Almeida 1992). In the
former case, the scenario is as follows. Open access to resources which occurs when
property is commonly shared (as opposed to private or publicly regulated property),
allows individuals to act selfishly, exploiting the resource base to the eventual detriment
of themselves and every other user (Feeny et al. 7990; Roberts and Emel 1992). As
resources become scarce, there is no competitive incentive to search for more efficient
resource use, extraction, or management. Over use occurs because each individual user
can externalize costs, passing part of total resource use cost onto others. Thus, resource
use and management appears more efficient than it is.
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Frontier land tenure regimes cultivated unique circumstances that further
environmental degradation according to the neo-classical economic model. Under
frontier conditions, environmental degradation occurs when maximization of profits is
circumscribed by pressures placed on settlers to demonstrate land occupancy and secure
usufructuary rights. The most visible and accepted method to demonstrate occupancy is
to clear forested areas of the land which preempts any long-term resource development
strategies using forest resources and can eventually lead to environmental degradation
(Pichén 1996b). Because of the conditions of the informal tenure regime, settlers are
forced to clear their land and cannot make the rational decisions to maximize profits. In
addition, market distortions emerge when frontiers begin to close, land scarcity arises,
but continued incoming immigrants create labor surplus. Wages are suppressed,
diminishing labor’s share of profit. This disproportionately benefits landowners who
become more economically powerful, out competing smallholders who are forced off
their land into more remote forested areas where they further the cycle of environmental
degradation (Ozorio de Almeida 1992; Walker and Homma 1996).

Explaining Biomass-Burning Processes

The neo-classical economic perspective provides a number of insights to our
understanding the persistence of fire use, but is problematic in providing adequate
solutions. First, through the concepts of efficiency and rational decision making, neo-
classical economics provides a very logical explanation as to why fire is used to clear
land. To individual farmers in the Amazon, fire is a very efficient land management tool
with few comparable substitutes. It requires little skilled labor and temporarily increases
soil fertility without costly inputs such as fertilizers and insecticides (Dove 1983; Moran
1993b; Kleinman et al. 1995). In contrast, mechanized land clearance is very costly in
terms of machinery rental, acquisition and maintenance, while the weight of machinery
compacts soils, limiting their productive life (Toledo and Serrao 1982; Hecht 1984).
Fire is also used as a maintenance technique to eliminate the persistently growing
weedy materials of tropical areas. Other maintenance techniques are either more labor,
such as weeding and composting the debris, or capital consuming, again convincing any
rational minded farmer to use fire in his/her land management strategy. Last, fire use is
a land management strategy to secure informal or formal usufructuary rights. Land
clearance is an effective sign of occupation.

Environmental degradation resulting from fire use is also explained through the
model’s tragedy of the commons scenario and theory on external costs. Being a
virtually free land management strategy, the practice of burning land passes the external
costs of carbon emissions onto the atmosphere, a global commons that is particularly
difficult to manage. Burning land also passes costs of lost biodiversity onto all other
users. But while explanations are forthcoming, the solution seems overwhelming. How
do we place a dollar value on the global implications of increased carbon emissions?
How do we then break down this monetary number to establish policies that force and
internalization of this cost? Dealing with regulation of global commons is
overwhelmingly difficult.

There are still further frustrations with this model. The neo-classical economic
model infers that improved land management strategies, which would potentially
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diminish the use of fire, will not occur until land becomes a scarce resource. In the
Brazilian Amazon this implies privatization and occupation of an immense amount of
rainforest area, which would lead to massive deforestation, the burning of these slashed
forested, loss of biodiversity and a fragmented landscape. An alternative scenario would
be to safeguard large areas as public property reserves to be regulated by government.
Yet, because of the immensity and remoteness of the area, effective policing is virtually
impossible.

Last, according to the argument, privatization would create an atmosphere in
which land management strategies, such as fire use, would be utilized in the most
efficient manner. Farmers would no longer feel pressured to burn their forests to
establish use rights. Legal title and subsequent land security, would then encourage land
owners to be more conservation oriented, perhaps allowing them access to loans for
land improvements (often a legal title is prerequisite to obtaining a loan), and
eliminating pressures to invade and burn other areas (Southgate and Whitaker 1992). In
turn, burning patterns would shift away from primary forest areas and might be
eliminated, if land improvements were substantial. If modernization continued, this
could lead to mechanized farming or other technological innovation. Yet, this scenario
is somewhat unsatisfying because it merely switches the form of burning from
vegetation to fossil fuels. In the larger picture, carbon emissions still occur.

Critique

At the local level, in maintaining a neo-classical economic perspective, many
researchers overlook the importance of how survival needs and desires are culturally
molded; how resources may be socially constrained; and how even social factors may
constitute resources (Wells 1991). Critiques that compliment these assertions emphasize
the importance of external factors such as land tenure, government policies, and class
position in the internal organization of resource management (Grossman 1984; Little et
al. 1987; Collins 1988). Still other critiques of the neo-classical economic perspective
focus on the rationality and adaptive strategies of small landholders, and point to the
ecological sustainability of many more traditional land-use strategies (Dove 1983,
Brush and Turner 1I 1987); or, on the potential sustainability of common property
resources when informal regulations are employed (Bromley 1992; Ostrom 1992; Singh
1994). Last, according to the neo-classical economic perspective, land scarcity is the
precursor to improved management strategies. The nature of many frontier areas is that
land is abundant (Pichén 1996b). The implications of creating land scarcity are
immense.

3.3 TBE HuMAN ECOLOGY MODEL

The human ecology approach marks a sharp contrast to the two model
previously mentioned because it actually incorporates the physical environment into its
theoretical perspective. In the human ecology approach, study is based within a
particular ecological system. Obligatory relations, interdependencies, and causal
relationships, between living and non-living entities within the ecosystem are
fundamental, with the acknowledgement that the ecosystem structure itself will
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influence the nature of these relations (Moran 1990). When humans are viewed as part
of the ecosystem, attention is paid to the ways in which they adapt physically,
culturally, and behaviorally within their physical environment (Moran 1990). Analysis
also looks to understanding the structural similarities of the human population and other
biological populations within the ecosystem. Environmental degradation results when
cleavages in the interdependent structures occur through human impact or disturbance
that is exogenous to the initial system and considered not adaptable.

In the human ecology approach, the ecosystem or landscape is modeled, to
understand how it functions, and then requirements for humans adaptability within the
ecosystem are assessed (Moran 1993b). The landscape itself can be seen as a spatially
heterogeneous area that is characterized as containing structure, function, and change
(Turner 1989). Structure is the spatial distribution (or pattern) of energy, materials, and
organisms as reflected in size, shape, number, and combinations within an ecosystem.
Function is the flow or interaction of the energy, materials, and organisms within or
between ecosystems. Change is depicted as disturbance or modification in the structure
and functions through time. In biological terms structure, function and change can be
viewed as environmental constraints, regenerative processes (death, birth, and
dispersion of species), and disturbance, respectively (Urban et al. 1987). Each
characteristic can be analyzed at varying temporal and spatial scales, and the interaction
of the three characteristics makes the landscape more or less conducive to each one of
its influences. Thus, the varying magnitudes of the characteristics simultaneously create
the existing pattern and influence future pattern formation.

Explaining Biomass-Burning Processes

Those utilizing the human ecology approach have contributed greatly to our
understanding of how indigenous land-use practices develop ethno-scientific knowledge
of the environment to create elaborate and sustainable resource management strategies
(Anderson and Posey 1989; Denevan et al. 1989; Dufour 1990). In terms of biomass
burning, this work highlights the sustainability of slash-and-burn agriculture practices
given land abundance and low population densities (Dove 1983). Relatively small areas
are cleared and burnt. Fire temporarily transfers minerals stored in slashed vegetation
back to soils, fortifying them for agricultural purposes (Kleinman et al. 1995). After a
few years of agricultural use, which depletes soil fertility, these areas are left to fallow
and eventually recuperate to their original vegetation cover. Carbon emissions released
in the burn are theoretically re-sequestered as the replacement vegetation eventually
returns to its original status in terms of biomass density and carbon stock.

Because of its specific understanding of how the ecosystem functions, the
human ecology view also sheds light on situations where conditions for adaptability
begin to break down, and burning practices become detrimental. During the burning
process a portion of plant mineral content is oxidized, escaping into the atmosphere as
trace gas emissions or as particulate matter which may either remain in the atmosphere
or settle downwind of the burnt area. The remaining portion of original plant mineral
content within vegetation is located in charred debris or is then transferred back to the
soils via ash after a burn subsides (Ewel et al. 1981; Christanty 1986). Thus, due to the
atmospheric loss, each recurrent burn has potential to transfer fewer and fewer nutrients
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back to the soils. The period of abandonment usually accommodates for this nutrient
loss, but slash-and-burn agricultural strategies can become maladaptive within an
ecosystem if fallow periods are shortened and fire frequency over the same area
increases.

Critique

Human ecology is based on the assumption that an ecological system is in
existence and as such, is subject to criticisms of all systems approaches. At the core of
this system’s framework is the assumption that the natural state of the system is in
equilibrium, and thus, nature has a mechanical regularity and tends toward states of
stability and homeostasis (Odum 1984; Moran 1990; Bryant 1992). This assumption
homogenizes both time and space, and ignores the issue of how the system originated in
the first place. It also denotes any system irregularity as a disturbance rather than part of
the system and thus, provides no sophisticated means for further understanding of the
disturbance.

Time, as seen through the systematic base of the human ecology perspective, is
cyclical. Historical time with its emphasis on irregularity of environmental and
ecological functioning is not easily placed with this cyclical perspective (Bryant 1992).
Yet, historical time is particularly pertinent to the development of humankind and its
interaction with the physical environment. For example, documented studies show
increases in fire activity associated with increases in human settlement. In the same era,
fire prone vegetative species gave way to fire resistant species, creating a new savanna
ecosystem type. The context of the time period transformed the former ecosystem. To
use an example more pertinent to this research, current global environmental change
scenarios examine the accumulative effect of human action over time, and compare it to
historical climate evidence (Blaikie and Brookfield 1987; Turner II et al. 1990). If
examination of environmental degradation remains mired in a cyclical analysis, then
any disturbance whether entirely nature induced or not will be considered foreign to the
cyclical nature of the system. In order for human ecology to theoretically incorporate
global environmental change phenomena, it must incorporate a conceptualization of
time that accounts for historical change.

Spatially, the landscape is hierarchically oriented under the human ecology
approach, which requires human intervention in conceptualizing the hierarchy. Spatial
hierarchies constrain the notion of space to scale-dependent relations that can be
decomposed into processes for quantitative study (Odum 1971). Yet, to decompose the
systems requires some sort of prioritizing or limiting of aspects to be studied, without
specific guidelines as to how such prioritizing should take place. As such, prioritizing is
based on human perspectives. In addition, spatial and temporal contingencies often
combine to form irregularities or patches of disturbance and systems approaches do not
handle such contexts in a consistent manner (Zimmerer 1994). These changes are
limited to being perceived as temporary instabilities within the system, which will
eventually be overcome when balance of the system returns.

Even if equilibrium truly exists in the system, it is still very difficult to establish
what that equilibrium is, for we do not necessarily understand where in time the
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equilibrium originated. As principles of equilibrium focus on the regularity of
environmental variation, they do not account, nor analyze the unequal abilities of
specific organisms to adjust to a changing environmental scenario, altering or creating a
new system (Zimmerer 1994). Certainly, human populations can be characterized by
differing capacities to adapt to environmental changes, especially taking into account
human agency, cultural beliefs and societal values (Bryant 1992). In focusing on the
adaptive abilities of human populations, human ecology overlooks cultural or economic
situations that may favor some populations over other.

Last, and most importantly, the naming of a phenomena as a disturbance does
not provide an adequate framework to study the disturbance. Instead it focuses on
disturbance impact, which though certainly important, does not give us a means to
analyze how the disturbance evolved or how to ease its effect. Some researchers who
work within the ecosystems model classify disturbance based on frequency, duration,
and spatial scale (Uhl 1990). While certainly disturbance is more likely to be addressed
consistently using a classification, there is still no means for analyzing processes that
create the disturbance, only for describing it. For example scientists are quick to imply
that population increases have created disturbance in an ecosystem in the form of
deforestation of new lands or decreases in fallow cycles. But, complexities of
demographic change are not just manifestations of human reproduction. They can be
tied to many social and economic processes. There is no place within the focus of the
ecological system to thoroughly investigate these disturbance processes, when they
reside outside of the system.

3.4 TuE PoLIiTiCAL ECOLOGY MODEL

The political ecology approach represents a fourth theoretical framework to
address environmental degradation. Central to this perspective is the argument that
regional, national, and international political and economic systems influence local
dynamics and land-use decisions. Aspects such as, farmer rationality, demographic
conditions, and technological levels, become the background to understanding the
unequal social relations that shape these aspects and allow one sector or entity to extract
benefits or surplus from another (Blaikie 1994). In doing so, political ecology explicitly
adds spatial scale to the analysis. Though the previous perspectives may incorporate
information at different spatial scales, space is not inherent to the argument as it is in
political ecology. Spatial distribution of resources, technology and economic growth are
key as they emphasize inequality and highlight questions of why certain economic
sectors have changed relative to others. In the last two decades, political ecology
research has grown in sophistication to provide a wide variety of explanations to
environmental degradation, but there are consistent themes: poverty, marginality,
government policy, economic structural forces, and inequality. In this section, I discuss
three variants of the political ecology approach: the pluralistic variant, the Marxist
variant, and the development driven variant.

While the term “political ecology” dates to the 1970s (Bemnstein 1972;
Cockburn and Ridgeway 1979), if there is a seminal work on its theoretical framework,
it would probably be Blaikie and Brookfield’s Land Degradation and Society (1987). In
it the authors try to explain a seemingly contradictory situation: why users of the land
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may act in ways that are destructive to the very land for which they are dependent on
for survival. The authors’ strategy is to examine the land manager or direct user of the
land, his/her household needs and environmental constraints, and the regional pressures
that impinge upon both these needs and constraints. A chain of explanation emerges in
which the causes of degradation shift away from the direct user of the land, and are
associated to the historical, economic, and political context in which the land user finds
him/herself (Blaikie and Brookfield 1987). In answer, then, land users have no choice
but to react to larger impinging forces through land-use activities that may harm long-
term viability of their land.

This chain of explanation is considered pluralistic. Linkages between local and
regional socioeconomic factors will exist, but which specific linkages are critical to
explaining the environmental problem under study is contingent on the situation at
hand. The justification for a pluralistic outlook instead of a single hypothesis approach
comes from the complexity of three underlying characteristics of the nature-society
relationship as it unfolds in environmental degradation. First, there exist interactive
effects between the environment and society through time. The natural conditions of an
environment can encourage or undermine social development and vice versa. Second,
the spatial scale at which costs and benefits are allotted may differ from the scale at
which land-use decisions are made. Thus, environmental degradation to one person may
result in capital accumulation for another. Last, there exists debate between the criteria
used for land degradation and that used for beneficial social change (Blaikie and
Brookfield 1987). Different social groups hold competing definitions of environmental
degradation, and, as such, plurality is inevitable.

In contrast, the Marxist variant of political ecology explains degradation through
analysis of the structural economic forces of capitalism that create specific unequal
social relations to production (Watts 1985). In many rural third world settings, unequal
social relations to production result in a reproductive squeeze that local households
experience as they increasingly rely on commodity production for their livelihood. The
terms of trade for the rural products they sell perpetually weakens in comparison to
market items deemed necessary for household consumption. This leads to
intensification of production and/or reduction in household consumption, beginning the
squeeze of the household trying to survive (Bemnstein 1978 and 1979). Five
environmentally degrading scenarios occur: (1) land-labor intensification forged by
inequality and the reproductive squeeze increases the risk of ecological deterioration on
the lands of poor households; (2) inequality also determines location of environmental
problems: marginalized households are not only more vulnerable to environmental
problems, but ecological problems occur in areas where humans are more marginalized;
(3) surplus extraction often gets transmitted to the physical environment in that poorer
households must extract the surplus in ecological terms from either their own lands or
common property areas; (4) the increasing pressures of the reproductive squeeze can
explain the disregard of more traditional strategies which could better adapt to the
environment; and (5) high fertility among poorer households and its potential pressure
on the ecosystem is a direct result of the persistence of high risk economic situations
embedded in the social relations of production (Watts 1985).
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The last variant of political ecology alludes to the role of government policy in
providing incentives for economic development or production schemes and consequent
push or pull forces that shift populations (Durham 1995). This variant looks more
specifically at the historical context, but provides a consistent framework based in the
regional development process, so is not pluralistic. Here inequality forms through two
interrelated pathways, the first one being created by capital accumulation and the
second by a basic cycle of impoverishment. On the upper capital accumulation pathway
is a production scheme that is driven by foreign or domestic demand which is external
to the local population, and is encouraged by government incentives to expand into
frontier or unoccupied regions. Production schemes can range from cattle ranching to
mineral exploration to logging and are usually lucrative in the short run, generating
revenues which can then be invested in further expansion and further revenue
generation. Consolidation of land is a by-product of the expansion and leads to
displacement of any previous occupants. Short-term destructive land-use practices lead
to immediate environmental degradation.

Operating simultaneously with this accumulation-expansion-accumulation
pathway is the impoverishment pathway that initially is formed as a result of the
displacement of the local population produced through the accumulation cycle. As these
people lose access to resources necessary for their livelihood, they are forced to: (1)
expand unto marginalized, less productive lands; (2) intensify activities on their own
land perhaps by shortening the fallow cycle; and/or (3) incorporate cash crops into their
land-use practices. Each of the three options ultimately leads to further degradation
through soil erosion and a weakening of soil fertility, or deforestation. Continually
declining yields on this land then reinforces this cycle. The outcome is either a cheap
labor force that then supports the upper accumulation cycle or results in out migration to
other areas where presumably the poverty cycle is re-established.

Explaining Biomass-Burning Processes

The political ecology perspective provides an explanation for biomass burning
removed from the actual site of fire use. It therefore, is useful in explaining regional
trends given specific development conditions. On a general level, environmental
degradation is the consequence of population displacement and poverty. The
displacement of populations encourages land expansion that usually involves burning of
primary vegetation often on lands deemed fragile for the intended use. Poverty causes
land intensification that eventually leads to land abandonment and encroachment onto
new lands. Biomass burning is linked to the historical patterns of rural development.
Scenarios would include: (1) government policy that neglects agricultural development
in settled regions, encouraging out-migration toward the new frontier; (2) the failure of
government to enforce access prohibitions to protected areas, making land invasion
feasible; (3) lack of jobs outside of agriculture due to slow industrial growth; (4)
government regional development which stimulates encroachment onto tropical forests,
such as road construction, or other infrastructure development. Political ecology adds a
dimension overlooked by the other perspectives as it is often focused on understanding
processes underlying disturbance. It also brings into consideration that perceptions of
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environmental problems as espoused by different groups of people are as significant as
the actual physical degradation.

Critique

One of the main critiques of the political ecology approach concerns the issue of
pluralism and lack of a solid base in theory (Black 1990; Peet and Watts 1996). Without
a clear guideline on how to select the linkages in the chain of explanation, there is no
theoretical means to understanding why certain factors become links in the chain while
other factors do not. Under such an approach, “degradation can arise under falling,
rising, or stable population pressures, under an upswing or downswing in the rural
economy, under labor surplus and labor shortage; in sum, under virtually any set of
conditions” (Peet and Watts 1996:8).

A second criticism argues that while designed specifically to address ecological
problems, political ecology does very little to incorporate the actual features of local
social dynamics and physical landscape. Explanation is tied up in structural forces that
impinge upon the local household, but neither the local household nor its physical
environment are seen as having ramifications within the regional political economy
(Black 1990; Painter 1995). “Any analysis that places total blame on structural or
international forces is unappealing because it ignores the tremendous diversity of local
initiatives and responses to external pressures, and because it falsely implies that those
external pressures are exerted in a coherent way from an internally homogenous source”
(Painter 1995:11). An analysis that weighs local dynamics and responses equally to
exogenous forces would produce a multidirectional analysis, providing “an opportunity
to express a dialectical relationship between the political economy and the environment,
rather than simply observing the former on the later” (Black 1990:45).

Political ecology analyses also tend to bias environmental problems in specific
sorts of contexts, which limits its potential as a universal theory. Context is most often a
rural location within a third world, usually post-colonial setting, making the historical
connection particularly palpable. The nature of political ecology is to look for causal
mechanisms outside of the study region and in these contexts such mechanisms are
more visible. This overlooks analysis of household evolution and frontier dynamics in a
rural system itself, and how these dynamics uniquely articulate with specific regional
urban forces.

In critique of the political ecology approach, many social scientists present
convincing arguments as to the relevance of local level features. Yet, one such feature,
the actual physical environment is not thoroughly investigated. While the environment
can form part of the research problem, its structural properties and processes are not a
part of the analysis. This is commonly the case in political ecology where researchers
are concerned with social causes while the actual physical environment, its systematic
properties and resiliency to perturbations, is often covered in a small descriptive
background section. The land user is the smallest unit of analyses and research
questions evolve around what influences his/her land-use decisions. Yet, when
environmental problems are not at the scale at which land users make their decisions,
such as in biomass-burning issues, appropriate research questions may never be asked.
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There seems to be very little ecology in political ecology, and what exists, is limited to a
simple discussion of the degradation and not a sophisticated understanding of how
human practice results in measurable physical detriment, nor of how measurable
physical detriment then conditioned certain human practice.

3.5 SUMMARY

From the discussion above, a variety of social science explanations appear as to
how environmental problems evolve from nature-society interactions. In summary,
these are:

e population pressure
e unregulated, open access resource use and external costs

e disturbance or the application of environmentally maladaptive land-use
strategies

e capital accumulation, marginalization of populations, and unequal
distribution of wealth

Also in the discussion, 1 briefly explored the capabilities of these perspectives of
addressing biomass-burning issues delineated in the first chapter. Population pressure is
a nicely visible causal variable and expresses the implications of burning patterns
associated with land expansion or land intensification scenarios. As shear numbers, the
population variable can be easily aggregated to the global level, perhaps explaining why
it is such a popular scapegoat for environmental crises. Numbers alone, however, do not
express the less visible political and economic contexts that influence reproductive
choices, migration patterns, and land/fire-use patterns that are not population driven.
As we will see in the following chapter, the most detrimental land/fire-use patterns in
the Brazilian Amazon are not population driven land expansion or land intensification,
but are related to medium and large-scale cattle ranching operations (Hecht 1993,
Faminow 1998).

The neo-classical economic perspective provides an ambivalent picture of fire
issues because it addresses management strategies only in relation to resource use. This
does not transfer well when the scale of the environmental problem does not match the
scale of the resource use. At the global scale, biomass burning has large external costs
that are extremely difficult to quantify, let alone internalize to each individual user.
Within the neo-classical economic perspective, land expansion is acceptable and viewed
as a precursor to resource scarcity. Yet, privatization of immense areas of land in
frontier regions to combat rampant deforestation and forest burning is daunting, It is not
always feasible at the time when that land and the atmosphere are most threatened. In
addition, any chance for innovation or technological advance that would limit fire use
merely leads to either a shift in the type of organic matter burnt, vegetation to fossil
fuels, and in theory, still remains dependent on resource scarcity.

Human ecology shows us the role of fire within the landscape and when it can or
cannot work in an ecologically sound manner. For this reason, it is an important layer in
the understanding of biomass burning. It also places specific emphasis on local level
human adaptability, where one can see individual decision-making processes.
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Unfortunately, its focus on adaptive strategies can overshadow understanding of the
larger changing environment in which those strategies play out. Causal mechanisms that
lie outside of the region of study cannot be understood on a sophisticated level from this
perspective alone. Frontier regions where most deforestation takes place, are often seen
as resolutions to more congenital structural problems that lay outside the region (Pichon
1996). They are particularly susceptible to outside forces by their very nature of being
highly dynamic, newly developing areas (Kasperson et al. 1995). In addition, through
the local purview of human ecology, it is difficult to address environmental problems
that are global in scope, but may not be visible at the local scale where adaptability
exists.

Last, political ecology seeks to unmask the less visible historical, political and
economic forces that impact local decisions. These forces broadly shape the nature of
land-use change, and thus biomass burning associated with that change. The political
ecology perspective also highlights the land user as the phenomena of study then
branches out to question what influences each land user’s decisions. Answers are
historical, political and economic processes, explained largely through impoverishment
and capital accumulation. The perspective does little, however, to credit ingenuity at the
local level or provide quantitative linkages to the physical landscape, which is necessary
for biomass-burning estimates.

3.6 CONCLUSION

In addressing biomass burning, each nature-society perspective seeks to
understand the forces that propel environmental degradation. What is not as clear from
these perspectives are the actual environmental effects at the local level. The physical
environment forms the research problem but is rarely included in the research methods.
Human ecology does make connections between land-use changes and landscape cover
changes, but is limited in tapping into the influential positions of larger social and
economic forces and in analyzing larger environmental problems dislocated from the
local activity. Political ecology makes connections between social causes of land-use
change and the actual environmental consequences of landscape changes, but often falls
short in providing detailed information of landscape change and how it impacts future
land-use decisions. Such detailed analysis is critical in assessing overall global danger
and in developing appropriate mitigation strategies at the scale at which fire activity is
occurring.

In the following pages, I create an analysis based in physical understanding of
the landscape and prospects for human adaptability, while layering in an understanding
of larger social forces that impinge on local dynamics to address specific environmental
issues that hold local-to-global implications. While in political ecology the unit of
analysis is the land user, and questions emphasize what forces impinge land-use
decisions, I use the physical burning pattern as the unit of analysis, then question how
regional change, household decisions, and landscape ecology influence this physical
evidence. In this way, ecology becomes more central to political ecology without losing
the thorough investigation into social causes that is its strength as a social science
perspective. In addition, it affords an analysis critical to understanding larger global
biomass-burning issues without impairing important local level knowledge.

32




CHAPTER 4

A CONTEMPORARY HISTORY OF BIOMASS BURNING: REGIONAL
DEVELOPMENT IN THE BRAZILIAN AMAZON AND BURNING PATTERNS

To exemplify the usefulness of the approach proposed in the previous chapter,
this chapter provides an overview of regional development within the Brazilian
Amazon, and the consequent fire use and vegetation cover changes. While most of this
information is not new, integration of both socioeconomic and physical landscape
changes provides a picture of fire-use dynamics as a critical part of the contemporary
environmental history of the Brazilian Amazon. It also puts ecology back into political
ecology, the necessity of which I argued for in the previous chapter. Last, the intention
of this chapter is to supply a meso-layer of information linking the local context of the
study region to the larger issues of global biomass burning.

Since the early 1960s, regional development in the Brazilian Amazon has
emphasized national integration, land occupation, and the attraction of private
investment. The building blocks of development were the construction of major road
corridors that transected the Amazon territory (refer to Figure 1.1), linking more
prominent Amazon cities to the nation’s southern more industrialized centers, while
opening immense areas of unoccupied land along the eastern and southwestern flanks of
the Amazon. Throughout the 1970s and mid-1980s, regional development plans moved
away from emphasis on basic transportation infrastructure and shifted between medium
to large-scale corporatist development, and fleeting attempts at populist social and
agrarian reform. Cattle ranches, spontaneous land invasion, and planned colonization
produced the largest and most spatially dispersed land-cover changes during this time
period. Other large-scale projects, such as, mining and hydroelectric power were
implemented in the 1980s, while logging persisted throughout this period as well.. Last,
urbanization, a largely overlooked but predominant face of Amazon regional change,
emerged as smallholders saw less and less possibility for survival in the agricultural
frontiers.

Fire was present in almost all of these shifts of land occupation, use,
abandonment, and re-occupation. The burning of primary forests was not only a
precursor to initial road construction, but new roads encouraged human encroachment
into bordering forest areas and further burning. The physical landscape began to exhibit
a patchwork of younger vegetation covers that were much more vulnerable to natural or
anthropogenic fire. Cattle ranches funded through corporate development projects
required the deforestation and burning of large contiguous areas, while spontaneous and
planned land occupation set into motion increased agricultural activity that utilized fire
land clearance practices. Mining depleted carbon stocks through deforestation and the
continuous burning of fuel woods to feed mineral processing. Logging indirectly
influenced fire activity by creating openings in the forest canopy that increased forest
vulnerability to fire, while providing human access via logging feeder roads to more
remote areas.

33



In this section, I mesh regional development changes with subsequent fire use to
establish a fire typology and conceptually link fire types to land use and regional
landscape changes, keeping in mind the perspectives of political ecology and human
ecology. I first consider the major trends that led to regional change in the Amazon,
specifically colonization and spontaneous land invasion processes, the role of federal
development of corporatist livestock practices, large-scale projects, logging, and
urbanization. Next, I discuss the linkages of biomass burning to these regional changes
by presenting a typology of fire and investigating the physical burning patterns
associated to land-use change. I argue here that throughout regional development, fire
use is central to regional change and has shifted as dramatically as land use itself.

4.1 INITIAL ROAD CONSTRUCTION, PLANNED COLONIZATION AND SPONTANEOQUS
LAND INVASION PROCESSES

The Belém-Brasilia Highway was one of the first major corridors to be
constructed as part of Brazil’s concerted effort to develop the Amazon. This asphalted
road transected the eastern flank of the state of Para, connecting the major port and
second largest Amazon city Belém, to the nation’s capital. The intention was to attract
private investment, by providing infrastructure. Few additional development projects
were planned along the road to maintain capital within the region and promote true
regional development. Instead, regional change was unguided and disorderly. As a
consequence, spontaneous land invasions burgeoned, but smallholders received little
technical assistance or land security measures from government agencies. Land
speculation led to inflated land values and immense private landholdings, pressuring
smallholders off their land. Approximately 5.4 million hectares of public property in the
state of Pard shifted into private hands at this time (Browder and Godfrey 1997). In the
following 20 years, 2 million people and S5 million heads of cattle settled along the
highway (Moran 1993a; Mahar 1989). Patches of pasture land, small towns, and
agriculture crisscrossed the landscape of eastern Pard, while displaced smallholders
created a cheap labor force that eventually migrated to the Amazon’s growing urban
centers.

Continued infrastructure build up characterized development plans for the late
1960s. Transportation projects received 40.5% of the government promoted incentives,
while 1.4% trickled down to small farmers (Milikan 1992). Policy was to be oriented
toward the establishment of “development poles” with specific emphasis on the western
Amazon states (Amazonas, Rondonia, Roraima, Acre) to counter the alleged earlier
favoritism of eastern Para (Mahar 1979). Construction of the Transamazon Highway, a
major corridor running east-west across the Amazon was the hallmark of this period.
Brazil’s motives for construction of the corridor were also geopolitical. Many of the
South American countries that border Brazil were developing their Amazon regions.
Brazil sought to secure its territory by enticing landless populations from other parts of
Brazil into the Amazon region (Mahar 1979; Hecht 1984).

Much of the planned roads were never paved, but left as dirt roads that became
muddy and virtually impassable during the rainy season. Even paved portions were
poorly maintained. Large potholes were common, travel became tediously slow, and
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many smaller roads deteriorated completely from the harsh environmental conditions.
For many of the newly settled populations along these roads, particularly smallholders,
transportation of agricultural produce became painstakingly difficult, market integration
pointless, and agriculture as a commercial activity took second position to subsistence
farming.

In the period 1970-74, the Brazilian government articulated a planned
colonization project that sought for the first time to address social and agrarian reform
(Moran 1981; Smith 1982). The program designed a colonization scheme that included
a spatial hierarchy of settlements where 1 million families, mostly immigrants from
Brazil’s chronically drought stricken northeast, were to be settled along the newly
constructed Transamazon Highway. Full settlement would be completed over the
following the decade. Yet, by the mid 1970s only 7,500 families had been officially
settled and few of the larger more service oriented settlements had been constructed
(Browder and Godfrey 1997). The program’s failure was largely blamed on the
ignorance of regional planners to local tropical conditions. Basic environmental factors
such as soil fertility and topography, as well as, environmentally adaptive subsistence
strategies were overlooked. The program did serve to create a large cheap labor pool to
be utilized in the next regional development phase, 1975-79, which returned to an
emphasis on large-scale corporatist development with tax breaks and subsidies for large
cattle ranching operations.

As opposed to the planned colonization along the Transamazon Highway,
spontaneous settlement characterized land occupation in Ronddnia, simultaneous to the
construction of a third major corridor, the Cuiabd-Porto Velho Highway. With a total
state population of 70,000 before 1968, the number of new immigrants averaged 28,500
per year in the following decade, then 65,000 per year between 1980 and 1983, and
160,000 per year from 1984 to 1988 (Moran 1996a). This last set of figures
corresponded with the implementation of a second major agrarian-reform-oriented
program, POLONOROESTE, from 1981 to 1985.

The informal rules of public land allocation also encouraged the clearing of
forest by populations displaced from land consolidation processes. Direito de posse, the
right of a squatter to unclaimed public lands through the demonstration of effective use,
was commonly accepted. Government agencies, such as INCRA (Brazilian National
Institute for Colonization and Agrarian Reform) and SUDAM (Superintendency for
Development of the Amazon), granted titles to people based on the demonstration of
effective land use for more than a year (Mahar 1989; Binswanger 1991; Milikan 1992;
Stewart 1994). In some instances land titles were granted for up to three times the area
supposedly in use. This gave individuals a major incentive to clear land even if they had
no intention of directly using it. If actual use of the land was ever in question,
inhabitants often would clear areas to create pastures.

4.2 CORPORATIST LIVESTOCK PRACTICES AND GOVERNMENT POLICY

During the 1970s and into the early 80s, the Brazilian government provided
subsidies and access to credit to medium and large landholders to promote livestock
activity by privatizing large areas of previously open primary forest and converting

35



them into ranches (Mahar 1989; Binswanger 1991). Pasture on these ranches averaged
25,000 hectares in size, in comparison to an average 100 hectares for smallholder farms,
and thus, primary forest conversion to pasture was encouraged in large contiguous
areas. In 1980, at the peak of these policies, 11.1% of total primary forest conversion
went to pasture development and cattle ranching constituted the most extensive land-use
activity in the Amazon (Mahar 1989). By 1983, 58% of all development projects
approved by the Brazilian government’s Amazon development agency, SUDAM, went
to livestock projects (Browder 1988).

In addition to government subsidized corporate development projects, other
government policies encouraged extensive forest land clearance to create pastures. First,
the virtual exemption of agricultural income from income taxation made agriculture a
tax shelter for large corporations and wealthy individuals. The burning of primary
forests to create pasture became the optimal agricultural land use for these corporate
interests because maintenance costs for pasture were much lower than for agricultural
fields, and thus, profits conceivably higher. Corporate interests began to buy out
smallholders in more settled areas, increasing land consolidation and displacing poorer
households. (Lisansky 1990; Binswanger 1991; Hecht 1993). In addition, land taxes
contained clauses that encouraged forest conversion to pasture. These taxes were higher
on farms or ranches which encompassed land that was considered unused (Binswanger
1991). Primary forest fell into this category of unused land, while pasture fell into the
used land category. This gave land owners further incentive to clear forested areas for
seemingly useful pastures, regardless of whether they ever intended to raise cattle on the
land.

4.3 LARGE-SCALE DEVELOPMENT PROJECTS, LOGGING, AND URBANIZATION

The 1980s period represented a shift away from road construction and
colonization efforts toward large-scale, high-income-generating projects, such as,
mining and hydroelectric power. This shift occurred for a number of reasons. First, the
oil crisis of 1973 squeezed Brazil’s financial resources for development. Since higher
fuel costs impacted overall ground transport costs, any development strategies which
relied on road construction to attract private investment seemed ever more unreasonable
and unprofitable in the remote Amazon areas (Mahar 1989). Compounding this,
Brazil’s debt crisis was looming in the background, making large-scale, profit-making
projects more appealing. Last, Brazil began to realize that populating the Amazon
through planned colonization was not an easy answer to land and demographic
pressures in other regions of the country. The harsh environmental conditions of
Amazon living made extensive rural settlement much more difficult than anticipated
and a general disillusionment emerged (Mahar 1989).

The new lucrative path to development focused on large multimillion dollar
projects with international financial backing. These projects were to take advantage of
the Amazon’s tremendous natural resources, particularly mineral and hydraulic, while
serving as dynamic economic sectors or “growth poles” that by their presence would
boost other sectors of the local economy. Fifteen such areas were designated throughout
the Amazon and were designed to control development much more carefully. Following
their trail, however, uncontrolled settlement, informal gold mining, and logging have
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cropped up to take advantage of the infrastructure laid down by the larger
projects(Thomson and Dudley 1989; Roberts 1995). In one mining project, nearly half
the forest bordering a railroad was deforested within the first five years of the project
(Anderson 1990). In another, 40,000 gold prospectors migrated onto Indian claimed
territory in the first four months after the area was declared by the government to
become a national mining project.

To complement the raw extraction of minerals, smaller projects are implemented
or are in the process of being approved that require charcoal fuels for processing the
raw materials. Eucalyptus plantations have been planted in anticipation of large
charcoal demands, but they require eight to 10 years’ growth before they can be
harvested and there is doubt as to the ability of these plantations to fulfill needs. Some
estimates put total demand for fuel wood at 14 million tons per year (Treece 1989;
Anderson 1990). In the meantime, it is highly suspected that primary forests are fueling
the projects’ furnaces.

Besides the burning of large quantities of wood for fuels, hydroelectric dams
have flooded forests to create reservoirs, some as large as 2,430 km?® This has
decreased standing carbon stocks and dislocated populations (Treece 1989; Fearnside
and Barbosa 1996).

Logging operations flourished in the early 1980s when Brazil’s export
promotion policies were enacted to enhance international development and foreign
trade. By 1983, nearly 35% of all tax credit financing by government policies went to
industrial wood producers (Browder 1988). Government subsidization of export costs
favored capital accumulation for small merchant class of trading companies, at the
expense of local level timber producers (Browder 1987). This filtered financial
resources away from the frontier regions where logging activity took place. Selected
logging is considered one of the most economically viable land-use activities that does
not directly use fire. Yet, the demands of international markets pressure
overexploitation of certain commercial tree species, and the constant invasion into more
and more remote areas. When hastily done, logging leaves many more trees damaged or
fallen than the ones harvested.

The influence of urbanization is the last venue from which to discuss Amazon
regional landscape change. Historically, urbanization in the region was subject to
economic boom and bust cycles which left a scattered network of towns and cities
poorly integrated with the national urban system. Trade focused on natural resource
extraction that ignored sustaining regional development (Bunker 1985). By 1980,
however, 51.6% of the region’s total population was urban. The annual rate of
population increase in urban areas averaged at 10.8% in 1960-80, compared to a 3.86%
annual increase into rural areas (IBGE 1980). While most of this population increase
was a result of migration from other regions in Brazil, a significant portion came from
rural areas within the Amazon. Lack of substantive rural support led to land
abandonment in rural areas and a movement to the cities in search of jobs. Rural
absentee land ownership emerged or landowners left tenants to use and/or guard their
properties. Though little research has investigated the influence of urban sectors on
rural areas, absentee land ownership and tenancy may very well be shifting rural land-
use strategies.
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4.4 FIRE TYPES, VEGETATION COVER, AND LAND-USE TRANSITIONS

Fire use is increasingly present, given the mixture of land uses spread
throughout the Brazilian Amazon during this period of planned and spontaneous
regional change (Kauffman 1991; Nepstad et al. 1991). Until the 1980s, global biomass-
burning research often erroneously assumed that fires are homogeneous and therefore,
the amount of trace gases emitted from those fires is consistent. However, vulnerability
of live vegetation to fire, physical burning patterns in slashed areas, fire regimes, and
replacement vegetation all vary to form a heterogeneous shifting fire landscape closely
tied to land-use change, and the socioeconomic forces that propel such change. In
addition, it is the combination of physical conditions and political economic forces that
mold fire use in the landscape (Nepstad, Uhl and Serrdo 1991). Associating different
fire types with land use and vegetation-cover change, then, becomes very important to
refine global estimates. Figure 4.1 represents a fire typology based on potential land-use
transitions and resulting vegetation cover changes. Table 4.1 lists fire characteristics
according to fire type.

There are four general fire types associated with land use in the Brazilian
Amazon: (1) mature forest fires, linked to almost all initial clearance practices, as well
as, some ongoing agricultural practices; (2) pasture fires, associated largely to medium
and large-scale ranching projects; (3) cropland fires and secondary succession fires,
both of which are common in spontaneous and planned smallholder settlement; and (4)
logged forest and fuel fires. Within each fire type, biomass fuel load, fire efficiency, and
size of area exposed to fire all vary to form the specific physical burning pattern that is
extrapolated to calculate regional and global biomass-burning estimates (as discussed in
Chapter 2). Fire regime, or degree to which each fire flames or smolders during
combustion, indicates the proportions of trace gases emitted during the fire and is
critical to understanding the contribution of the fire type to consequent atmospheric
conditions. Last, live vegetation cover holds its own vulnerability to fire and represents
capacity of replacement vegetation to re-sequester carbon from the atmosphere.

Land Clearance and Mature Forest Fires

The target of initial land clearance in frontier regions is native vegetation. In the
Brazilian Amazon, this is predominantly mature tropical moist forests ((1) in Figure
4.1). When alive, tropical moist forests are considered to be minimally vulnerable to fire
because high rainfall coupled with the closed canopy nature of these forests creates
moist microclimatic conditions in the understory and combustion is difficult (Mueller-
Dombois 1981; Kauffman et al. 1988). With a near to a complete absence of natural fire
disturbance (fire frequency every 600 years or more according to Sanford et al. 1985),
it is suspected that tropical moist forest species are not fire-tolerant, meaning they have
evolved with little physical capability to survive after fire disturbances (Kauffman and
Uhl 1990). Yet, when slashed, left to dry thoroughly, then burnt, carbon stocks in these
forests can be significantly depleted, while the replacement vegetation is likely to
contain considerably lower biomass loads and fewer plant species than the original
forest. Ecological studies speculate it takes 190 to 500 years for burnt mature forest
areas to regenerate to their pre-burn species composition and structure, though rates of
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biomass accumuiation may reach mature levels in much shorter periods (Saldiarmiaga

1988; Uhl 1988; Moran 1996).

Mature forests are burnt for agricultural crops, land colonization, pasture, or
fuel. In the former three activities, they produce fires that are characterized by: (1) large
biomass loads; (2) low burning efficiencies, an estimated 25-30% of the tnitial biomass
load leaves the land during the initial fire (Feamnside et al, 1993; Carvalho et al. 1995);
and (3) small to large land size exposed to fire, dependent on intended land use, the
vulnerability of surrounding vegetation and the microclimatic conditions of the area.
Such fires contain predominately flaming regimes that emit more nitric oxide and sulfur
dioxide (Crutzen and Andreae 1990; Fearnside 1990; Lobert et al. 1991).

Table 4.1 Characteristics of Fire Tvypes

IFire Type Biemass Burn Land Size Predominant  Replacement Vegetation
Load  Efficiency Fire Regime Vegetation Vulnerability
(1) Mature Forest Large Low Small to Flaming Does not equal Low
Fires Large original vegetation
{2) Medium- to Small Low to Smallto  Smoldering ~ Equals original High
Large-Scale Medium Large vegetation
Pasture Fires
(3) Small Landholder Fires
a) Agricultural Small High Small Mixed Equals original High
Field Fires vegetation
b) Fallow Fires Small to Mediumto  Small to Flaming  Eventually equals Medium to
Medium  High Medium original vegetation High
(4) Other Fires
a) Logged Forest  Large Low to Small to Flaming Does not equal Medium
Fires Medium Large original vegetation
b) Fuel Fires Large High Large Flaming Does not equal --
original vegetation
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Ranching and Pasture Fires

One of the main land transitions of forest vegetation cover is to pasture, a
vegetation cover consisting largely of grassy land and extremely vulnerable to fire during
the dry season. Often pastures are accidentally burnt when fire from neighboring
agricultural fields passes easily onto them. An estimated 72% of total deforestation by
1980 was the result of cattle ranching activities (Browder 1989). Average ranch size was
25,000 ha thus, the potential extent of pasture fires or forest converted to pastures can be
quite large. Others estimate that 60,000 km® of Amazon land is in pasture (Toledo and
Serrdo 1982).

Many environmental problems chronic to pasture areas are important to
understanding biomass burning. Overgrazing destroys the long-term viability of pastures
such that the average life span is under 10 years (Hecht 1984). As a consequence,
pastures are abandoned relatively quickly meaning that large areas of Amazon land is
now secondary succession on degraded pastures and highly vulnerable to fire (Uhl et al.
1988). Pasture maintenance strategies to limit further forest conversion are often
inadvertently discouraged by government incentives. Subsidies make it more lucrative to
convert forest rather than invest one’s own money to recover a degraded pasture (Moran
1993a). In areas where ranchers are taking steps to upgrade their pastures, improvements
are subsidized by the region’s remaining forests; ranchers sell logging rights to forested
areas of their properties to form the capital necessary for pasture maintenance. An
estimated 3 ha of forest profit equals 1 ha of pasture upgrade. (Verissimo sited in Nepstad
et al. 1991). Vegetative regrowth when pasture areas are eventually abandoned is
relatively slow compared to agricultural fallows (Uhl et al. 1988; Fearnside and
Malheiros Guimardes 1996). The implication for carbon re-sequestration is particularly
critical. This replacement vegetation is estimated to absorb only 0.5% of the emissions
from initial forest burning (Detwiler and Hall 1988; Uhl et al. 1988; Fearnside 1996).

Once the land becomes pasture, a second fire type emerges ((2) in Figure 4.1). In
pastures, fire is often used on an annual or biannual basis to reinvigorate seeds and
diminish weedy growth not suitable for cattle grazing. In contrast to fires in slashed
forested areas, pasture fires are characterized by: (1) low biomass loads; (2) medium to
high burn efficiencies; and (3) medium to large land size exposed to fire—both small
landholders and large-scale cattle ranching projects contain pasture. They exhibit
smoldering regimes that emit higher concentrations of methane, nitrates, carbon
monoxide, and particulates (Crutzen and Andreae 1990; Ward 1990; Lobert et al. 1991;
Fearnside 1997). Replacement vegetation after a pasture fire is considered to equal that of
the initial pasture since the land use has not changed, however, pasture fires can continue
to burn partially burnt logs left from original forest fires. In some studies, 12.3% to 28%
of original forest remains were burnt during subsequent pasture fires (Fearnside 1996).
This has lead researchers to speculate that pasture fires triple the amount of carbon
released from the initial forest fire (Schroeder and Winjum 1995; Fearnside and
Malheiros Guimaraes 1996). In such cases, the initial biomass loads in the pasture are
higher, but other characteristics of the fires remain consistent with most pasture fires.
Last, pasture consists of grassland vegetation cover that comes extremely vulnerable to
accidental fire during the dry season (personal observation). It can become water stressed
and ignite after only a single rainless day (Uhl and Kauffman 1990; Nepstad et al. 1994).
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Smallholder Settlement, Cropland and Fires in Secondary Succession

A second major transition of forest vegetation cover leads to human settlements
(either planned colonization or spontaneous invasion) and smallholder agricultural
activity. Two main fire types emerge from this transition. First, within cropland areas,
fire can be used as a maintenance technique to eliminate weedy growth in the second
and/or third year of cultivation ((3a) in Figure 4.1). Cropland fires contain relatively
small biomass loads, but burn very efficiently as often crop debris is collected into piles
for burning. The land area exposed to fire tends to be small, limited to the size of the
agricultural field. The crops themselves can be very vulnerable to accidental fire
particularly near the end of the dry season when vegetation has been without water for a
few months. Their loss not only facilitates accidental fire but, represents an economic
loss for the household, who relies on food or income generated from the field.

In addition, many smallholders have incorporated livestock activity into their
land-use strategies. In such cases, some cropland is not fallowed after a few years of use,
but is planted with grasses. Small landholder pasture sites exhibit many of the same fire
dynamics in terms of fire frequency, smoldering regime, and grassland vegetation
vulnerability as was discussed in the previous section. The spatial scale of burning is
significantly smaller. The trend toward livestock practice is increasing within the small
landholder group where livestock practice is perceived as a more secure agricultural
strategy than food cultivation and a method of farm diversification that helps minimize
farm risk (Hecht et al. 1988; Loker 1993; Faminow 1998). Livestock is a more liquid
asset that can be exchanged for cash at any time of the year. It is not tied to a particular
season, such as crops are to harvest time. Livestock provides a daily and ongoing food
source, again not seasonally limited as produce often is.

After crop cultivation or pasture use, the land is fallowed and enters another land
transition. This transition contains a second fire type predominant in settlement areas
((3b) in Figure 4.1). The fallow period can last up to 20 years before the area is slashed,
re-burnt, and used for agricultural purposes. Fallows from abandoned agricultural fields
often exhibit comparable biomass loads to natural secondary succession of similar age.
Vulnerability to accidental fire in these areas is still fairly high, particularly if the dry
season has been long. When farmers slash these fallows and burn them, the fires exhibit:
(1) small to medium fuel loads, dependent on the length of the fallow cycle; (2) medium
to high burn efficiency, again dependent on the length of the fallow cycle; and (3) small
land size exposed to fire. In general fallow fires contain a mixed flame and smoldering
regime, dependent on the age of the vegetation and overall biomass load. The
replacement vegetation after the fire is likely to eventually equal that of the pre-fire
biomass because of the nature of the cyclical fallow/use process.

Logging and Fuel Fires

The last fire scenarios within the Brazilian context begin with logging. There is
increasing evidence in logged arcas that remaining forest vegetation becomes more
vulnerable to fire (Uhl et al. 1988; Uhl 1990). Logging creates openings in the forest
canopy where warmer, drier conditions prevail. The estimated 80-90% canopy cover of
mature tropical forests is diminished to 50% (Nepstad et al. 1991). Often many non-
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commercial trees are killed or damaged during logging practices, which then creates
combustible fuel loads at the ground level (Fearnside 1996). In the drier conditions, these
fuel loads combust easily. The proximity of vulnerable logged areas to people engaged in
fire-use practices is often very close. Loggers build secondary and feeder roads to extract
commercial timber. Smallholders wishing to take advantage of road access, invade these
areas, bringing with them their fire-use practices (Detwiler and Hall 1988). In addition,
many large-scale cattle ranchers hire logging companies to selectively log the forested
parts of their properties. This places logged areas in close proximity to pasture areas
where fire occurs on an annual or bi-annual basis (Uhl and Buschbacher 1985).

When fire from pastures, slashed fallows, or agricultural fields, reaches logged
areas (Figure (4a)), it exhibits characteristics similar to fallow fires. Initial biomass loads
are higher, but because live biomass is less combustible fire efficiency is lower. Area
exposed can vary greatly, depending on the size and force of the fire. Studies on forest
tree mortality due to fire show up to 80% mortality, but do not indicate the efficiency of
the fires and how much biomass actually burnt (Uhl and Buschbacher 1985). Logged
areas can also follow similar land-use transitions to agricultural fields or pastures.
Replacement vegetation may equal or be less than the original pre-fire biomass.

Non-commercial logging is also practiced to create the fuel loads necessary for
mineral extraction. Predictions of fuel requirements for mineral extraction and processing
at the Greater Carajas Project in eastern Pard near 3 million tons of charcoal or 14 million
tons of wood per year (Anderson 1990). Establishment of fast growing eucalyptus
plantations is to eventually supply the brunt of this charcoal need, but currently industries
are relying on native forests. Though at present I am unaware of research specifically
addressing the characteristics of these Fuel Fire characteristics (Figure (4b)), much can be
inferred by the nature of their purpose. Since charcoal is a major source of fuel energy,
large amounts of biomass are burnt. This charcoal is burnt in controlled conditions where
micro-climatic conditions have less impact, and thus most likely fires exhibit near
complete burn efficiency. While fuel fires do not occur on the landscape and thus, land
area exposed to fire is irrelevant, and they indirectly affect large areas of land when fuel
is created through deforestation. In practice, areas deforested are supposed to be replanted
with fast growing tree species that can be used for future fuel, when mature. There is little
evidence however, as to whether this replacement vegetation will equal the biomass of
the original forest cover.

4.5 CONCLUSION

From this chapter, it becomes obvious that the historical drives to clear land in the
Brazilian Amazon are wrapped up in a variety of exogenous forces, such as, government
biases toward specific land-use practices, large-scale development projects, and populist
oriented settlement programs, as well as, population dislocation and spontaneous
invasion. These forces acting upon the land result in diverse new land covers, increase the
vulnerability of vegetative landscape to accidental fire, and shift the nature of fire upon
the landscape. Fire types, and how each contributes atmospheric trace gas emissions, can
be seen with each land-use transition.
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issues.
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In discussing the broad changes in land use since development of the Amazon
became a national priority in the late 1950s, I utilized a political/landscape ecology
perspective in which both the driving socioeconomic forces, as well as, the physical
environmental changes were equally examined. A variety of conceptual features that
interweave social with natural components are important to delineate biomass-burning

Concepts about fire use are as follows:

Fire use is both a frontier expansion issue and a land management strategy.
Both are tied to regional development and are influenced by local level
household dynamics.

Fire use is temporally heterogeneous. Land users burn land for a variety of
continuous and one-time purposes including shifting and permanent
agriculture, cattle ranching, settlement and road building. Burning patterns
(biomass density of vegetation, the amount exposed to fire, and the burning
efficiency) and replacement vegetation types vary with the intended land use.

The problems of global biomass burning go beyond the initial burn. The
replacement vegetation is equally important to study because of its role in the
global carbon flux and its greater vulnerability to future fires. Thus, patterns
of biomass burning (the biomass load of vegetation, land area exposed, and
efficiency), and subsequent land use are equally important as the processes
that drive initial fire-use practices.

The impacts of burning are spatially dislocated. The accumulative effect of
biomass burning makes it a global environmental issue, but the burning of
vegetation and the types of replacement vegetation occurs across the
landscape in multiple local forms that vary locally and globally.




CHAPTER 5

A POLITICAL LANDSCAPE VIEW OF BIOMASS BURNING:
CONCEPTUAL FRAMEWORK AND RESEARCH DESIGN

While the previous chapter described regional changes in the Amazon and
corresponding shifts in fire type, this chapter develops a conceptual framework to look
more closely at local level dynamics where decisions to burn land are made and actual
physical burning patterns formed. Physical burning patterns can be conceptualized as
specific values of biomass fuel load, fire efficiency, and area exposed to fire. In the
conceptual framework discussed below, the combination of these values provides a link
between local physical occurrences and global biomass-burning issues. These values also
create a link between the physical environment and the socioeconomic context in which
fire activity is taking place.

In political ecology perspectives of land-use change or deforestation, the base unit
of analysis is the land user (Blaikie and Brookfield 1987; Bryant and Bailey 1997). Yet,
questions and analyses very quickly jump up the spatial scale to highlight how political-
economic forces or historical legacies impinge on household land-use decisions. This
conceptual framework veers slightly from political ecology frameworks because it shifts
the base unit of analysis away from the land user and places it in the environmental
pattern. In doing so, the analysis addresses a broader range of local decisions and
physical evidence that would be masked if analyses remained steadily focused on larger
forces that influence land users’ decisions. In addition, local agency is given equal weight
to regional forces. Yet, this framework does draw on the theoretical discussion in Chapter
3 because it acknowledges that larger regional development strategies, overall settlement,
and economic development within the study region affect local activity.

Only one of the major actors in land-use transitions described in the previous
chapter is considered here, the smallholders that are a part of spontaneous and planned
settlement. There are a few reasons for this. First, as a cumulative group, smallholders
with fire-use practices are considered to be the largest contributing force to released trace
gas emissions from biomass burning worldwide after fossil fuel burning (Hao et al.
1990). Yet, there is little thorough study into the ground level dynamics of their fire-use
practices and the types of vegetation they chose to bumn. Second an estimated 80% of
Amazon produced food comes from over 400,000 smallholders who live on relatively
poor soils (Serrdao and Homma 1993). Their potential to feed the Amazon’s growing
urban population makes support and understanding of their activity important for regional
economies. Third, this smallholder population makes up a heterogeneous group that is
spatially dispersed. The task of detailed local studies is tremendous and often goes
overlooked to more feasible aggregated analysis.

Considering this smallholder group then, their decisions to burn land form the
most direct link to fire activity. Whether consciously planned or spontancously made,
these decisions determine what vegetation to burn, how large an area to clear, and where
to establish agricultural fields or pastures. Once a farmer makes these initial decisions,
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however, the determinants of the actual burning pattern become less sequential and are
contingent on a mixture of physical and social factors. These are outlined in Figure 5.1
and discussed in the chapter. The chapter begins with discussion of each household
decision as connected to the physical burning pattern, then discuss regional factors that
influence household decisions. Next, the double role of the physical landscape plays on
the physical burning pattern is discussed. Last, a broad layout of the research design is
provided that indicates the general methods used to integrate all data used in the research.

5.1 HOUSEHOLD DECISIONS, REGIONAL PRESSURES/INCENTIVES, AND THE PHYSICAL
BURNING PATTERN

The first of the household decision factors, resettlement choices/pressures, sets
into motion land-use decisions that influence the type of vegetation to be burnt, and thus,
the overall biomass fuel load exposed to fire. Reasons for resettling may include potential
land tenure rights and access to infrastructure such as roads, schools, markets or towns.
They may reflect personal tastes and neighbor disputes, or societal pressures, such as,
displacement from other regions or population pressure. Relocation includes local moves
as well as, regional in-migration. Regardless of these decisions to resettle, the move to a
new locale, presents the household with a new vegetative landscape that may not initially
fit the farming expectations the household carries with it. As such, initial buming
practices associated to household establishment occur in addition to the more ongoing
slash-and-burn agricultural techniques the households may practice. Settlement in new
frontier areas often means that households have no choice but to burn primary forest to
establish the house site and create agricultural fields. Settlement into previously
established areas may mean secondary succession already exists around the house site
and perhaps mature forest exists only on the outskirts of the property. Households then
have different choices in the type of vegetation they wish to burn and the biomass fuel
load exposed to fire.

Regional pressures, particularly as discussed in the previous chapter, greatly
influence resettlement at the local level and thus, can be linked to the biomass fuel load
exposed to fire. Promotion of colonization by offering land titles, opening land access,
road construction, schools, medical facilities or other infrastructure influence the
population influx to the region, as well as, the distribution of the region’s original
population if these people seek to acquire new land where such amenities are in place.
Regional policies can also dislocate populations by making land illegal for settlement.
These pressures are often unique to the specific context. But again, as these households
move onto new vegetative landscapes, their initial burning practices change the face of
these landscapes.
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The second household decision factor, land-use decisions, also influences the
biomass fuel load exposed to fire. Farmers consider the intended land use when choosing
an area to burn. Certain crops are better suited to soils where mature forests or older
fallows with large biomass fuel loads were burnt. Other crops thrive in areas where
younger vegetation once dominated and relatively small biomass fuel loads prevailed.
Pastures for cattle raising may be placed on land abandoned for a short period of time and
biomass loads have not built up at all. In addition, farmer preferences such as desire for a
field to be near roads, the house site, or shacks where processing can be done, also
informs the decision on where to establish the agricultural field, and thus, the biomass
load to be burnt. This means that vegetation on land nearer to house sites or other built
structures is often burnt on a more frequent basis and is not abandoned long enough to
contain a large biomass load.

At the regional level, market integration and demand for commercially viable
crops can influence farmer land-use decisions and thus, the biomass load exposed to fire.
Households situated on major thoroughfares or nearer to urban centers may cater land-use
decisions toward the commercial demands of those urban markets. Farmers in more
remote areas or located along dirt roads which are impassible in the rainy season when
crops would go to market, may make land-use decisions based more on subsistence
needs. A second regional factor that influences land-use decisions is access to loans.
Banks only lend to those households that have legal titles to their land. Automatically this
eliminates a portion of the population who are either awaiting the long bureaucratic
process to acquire their title, or who do not legally own land. For those who do chose to
work with a bank, loans often come with stipulations as to what can be grown. Again,
these factors influence farmer land-use decisions.

Fire-use techniques, the actual practices and tools used in preparing and burning
areas, make up the third household decision factor linked to the physical burning pattern.
These techniques most directly affect the efficiency of the burn and total area exposed to
fire. Tools available to farmers for slashing can influence the size of area cleared and the
thoroughness of the clearing. Farmer access to chainsaws, tractors or other machinery
means large areas can be felled relatively quickly and easily. For farmers with manual
tools, such as machetes and sickles, the clearing process is significantly slower, very
labor intensive and time consuming. If farmers who work manually do not begin
slashing early in the dry season, they may not be able to clear land quick enough for it to
dry thoroughly before the rainy season begins. They may then be limited in the size of
area to clear. They may also leave larger trees standing because they are difficult to fell
with manual tools. In both cases, the overall efficiency of the burn decreases. Partially
green slash or live green trees are less combustible. The length of time that farmers allow
slashed areas to dry will influence the burn efficiency as well. Thoroughly dried areas
will combust well, increasing the efficiency of the burn. Slashed areas still green in
places, will not burn as well, often discouraging farmers from working in them during the
following cultivation season.
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When farmers ignite fires, a few techniques influence the burn and the extent of
accidental fire. Farmers may construct fire lanes’ that prevent fire from crossing into
bordering vegetation, limiting the total area exposed to fire. Other farmers allow fires to
die out in surrounding vegetation, increasing the area exposed to fire. Still other farmers
wait to burn until after the first rainfall. The reasoning is that bordering live vegetation is
likely to remain moist longer after a rainfall, than is the slashed area. When the fire is lit,
it then burns the slash easily, but is less successful in penetrating into the bordering still
wet vegetation. This vegetation serves as a buffer to suppress the fire. Farmers may chose
to burn adjacent fields at the same time, minimizing the extent of accidental fire and
increasing the burn efficiency. Last, some farmers increase the overall burn efficiency by
making coivaras. In this technique the farmer collects charred debris left from the initial
fire into mounds, then burns these mounds.

Household decisions over labor and capital allocation, affect the total area
exposed to fire and the burn efficiency. These decisions are closely tied to the fire-use
techniques mentioned above and influence both fire efficiency and total arca exposed to
fire. For example, households with extra money can hire workers to slash larger areas or
can rent chainsaws to fell large trees, creating a larger slashed area more conducive to
combustion. When money is not available, extra working hands within the household can
lead to larger areas being slashed, increasing the size of land exposed to fire.

5.2 PHYSICAL LANDSCAPE, HOUSEHOLD DECISIONS, AND THE PHYSICAL BURNING
PATTERN

Within the physical landscape, factors encourage or discourage fires, but also
influence farmer perception and thus, land-use decisions. Broadly depicted, two main
categories are determinants for physical biomass-burning patterns, the terrestrial
properties of the natural ecosystem, and the microclimatic conditions. The terrestrial
properties of the ecosystem influence the type of vegetation that can grow and the
capacity for biomass fuels to accumulate. Microclimatic conditions are particularly
important in the efficiency of the burn and the total area exposed to fire. The number of
rain free days and the temperature and humidity of those days will influence the dryness
of the slashed vegetation and its ability to combust (Uhl and Kauffman 1990). Wind
conditions on the day of the fire feed oxygen for the fire to thrive helping it to spread and
increase the area exposed to fire and the chance for accidental fire.

The way the physical environment influences farmer fire-use decisions is a
consideration often overlooked in work on biomass burning. The length of the dry season
may give farmers a longer window of time in which they can slash vegetation and still
have sufficient time for it to dry and be burnt before the rainy season starts. Precipitation
and temperature can psychologically influence the farmer. If farmers perceive the
summer to be extra hot, they may chose to slash larger areas, thinking there will be
sufficient time for it to dry.

3 Fire lanes are strips of bare soil completely cleared of vegetation that run along the edge of the slashed area. They are a preventative
measure and make it difficult for the fire to pass out of the area intended to be bumt. They are usually constructed on the edge of the
fallow down wind of the fire and are 1 m to 2 m in width.
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5.3 RESEARCH DESIGN

Understanding the local dynamics of biomass burning requires a physical
assessment of the burning pattern, as well as, knowledge of the physical landscape
conditions, household decision making processes and regional change. The conceptual
framework discussed above provides a set of the possible linkages, while which
particular linkages determine actual burning patterns are context specific. What is
important to glean from study of local contexts is the type of burning patterns that
emerge, and the regional changes and household decisions associated to these patterns.
This information then becomes the building blocks for assessing the environmental
detriment of the fire-use practices locally and globally, anticipating the nature of future
burning, and perhaps providing steps toward appropriate mitigation policies if such need
be the case.

The goal of this dissertation is to test the conceptual framework within a specific
study area. In doing so, I provide local level information of burning patterns that can be
transferred to regional estimation and at the same time, contribute to understanding
global biomass burning and the larger issues of global environmental change. In using the
conceptual framework, the study of local biomass-burning practices requires: (1) meshing
data that are informative of the physical landscape with data representative of the human
processes acting upon the landscape; (2) utilizing methods that effectively sample
phenomena at varying spatial scales; and (3) applying technologies that can then bridge
these scales to afford overall analysis.

The discipline of geography provides such methods and technologies, through
global positioning systems (GPS), remote sensing capabilities, and geographic
information systems (GIS). Specifically, GPS can link local geographic information on
both physical landscape and human processes, to regional remotely sensed information
that represents larger spatial and temporal land-cover changes. In doing so, local
information informs larger regional patterns and processes. In addition, GIS layers
information at one spatial scale and links aspatial information to spatial information at
each scale. This allows for the integration of various types of information.

Complementing this technological base and equally important to it, however, is
quantitative fieldwork and qualitative observation. Determining biomass-burning patterns
require measures of biomass changes in vegetation during slash-and-burn processes,
while micro level analysis requires interviewing household members on land and fire-use
practices. Ground-truth observations increase accuracy and facilitate interpretation of
remotely sensed data. Thus, quantitative and qualitative ground surveying information is
another local level component to the research design.

Figure 5.2 maps the research design of the study. Data collection and analysis on
three spatial scales are considered: (1) at the regional or landscape scale, remotely sensed
data are used to understand regional land-use/cover change and fire-use activity involved
in that change; (2) at the local scale farm/household, survey information collected from
in- depth interviews is used to understand settlement history, land-use practice, and fire-
use techniques; and (3) at the field survey scale, vegetation inventory data are used to
estimate biomass changes due to fire-use practices in fallows. Details of methods used at
each scale are placed within the following four chapters, which form the analysis of the
dissertation.
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5.4 CONCLUSION

By conceptualizing how household decisions, regional processes, and ecosystem
properties influence physical burning patterns, the framework presented in this chapter
creates a body of information critical to understanding global biomass-burning issues.
Not only does it capture the physical evidence that can be used to as variable values in
the biomass equation to refine burning estimates, but it also provides a way of linking
specific physical evidence to human practices that initiate fires. This then provides a
more sophisticated understanding of the true causes of biomass burning, information that
is paramount to decreasing overall biomass-burning emissions. A common ground
emerges in which physical burning patterns are placed within the social context in which
they evolve, as well as, can be linked to estimation and thus, larger biomass-burning
issues. The framework does not however, provide a more definitive picture of actual
burning patterns, nor does it provide a key as to which particular linkages are most
influential. It merely provides an approach that begins from the variables important in
understanding the atmospheric impact of biomass burning. Specific patterns and critical
linkages are context specific and study of them can only be achieved through regional
field studies and empirical information. The following chapters begin investigation into
one micro-regional setting.
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CHAPTER 6

THE STUDY REGION:
REGIONAL CHANGE, RURAL SETTLEMENT, AND LAND-USE PRACTICE
IN THE BELTERRA/MOJUI DOS CAMPOS AGRICULTURAL FRONTIER

Change in the Belterra/Mojui dos Campos study region has been marked by a
disregard for local rural development in state and federal development plans. Large
development strategies have sought to link areas where industrialization processes have
evolved and paid little attention to the “in-between” places, where the majority of local
populations and immigrants flock to in hopes for a better existence. The study area is one
such in-between place, left unnoticed and under supported.

Over the past 35 years, four main regional changes produced explicit
consequences in terms of land use/cover in the micro-study region and have influenced
land occupation: the construction of the Santarém-Cuiabd Road, the establishment of the
Tapajos National Reserve, the delineation of Gleba Mojui dos Campos and most recently,
the incorporation of Belterra Municipality. The objective of this chapter is to describe in
detail these changes and their corresponding landscape changes. After a brief description
of methods and the physical environment, I discuss the major regional changes in the past
30 years. Then, I briefly describe four rural communities within the study region where
fieldwork was conducted. Here I give background in terms of settlement patterns and
tenure history, land cover and population. Last, I discuss community land-use practices
with specific focus on agricultural calendar and common crops cultivated, and explain in
detail slash-and-burn agricultural practices used by farmers.

6.1 METHODS

Four rural communities with varying settlement histories were selected for the
study. A sample population within each community was interviewed to understand land-
use practices and characterize the corresponding burning patterns of these strategies (N =
45). Appendix I shows an English version of the interview form. The household farms
that contained the 14 vegetative areas sampled in the biomass data are located within
these four communities and the owners are a part of the sample population interviewed.
The survey method consisted of in-depth interviews focusing on land-use strategies and
history, crop/fallow cycles, present and historical burning patterns, and household
history.

6.2 PHYSICAL ENVIRONMENT

The micro-study area resides largely in the municipality of Belterra, situated near
the confluence of the Tapajés and Amazon Rivers, in the Brazilian Lower Amazon.
Figure 6.1 shows the study region. The region is situated on the Tapajos Interfluvial
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Plateau, locally referred to as plano alto and averages an altitude of 175 m. The climate is
tropical with an annual rainfall of over 2000 mm and a distinct dry season of 2-3 months.
Mean annual air temperature is 25° C. The native vegetation is classified as terra firme
forest, an upland tropical moist forest cover that is not subject to periodic inundation by
river systems (Olegario Pereira de Carvalho 1992). These forests are usually situated on
well-drained plateaus with heights exceeding 40 m. As human settlement has persisted,
vegetation cover is more varied now. Up to 50 year old secondary succession from rubber
plantations encircles the town of Belterra, while in the long-established rural area east of
Belterra, secondary succession is prominent. Further south along BR 163, mature forest
cover still exists but is increasingly mixed with younger vegetation covers and
agricultural fields.
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6.3 REGIONAL CHANGES, DEVELOPMENT AND LAND TENURE
The Santarém-Cuiabd Corridor

The eastern half of the Belterra/Mojuf dos Campos study region was opened up as
an agricultural frontier in the early 1970s with the construction of the Santarém-Cuiaba
Highway (abbreviated BR-163 on Figure 6.1). This 1,698 km road was initially planned
as a larger regional transport corridor to distribute manufactured goods shipped from
Manaus’ export zone, via the Amazon River to the port of Santarém, then southward by
road onto the more populated and affluent portions of the country (see Figure 6.1). Little
attention was paid to populations that crept onto lands alongside the corridor. Focus was
on the larger transport network potential. By 1990, only 640 km of the road had been
paved north from Cuiabd. The rest remained dirt and virtually impassable during the
rainy season (de Onis 1992).

In the 1980s, mechanized production of soybeans, rice, and corn, became possible
along the southern savanna edge of the Amazon Basin, extending through the state of
Mato Grosso and into the southern rim of Pard. With potential for increased crop yields,
farmers and ranchers in these parts demanded improvement and maintenance of the road
to create an efficient export route through Santarém. Their crops could then be distributed
via the Amazon River to feed major urban centers in the entire Basin, as well as, be
exported internationally. Both the states of Pard and Mato Grosso promised to complete
pavement of the road, promoting it as a corridor of integration to ameliorate regional
economic inequality. Again state development was envisioned in terms of linking two
more industrialized processes, mechanized agriculture in the south of Para to exportation,
rather than attending to the crowds of people who claimed road side parcels, but had little
assistance to improve their living standards.

Today, most of this corridor still remains dirt and distribution of commercial
crops is not widespread. According to the 1990 agricultural census, 90% of all
agricultural products consumed in Pard came from other states (Fernandes et al. 1996).
Even those farmers who invaded land along the road and are in close proximity to
Santarém, remain only partially integrated to urban markets. Most engage in a
combination of both subsistence and commercial agriculture production.

At the very northern portion of the road, a 217 km dirt road runs north-south
through the study region, connecting it north to the regional urban center of Santarém and
south to the smaller city of Rurdpolis where the Transamazon Road passes. To stimulate
land occupation along this stretch, the Brazilian Institute for Colonization and Agrarian
Reform (INCRA) surveyed 750 lots perpendicular to the road, each 100 ha, and offered
land titles. For most of the stretch of road between Santarém and Rurdpolis, lots are
located only on the east side of the road, running 500 m along the road then 2000 m out
from the road. This forms a two-kilometer band of land settlement parallel to the road.

Once land titles were issued, law prohibited the subdivision of the property and
the selling of titles for smaller pieces. The purpose of this law was to counter land
consolidation and further deforestation. In the eastern flank of the Amazon during earlier
development, land speculators and corportist interests had gradually bought out many
smallholders. This led to further deforestation as it pushed smallholders into more remote
areas. Since the title could not be subdivided, it would be more difficult to sell off pieces
of the initial property. This would then promote land security and stability.
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In reality, the law exacerbated rural conditions. After the lots were surveyed,
farmers were basically left to their own means. No other rural development strategies
were planned, leaving the area somewhat stagnated. Lack of reliable infrastructure,
technical and social assistance remain the principal factors to land abandonment (Santos
1996). Households that found rural life too severe and wished to move into cities, had to
sell their lot as a whole for the title to be passed on. New incoming smallholders did not
necessarily have the resources to buy a full lot. Inevitably, lots were subdivided, and new
owners did not have titles. At most, the only seemingly legal document they had for the
land was a receipt of purchase. Others did not even have this. To topple the confusion,
jurisdiction for the lots transferred hands to INCRA’s office in Rurépolis, meaning that
new comers to the area who did buy whole lots had a much further distance to travel to
transfer title names. Poor road conditions and bus access to Ruropolis discouraged many
residents of the road from legally establishing their properties.

In addition, in order to be eligible for the very limited agricultural loans and
technical assistance that did exist, smallholders had to show title to their land. The tenure
structure created a process that left many farmers increasingly detached from rural
development sources. Newcomers could not afford to buy full lots and settled for
subdivisions, then without titles, they were unable to obtain agricultural assistance to
improve their financial resources.

In 1974, the Tapajos National Forest was legally constituted, covering 600,000 ha
of primary rain forest (13-60 km wide and 150 km long) along the Tapajos River. It is
located 50 km south of Santarém and borders the West side of the Santarém-Cuiaba
Road, restricting settlement in the last 24 years east of the road or north of the Reserve.
The Brazilian Institute of Environment and Renewable Resources (IBAMA) manages the
reserve with the combined objectives of extraction, research and tourism. Many
Brazilians living within the National Forest boundaries prior to 1974 were displaced and
most relocated to lots along the Santarém-Cuiaba Road.

Gleba Mojui dos Campos

The southern and eastern portion of the study region remains in Santarém
Municipality under the jurisdiction of INCRA. It developed spontaneously in an arc
formation south and east from the city of Santarém and has a longer-established history
of agriculture though remains a frontier of the city. It was first established as a Gleba in
1976 as part of INCRA’s Projetos Fundidrios (Tenure Projects), projects with the
objective of surveying and titling land with demonstrated occupancy. In its first year,
INCRA issued land documents to 1367 households for a total of 52,020 ha (de Miranda
1996). This first year’s activity represents 41% of all land documents and 40% of all land
surveyed in the Gleba through 1995, indicating that a substantial bulk of the area
experienced land occupation prior to 1976. In the following 20 years, INCRA issued an
additional 1848 land documents and total area occupied grew to 132,284 ha. The ultimate
ten-year period, 1985-95, which coincides with change analysis detailed in the following
chapters, evidenced 28% of land documents issued and 36% of new land occupied (de
Miranda 1996).
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From this information on land tenure, it is difficult to determine periods of rapid
land invasion, because peak years in processing land requests do not necessarily coincide
with actual land occupation changes in the Gleba. The process to acquire land titles is
bureaucratic. Often households remain 10 or more years with Licenses of Occupation or
Protocol Numbers that refer to INCRA documentation or entitlement in progress without
an inkling of a notion as to when they will actually receive titles. In addition, the
information masks land abandonment, a process that is common due to the difficulty of
rural living and small prospects for rural farming. Regardless of these oversights, 83% of
the allotted 158,870 ha established as the Gleba has been surveyed and some form of land
occupation documented, indicating a dynamic frontier region with some what limited
space for further growth.

Belterra Municipality

The northeast corner of the study area was originally cleared in the mid 1930s to
create a rubber plantation owned by the Industrial Ford Company of Brazil, a subsidiary
of the United States owned Ford Motor Company. The area was surveyed in 400m x
400m quadrants which remain and give the area its grid shape land settlement pattern.
Dirt roads were constructed every four quadrants to make all areas of rubber relatively
accessible to transport.

In 1945, the Brazilian Ministry of Agriculture (MA) appropriated the land when
the Ford Motor Co. abandoned its business venture in Brazil. Under the jurisdiction of
MA, the area could not be privately owned. In 1980, 231,000 ha were transferred to the
jurisdiction of INCRA in Santarém Municipality, but minimal promotion of land
occupation accompanied the transfer. By 1990, rubber had dwindled, MA completely
downsized operations and allowed agriculture for the first time, in the remaining 50,000
ha still under its jurisdiction. Agricultural use rights were granted through a letter of
solicitation to MA explaining how much land and for what purpose the land was to be
used. With this virtual abandonment of the area by MA, an estimated 80% of the MA
employees, living in Belterra on government owned land, established their own
properties through land invasion (EMBRAPA, pers. com.). It was the hope of most, that a
new municipality would eventually form, and land titles would be granted in the rural
outskirts to those demonstrating occupancy. Proximity to schools, pharmacies, markets,
and other infrastructural features situated within the town of Belterra, made the area
particularly appealing to invasion. Seven years later, in January 1997, the Belterra
Municipality was incorporated, has officially encouraged land occupation in rural areas
and has promised to process land titles.

In addition to the 50,000 ha of the formerly MA-administered land, Belterra
Municipality appropriated 210,000 ha back from INCRA and the municipality of
Santarém, making the municipality total area 260,000 ha. The four study communities—
Tracoda, Nova Esperanga, Boa Esperanga, and Rural Belterra—reside largely within
Belterra Municipality, but overlap into Gleba Mojuf dos Campos. Table 6.1 shows basic
characteristics of study communities and 1995 land use/cover to be discussed in the
following section.
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Table 6.1 Basic Characteristics of Study Communities

Percent of Land Cover** Number of
Number Date of Advanced Intermediate Young Total Households
Commuunity of Initial Forest Succession - Succession : Succession/ Pasture Size Surveyed
Households*  Establishment Crop (ha)

Tracod 88 1924 9.5 30.7 k 299 25.7 42 3749 15
Nova Esperanca 46 1970 56.6 16.4 . 122 120 28 5230 11
Boa Esperanca 82 1970 36.3 252 ' 112 216 57 3035 12
Rural Belterra 17 1990 36.36 27.2 19.1 15.7 1.6 11348 7

* Household numbers are based on population data provided by the Ministry of Health in Santarém who defines community
boundaries as much larger than do community members.
** Data are based on 1995 land use/cover classification made from Landsat TM imagery.



6.4 STUDY COMMUNITIES
Tracoa

Tracod, the oldest of the study communities, has a history of over 70 years and is
located closest to Santarém, along the dirt road Estrada 7. It resides in the larger Gleba
Mojui dos Campos. Before the construction of the Santarém-Cuiaba Road, Estrada 7 was
the only road linking the town of Belterra to Santarém. Consequently, land settlement
evolved in a spontaneous fashion along this road and the community of Tracoa
established itself and thrived. Farmers in Tracod were able to sell their produce both in
Belterra, where government ownership of the land limited private agricultural activity,
and in Santarém, where the large urban population created a substantial market.

In the early 1970s, INCRA surveyed property boundaries within Tracoa, and
began issuing land titles according to who lived on the land at the time. INCRA adhered
to the way in which property boundaries were already delineated and as such, property
sizes are uneven, ranging from 10 ha to 180 ha, although they tend to be smaller than the
standard, uniform lots of 100 ha surveyed in most INCRA-administered settlement areas.
Because Tracod was established pre INCRA involvement, titles are not legally associated
to a specified sized area of land. Both title transference and land subdivision is therefore,
easier. In addition, because of its close proximity to Santarém, Tracoa residents can more
easily get to INCRA headquarters to submit applications for titles. As a consequence,
most residents in Traco4 have titles to their land or some form of documentation, such as,
a License of Occupancy, an Authorization or a Receipt of Purchase. All land is surveyed,
most lots occupied, and land invasion has halted. Farmers feel secure and do not feel the
need to demonstrate occupation, by deforesting areas.

Since the 1980s, Tracod’s commercial agricultural activity has slowed. The
construction of BR-163 reduced traffic flow through Tracod, making transportation to
Santarém’s markets more complicated. Demand in Belterra deteriorated too. Over the
years, MA had gradually downsized its operations due to dwindling rubber production
and allowed its employees land-use rights to grow their own food. Belterra’s economy
slowed to a near stop discouraging Tracoa’s farmers who now began to focus on
subsistence agriculture.

At present, Tracoa contains 88 households spread along Estrada 7 and the feeder
road Sao Raimundo de Tracoa and covers 3749 ha. Population is evenly mixed between
people born within the region and immigrants from Cear4, a state in the northeast of the
country. Because of the relatively longer history of land occupation, land cover is
predominantly secondary succession, with very little remaining mature forest, only 9.5%
of total land cover in 1995. Of the four communities, Tracoa has the highest percent of
land cover in each succession class, and inversely the least amount of forest. Because
many of Tracod’s residents are more established and have been born on or at least have
lived on their properties for the past 30+ years, there is a trend toward small-scale
livestock practice and thus, pastures exist. In areas that have experienced many
crop/fallow cycles and show signs of degradation, farmers have planted grasses and
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bought a few cattle. In addition, there is one abandoned fazenda® near the edge of the
community bordering the Santarém-Cuiabd Road and another one, currently in operation,
alongside the road. However, these pasture areas still only make up 4.2% of total land
cover.

Nova Esperanca and Boa Esperanca

The next two oldest communities, Nova Esperanca and Boa Esperanca, are
located south of Tracoa along the Santarém-Cuiabid Road at kilometers 45 and 68,
respectively. Both communities were established in the 1970s, under an INCRA planned
colonization project, and exhibit similar patterns of land settlement and clearance. The
section closest to the road is cleared for the house site. Then, land is gradually cleared out
from the road and behind the house site for agriculture. The pattern of gradually clearing
out from the road leaves remaining forest cover on the back end of the lots, further and
further from the house site and main road. Most properties are 100 ha, running 500 m
along the road and 2 km perpendicularly out, forming a two-kilometer band of occupation
parallel to the road.

Land tenure status of community members reflects INCRA policies. Households
established early on, own lots of 100 ha and have legal titles or protocols which refer to
INCRA documents. Newer community households tend to settle on subdivisions of the
original 100-hectare lots, with only purchase receipts or no tenure documents at all.
When whole lots change hands, those living in Nova Esperanca have an easier time
transferring titles because the community’s boundaries are still under jurisdiction of
INCRA in Santarém and bus access to the city is fairly good. More of Boa Esperanga’s
residents remain without titles or documentation because the area is administered by
INCRA’s Ruropolis division, the distance to this city is substantially further and bus
access poor.

While the settlement history of both communities is influenced by INCRA's
activities in the 1970s, the populations are slightly different in origin. Households in
Nova Esperanca have a longer history in the region with stronger ties to the town of
Belterra. Many of these farmers had been occupying land owned by MA on the West side
of the Santarém-Cuiaba Road. With no prospect of legal ownership of this land, farmers
saw opportunity to legally establish properties on INCRA-administered lots. In addition,
the families dislocated from the Tapajés National Reserve relocated in this community.
Boa Esperanga, being further south from Santarém and not in proximity to other longer-
established towns, represents the settlement pattern more common to arecas where INCRA
has been involved in colonization projects. Farmers here are a mix of local residents with
immigrants from Northeast of Brazil and have come to the region within the last 30 years.

Community size and land cover also show variation. Nova Esperanca contains 46
households all along both sides of the Santarém-Cuiaba Road, totaling 5,230 ha. Slightly
over half of its land cover remains is forest because it borders the Tapajos National Forest
and INCRA avoided surveying lots to minimize encroachment into the Forest. Advanced
and intermediate succession covers another 28.6%, while only 12.2% of land cover is

*Fazenda is the Portuguese word for ranch, usually implying a medium to large-scale operation.
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associated with either young succession or cropland. Very few farmers engage in
livestock practices, with pasture grassland covering only 2.8%. Boa Esperanga contains
82 households mostly located along the Santarém-Cuiabd Road, with a few households
along the feeder road Sdo Raimundo Mojui. It is the smallest of the communities, area
wise, with 3035 ha, but its total percent of cover deforested is greater than in Nova
Esperanca. Approximately two-thirds of its land cover has moved into some stage of
succession or cropland. Areas under pasture are also higher in Boa Esperanga, than in the
other three communities, covering 5.7%. As in Tracoi, Boa Esperanca contains
households that are fairly well established on the land and are seeking ways to diversify
their farming systems through livestock practice. Since they are located where the
Tapajds Interfluvial Plateau begins to descend, construction of well is more feasible.
With year round well water, livestock practice is easier and has become a recent farm
diversification strategy.

Rural Belterra

The last and youngest area of interest, Rural Belterra, is located east of the
Santarém-Cuiaba Road, north of the Tapajos National Reserve, and south of the town of
Belterra. The area overlaps the town of Belterra and thus, shares its settlement history
with the town. The area is significantly larger in size than the other communities,
approximately 14096 ha. Because of its location, is experiencing rapid land invasion.
Many of those invading the land have houses or other property within the town limits of
Belterra and do not physically live on the land. Thus, community organization is
minimal, and the area is more an extension of the town.

Slightly over a third of Rural Belterra is part of the area surveyed in quadrants by
Americans during the rubber years and contains advanced succession interspersed with a
few abandoned rubber trees. Citizens of the town of Belterra, petitioning for use rights
are usually given one of these quadrants, and thus, much of the recent land clearance is
close to the town limits and in grid shapes. Since up until 1997 when the municipality
was incorporated, these petitions were granted on a one-year basis, there was a high
degree of farmer mobility. Farmers cleared new areas every year and did not return to
previously cleared and abandoned areas. Ongoing use rights were not granted to
minimize continual occupation that at some point could be used by the occupant to
legitimize land ownership.

South of plantation boundaries is primarily forest, covering 36.4% of the total
area. Invasion has also occurred here, but in a less uniform fashion. No surveying has
been done making invasion patchy, but most areas cleared are along small secondary
roads. As all land in Rural Belterra is now legally under the jurisdiction of the Belterra
Municipality, the extent and nature of land invasions including whether land titles will be
issued, will change.

All communities are characterized by large fluctuations in the number of houses
established, indicating that the study region is still very much a frontier with high rates of
abandonment as well as, in-migration. Unfortunately, data on exact population flux are
sketchy at best and can only be inferred by community members or public health
officials. The former group defines community boundaries according to neighbor contact
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and thus perceives communities as much smaller than does the latter group who
aggregates areas for administrative convenience. Both, however, experience the region as
containing established households and population flux. According to public health
officials who keep census counts in terms of houses constructed or abandoned, 40 houses
were constructed in Tracod during 1992-96, and eight houses abandoned. In Nova
Esperanga, 16 of the 17 houses constructed during the time period remain, implying a
more stable community development. Further south, Boa Esperanca showed the most
fluctuation since 1990 with 57 new houses constructed and 15 abandoned. Last, all 17
houses in Rural Belterra were constructed in the last five years (pers. com. with SUCAM
1996).

6.5 LAND USE, SLASH-AND-BURN AGRICULTURE, AND CROP/FALLOW CYCLES

Agriculture largely occurs during the rainy season that begins late November and
runs through May, and thus, most crops are temporary, not perennial. Due to declining
crop values in the regional Santarém market, farmers engage in subsistence agriculture
with commercial crops being of secondary priority.5 The main subsistence crops are
manioc, which is toasted to make a coarse flour mixture called farinha, corn, beans, and
rice. During the beginning of the rainy season, small vegetable gardens are also planted,
and on some lots, fruit trees provide added food. Commercial crops harvested in the
region include watermelon, pineapple, coffee, tomato, banana, pumpkin and a native
colorant called uruci.

Almost all farmers in the region use variants of slash-and-burn agricultural
techniques to prepare land for cultivation. In general this process begins with fallow
selection and clearance during the first half of the dry season (July—Sept.). First a farmer
or member of the household selects an area to cultivate during the upcoming rainy
season. Most often the male household head makes this decision, but adult children may
chose areas as well. The area selected may be either forest or secondary succession,
dependent on intended crops to be planted, proximity to either roads or shacks for
processing raw crops, perceived soil quality, future plans for farm use and layout, and
estimated work required to clear the area. During slashing larger trees or palms are often
left standing due to extensive labor required to fell these trees with hand axes.
Households with access to chainsaws or financial resources to hire chainsaw operators
usually fell these larger trees. Some households work cooperatively to slash areas, in a
mutirdo, a situation where a group of farmers work together to clear one farmer’s plot,
then work on another’s plot the following day. The drying period may be as little as a
week, for young succession areas, or two months for mature forest areas.

October and November are peak burning months. There are a various techniques
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